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Abstract: Molecular tethering between endoplasmic reticulum (ER) and mitochondria plays key
roles in calcium buffering, lipid and ion exchange, and mitochondrial dynamics. However,
making ER-mitochondria connection and its physiological roles in neurons are still unclear.
Translocation of ER and mitochondria to the site of axon injury has been shown to facilitate
axonal regeneration; however, the existence and physiological importance of ER-mitochondria
tethering in the injured axons are unknown. Here, we show that glucose-regulated protein 75
(Grp75), a protein linking ER to mitochondria, is locally translated after delivering axonal injury.
We find that overexpression of Grp75 in primary neurons increases ER-mitochondria tethering to
promote regrowth of injured axons. Promoted contact between ER and mitochondria results in
elevation of mitochondrial Ca®* and ATP generation, thereby promoting regrowth of injured
axons. Furthermore, our results demonstrate that overexpression of Grp75 in sciatic nerves of an
animal facilitate axonal regeneration and behavioral recovery. Together, our findings suggest
that increased ER-mitochondria tethering at axonal injury sites may provide a therapeutic
strategy for axon regeneration.

Disclosures: S. Lee: None. W. Wang: None. J. Hwang: None. U. Namgung: None. K. Min:
None.



Poster

028. Peripheral Nerve Regeneration

Location: Hall A

Time: Saturday, October 19, 2019, 1:00 PM - 5:00 PM
Program #/Poster #: 028.02/A2

Topic: A.04. Transplantation and Regeneration

Support:  ANPCYT 2017-2020 / 3952
PIP 2017-2019/ 11220170101059CO
UNLP 18/x807 2019-2020
UBA 2018-2021, 20020170100588BA

Title: Adipose-derived mesenchymal stem cells and magnetic nanoparticles: Different tools
combined to promote sciatic nerve regeneration after injury

Authors: *P. A. SOTO!, G. M. PINERO?, V. USACH?, M. B. FERNANDEZ VAN RAAP?, C.
P. SETTON-AVRUJ;

!Biol. Chem., Inst. de Quimica y Fisicoquimica Bioldgica Alejandro Paladini. CONICET-UBA,
Ciudad Auténoma de Buenos Aires, Argentina; 2Dept. of Physics, Inst. de Fisica de La Plata.
Facultad de Ciencias Exactas. CONICET- UNLP, La Plata, Argentina

Abstract: Neuropathies are common problems in public health with high prevalence worldwide.
Despite the regenerative capability of the peripheral nervous system (PNS), the poor clinical
evolution of patients turns these affections into a crippling disease, which is why the
development of new regenerative therapies is of great importance. Research in stem cells has
recently become an important tool to promote regeneration in different tissues, including the
PNS. Adipose-derived mesenchymal stem cells (AdMSC) are multipotent adult stem cells fully
investigated as a promising tool to develop regenerative therapies. Wallerian degeneration (WD)
is an efficient animal experimental model in mimicking the impact of peripheral nerve lesion to
shed light on possible regeneration strategies. ADMSC transplant is a useful tool for regenerative
therapies, while magneto targeting has emerged as a nanotechnological strategy to mobilize
magnetic nanoparticle (MNP). In this context, the aim of the present work was to test whether
magneto targeting can help AdMSC-loaded MNP (AdMSC-MNP) reach specific tissue guided
by an external magnetic field and enhance the regenerative ability of ADMSC upon rat sciatic
nerve lesion. To test our hypothesis, ADMSC were characterized through immunocytochemistry,
western blot and flow cytometry for multipotent cell marker expression. MNP internalization to
AdJMSC was evaluated through transmission electron microscopy and vibrating sample dc-
magnetometry (VSM) experiments. Likewise, confocal microscopy and VSM analyses were
performed to evaluate the arrival of ADMSC-MNP at the injured nerve. Finally, cell
transplantation effects on nerve regeneration were evaluated both in terms of morphology and
conduction through immunofluorescence, western blot and electrophysiological experiments.



Our results show that ADMSC in passage 3 express multipotent markers CD105, CD90 and
CD73 but not CD11b or CD45, and can internalize 2 to 4 pg MNP/cell. We demonstrate that
AdMSC-MNP supersede AAMSC arrival exclusively at the lesion site and their beneficial effects
on sciatic nerve regeneration. In short, our results prove that magneto targeting of AdAMSC-MNP
constitutes a novel and valuable tool to promote nerve regeneration by enhancing AAMSC arrival
at the lesion site.
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Abstract: Regeneration is a process that restores structure and function of damaged tissues. The
PNS of adult mammals retains high regenerative potentials but recovery is often unsatisfactory.
Cephalopods, as some other other invertebrates, show the ability to effectively regenerate tissues
and parts. Particularly, in Octopus vulgaris the pallial nerve and the arm appear to be appealing



models for regenerative studies. Octopuses have two pallial nerves, connecting the brain to the
periphery, allowing for the control of respiratory movements and skin patterning. The injury of
one nerve leads to loss of control on these functions on one side of the animal. The eight arms,
instead, are flexible muscular hydrostats lacking fluid-filled cavities and hard skeletal supports,
providing them with high degrees of freedom, useful for exploring the environment and in
predation, but also exposing them to plenty of potential damages. Both the above mentioned
structures are endowed with the capacity of healing and functionally regenerating after severe
injury.

Direct imaging of injured tissues has always represented an extremely advantageous approach in
regenerative studies. This technique in cephalopods has been limited by the reduced number of
markers commercially available for these organisms. Additionally, antibody staining usually
limits the observations to the investigated epitope, leaving in the dark a huge amount of
information and events that characterize complex phenomena. New microscopy methods
available for vertebrates allow to investigate regenerative events overcoming these issues.
Vibrational spectroscopy, for instance, probes vibrational energy levels associated with the
chemical bonds in the sample. Additionally, multiphoton microscopy, does not rely on species-
related epitopes, thus allowing its use in a species-independent way and facilitating comparison
among various animal species. Here we present the results obtained applying these label-free
techniques, to the regenerating pallial nerve and arm of Octopus vulgaris. The approach allowed
the identification of cells and structures usually not revealed through classical staining:
hemocytes building up scars and phagocytizing debris (through CARS), degenerating fibers and
muscles (TPEF) and the formation of a leading connective tissue bridge (SHG) involved in axons
guidance. These provided helpful morpho-chemical information to describe regeneration events,
revealing to be species-specific independent and appearing promising for regenerative studies in
cephalopods and other non-model species.
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Title: Differential changes to mRNA localization in central sensory axons after peripheral nerve
injury
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Abstract: It is well established that the transport and local translation of mMRNAs in axons and
dendrites play an important role in growth/regeneration and plasticity. Our lab has shown that the
growth associated mMRNA growth associated protein-43 (GAP-43) increases in the peripheral
axons of dorsal root ganglion (DRG) neurons after peripheral nerve injury and this contributes to
increased regenerative capacity of these axons. It has yet to be seen if the transcriptome is altered
in the central axons of DRG neurons after peripheral nerve injury. In this study, we hypothesized
that a crush injury to the sciatic nerve would result in differentially localized injury and pain
associated mRNAs in the centrally projecting axons of these neurons. Using reverse transcriptase
droplet digital PCR, we were able to show that 7 days following sciatic nerve crush, GAP-43 and
the injury and pain associated mMRNASs galanin and calcitonin gene related peptide (CGRP), are
significantly increased in the centrally projecting axons compared to the naive condition. The
increase in GAP-43 mRNA persists 21 days following peripheral nerve injury only in the
centrally projecting axons. We also show that the transcriptome of the centrally projecting axons
is different from the peripherally projecting axons. Surprisingly, we also show that incomplete
injury to the sciatic nerve results in differential changes to growth and pain associated MRNAS in
DRG neurons. These results show that following peripheral axotomy, the transcriptome,
particularly mRNAs involved in regeneration and pain modulation, is differentially altered in the
centrally projecting sensory axons potentially providing more insight into the intrinsic growth
capacity of these centrally projecting sensory axons as well as the mechanisms involved in the
development of neuropathic pain.
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Abstract: Peripheral nerve injury is common and afflicts individuals at different ages. Although
peripheral nerves are provided with the ability to regenerate in response to injuries, the
functional outcomes are often poor. Intracellular pathways required for axon regeneration are
under the tight control of endogenous inhibitors. The rat sarcoma (RAS)/extracellular-signal
regulated kinase (ERK) pathway is regulated by Sprouty (Spry) proteins, whereas the
phosphatidylinositol-3-kinase (PI3K)/AKT pathway is under the control of phosphatase and
tensin homolog deleted on chromosome 10 (PTEN). Downregulation of Spry2 or PTEN
enhances axon growth in vitro and in vivo. It is now the goal of the present study to analyze the
effects of simultaneous downregulation of Spry2 and PTEN on axon growth of adult sensory
neurons in vitro. We used dissociated adult sensory neuron cultures from wild-type,
heterozygous and homozygous Spry2 knockout mice and transfected them with Accell™
SIPTEN. PTEN and Spry2 levels were determined by gPCR, immunostaining and western
blotting. Axon growth was measured 72h after transfection with sSiPTEN using MetaMorph
morphometry software. Activation of pAKT and pERK was determined by western blotting.
Sufficient siRNA induced knockdown of PTEN mRNA and protein was observed after 72h.
PTEN was expressed by all subtypes of sensory neurons after 72h in culture, and endogenous
PTEN protein levels were reduced during their time in culture. Furthermore, PTEN protein was
reduced in cultures from Spry2 knockout mice and Spry?2 protein was reduced in response to
PTEN knockdown in wild-type and heterozygous Spry2 neuron cultures. Knockdown of PTEN
enhanced axonal elongation of neuron cultures from homozygous Spry2 knockout mice whereas
axonal branching was less pronounced. Activation of pAKT was enhanced in response to
knockdown of PTEN and this effect was stronger in cultures from homozygous Spry2 knockout
mice than in wild-type cultures but no difference in the activation of pPERK was observed.
Together these results demonstrate for the first time a reciprocal regulation of Spry2 and PTEN
in adult sensory neurons. Our previous results revealed a branching phenotype of neurons from
homozygous Spry2 knockout mice and the knockdown of PTEN reversed this to a more
elongative phenotype and enhanced activation of pAKT. These findings indicate that the
simultaneous downregulation of Spry2 and PTEN promotes axonal elongation which is required
for long distance axon regeneration.
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Abstract: Facial nerve injury results in the marked expansion of a population of endoneurial
fibroblasts that are responsive to Hedgehog (Hh) pathway stimulation, as marked by their
expression of Hh pathway readout Glil (Dogaru, G., et al., 2018). The function of Hh signaling
in this context is unknown, as are the pathway ligands and their cellular presentation. Desert
hedgehog (Dhh) signaling is required for normal perineurial development (Parmantier, E., et al.,
1999). Therefore, we hypothesize that: 1) Dhh expression within the facial nerve increases after
nerve injury, and 2) pathway activity plays a key role in reformulation of the injured facial nerve
perineurium by stimulating angiogenesis and cellular migration in the injured tissue. Using the
DhhCTeERT2: Ro@tdTomate transgenic mouse model, we demonstrate that facial nerve Dhh expression
increases 7 days after transection injury. Immunohistochemistry of nerve tissue sections using
S100beta antibody reveals that the Dhh+ cells within the facial nerve are a subpopulation of
Schwann cells. To understand the role of Hh-responsive cells in nerve injury, we exposed
cultured facial nerve fibroblasts to a potent Hh pathway agonist, SAG21k. Using live cell
imaging, we describe the impact of Hh pathway stimulation on endoneurial fibroblast migration
in vitro. Gene expression levels of VEGF-A and Angpt 1 were significantly increased in facial
nerve fibroblasts exposed to SAG21k versus control at 24 hours, as determined by gPCR. Our
findings point to an intriguing and novel role for Dhh signaling in facial nerve injury response in
adult mammals. Hh pathway stimulation may direct post-injury angiogenesis and reformation of
the perineurium. Given that functional restoration of the perineurium after injury is not
understood, further investigation of the role of Hh signaling in the context of facial nerve injury
may lead to new treatment strategies.
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Abstract: Peripheral nerve injury (PNI) reactivates the intrinsic growth machinery necessary for
axonal outgrowth, which enable axon regeneration after injury. Proximal PNI requires axon
regeneration over a long-distance for target reinnervation which usually take months or years to
fully extend to distal muscle targets. By the time when axons finally reach their original targets,
they failed to re-establish connections and form functional synapses after chronic denervation.
This accounts for the poor functional recovery in patients with proximal PNI. We demonstrated
that the damaged axons must extend to the distal muscle within a critical period of 35 days in
adult mice for complete restoration of motor functions, and by accelerating axonal regrowth it is
plausible to promote functional recovery after PNI. Formin proteins are protein superfamily
which share highly conserved FH1 and FH2 domains. Ubiquitous expression of formin proteins
is detected in both central and peripheral nervous system; however, its functions, especially in
regulation of axon regeneration, remain largely unknown. Compelling evidence suggested that
both FH1 and FH2 domains in formin proteins can bind to microtubule and modulate its
dynamics and stability, which is a crucial determinant for successful axon regeneration. Our pilot
study has demonstrated that PNI induced down-regulation of formin protein. In vivo silencing of
formin protein using target-specific formin-short interfering RNA (formin-siRNA) markedly
accelerated axonal regrowth, and promoted sensory and motor functional recovery after sciatic
nerve crush injury in adult mice. In the current study, we further tested if complete ablation of
formin protein could accelerate axon regeneration after PNI using formin complete knockout
mice (formin-KO). Cultured dorsal root ganglion (DRG) neurons prepared from formin-KO mice
exhibited significantly longer neurites with more axonal branching compared with their wild-
type littermates. We then performed sciatic nerve crush injury on formin-KO mice and assessed
the distal extent of axon regeneration using sciatic nerve pinch test. In line with our in vitro
results, complete ablation of formin protein markedly accelerated axonal regrowth 3 days after
crush injury. Sensory and motor functional recovery also markedly improved in formin-KO mice
as assessed by an exhaustive list of neurobehavioral and electrophysiological studies after crush
injury. Further investigation of molecular mechanisms underlying the formin-mediated
microtubule dynamics shed new light in developing novel therapeutic approaches to promote
functional restoration in patients with proximal PNI.
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Abstract: Injuries to nervous system are devastating that patients often suffer from irreversible
and permanent loss of sensory and motor functions after injuries. Mature neurons in central
nervous system (CNS) failed to regrow the damaged axons after injury. In contrast, neurons in
peripheral nervous system (PNS) can regenerate their injured axons via reactivation of
regeneration-associated genes after injury. However, limited motor functional recovery is
frequently observed in patients with proximal peripheral nerve injuries (PNI) such as brachial
plexus injuries, largely due to the slow regeneration rate (i.e. 1-2mm/day) of peripheral axons
after PNI. At the time when the regenerated axons reach their original target at the motor end
plates, they failed to reinnervate to form functional synapses after chronic denervation. It has an
urge need to develop new therapeutic interventions to promote axonal regrowth and thus
functional recovery after PNI. Basic helix-loop-helix (bHLH) protein is a transcription factor that
bind to E-box motif CAGCTG of its target gene to regulate gene expression. bHLH protein is
involved in regulation of key cellular events including cell proliferation, migration and
differentiation. It is widely expressed in forebrain in the developing nervous system but its
function in the nervous system, especially its role in axonal outgrowth, remained elusive.
Recently, we identified bHLH protein as a key regulator in axon regeneration. Gene silencing of
bHLH protein in adult peripheral (i.e. dorsal root ganglion; DRG) neurons markedly reduced
axonal regrowth, and delayed sensory and motor functional recovery after PNI. To further define
its role in axon regeneration, we overexpressed bHLH protein in adult DRG neurons using
adeno-associated virus (AAV) via intrathecal injections. Overexpression of bHLH protein
dramatically promoted axonal regrowth as assessed by sciatic nerve pinch test 3 days after sciatic
nerve crush injury. More importantly, overexpression of bHLH protein markedly accelerated



sensory and motor functional recovery after sciatic nerve crush injury. To assess whether bHLH
protein also promoted axon regeneration after CNS injury, AAV-bHLH was injected
intravitreally to transduce bHLH protein in retinal ganglion cells 2 weeks before optic nerve
crush injury. Strikingly, we observed robust axon regeneration in AAV-bHLH-treated mice two
weeks after optic nerve crush. More in-depth bioinformatics analysis will elucidate the molecular
mechanisms underlying bHLH-induced growth-promoting effects, which help identification of
small molecules that activate the signalling pathways associated with bHLH overexpression.
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Abstract: For bridging gaps between stumps of severed peripheral nerves, (1) myelinating cells
and (2) physical guidance channel are needed. We reported selective expansion of neuro-
ectodermal progenitor cells among the human bone marrow stromal cells (BMSCs) for cytokine
induction into Schwann cell-like cells and then co-culture with embryonic dorsal root ganglion
neurons to accomplish the switch to fate-committed Schwann cells (Cai et al, 2017a). Here we
report use of human iPSC-derived sensory neurons (Cai et al., 2017b) as a surrogate for the co-
culture to achieve fate-committed human Schwann cells. Following storage under liquid nitrogen
for extended periods, the Schwann cells were thawed for use on demand. We seeded the cells
into chitosan-based nerve guidance channels for bridging a critical gap in a rat model of sciatic
nerve injury; axonal regrowth and remyelination were observable across the gap in two months.
Alternatively, we packed genipin-treated, uniaxially aligned chitosan nanofibers into the



guidance channel for the critical gap-bridging experiment. In set-ups without Schwann cell-
seeding and one month after bridging, the genipin-treated chitosan nanofibers retained structural
integrity, showing early function of a nerve bridge in which (1) Schwann cells adhered to and
proliferated along the direction of genipin-treated chitosan nanofibers and (2) axons grew into
the conduit directionally guided by the nanofibers. We expect our strategy to support translation
into a protocol whereby human bone marrow-derived Schwann cells become available for
autologous transplantation and the genipin-treated chitosan nanofibers accelerate axonal
regrowth and remyelination. (Supported by HMRF 05163296, 06173706, 06172326 and
05163156)
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Abstract: The remarkable regenerative capacity of the peripheral nervous system (PNS) requires
a high metabolic energy demand. Traumatic nerve injury triggers a cascade of events that
culminate in a robust infiltrating macrophage-dependent inflammatory reaction, which is
indispensable to normal progression of Wallerian degeneration and regeneration. However, the
immunometabolism of macrophages in peripheral nerve regeneration has not yet been explored.
We had previously published that reducing the primary lactate transporter in the peripheral
nerve, monocarboxylate transporter (MCT1), by half in all cells dramatically delayed nerve
regeneration. Through careful analysis of cell-specific deletion of MCT1, we have now
determined that deletion of MCT1 only in macrophages leads to a similar delay in nerve
regeneration following injury, as measured by nerve electrophysiology and histology, and
neuromuscular junction re-innervation. MCT1-deficient macrophages in vitro have impairments
in both mitochondrial oxidative phosphorylation and glycolysis. Classic proinflammatory
cytokines are increased and pro-regenerative cytokines are reduced in macrophages in vivo
following nerve injury and in vitro, suggesting that the delayed nerve regeneration is due to



alterations in macrophage phenotype. Detailed transcriptomic, bioenergetic and functional
analyses of macrophages with and without MCT1 are ongoing. Our studies in progress on
evaluating nerve regeneration in transgenic mice with focal upregulation of MCT1 in
macrophages will provide a potential novel therapeutic pathway for accelerating peripheral nerve
regeneration.
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Abstract: Peripheral nerves are at greater risk of damage than the brain or spinal cord. In
addition, a range of common conditions generally titled ‘neuropathies’ render axon damage that
is disabling and often irreversible. The peripheral nervous system (PNS) has a limited capacity to
regenerate but new understanding of its biology may yield insights into better regrowth. During
regeneration of sensory axons, fibres must navigate to their target region while coordinating with
existing intact axons. In the developing central nervous system (CNS) growing neurons use self-
recognition strategies, which in mammals is driven by the clustered protocadherins (Pcdh;
Lefebvre et al. 2012). Neurons lacking either the o or y cluster show dendritic trees with high
instances of self-overlap and little complexity (Suo et al. 2012, Ing-Esteves et al. 2018). This
effect has been demonstrated in multiple types of CNS neurons, but its expression and function
are unknown in the PNS. We suggest that Pcdh clusters participate in the patterning of epidermal
re-innervation, and contribute to regenerative success. Pcdh-a and -y proteins are expressed in
the dorsal root ganglion (DRG) cell body, alongside low level axonal expression. We collected
DRGs at three timepoints (0, 36, 72h) following a sciatic nerve axotomy and found that the
Pcdh-y mRNA levels decrease in the DRG at 36h, followed by a return to baseline by 72h



(p<0.05) with a similar trend in protein (p=0.28), suggesting sensory neurons may act quickly to
restore Pcdh levels following an injury. We knocked down Pcdh-a and/or -y using siRNA in
dissociated adult mouse DRG neuron cultures and conducted a neurite extension analysis after
72h. We observed increased outgrowth following Pcdh-y knockdown (p<0.05), as well as when
both clusters were knocked down simultaneously (p<0.05) compared to a scrambled control. We
observed a similar trend in the Pcdh-a knockdown (p = 0.09). These preliminary results indicate
that the Pcdh protein may act as a regenerative “brake”, with self-recognition restricting
outgrowth of sensory neurons during regeneration in order to facilitate structured patterning of
skin re-innervation. Taken together, we demonstrate Pcdh expression in the PNS, primarily
localized to the DRG sensory neuron perikarya , and these levels respond to peripheral axotomy
injury. When Pcdh clusters are knocked down, there is an increase in total neurite outgrowth.
This suggests that Pcdh may act as a restrictor for unwarranted sprouting, and may have
important implications in manipulating the extent and patterning of peripheral axon regeneration.
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Abstract: Every year, over 200,000 peripheral nerve injuries (PNI) occur in the United States.
Although injured axons have the potential to regenerate, success is very rare, and over 90% of
PNI patients sustain permanent impairments after injury. Recently, there has been interest in how
genetic variability in patient populations may affect outcome. A common single nucleotide
polymorphism in the brain derived neurotrophic factor (BDNF) gene, VVal66Met, results in a
valine to methionine substitution at the 66™ codon of the protein. In a rodent model of this SNP,
transgenic mice heterozygous (V/M) or homozygous (M/M) for the Met allele had enhanced
peripheral axon regeneration after a sciatic nerve transection compared to wild type (V/V)
controls. The purpose of the current study is to use isogenic stem cells to test whether these
differences in axon outgrowth can be recapitulated in a human model. Human induced



pluripotent stem cells (iPSCs) from two donors were genotyped to determine expression of the
Val66Met SNP. Using the CRISPR-Cas system, these cells were then edited so that all three
genotypes, V/V, V/M, and M/M, could be generated from the same parent line. The cells were
then differentiated into motoneurons and cortical neurons. Neurite outgrowth was measured 48
hours after plating, and we observed increased neurite outgrowth in iPSC-derived neurons with
M/M genotype as compared to V/V.
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Abstract: Background: Injury to the common peroneal nerve (CP) results in foot drop with
major impact on patient’s function and quality of life. Reinnervating the distal stump of the
degenerated common fibular nerve with a branch of the tibial nerve in a distal nerve transfer
(DNT) has gained popularity outcomes remain inconsistent due to poor regeneration. We
hypothesize that delivering one hour of cconditioning electrical stimulation (CES) 7-days prior to
DNT surgery will significantly improve regeneration and functional outcomes. Methods: Using
a rat model, the common peroneal (CP) nerve was crushed to replicate a traumatic CP nerve
injury. CES was delivered to the tibial nerve in half the animals one-week post-injury. Seven
days later, a DNT was performed, in which a tibial branch to the lateral gastrocnemius muscle
was cut and coapted to the deep peroneal nerve branch to the tibialis anterior muscle. Speed of
nerve regrowth was quantified after 2 weeks of regeneration. Motor reinnervation (nerve
conduction study, neuromuscular junction analysis and muscle weight) and functional outcomes
(kinetic and kinematic studies and skilled locomotion were assessed after 6-10 weeks of
regeneration. Results: Animals treated with CES prior to DNT had significantly greater
regeneration and motor recovery compared to animals treated with surgery alone. Animals
treated with CES had axonal extension 7.8 £0.8 mm compared to 3.1 + 0.5 mm in the non-
conditioned controls (p<0.001). By 9 weeks, on gait analysis conditioned animals had significant



improvement in normalization of the vertical peak, braking, and propulsion forces, gait
kinematics, and performance on the horizontal ladder test (p<0.001 for all comparisons). The
tibialis anterior of the affected limb had greater muscle mass, and significantly more reinnervated
neuromuscular junctions (p<0.01) Conclusions: Delivery of CES one week prior to lower limb
DNT from the tibial branch to lateral gastrocnemius muscle significantly improved muscle
reinnervation in the tibialis anterior muscle and functional recovery. This treatment could
potentially benefit patients with CP nerve injuries.
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Abstract: Neurotrauma is the most common injury leading to death and long-term disability.
Studies on type and severity of neurotrauma have shown the progression of symptoms and
recovery are highly variable. Recent clinical observations have made associations between
several common genetic variants and neurotrauma outcomes, but these are not capable of
establishing cause and effect. Isogenic human induced pluripotent stem cells (hiPSCs) can be
used to isolate single genetic variations that influence neurotrauma outcomes. Isogenic lines only
differ from its parental line by a targeted mutation of a single gene. As a result, any phenotypic
differences observed between the isogenic lines at baseline or under stress can be attributed to
the gene mutation. To begin to understand the influence of genetic variance in neurotrauma, we
are studying the val66met single nucleotide polymorphism (SNP) in the brain derived
neurotrophic factor (BDNF) gene. This SNP results in a valine to methionine substitution, which
reduces the intracellular sorting and activity dependent release of BDNF. The met allele of this
SNP is common in the American population. It generally correlates to poorer neurological health
but has been shown to be protective in some conditions like neurotrauma. We have generated



two independent sets of isogenic hiPSCs that differ only by the val/val, val/met and met/met
SNPs in the BDNF gene. We differentiated the isogenic cell lines into motor neurons (MNs)
using an established protocol. The lines did not differ in their capacity to be differentiated in
MNs. The hiPSC-MNs were then cultured in 96 well plates with multi-electrode arrays (MEAS).
Extracellular voltage recordings were recorded every other day using Maestro Pro (Axion
BioSystems, USA). The results show initial firing at day 5 after plating, and initial bursting
activity at day 10. Firing rate increased from day 5 to 25 in all lines. However, no statistical
significance differences were found in firing rates among the three lines over time. These results
suggest there are no baseline differences in the development of electrical activity in these BDNF
isogenic hiPSC-MNSs. Ongoing studies include measurements of BDNF release from isogenic
MNs after electrical or optogenetic stimulation. We are also exploring the effect of a mechanical
stretch injury on MN survival, neurite outgrowth, and electrophysiological function between
BDNF genotypes. The findings of this research will help understand the mechanisms that
contribute to high variability in neurotrauma outcomes and serve as a template for future studies
aimed at more personalized neurotrauma rehabilitation.
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Abstract: Cerebral palsy (CP) is a non-progressive perinatal brain injury that causes progressive
muscle weakness and impaired mobility. The brain injury disrupts the motor control centers and
causes a miscommunication between the motor nerve system and skeletal muscles. Treatment
therapies for muscle impairment focus on muscle stretching and strengthening, and while these
therapies have been used for decades, they are minimally effective in preventing muscle
weakness and wasting. Much of the biological research of CP is related to the impact the brain
injury has on either the nervous system or skeletal muscle. There is a large gap in knowledge



where these two systems meet at the neuromuscular junction (NMJ) and the miscommunication
between organ systems that is occurring in this disorder. Previous research has suggested that the
NMJs are structurally dysmorphic in CP, but little is known about why this is or the downstream
impact it has on changes in muscle growth patterns. Our goal is to establish a human in vitro
assay to study NMJ formation, maintenance and physiology with cells derived from CP patients.
To assess formation of NMJs in vitro, we co-cultured human primary stem cell-derived muscle
fibers with human pluripotent stem cell (PSC)-derived motor neurons in a dish. The use of all
human cell types ensures the patients phenotype is developed in the culture and will show any
changes that are specific to CP patients. In our first set of experiments, we used cells from
healthy patients to establish our model and to validate the functionality of the co-culture. Our
first results showed that after 7 weeks of co-culture, there was evidence of NMJ development in
vitro, as evidenced by staining with a-bungarotoxin, a marker for acetylcholine receptors. Field
electrophysiology recordings using multi-well multielectrode arrays (Axion Biosystems, USA)
also showed that co-cultures were actively producing action potentials, a sign that motor neurons
could mature enough to electrically communicate with the muscle fibers. In our ongoing
experiments, we are focused on optimizing the protocol for co-culturing motor neurons with
muscle fibers and to test our system using cells derived from CP patients. We will be looking at
structure, firing patterns, and health of the cells. Illuminating changes in NMJ formation and
physiology could open a large field of new possibilities of treatments or drug testing to
strengthen the connection between the nerve and muscle systems, and improve motor function in
patients with CP.
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Abstract: Although autologous nerve grafts are the gold standard for treating large nerve gaps,
generally patients only regain a small portion of function in limbs affected by the injury. Current
growth factor therapies have shown some promising results, but are often limited with little
ability to tailor the growth factor release to a desired timeframe. Ideally, the growth factor will



stay at therapeutic levels long enough for axons to grow the length of the nerve. We
hypothesized that mineral coated microparticles (MCMs) will bind, stabilize and release
biologically active Glial cell-derived neurotrophic factor (GDNF) and Nerve growth factor
(NGF), and growth factor release kinetics will be tailored for the time needed to grow axons the
length of graft by adjusting the physicochemical properties of the mineral coatings

To test this hypothesis, mineral coated microparticles loaded with growth factors were
incorporated on the distal end of a 10 mm sciatic nerve isograft in male Lewis rats (Fig. 1). The
five groups tested were graft with no treatment, MCMs, MCMs + NGF, MCMs + GDNF, MCMs
+ NGF & GDNF. After grafting, hind limb function was tested until 12 weeks post-operatively
by measuring the angle of the ankle at foot lift off while walking down a track. Then rats were
testing using electrophysiology, the grafts were harvested, and myelin labeled axons were
counted.

At physiological conditions in vitro, the MCMs released NGF and GDNF in a sustained manner
for at least 21 days. In vivo, the sustained release of NGF combined with GDNF resulted in
significantly more myelinated axons in the graft and distal to the graft, and a significant
improvement in hind limb function seven weeks after grafting.

GDNF Cumulative Release
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Abstract: RATIONALE: In the Central Nervous System, neurons differentiate from immature
cells, and then the differentiated neurons begin to form synaptic connections and assemble
neuronal circuits. During differentiation, immature neurons are highly susceptible to mechanisms
promoting cellular death and only functionally appropriate neurons will survive. Neuronal
differentiation and survival are critical processes to insure proper neuronal functioning.
Impairments in these processes have been linked to the pathogenesis of autism and
schizophrenia. Thioredoxin (Trx), as an oxidoreductase, can reverse protein cysteine thiol
oxidative modification which plays a major role in cellular redox balance and defense against
oxidative stress. Trx can also bind to apoptosis signal-regulating kinase 1 (ASK1) and inhibit
ASK1-mediated apoptosis. Trx in a reduced state is maintained by Trx reductase (TrxR). Recent
studies have shown that Trx can regulate expression and down-stream signaling of neurotrophic
factors, suggesting that Trx may contribute to regulation of neuronal differentiation. AIM: The
aim of the present study is to understand if Trx plays a role in regulating neuronal differentiation
and survival. METHODS: Cerebral cortex were dissected from mouse fetus with 17-18 day
gestation. Neuronal cells were isolated and cultured in Neurobasal medium with GS21
supplements from 1 to 32 days in vitro (DIV). Trx and TrxR protein levels were measured by
western blot analysis. RESULTS: Trx and TrxR protein levels were time-dependently increased
from 1 DIV to 18 DIV, matching with the period of neuronal differentiation established in
scientific literature. CONCLUSIONS: Increased Trx and TrxR levels during differentiation
suggest that Trx antioxidant system contributes to regulation of neuronal differentiation and
survival. Next, we will determine whether suppression of Trx and TrxR inhibit neuronal
differentiation and survival.
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Title: Microtubule-associated proteins promote cell protrusion by bundling of actin filaments
and microtubules
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Abstract: Microtubule-associated proteins (MAPS) have been well known as the proteins that
bind to microtubules (MTs) and regulate MT-dependent cellular functions. Since major
mammalian MAPs, specifically MAP2, MAP4, and tau, exhibit high structural similarity, these
MAPs have formed the MAP2/MAP4/tau superfamily. We recently reported that a part of the
Pro-rich region in the microtubule-binding domain (MBD) of MAP4 binds to actin filament (F-
actin) (Matsushima et al., 2012). However, physiological roles of this interaction remain
unknown. In this study, we tried to elucidate the physiological function of actin-binding activity
of MAPs. First, we examined the behavior of MBD fragments of MAP4, MAP2, and tau
coexisting with F-actin and MTs using the flow chamber consisted of the cover and slide glass.
When the MBD fragments preincubated with MTs were mixed with F-actin, all MAPs failed to
form hybrid bundles consisting of F-actin and MTs. On the other hand, when the MAPs
preincubated with F-actin were mixed with MTs, not tau but MAP2 and MAP4 formed the
hybrid bundles. MAP2 showed significantly higher hybrid bundle-forming activity than that of
MAP4. Then, to examine whether MT assembly promoting activities of MAPs affect by binding
to F-actin, we observed MT formation with or without F-actin by fluorescence microscopy. The
observation showed that MAP2 and MAP4 were significantly promoted MT assembly in the
presence of F-actin and formed hybrid bundles. Although tau also induced some MTs,the
bundles were smaller than the cases of MAP2 and MAP4. These results suggest that MT
assembly-promoting activity of MAP2 and MAP4 was enhanced by coexistence of F-actin. Next,
we investigated the morphological effect on cell shape by over expression of EGFP-MAP4 using
neuroblastoma-glioma hybrid cells, NG108-15 cells. EGFP-MAP4 were colocalized with MT
and F-actin in protrusions cells. The number of protrusions and the maximum length of
protrusion significantly increased by overexpression of EGFP-MAP4. Meanwhile, the average
protrusion length was not changed. These results suggest that MAP4 mediated interaction
between F-actin and MT might be involved in the formation and stabilization of protrusions in
the NG108-15 cells. In this study, we demonstrated that MBD of MAP2 and MAP4 is required
for F-actin-dependent MT assembly-promoting activity in vitro, and that MAP4 promoted
formation of cell protrusion including MT and F-actin in NG108-15 cells. These results imply
that the F-actin-dependent MT assembly-promoting activity and stabilization of F-actin-MT
bundle by MAPs might be involved in formation and maintaining the proper structure of neural
tissue in vivo.
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Abstract: Background: Nicotine has been shown to re-innervate perivascular sympathetic
adrenergic nerves lesioned by topically applied phenol in the rat mesenteric artery in vivo, and
increase levels of nerve growth factor (NGF) contents and the expression of NGF receptor TrkA
in superior cervical ganglia (SCG) (Takatori S et al., Eur J Pharmacol, 2015.). Furthermore, we
reported that low doses of nicotine facilitates neurite outgrowth of primary cultured SCG cells
via activation of a7 nicotinic acetylcholine receptors (nAChR) in vitro, while high dose nicotine
inhibited neurite out growth, suggesting that nicotine has dual effect of facilitation and inhibition
on the neurite outgrowth in SCG cells (Neuroscience Meeting, 2017). The aim of this study is to
examine effects of nicotine on neurite outgrowth in PC12 cells in vitro.

Methods: PC12 cells were cultured in RPMI11640 medium supplemented with different
concentrations of nicotine (1 uM-100 mM) for 7 days. Numbers of neurite outgrowth and
branches and length of the neurite from cell body were measured during the experiment. A non-
selective NAChR antagonist hexamethonium (100 uM, Hex), a selective a7 nAChR antagonist a-
bungarotoxin (100 nM, Bgtx) or a selective a34 nAChR antagonist SR16584 (100 uM) was co-
incubated with 100 mM nicotine for 7 days.

Results: Nicotine at low concentrations of 1-10 M concentration-dependently increased only
length of the neurite from PC12 cell body, which was inhibited by Hex and Bgtx. However, high
concentrations of 1-100 mM nicotine caused a concentration-dependent decrease in numbers and
branches of neurite outgrowth and length of the neurite. The inhibitory effect of 100 mM
nicotine on length of the neurite was cancelled by the treatment of Hex, Bgtx or SR16584.
Conclusions: These results suggest that nicotine has dual effects of facilitation and inhibition on
length of the neurite in PC12 cells, and inhibitory effect induced by high concentration of



nicotine is mediated by a7 and/or a384 nAChR. (This study was supported by Smoking
Research Foundation).
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Abstract: Serotonin (5-hydroxytryptamine, 5-HT) is a monoaminergic neurotransmitter
involved in the early brain development via multiple molecular mechanisms. In the brain
availability of 5-HT pool is controlled via 5-HT receptors and transporters. The 5-HT4R
subfamily is linked to Gs proteins, which is involved in the early brain development. Our group
has previously reported the role of 5-HT4R in the dendrite formation of hippocampus neurons.
However, the role of 5-HT4R in hippocampal development is not completely understood.
Therefore, in the present study we extensively examined the role of 5-HT4R during early brain
development in dendrite and axon formation of hippocampal neurons. Results showed that
activation of 5-HT4R through agonist RS67333 significantly increased the axonal length,
diameter and branching along with notable improvement of total length of dendrites, number of
primary dendrites and their branching. In contrast, RS67333-induced growth of axon and
dendrite was neutralized by the concomitant treatment with a 5-HT4R antagonist GR125487,
confirming the specific role of the 5-HT4R in neurites formation. Furthermore, treatment with
RS67333 increased the mRNA expression of neurotrophic factors BDNF, NT-3, NGF together
with collapsin response mediator protein-2 (CRMP2) and non-phosphorylated CRMP2,
suggesting the possible downstream singling via 5-HT4R. In summary, the current study
enriches the understanding and key role of 5-HT4R in early embryonic development of
hippocampal neurons.
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Title: Integrin beta 3 regulates a tangential, orderly gradient of dendritic arborization in layer
/111 pyramidal neurons
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Abstract: Integrin subunits have been implicated in axonal and dendritic outgrowth, as well as
dendritic spine plasticity. In particular, a strong positive association has been found between
mutations in integrin beta 3 (Itgh3) and autism spectrum disorder, but little is known about the
role of Itgb3 on neuronal structure and function in vivo. Many forms of autism spectrum disorder
are thought to arise from dysfunctional dendritic arborization and synaptic pruning, and global
knockout of Itgh3 in mice leads to autistic-like behaviors. Previously, we have shown that Itgh3
is required for normal dendritic arborization in layer I1/111 pyramidal neurons of mouse neocortex
in a cell-specific manner. Furthermore, it is known that dendritic morphology of mouse layer
I1/111 excitatory pyramidal neurons across much of the tangential plane of the cerebral cortex is
partly shaped by a developmental, orderly gradient spanning several functional regions.
Therefore, here, we hypothesized that the orderly tangential gradient of dendritic arborization is
abrogated by the cell-specific loss of Itgh3 in vivo. This was achieved by causing Itgb3 loss of
function through Cre-lox-mediated excision of Itgbh3 in a subset of layer 11/111 cortical neurons.
Layer I1/111 cortical neurons were targeted for excision via in utero electroporation of GFP/Cre
DNA constructs to the ventricular zone of developing telencephalon of mice in which exon 1 of
Itgb3 is flanked by loxP sites. Cortical positioning on the tangential plane of the cortex as well as
dendritic morphological features of targeted neurons in juvenile mice (P23) were analyzed. Male
and female mice were used for the study and analysis was done blind to genotype. Results point



to the loss of an orderly gradient of dendritic arborization in mutant neurons, when compared to
C57BL6/J controls. Thus, integrin beta 3 appears to regulate a tangential, orderly gradient of
dendritic arborization of layer I1/111 pyramidal neurons in the developing neocortex.
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Title: Csmd2 is required in neuronal maturation and Reelin-mediated structural plasticity
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Abstract: Reelin is a secreted glycoprotein that regulates development of the cerebral cortex. By
initiating a signaling cascade through the downstream adaptor protein, Dab1, Reelin has been
studied as a migration guidance signal for immature neurons in the developing brain. Reelin loss-
of-function results in disorganized neuronal layering, significant reduction of dendritic arbor
complexity, and deficits in dendritic spine development. While the mechanisms through which
Reelin controls neuronal migration have been extensively investigated over the years, the
mechanisms that regulate dendrite and spine development downstream of Reelin and Dabl have
yet to be fully elucidated. Here, we have identified a novel interaction between Dabl and Csmd2,
a single-pass transmembrane protein of previously unknown function. We demonstrate that
Csmdz2 is expressed in the cerebral cortex and that Dabl binds to the FENPMY motif in the
cytoplasmic tail of Csmd2. Additionally, we show that Csmd2 is enriched in excitatory and
inhibitory neurons in the forebrain. Interestingly, we find that Csmd2 interacts with several
synaptic scaffolding proteins and localizes to dendritic spines through a PDZ motif-mediated
interaction with PSD-95. Knockdown of Csmd2 mRNA in cultured hippocampal neurons results
in reduced complexity of dendritic arbors and deficits in dendritic spine density. Knockdown of



Csmd2 mRNA expression in developing neurons results in reduced filopodia density, whereas
knockdown of Csmd2 mRNA in mature neurons causes significant reductions in dendrite
complexity and dendritic spine density. Finally, knockdown of Csmd2 mRNA or expression of a
truncated form of Csmd2 causes a significant reduction in dendritic spine density and dendrite
complexity that is unable to be rescued by Reelin. Together, these data indicate a role for Csmd2
in dendritogenesis and dendritic spine development and stability. This suggests that Csmd2 may
be a critical factor downstream of Reelin/Dabl during neuronal maturation, which may account
for its association with certain neuropsychiatric disorders.
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Abstract: Dendrite morphology plays a key role in proper neural signaling. Stress can impact
dendrite arborization; however, little is known about the underlying molecular mechanisms that
control this process. We use the nematode C. elegans as an in vivo model to investigate stress-
induced neural plasticity. When grown under conditions of low food and high population
density, C. elegans enters dauer diapause. When dauers are returned to favorable conditions they
continue development. Dauers undergo widespread arborization of the 4 quadrant inner labial 2
(IL2) neurons. The typically unbranched IL2 dendrite arborizes extensively when the animal
enters dauer, increasing its total branch length 3-fold (Figure A). Upon dauer exit the neuron
resorbs its arbors, returning to an unbranched morphology (Figure B). We performed a forward
genetic screen to identify regulators of IL2 morphology. Through this screen, | generated a new
allele of the gene dma-1 (Figure C). We found that a membrane-bound complex centered on
DMA-1 was repurposed during dauer to enable IL2 branching. DMA-1 had previously been
implicated in arborization of the branched neurons, the PVDs. Using a DMA-1 translational
reporter, we show that DMA-1 is expressed in the IL2s during dauer and localizes to the IL2
dendrites. Several extracellular binding partners of DMA-1 have been identified including the



L1CAM homolog, SAX-7. Separately DMA-1 functions intracellularly in the PVDs to initiate
actin polymerization. Through an analysis of DMA-1 associated molecules, we determined that
the DMA-1 extracellular and intracellular binding partners are necessary for IL2 arborization.
Next, we looked for regulators of IL2 arborization among stress-related pathways. The FOXO
transcription factor DAF-16 is part of the Insulin signaling pathway and is necessary for dauer
formation. We found that DAF-16 is required for stress-induced dendrite morphology but not
arborization of unstressed neurons.
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Abstract: Although large scale structural plasticity in adult nervous systems is rare, some
organisms maintain the ability to make compensatory structural changes into adulthood, offering
insights into the mechanisms underlying structural plasticity in mature nervous systems. These
organisms can also help us understand the ramifications of structural plasticity for nervous
system function and behavior in the adult. The cricket, Gryllus bimaculatus, exhibits unique and
robust deafferentation-induced anatomical reorganization in the auditory system. In the cricket,
two auditory organs on each forelimb send auditory afferents via nerve 5 to the prothoracic
ganglion (PTG), where auditory afferents synapse onto mirror-image pairs of auditory neurons,
notably Ascending Neurons 1 and 2 (AN1 and AN2). These cells receive auditory input only
from the ipsilateral ear because auditory system dendritic and axonal arbors are restricted by the
midline. Upon unilateral loss of an ear, the deafferented ipsilateral AN1 and 2 dendrites sprout
across the midline of the PTG, forming functional synapses with contralateral auditory afferents.
Here we examined two aspects of these changes. First, to assess the physiological and anatomical
consequences of this deafferentation-induced reorganization, we recorded AN responses to
sound using a suction electrode on the surface of the brain followed by iontophoresis of dye into
AN axons; this backfills the AN dendrites in the PTG and allows us to correlate physiological
and anatomical data from individual animals. Surprisingly, unilateral deafferentation caused
rapid and permanent synaptic reorganization of the auditory system within the brain, which was
independent of the structural reorganization that occurs in the PTG. Second, we asked whether
altering the expression of specific proteins could predictably manipulate AN form and function.
For example, the expression of semala mRNA declines rapidly after deafferentation. To test
whether this correlative change in expression causes changes to AN morphology, we knocked
down semala mRNA in adult intact animals by peripheral injection of double-stranded RNA.
We assessed the anatomy and sound-driven physiological responses of the AN neurons using
surface electrodes on the brain followed by iontophoresis. In response to semala dsSRNA



knockdown in intact animals, AN dendritic arbors changed shape, increased in complexity, and
sprouted dendrites across the midline. We will begin to correlate compensatory anatomical
changes with physiological responses as we gain insight into the molecular mechanisms that are
involved in this adult compensatory reorganization.
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Abstract: Acylation of p18, also known as LAMTORY1, is essential for anchoring to
endosomal/lysosomal membranes the Ragulator complex, which has been shown to a play
critical role in activating the mechanistic target of rapamycin complex 1 (mTORC1), an
important component of synaptic plasticity and learning and memory. We have previously
reported that p18 is essential for lysosomal localization of Ragulator and RagGTPases in
hippocampal neurons, and that UBE3A-mediated p18 ubiquitination and degradation regulate
mTORC1 activity. Recent studies have shown that the Ragulator complex inhibits lysosome
centrifugal trafficking in an mTORC1-independent manner in cell lines. However, little
information is available regarding the role of p18 in lysosomal trafficking in neuronal dendrites.
Here we show that p18 knockdown (KD) in primary neurons increases lysosome motility in
proximal dendrites. Live-cell imaging of lysosomes stained with LysoTracker showed that p18
KD markedly decreased the proportion of stationary lysosomes and increased that of moving
lysosomes; both anterograde and retrograde motility of lysosomes in dendrites was enhanced.
Furthermore, both the total distance and average velocity of mobile lysosomes increased upon
p18 KD. In addition, quantitative analysis of lysosomes stained with LAMP2 revealed a
significant increase in the number of lysosomes in proximal dendrites. Of note, inhibition of
mTORC1 activity by rapamycin or Torinl had no effect on lysosome distribution in dendrites,
suggesting that lysosome positioning in dendrites depends on p18 but not on mTORC1. We



identify transient receptor potential mucolipin 1 (TRPML1) as a novel interacting protein for
p18. TRPML1-mediated lysosomal Ca®* release, measured using a genetically encoded Ca?*
indicator attached directly to TRPML1, was significantly increased after p18 KD, suggesting that
p18 exerts a negative regulatory effect on TRPMLL. Incubation with the TRPML1 antagonist
MLSI1 fully restored lysosomal trafficking and positioning in dendrites of p18 KD neurons,
supporting a functional interaction between p18 and TRPMLJ1. Interestingly, inhibition of the
“retrograde” motor dynein with Ciliobrevin D in p18 KD neurons not only reduced the
retrograde movement but also the anterograde movement of lysosomes, suggesting that dynein
participates in bidirectional lysosomal trafficking in dendrites. Overall our results suggest that
pl18/TRPMLL1 interaction is crucial for controlling dendritic trafficking of lysosomes,
presumably by controlling the motor protein dynein.
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Abstract: Celsr2, a seven-pass transmembrane cadherin, is one of the core planar cell polarity
(PCP) proteins. Other members of the PCP genes such as Fzd3 and Celsr3 were shown
previously to be involved in retina development, but little is known about Celsr2. Here, we
investigated the role of Celsr2 in the development of mouse retinal horizontal cells. Celsr2 is
expressed in retinal horizontal cells, ganglion cells and Miller cells. Abnormal neurite sprouting
of horizontal cells was observed in Celsr2 knockout mice. Retinal function is decreased in
Celsr2 knockout mice based on ERG recording. JNK is up regulated in Celsr2 knockout mice,
indicating that the non-canonical Wnt-PCP-JNK pathway is involved. In order to find the
upstream of Celsr2, we generated double heterozygous models of Wnt5a+Celsr2 and
Wnt5b+Celsr2. Retinal horizontal cell sprouting was only observed in the double heterozygote of
Wnt5b and Celsr2, suggesting Wnt5b may be the upstream of Celsr2.Then we studied Wnt5b
knockout mice, similar neurite sprouting

phenotype was found in retinal horizontal cells. Fzd family is known as classical Wnt receptors,
here we established a Fzd3+Wnt5b double heterozygous mouse model and found similar



phenotype in horizontal cells. These results suggest that Celsr2 regulates neurite outgrowth of
retinal horizontal cells via Wnt5b mediated Wnt-PCP signaling in mouse retinal development.
These results also indicate Fzd3 may combine with Celsr2 as the Wnt5b receptor to regulate the
development of mouse retina.

Key words: : Celsr2, retinal horizontal cells, Fzd3, Wnt5b, neurite sprouting
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Abstract: The Ste20-like kinase (SLK) fulfills important and diverse functions in non-neuronal
cells by influencing cellular processes such as apoptosis, cell cycle progression, cytoskeletal
dynamics, and cell migration. Surprisingly, almost nothing is known about the functional
relevance of SLK in neurons, even though the kinase is expressed in neurons throughout
development and adulthood and the brain fails to develop normally in constitutive knockout
mice. Furthermore, SLK was recently reported as candidate gene for intellectual disability
pointing to an important role in neurons. In non-neuronal cells, several molecular pathways
involving SLK have been described, for example integrin signaling to the cytoskeleton or
regulation of kinases in the cell cycle. However, the mechanism underlying SLK action in
neurons is currently unknown. To gain first insights into SLK's mode of action in neurons, we
are investigating interaction partners and phosphorylation substrates of SLK by three
complementary strategies. In a whole-cell phosphoproteomics approach, SLK is either
overexpressed or knocked down by lentiviral transduction and phosphorylated proteins are
analyzed by mass spectrometry. The second strategy focuses on the identification of transient
cellular interaction partners through proximity-dependent biotinylation. Viral transduction of
cultured cortical neurons leads to the expression of a SLK-biotin ligase fusion protein that
biotinylates proteins in close proximity to SLK. Subsequent mass spectrometric analysis of the



isolated biotinylated proteins specifically identifies proteins that are in the vicinity of SLK in
neuronal cells. A traditional co-immunoprecipitation analysis complements the search for
interacting proteins with direct binding partners of SLK. The combination of these approaches
allows us to identify proteins that act up- or downstream of SLK. In the long term, these first
insights into the molecular mechanism of SLK will lead to a better understanding of SLK's
function in neuronal development and clarify how the kinase influences morphological and
functional properties of neurons.
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Abstract: The human ZC3H14 gene encodes a ubiquitously expressed zinc-finger RNA-binding
protein that is lost or altered in an inherited form of non-syndromic, recessive intellectual
disability. To gain insight into neurological defects in patients lacking ZC3H14, we previously
developed a Drosophila melanogaster model of ZC3H14 loss by deleting it’s fly ortholog, Nab2.
Nab2-deficient animals have defects in locomotion and olfactory memory that are rescued by
Gal4-UAS mediated expression of fly Nab2 or human ZC3H14 solely in fly neurons. This rescue
implies a high degree of conservation between molecular and cellular roles of ZC3H14 and Nab2
in neurons. Nab2 loss leads to axon projection defects in a region of the fly brain termed the
mushroom bodies (MB), a twin neuropil structure composed of fasiculated axons derived from
Kenyon neurons. In prior publication, we showed that Nab2 controls MB axon development in a
complex with the fly Fragile X homolog, dFmrp. Here, we reveal that Nab2 also has an
unappreciated role in limiting dendrite development among body-wall sensory neurons. RNAi of
dNab2 within larval class 1V dorsal dendritic arborization C (ddaC) neurons significantly
increases dendritic complexity by multiple measures (i.e. Sholl analysis, total arbor length, and



maximum branch order), and excess Nab2 has the inverse effect. ddaC dendrite defects are also
evident in Nab2 null animals, arguing that Nab2 regulates mRNA(s) involved in dendrite
development. The genetic screen that identified dFmrp as a Nab2 interactor also identified
multiple members of the non-canonical Wnt, Planar Cell Polarity pathway (PCP) as Nab2
interacting genes. We are testing the possibility that PCP contributes to Nab2 dendrite arbor
phenotypes and have confirmed that RNAI of multiple PCP components yield defects in the
ddaC arbor, confirming published work that ddaC neurons use the PCP pathway to control
dendrite arborization. We are currently testing whether Nab2 alters levels of PCP proteins in
vivo, and whether the ddaC dendrite defects in Nab2 null/RNAI animals can be rescued by
alleles that reduce PCP activity. Based on our published data showing ZC3H14 localizes to
RNP-like structures within the dendritic shaft and spines of cultured mouse hippocampal
neurons, we theorize that Nab2 and ZC3H14 may have conserved role in regulating RNAs
involved in dendrite morphology.
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Abstract: The ventral hippocampus forms reciprocal connections with the amygdala (Cenquizca
& Swanson, 2007), making it well-suited to contribute to emotional learning, including
associative fear learning. However, the role of early postnatal development in forming the
necessary physiological mechanisms and morphological connections in ventral hippocampus that
support learning in adulthood remains unknown. Development in other brain regions critical for
fear learning (e.g. amygdala) is characterized by dynamic neuronal physiology and maturation of
dendritic connections. Developing principal neurons in basolateral amygdala (BLA) display
more hyperpolarized action potential (AP) thresholds and narrower APs, as well as reduced
medium afterhyperpolarizations (mAHPs; Ehrlich et al., 2012). Morphologically, developing



BLA neurons display increased dendritic arborization and complexity (Ryan et al., 2016). These
changes in excitability and morphology in developing BLA neurons likely contribute to the
pattern of responding to emotionally-salient stimuli in adulthood. Although ventral hippocampus
has a known role in fear conditioning and likely routes associative fear information to BLA,
developmental changes in ventral hippocampal neuron physiology and morphology have not
been characterized. By combining in vitro whole-cell recordings from ventral hippocampal CA1
neurons with confocal microscopy and neuronal reconstructions, our lab is exploring how early
postnatal development contributes to the maturation of intrinsic excitability and dendritic
arborization in ventral CAl. Recordings of ventral CA1 neurons from male F344 rats younger
than postnatal day 30 (P30) suggest that development is associated with distinct changes in AP
properties and intrinsic excitability. As ventral CA1 neurons mature, AP half-width and AP
threshold decrease, while AP amplitude increases (p < .01). Additionally, intrinsic neuronal
excitability is reduced, as both the slow afterhyperpolarization (SAHP) and mAHP become larger
during development (p < .05). Reconstructions of these neurons also reveal several
developmental changes in ventral CA1 neuronal morphology, including an increase in total
dendritic branch length and branch number (p < .05), suggesting dendritic arborization becomes
more complex during this period of development. These data demonstrate that ventral
hippocampal CAL1 neurons are physiologically and morphologically dynamic during
development, which likely contributes to the emergence of emotional processing.
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Abstract: Dendrite development is essential for the transmission and processing of sensory
stimuli. Abnormalities in dendrite morphology have been found in several neurological

disorders. We use the C. elegans PVD neurons, which have complex menorah-like dendritic
arbors, as a model to study the genes involved in dendritogenesis. Studies have shown that a



conserved cell-adhesion complex, comprised of MNR-1/Menorin and SAX-7/L1CAM, acts from
the skin to regulate PVD dendrite branching through the transmembrane receptor, DMA-1/LRR-
TM. Recently, we determined that Leukocyte Cell-Derived Chemotaxin 2, or lect-
2/Chondromodulin 11, also functions to pattern PVD dendrites. In order to identify genetically
interacting factors of LECT-2/ChM-11, we performed a forward genetic screen to isolate
modifiers of a lect-2/ChM-I1 hypomorphic allele. We determined that mutations in aman-2/Golgi
alpha-mannosidase I1, an enzyme that is required for the formation of complex N-glycans,
enhances the severity of the lect-2/ChM-II and mnr-1/Menorin hypomorphic phenotypes, but
looks wildtype on its own. AMAN-2 acts cell-autonomously to rescue defects in PVD,
suggesting that N-glycosylation of a ‘menorin’ complex component in PVD itself, such as DMA-
1/LRR-TM, may be essential. To test this hypothesis, we first performed Western blot analysis
after treating proteins with a reagent that cleaves all N-glycans. We established that DMA-
1/LRR-TM is glycosylated in vivo, and that the glycan profile of DMA-1 is altered in animals
lacking AMAN-2. We aim to test our candidate by selectively mutating its N-glycosylation sites.
We will further characterize the role of aman-2/GM-II in the binding of the ‘menorin complex’
in future pull down assays to gain a fuller understanding of this novel factor and its in vivo role
in dendrite development.
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Abstract: In the mammalian brain, neurons initially form excessive neurites, and then remodel
their morphology during early postnatal development. Mitral cells in the olfactory bulb initially
extend multiple dendrites, but just one of them is strengthened to form a discrete primary
dendrite and the supernumerary ones are pruned during development. We recently found that
neuronal activity is essential for the dendrite pruning of mitral cells (Fujimoto, Leiwe et al.,
bioRxiv 2019). However, it has remained unknown how the dendrite stability is controlled
intracellularly. It has also been unknown whether cell surface proteins also account for this
process. Using in utero electroporation, we performed CRISPR/Cas9-based knockout screening



for genes that regulate dendrite remodeling in mitral cells. We found that the mitral cell-specific
knockout of BMP receptor type 2 (BMPR2) results in the formation of multiple primary
dendrites. Rescue experiments with deletion mutants revealed that the C-terminal domain critical
for LIMK regulation, rather than the kinase domain necessary for the canonical Smad pathway,
is essential for normal dendrite remodeling. Active LIMK is known to inhibit cofilin by
phosphorylation and thereby stabilize actin cytoskeleton. Supporting this notion, LIMK1
overexpression also resulted in the formation of multiple primary dendrites; however, this
phenotype was rescued by the overexpression of BMPR2. Thus, BMPR2 (most likely, the
ligand-unbound form) is a negative regulator for LIMK and actin polymerization, and thereby
facilitates dendrite pruning. On the other hand, overexpression of BMP4 stabilized multiple
primary dendrites, suggesting that ligand-bound BMPR2 activates LIMK and stabilizes the
dendrites. To examine possible crosstalk of BMPR2-LIMK pathway with neuronal activity, we
tested possible roles of activity-dependent Rho-family GTPases and kinase/phosphatases. We
found that overexpression of Racl produces multiple primary dendrites, while this phenotype
was rescued by LIMK1 knockout, suggesting that Racl signaling also stabilizes the dendrites via
LIMK. We also found that overexpression of a cofilin phosphatase, Slingshot, rescued the
LIMK1 overexpression phenotype (multiple primary dendrites). These results suggest that the
regulation of actin cytoskeleton by BMPR2, Racl, and Slingshot, is critical for the stabilization
vs. pruning of mitral cell dendrites.
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Abstract: Aim CdK?7 is a serine/threonine kinase which is part of the Cdk-activating kinase
(CAK) complex together with cyclin H and Mat1. This protein complex is mostly known for its
positive role on proliferation through cell cycle Cdks phosphorylation in both normal and
pathological (cancer) conditions. In the developing neocortex, it has been recently demonstrated
that Cdk7 contributes to cell cycle progression of neural progenitors. Besides its role on Cdks,
CAK complex also regulates transcription both directly by phosphorylating RNA polymerase 11,
promoting thereby transcription initiation, and indirectly by phosphorylating several nuclear
receptors (i.e. RAR-a, RAR-y, ER-0, PPAR-0 and PPAR-y), leading to specific genes
transcription. Despite this plural transcriptional role, CAK complex disruption does not impair
global transcription but affects different subsets of genes in specific tissues. Such genes have
been identified in numerous proliferative cell types under both normal and pathological
conditions. But, up to now, very few studies have investigated CAK complex transcriptional
impact in postmitotic cell types, including in the brain. Using a genetic approach, we decided to
unravel the role of Cdk7 in postmitotic cortical neurons.

Methods To decipher Cdk?7 transcriptional function(s) independently of its role on proliferation,
we use a conditional knock-out (Nex®®) C57BL/6-Sv/129 mice model in which Cdk7, the CAK
complex catalytic member, is invalidated in postmitotic cortical and hippocampal neurons. We
analyze any cortical phenotype at different time points and check mice behavior. We also
perform in vitro loss-of-function assays using primary cortical neurons cultures.

Results Our results indicate that Cdk7 conditional invalidation in postmitotic cortical neurons
induces cortical layer-unspecific neuronal packing without affecting total number of neurons in
vivo. This phenotype is associated to dendritic size and complexity impairments in those
neurons, observed in both in vivo and in vitro experiments.

Conclusion Together, our data highlight a role for Cdk7 and the CAK complex in the
morphological development of cortical neurons. Further investigations are conducted to
determine 1) if the phenotype is restricted to dendrites, 2) the mechanisms underlying this
phenotype and 3) the impact of this phenotype on mice behavior.
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Title: Localization of prenylated and palmitoylated Cdc42 in neuroblastoma cells
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Abstract: Cdc42, a small GTPase belonging to the Rho sub-family, acts as a molecular switch
for signaling cascades that affect cell motility, morphology, and neural plasticity. Like other
GTPases, Cdc42 is active when bound to GTP, facilitated by guanine exchange factors (GEFs),
and inactive when bound to GDP, catalyzed by GTPase activating proteins (GAPSs). Active GTP-
bound Cdc42 can interact with downstream effectors, but another form of regulation occurs by
the binding of guanine dissociation inhibitors (GDIs) to inactive GDP-bound Cdc42,
sequestering it to the cytosol. The dogma of Rho GTPase activation has been that it must
undergo post-translational modification of prenylation to colocalize at the membrane with GEFs.
As well as canonical Cdc42, a splice variant found in the brain, bCdc42, differs in the c-terminal
exon. Canonical Cdc42 carboxy-terminal ends with -CVLL and bCdc42 ends in -CCIF, the
double cysteine at the c-terminal allows the splice variant bCdc42 to undergo both post-
translational modifications of prenylation and palmitoylation. There has been speculation on the
different signaling functions of the two splice variants and how they localize at the cell
membrane.

To investigate the difference in localization between the two splice variants, we first investigated
the endogenous proteins present in neuroblastoma cells. We used specific antibodies to detect the
canonical form of Cdc42, which is prenylated, and the brain-specific Cdc42 that is prenylated
and palmitoylated. Thus far, we found that the canonical Cdc42 transitions between the
endoplasmic reticulum and the cell membrane, being evenly dispersed. However at higher
concentrations, it localizes near the axon. Brain-specific Cdc42 transitions between the Golgi
apparatus to near the dendritic arbors. We hypothesize that bCdc42 palmitoylation allows it to
transiently associate with the Golgi apparatus to facilitate dendritic morphogenesis. Defining the
roles of the two Cdc42 splice variants will help us better understand why the brain produces two
versions of Cdc42 and the implications this has for neurological disorders.
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Authors: *K. PEMBERTON, F. XU;
Dept. of Biol., St. Louis Univ., Saint Louis, MO

Abstract: Most studies investigating estrogen’s effect on the nervous system have focused on
the traditional estrogen receptors Estrogen Receptor-a (ERa) and Estrogen Receptor-f3 (ERp).
The recent identification of the G-Protein Coupled Estrogen Receptor (GPER) suggests
knowledge of estrogen’s effects may be incomplete. Evidence has suggested GPER may play
multiple roles in the nervous system including neuroprotection, neuronal recovery from stroke
and degeneration, neuron proliferation, as well as others. A caveat is that most studies have
looked at the effect in mature neurons, while GPER’s effect during early neuronal development
is largely unknown. Here we sought to study the role of GPER activity in neurite outgrowth and
synapse formation, as well as their underlying signaling during early development in two distinct
brain regions. Embryonic day 18 rat cortical and hippocampal neurons were cultured in estrogen-
and phenol red-free medium in the presence of a nonselective estrogen receptor agonist (E2), a
selective GPER agonist (G-1), and a selective GPER antagonist (G-15). Neurite outgrowth was
measured at 20, 48, 72, and 96 hours in culture using the ImageJ plugin NeuronJ. Synapses were
visualized at 7, 14, and 21 days in culture (DIC) by using immunofluorescence of a pre-synaptic
marker and dendritic markers or post-synaptic markers. Synapse formation was measured by
identifying areas of fluorescent overlap in ImageJ. Calcium imaging was done at 4, 7, 14, and 21
DIC using a fluorescent calcium indicator and signal intensity changes measured in ImageJ.
Multi-Electrode array data was measured at 8, 16, 21 DIC and spiking activity was identified
using Multi Channel Systems Multi Channel Analyzer software. All data was analyzed using R
in RStudio. Our data revealed activation of GPER promoted neurite growth in hippocampal
neurons, but not in cortical neurons, although blocking the receptor inhibited neurite growth in
cortical neurons. Synapse formation was also altered in a distinct manner between the two brain
regions. Furthermore, both calcium imaging data and multi-electrode array data indicate GPER
affects neuron signaling differently in these two brain regions. This provides the first evidence
that GPER activation may signal differently in distinct brain regions, as well as having different
roles in specific regions. Future experiments will further investigate the molecular and cellular
mechanisms underlying the pharmacological differences in GPER effects between developing
cortical and hippocampal neurons.
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Title: The roles of Calneuron I in the neurite outgrowth and synaptic transmission in primary
cultured rat embryonic cortical neurons

Authors: *H. WU, C.-Y. PAN;
Natl. Taiwan Univ., Taipei, Taiwan

Abstract: Calneuron | (Calnl), a calmodulin-like protein, binds Ca?* by its two functional EF-
hand motifs at the N-terminal and contains a transmembrane segment at the C-terminal. Calnl is
mainly expressed in the mouse brain at a late developing stage after P15. Our previous results
have shown that Calnl inhibits the voltage-gated Ca?* currents in cultured bovine chromaffin
cells. Other reports suggest that Calnl participates in the regulation of Golgi-plasma membrane
trafficking and has the best Ca?* affinities, Ka ~ 180 nM, globally comparing with other Ca?*
sensors expressed in neurons. However, the roles of Calnl in regulating the neuron
differentiation and synaptic transmission are not well-characterized yet. In this study, we
overexpressed Calnl and mutants in primary cultured rat embryonic cortical neurons using
Amaxa Neucleofector. We first examined the morphology of the transfected neurons using Sholl
analysis. The results showed that neurons expressing Calnl has no significant difference from
control group expressing GFP in the neurite outgrowth pattern. We will further characterize the
effects of Calnl in modulating the synaptic transmission by loading the cultured neurons with
Fura-2, a Ca®*-sensitive fluorescence dye, and examined the changes in the intracellular Ca?
concentrations under different stimulations. We will examine the Ca?* responses in the neurons
expressing Calnl and neighbor neurons without expressing Calnl to characterize the efficacy in
signal transduction from the Calnl-expressing neurons to other post-synaptic neurons. Overall,
our study will provide detail information about the roles Calnl in modulating the
neurotransmission.
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Abstract: Neuronal cell development is important for the proper cell migration and neural
circuit formation in brain. Neurons undergo multipolar-to-bipolar transition during radial
neuronal migration and develop apical and basal dendrites in the cerebral cortex. Histone
deacetylase 6 (HDACH6), of which substrates include acetylated a-tubulin and cortactin, regulates
cytoskeletal dynamics in cytoplasm. However, roles of HDACS6 in neuronal cell morphogenesis
and migration remain largely unknown. In this study, we investigated whether HDACEG is
required for neuronal cell development during brain development. Knockdown of HDAC6
resulted in abnormal Golgi polarization and defective dendritic growth in vitro. Interestingly,
overexpression of another cytoplasmic deacetylase SIRT2 rescued the defects of HDAC6
knockdown, suggesting that HDACG6 and SIRT2 may be functionally redundant. Expression of
wild type and deacetylation mimetic form of cortactin, but not a-tubulin, suppressed the defects
in Golgi polarization and dendritic growth in HDACG6 knockdown neurons, indicating that
HDACG6 promotes Golgi polarization and dendritic growth through cortactin deacetylation. In
utero electroporation with HDACG6 or SIRT2 shRNA resulted in no apparent defect in radial
neuronal migration, but double knockdown of HDAC6 and SIRT?2 delayed radial neuronal
migration in neocortex. In addition, overexpression of acetylation mimetic cortactin 9KQ
showed defects in dendritic Golgi polarization and radial neuronal migration. Taken together,
this study suggests that cortactin deacetylation by HDAC6 and SIRT?2 is essential for neuronal
cell development during brain development.
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Abstract: In modern mammals many non-image-forming visual functions, such as circadian
photo-entrainment, are the preserve of a subpopulation of retinal ganglion cells (RGCs) that
express the photopigment melanopsin (Opn4) and are therefore intrinsically photosensitive
(ipRGCs). A diverse bunch, ipRGCs comprise at least five classes distinguished by size,
dendritic stratification, electrophysiological properties, and central projections. Recently shown,
a circuit linking ipRGCs to the ventromedial prefrontal cortex (vmPFC) via a relay in the dorsal
thalamus mediates light’s affect on mood. Genetic ablation of these ipRGCs renders animals



invulnerable to mood alterations induced by an aberrant light paradigm. The thalamic relay in
this pathway, the perihabenular nucleus (PHDb), is the source of dense and previously unknown
innervation of the vmPFC. The PHb's innervation field is precisely layers | and I11-1V of the
infralimbic cortex, home to a resident population of pyramidal neurons distinguished by their
exceptional dendritic-arbor plasticity. In these neurons, a wide range of stressors, from forced
swimming to physical restraint, are reported to induce dentritic retraction. Given this dynamic
phenomenology, we decided to investigate layer I11-1V pyramidal neurons in the vmPFC of
IPRGC-ablated mice. We found that in the absence of ipRGCs, pyramidal neurons of the vmPFC
suffer apical dendritic deficits of a surprising magnitude. Interestingly, mice lacking ipRGCs also
exhibited abnormal behaviors during social interactions. Single cell sequencing of vmPFC tissue
revealed that many genes enriching biological pathways related to synaptic plasticity and
dendritic remodeling were dysregulated. Given these results, we provide evidence for a
previously unrecognized role of ipRGCs in providing essential input for maintaining vmPFC
function and integrity.
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Title: Dendrite self-avoidance is mediated by transient neurite bridges
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!Neurosci. and Mental Hlth., The Hosp. For Sick Children, Toronto, ON, Canada; 2Mol. Genet.,
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Abstract: Dendritic arbor patterns develop through an iterative process of neurite addition,
retraction, and recognition of environmental cues. For some neuron types an important aspect of
this process is self-avoidance, in which dendrites belonging to the same neuron avoid each other
to prevent overlap and to evenly fill the space. We have shown previously that dendrite self-
avoidance is regulated by the clustered Protocadherin proteins (cPcdhs). The cPcdhs are
transmembrane molecules proposed to mediate homophilic interactions at the cell membrane to
facilitate recognition between contacting neurites. In the absence of cPcdhs the dendrites of



Starburst amacrine cells, a retinal interneuron, fail to self-avoid and form bundles and crossings.
However, the cellular events and cues that produce self-avoidant arbors are unknown. To
investigate the developmental mechanism of self-avoidance, we used time-lapsed imaging to
capture 3D volumes of developing Starburst dendrites in both wildtype and cPcdh deficient
mouse retinas. Here, we demonstrate that dendrite self-avoidance occurs in a contact-dependent
manner through ‘dendritic bridges’: orthogonal, filopodia-like projections that transiently
connect adjacent primary branches. Dendrite bridges continuously form, retract, and re-form
within minutes. Quantifying bridge dynamics requires the detection of 'loops’ within a dendrite
structure making the resulting reconstruction a cyclic graph. To track bridge dynamics, we
developed a pipeline to reconstruct dendrites for each timepoint and align the resulting graphs
through time. In wildtype neurons we observe rapid bridge dynamics that maintain separation
between growing branches. Conversely, in cPcdh deficient neurons dendritic bridge dynamics
are altered, contributing to the collapse of developing branches. Together, our results suggest that
developing neurons survey the proximity of neighbouring self-dendrites through Pcdh-dependent
interactions from contacting bridges. We propose that these dendritic bridge-to-branch contacts
elicit the cell-intrinsic self-avoidance signals that guide branch growth and spacing.
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Abstract: Neurons rely on dendrites for the acquisition of sensory and synaptic input from their
particular receptive fields. Findings of aberrant dendritic morphology in disorders such as autism
spectrum disorder (ASD) and schizophrenia highlight the importance of understanding how
complex dendritic arbors are developed and maintained. During development, one of the goals of
dendritic outgrowth is non-redundant coverage of a receptive field, which requires the avoidance
of other dendrites both from the same neuron (self-avoidance) and from others (tiling). While
tiling is a conserved property of many nervous systems, the molecular mechanisms by which it is
established remain unclear. The goal of this project is to characterize the mechanisms of



dendritic tiling using the multi-dendritic FLP and PVD mechanosensory neurons of C. elegans as
a model. The dendritic arbor of FLP covers the head of the worm while the arbor of PVD covers
the body. The mechanism by which these neurons establish distinct non-overlapping receptive
fields remains unknown. Using an unbiased forward genetic approach, we isolated a mutant
allele in unc-33, which displays altered FLP and PVD receptive field sizes. Unc-33 encodes a
member of the Collapsin Response Mediator Protein (CRMP) family, which regulate axon
outgrowth and morphology by binding and organizing tubulin heterodimers. | hypothesize that
unc-33/CRMP acts to define the border between FLP and PVD by organizing microtubules in
outgrowing dendrites. Furthermore, I hypothesize that unbiased forward genetic approaches will
uncover additional regulators of FLP and PVD tiling.
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Abstract: The 5’-end of eukaryotic mMRNAs is capped with a 7-methylguanosine (m’G) during
the initial phase of transcription. Unlike yeast mMRNAs which contain only primitive m’G cap
(i.e. cap0, m’GpppNN, N: any nucleotide), the cap structure in higher eukaryotic organisms is
more complicated with additional 2'-O-ribose methylation at the first and second nucleotides by
cap methyltransferase (CMTR) 1 and 2, respectively. Cap0 is essential for nuclear export,
stability and cap-dependent translation of mRNAs but the function of 2'-O-ribose methylation in
mMRNAs (capl, m’GpppNmN; cap 2, m’GpppNmNm) is less clear. A previous study reported that
knockdown (KD) of CMTR1 in human cell lines evokes innate immune responses because capl-
deficient mMRNAs are recognized as non-self molecules by the RNA sensor, retinoic acid-
inducible gene-I (RIG-1). Despite this housekeeping function, we hypothesize that capl
modification may promote stability and/or translational efficiency of specific mRNAs, so we
investigate CMTR1 function in neurons where rich post-transcriptional regulations control
molecular diversities to support their complex morphologies and functions. Using KD approach
in cultured neurons, we found that CMTR1 deficiency impairs the development of dendritic
complexity, which is caused by altered posttranscriptional gene expression rather than innate
immune response. For example, the expression of calcium/calmodulin-dependent protein kinase



IT o subunit (CaMKIlIa), which plays an important role in neuronal maturation, is downregulated
in CMTR1-KD neurons. Whether and how capl modification affects target-specific gene
expression is currently under investigation.
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Title: Slit2 is preferentially expressed in the higher-order association area of primate cortex

Authors: *T. SASAKI!, Y. KOMATSU?, T. YAMAMORI3;
1Univ. of Tsukuba, Tsukuba, Japan; 2Natl. Inst. Basic Biol, Okazaki, Japan; ®BSI, RIKEN,
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Abstract: To elucidate the molecular basis for the specialization of cortical architectures, we
searched for genes differentially expressed among neocortical areas of Old World monkeys. We
previously reported that SLIT1, an axon guidance molecule, is abundant in the prefrontal cortex
but with developmentally related changes. SLIT is a chemorepellent guidance molecule, which is
well conserved in various species. The chemorepellent effect of SLIT is mediated by receptor,
Roundabout (ROBO). In situ hybridization analysis revealed that SLITL mRNA was mainly
distributed in the middle layers of most cortical areas, robustly in the prefrontal cortex and
faintly in primary sensory areas (Sasaki et al., 2010). Our comprehensive expression analyses of
other SLIT (SLIT2 and SLIT3) mRNAs showed enriched expression in the higher-order
association areas with a distinct laminar pattern. Among them, the SLIT2 mRNA expression was
high in layers 11, 11l and V in the prefrontal association area. On the other hand, the excitatory
population that expressed weak SLIT2 mRNA signals was restricted to the upper part of the
supragranular layers of the primary visual area. These patterns are reminiscent of those of RBP4
and PNMA5 mRNAs, which were identified as an association area-enriched gene (Komatsu et
al., 2005; Takaji et al., 2009; Yamamori 2011). Scattered signals of SLIT2 mRNA were
identified in layers 111-VI were in GAD67-mRNA-positive inhibitory neurons. Double ISH
analysis showed that SLIT2 and RBP4 mRNAs were colocalized in the cortical neurons. Thus,
SLIT2, RBP4 and PNMAS, whose expressions show the RBP4-like expression in the cortex, may
all exert influence over a similar type of cortical neuron.
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Title: Characterizing the role of Arl4c during dendrite morphogenesis in hippocampal pyramidal
neurons and its regulation by CRL5

Authors: *J. S. HAN, S. SIMO;
Cell Biol. and Human Anat., Univ. of California Davis, Davis, CA

Abstract: During development, neurons produced by hippocampal neuronal progenitors migrate
to their proper destination where they stop and integrate into the developing neuronal network.
Although these are essential steps for proper hippocampal development and function, a complete
portrait of the signaling pathways involved and how they are regulated remains incomplete. The
Cullin-5 RING E3 ubiquitin ligase (CRL5) complex regulates various important signaling
pathways for neuron positioning, cell polarity and dendritogenesis in the developing cerebral
cortex, cerebellum and retina. However, the role of CRL5 in the hippocampus has not been
characterized yet. Thus, understanding the signaling pathways regulated by CRL5 in the
hippocampus will provide much needed information on how CRL5 participates in hippocampal
development and likely in other areas of the central nervous system. Here, we show that CRL5
regulates the expression of ADP-ribosylation factor-like 4c (Arl4c) in the telencephalon. Arl4c is
a member of the Arf family of GTP-binding proteins and its biological role in the brain is
unknown. We found that Arl4c expression increases during early postnatal stages in the
hippocampus, peaks around postnatal day 8 (P8) and decreases at juvenile stages. Interestingly,
this change in protein levels is not a consequence of differential arl4c expression. Our
histological data shows predominant expression of Arl4c in the Cornu Ammonis (CAS),
particularly in the dendritic tree of pyramidal neurons. Importantly, we show that Arl4c is
localized at the plasma membrane and in cytoplasmic vesicles of pyramidal neurons. These data
suggest that Arl4c expression is post-transcriptionally controlled by CRL5 and its activity is
regulated by changes in its subcellular localization. We demonstrate that depletion of Arl4c
promotes neurite complexity while overexpression shows the opposite effect in hippocampal
pyramidal neurons using Sholl analysis. Furthermore, our data indicate that Arl4c affects actin
remodeling via small GTPase regulation. Finally, we show that in the absence of CRL5 activity,
the expression of other Arl4c-dependent signaling factors, including Cytohesin-1/3, Arf6, and
Frmd4A, was also deregulated. Together, these data indicate that CRL5 controls dendrite



arborization during hippocampal development through regulation of Arl4c and its associated
signaling effectors and suggest that CRL5 is a novel regulator of hippocampal morphogenesis.
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Abstract: The brain captures information through a remodeling of synapses. Regulated protein
synthesis makes this remodeling long-term, and stalled polysomes are one mechanism for
achieving this regulation. Stalled polysomes are large granules located predominately in neuronal
processes comprised of ribosomes, assembled around messenger RNA and translationally paused
by RNA binding proteins. How these protein synthetic structures operate in human neurons and
in disease has been largely a mystery. Using stem cells, our research demonstrates stalled
polysomes in healthy human neurons. Comparatively, neurons derived from the stem cells of
patients with Fragile X syndrome, a neurodevelopmental disorder defined by a silencing of the
gene encoding Fragile X mental retardation protein (FMRP), have fewer stalled polysomes.
Moreover, neurons from these patients have elevated levels of the special form of translation
stalled polysomes mediate and of Map-1b protein, the mMRNA of which is thought to in stalled
polysomes. These observations suggest that absent repression by FMRP, stalled polysomes
release prematurely and translation of synapse weakening mRNASs increases. Indeed, re-
instatement of FMRP in Fragile X neurons reduces neurite levels of stalled polysome mediated
translation. Thus, neurons acquired from human patient stem cells have stalled polysomes which
are dysregulated in brain disease.
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Title: The expression pattern and neurobiological functions of chinese autism spectrum disorder
risk genes

Authors: *K. YANG, J. WANG, Y. ZHANG, Z. QIU;
Inst. of Neuroscience, Chinese Acad. of Scie, Shanghai, China

Abstract: Autism spectrum disorder (ASD) is a series of symptoms classified as
neurodevelopmental disorders with unclear pathological mechanisms. Individuals diagnosed
with autism spectrum disorder perform with two types of symptoms: problems in social
communication, and restricted, repetitive patterns of behavior. To date, hundreds of ASD risk
genes have been reported. However, the expression pattern and neurobiological functions of
ASD risk genes in developing human brain is still elusive. In this project, we first discovered 122
de novo mutations from 200 Chinese ASD simplex trios with applying whole-exome-sequencing
combined with Sanger-sequencing-validation. The cohort with genes carrying de novo mutations
is hereafter termed as the Chinese ASD risk gene list (CARL). Then, in compare with SFARI
genes cohort, we analyzed the consecutive expression pattern of both CARL genes and SFARI
genes in developing human brain. Interestingly, we found genes from both of these cohorts were
highly expressed before ASD core symptoms emerging, while globally decreased yet fluctuated
during the period of ASD. This observation indicated that CARL genes and SFARI genes were
generally required in early neurodevelopmental events and needed to be precisely regulated
during rapid developing stages of neural system. Next, we explored biological functions of
several CARL genes or SFARI genes with cultured mouse cortical neuron system in vitro and
mouse embryonic electroporation system in uterus. Surprisingly, we discovered different specific
neurobiological phenotypes that strongly correlated to severity of ASD or severity of intellectual
developmental delay, independently. What was more, these pathological phenotypes mimicked
by mutants of CARL genes or SFARI genes matched with symptoms of ASD individuals to a



great extent. In all, this work described a general expression pattern of ASD risk genes, showing
emerging evidences that explain for contribution of de novo mutations to ASD symptoms. Our
findings provided new knowledge to better understand inner mechanism of ASD.
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Title: Chemogenetic activation of prefrontal cortex in Shank3-deficient mice ameliorates social
deficits, NMDAR hypofunction and SGK2 downregulation
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Abstract: A hallmark for autism spectrum disorder (ASD) is social deficits and restricted &
repetitive behaviors. Presently, there is no known cure for ASD. Haploinsufficiency of the
SHANKS3 gene is causally linked to ASD in human genetic studies. Shank3-deficient mice exhibit
autism-like deficits, significantly diminished N-methyl-D-aspartic acid (NMDA) receptors
synaptic function in prefrontal cortex (PFC). To identify a novel approach for the treatment of
autism-like social deficits, we decide to use the chemogenetic tool, designer receptors
exclusively activated by designer drugs (DREADDSs), which enables the remote, noninvasive and
long-lasting modulation of cellular activity and signal transduction in discrete neuronal
populations in vivo. We found selectively activating PFC pyramidal neurons with a CaMKII-
driven hM3D (Gqg) DREADD could rescue autism-like social behavioral deficits, elevate
diminished NMDARs and facilitate AMPARs synaptic function and normalize the decreased
serum- and glucocorticoid-inducible kinase 2 (SGK2) expression. Competitive blocking the
interaction of all SGK isoforms with their endogenous substrates substrate peptide (RPRAATF)
abolished the rescued autism-like social deficits and elevated the NMDARs function in Shank3-
deficient mice by chemogenetic activation PFC pyramidal neurons and induced autism-like
social deficits and decreased the NMDARs and AMPARs function in WT mice. Inactivation of
PFC pyramidal neurons in WT mice with hM4D (Gi) DREADD is insufficient to induce changes
in social behaviors and SGKs expression. These results suggest that chemogenetic activation



PFC pyramidal neurons increases the trafficking and function of NMDARs through SGK2,
thereby rescuing autism-like social deficits, which helps to identify novel molecular and cellular
targets for the design of novel therapeutic strategies for ASD patients carrying Shank3 mutations.
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Abstract: é-catenin is a crucial component of a synaptic scaffolding complex, which regulates
synaptic structure and function in neurons. Loss of 8-catenin function is strongly associated with
severe autism spectrum disorder (ASD) in female-enriched multiple families. In particular, a
(G348 (Glycine 34 to Serine) mutation in the 5-cateningene has been identified in ASD patients
and suggested to exhibit loss-of-function. The G34S mutation is located in the amino terminal
region of d-catenin, where there are no known protein interaction domains and post-translational
modifications. Notably, the Group-based Prediction System predicts that the G34S mutation is an
additional target for GSK3p-mediated phosphorylation, which may result in protein degradation.
Therefore, we hypothesize the G34S mutation accelerates 6-catenin degradation, resulting in loss
of 8-catenin function in ASD. Indeed, we found significantly lower G34S &-catenin levels
compared to wild-type (WT) 6-catenin when expressed in cells lacking endogenous &-catenin,
which is rescued by genetic inhibition of GSK3p. By using Ca2+imaging in cultured mouse
hippocampal neurons, we further revealed overexpression of WT §-catenin is able to
significantly increase neuronal Ca2+activity. Conversely, Ca2+activity remains unaffected in
(G34S d-catenin overexpression, which is reversed by pharmacological inhibition of GSK3f
using lithium. This suggests the G34S mutation of 3-catenin provides an additional GSK3f3-
mediated phosphorylation site, which could promote 6-catenin premature degradation, resulting
in loss-of-function effects on neuronal Ca2+activity in ASD. In addition, inhibition of GSK3f
activity is able to reverse G34S-induced loss of d-catenin function. Thus, inhibition of GSK3[
may be a potential therapeutic treatment for 6-catenin-associated ASD patients.
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Abstract: Autism spectrum disorders (ASD) are paralleled by neurochemical imbalances
including neurotransmitter imbalances in several brain regions. In particular, an earlier study has
found abnormalities in the expression of serotonin and dopamine transporters in the autism
brain(Arch Gen Psychiatry. 2010;67(1):59-68). Broca’s area in the left prefrontal cortex is a
major language motor region and it could be involved in language skill differences in ASD.
Dopamine is an important neuromodulator that has been shown to drive left-lateralization of
functional activity in cortical language area (J Comp Neurol. 2018; 526:920-931). The objective
in our study was to determine the possibility that dopaminergic imbalances occur in Broca’s area
in ASD that could explain some of the language differences. Post-mortem human brains from
controls (n=21) and autism (n=22) subjects were sectioned at the level of Broca’s area and
processed for radioisotopic in situ hybridization histochemistry with a cRNA probe selective for
the human dopamine D1 (Drd1) receptor and then processed for radioautography. First, the
MRNA labeling was analyzed at the regional level by densitometry on x-ray films and secondly
at the cellular level on emulsion radioautographs. Results show that the mRNA levels of Drd1
were significantly lower in Broca’s area of ASD compared to control brains. This effect was
documented at the regional level by including the whole cortical thickness and was also
documented at the single cell level on emulsion radioautographs. These findings suggest that
changes in the dopaminergic system in Broca’s area may be involved in language and
communication deficits in ASD. It is unclear if these effects are related to the decreased grey
matter volume documented in several regions of the prefrontal cortex (Front. Hum. Neurosci., 04
August 2017. https://doi.org/10.3389/fnhum.2017.00395).
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disorders in Xenopus laevis tadpoles
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
deficits in social and cognitive functions. Prenatal exposure to valproic acid (VPA), a common
antiepileptic drug, results in ASD in humans and in neurodevelopmental abnormalities in other
animal models. Similarly, exposure to VPA during a critical developmental period in Xenopus
tadpoles causes behavioral and electrophysiological abnormalities consistent with
hyperconnected neural networks. VPA exposure results in upregulation of MMP9 levels in
tadpole brains, suggesting a role of MMP9 in VPA-induced neurodevelopmental disorders.
MMP9 is a matrix metalloproteinase that cleaves various components of extracellular matrix,
enabling synaptic and circuit level reorganization. We investigated the role of MMP9 in the early
formation of neural circuitry within the Xenopus optic tectum. We predicted that upregulation of
MMP9 mimics VPA-induced effects while downregulation would result in the rescue of these
effects. The upregulation of MMP9 was achieved by whole tissue electroporation of an MMP9
overexpression construct while downregulation was achieved using either a pharmacological
agent or by using an antisense morpholino (MQ) against MMP9. Overexpression of MMP9
resulted in significant increase in the frequency of SEPSCs and sIPSCs, similar to the VPA-
effects while inhibition of MMP9 rescued these effects, without altering the basal transmission.
MMP-9 levels are elevated after patterned visual exposure, resulting in elevated tectal cell
dendritic growth. This growth could be arrested by using MMP9 inhibitors, indicating that
transient expression of MMP9 promotes growth. MMP9 is known to activate BDNF, a
neurotrophin essential for neuronal development, and dysregulation of BDNF is implicated in
several neurodevelopmental disorders. We show that pharmacological inhibition of BDNF
rescues VPA-induced effects. Taken together, our findings suggest that early VPA exposure



results in chronically elevated BDNF levels mediated via MMP9. This results in hyperconnected
neural networks which elicit ASD-related behaviors. This study demonstrates that disregulation
of MMPs during early brain development can be an important contributor to the etiology of
neurodevelopmental disorders.
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Abstract: CHD7 and CHD8 are chromatin remodeling proteins that regulate gene expression.
Alterations in gene expression are needed for synaptic plasticity and long-term memory.
Mutations in these chromatin remodeling genes occur in Autism Spectrum Disorders and
CHARGE Syndrome. The Drosophila homolog of CHD7 and CHDS is Kismet (Kis). We found
that kis mutant synapses have increased BMP signaling, increased levels of cell adhesion
molecules, and decreased endocytosis. These pathways/proteins are vital for synapses to
efficiently communicate and remodel. We sought to better characterize the kis mutant
phenotypes. There was no significant difference in nervous wreck levels at the synapse of kis
mutants compared with controls indicating that the increase in BMP signaling found in kis
mutants isn’t likely the result of deficient endocytosis of BMP receptors by nervous wreck. We
did find, however, that BMP signaling and the levels of the postsynaptic GIURIIA subunit were
increased in neuroligin overexpression mutants. These data suggest that neuroligins may be
regulating BMP signaling. To see if pathways that crosstalk with BMP signaling were altered,
we examined Frizzled, which is a Wnt receptor, levels and found that they are reduced in kis
mutants. Future experiments will examine kis mutant transcript levels of different BMP pathway
components to determine if kis is transcriptionally regulating BMP signaling. These data will
help us better understand the importance of chromatin remodeling for synaptic structure and
function and the molecular changes correlated with neurodevelopmental disorders.
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Abstract: A strong association between microbiome abnormalities and autism spectrum disorder
(ASD) has been demonstrated; however, the pathological mechanisms connecting changes in the
gut to those in the brain have yet to be fully elucidated. We hypothesize that bacteria-derived
metabolites can disrupt neuronal development and function. To test our hypothesis we focused
on 4-ethylphenylsulfate (4-EPS) and indoxyl sulfate (IS), two metabolites known to be elevated
in ASD patients. Deficits in myelination, loss of white matter and defects in the function and
regulation of synapses have been reported in ASD patients and are believed to be foundational
contributors to core ASD behavioral abnormalities. To interrogate these pathologies we
leveraged primary cell cultures from rat brain containing either neurons and oligodendrocytes to
study neurogenesis and myelination, or hippocampal neurons to study synaptogenesis. Cell
cultures were derived from 17-day old rat fetuses. Brain samples were first treated with trypsin to
yield a cell suspension. Following further mechanical dissociation neurons and oligodendrocytes,
or hippocampal neurons, were isolated and seeded into 96 well-plates pre-coated with poly-L-
lysine and laminin, and maintained at 37°C in a humidified incubator during treatment with
either 4-EPS of IS. After treatment we adopted an immunostaining approach to identify;
oligodendrocyte precursor cells, differentiating oligodendrocytes, mature oligodendrocytes,
neurons or synapses. Following appropriate counter-staining images were captured and
quantitated using an ImageExpress instrument. Our results demonstrate that IS treatment
significantly attenuated (p < 0.05); neurite outgrowth, axon formation, proliferation and
differentiation of oligodendrocyte precursor cells, oligodendrocyte maturation, axonal
myelination and reduced synapse density. Similarly, 4-EPS treatment significantly attenuated
neurite sprouting and outgrowth, and axon formation. Interestingly, 4-EPS treatment



significantly increased numbers of mature oligodendrocytes, however, this was not associated
with a concomitant increase in axonal myelination. Our data demonstrate that exposure to
bacteria-derived metabolites such as 4-EPS and IS negatively impact multiple aspects of
neuronal development and functionality. These data highlight a novel therapeutic opportunity
that targets the microbiome to develop new medicines that address core behavioral symptoms in
ASD patients.

Disclosures: K.W. Tang: None. R. Graf: None. D. Donabedian: None. S. Rao: None. N.
Callizot: None. M. Combes: None. A. Henriques: None. S. Campbell: None.

Poster

030. Autism: Synaptic and Cellular Mechanisms |
Location: Hall A

Time: Saturday, October 19, 2019, 1:00 PM - 5:00 PM
Program #/Poster #: 030.09/A51

Topic: A.07. Developmental Disorders

Support: NIH Grant ROIMH112714
NIH Grant ROLMH112714
NIH Grant 1R21MH100868
The Nancy Lurie Marks Family Foundation
Landreth Foundation
Autism Speaks/National Alliance for Autism Research
Simons Foundation

Title: Increasing UBE3A in substance P (Tacl) or progesterone receptor (Pgr) expressing
neurons of VMHuvI heightens aggression
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Abstract: Heightened aggression is a common comorbidity of autism spectrum disorder (ASD)
including excessive tantrums, irritability, and self-injurious aggressive behaviors that often
requires medical treatment. Yet the molecular and neuronal circuit mechanisms underlying the
ASD-associated aggression and treatment response remains unknown. We previously reported
(SFN 2018) that transgenic Ube3a mice (Ube3a2x mice, modeling ASD due to maternal 15g11-
13 triplication), compared with wild type littermates, display increased total attack time and
attack numbers in the resident intruder task. We also found that increasing UBE3A in
glutamatergic neurons of ventral lateral subdivision of ventral medial hypothalamus (VMHVI) is
sufficient to elevate aggression. In the current study, we further define the neuronal
subpopulation in VMHvI where increased Ube3a heightens aggression. In VMHuvI, 90% of



neurons are glutamatergic, and can be further divided into subpopulations defined by specifically
expressing neuronal markers such as the progesterone receptor (Pgr), substance P (Tacl) or
oxytocin receptor (Oxtr). To explore the role of Pgr+, Tacl+ or Oxtr+ neurons in regulating
aggressive behavior, we applied Cre-targeted chemogenetics and stereotactically injected AAV-
hSyn-D10-hM3D(Gq)-mCherry virus into VMHvI of Pgr-Cre, Tac1-Cre or Oxtr-Cre male mice.
Four weeks after the virus injection, we performed a standard resident-intruder aggression test to
measure the aggression behavior in the virus-injected mice. We found that administering CNO (1
mg/kg i.p.) dramatically increases attack behavior in VMHvI Tacl+ and Pgr+ neurons with a
smaller effect when targeted to Oxtr+ neurons. Thus, chemogenetic activation of Tacl+, Pgr+, or
Oxtr+ VMHuvI neurons is sufficient to increase aggression. To determine the neuronal
subpopulations in VMHvI where increased Ube3a in these neurons heightens aggression, we
stereotactically injected AAV-hSyn-DI10-Ube3a virus into VMHvI of Pgr-Cre, Tac1-Cre or Oxtr-
Cre male mice. We found that increasing Ube3a in Tacl+ or Pgr+, but not in Oxtr+ neurons
increases aggression. Further, when co-injecting inhibitory AAV-DIO-hM4D(Gi)-mCherry
viruses with AAV-hSyn-DI0-Ube3a viruses into VMHuvI of Tac1-Cre mice, CNO (1 mg/kg i.p.)
reversed the heightened aggression due to increased Ube3a in Tacl+ neurons. The results
indicate increasing Ube3a in the Tacl+ or Pgr+ expressing subset of neurons in VMHuvI
increases aggression, and further confirm the role for VHMvI rather than VMHc/dm in
promoting aggression since Pgr is expressed selectively in VHMuvI.
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Abstract: Epidemiologic studies have demonstrated an association between prenatal infection
and increased risk for neurological disorders such as autism spectrum disorder and schizophrenia
in the offspring. Using a mouse model of maternal immune activation (MIA) in which the viral
mimic Poly(l:C) is used to induce an immune response in pregnant dams, we and others have



reported structural and functional synaptic deficits in the offspring, yet the molecular
mechanisms underlying these deficits remain unknown. We have found increased nuclear
accumulation of histone deacetylase 4 (HDACA4), a protein known to regulate expression of
synaptic genes and synaptic function, in the cortex of MIA offspring. MIA offspring have
decreased cortical expression of calcium/calmodulin-dependent kinase Il and cyclin-dependent
kinase-like 5, two kinases which phosphorylate HDAC4 which is necessary for its nuclear
export. We are working to further characterize alterations in HDACA4 localization throughout the
brain of MIA offspring. We have confirmed that HDAC4 is expressed in pyramidal neurons,
parvalbumin-positive and somatostatin-positive interneurons, and astrocytes in the cortex. We
are determining if altered HDAC4 localization with MIA is cell type specific. In addition, we are
examining the extent of HDAC4 mislocalization in the hippocampus and cerebellum - two
regions which have been demonstrated to have synaptic impairments in MIA offspring and are
implicated in the circuits underlying reported behavioral abnormalities in MIA offspring. We
have found an inverse relationship between nuclear HDAC4 and synaptic density of cortical
neurons both in vitro and in vivo. Restoration of HDAC4 localization with a high concentration
of HDACA4/5 inhibitor in vitro has a significant main effect on synaptic density. Ongoing work
will determine if lower doses have a similar effect in vitro. In addition, we will determine if
HDAC4 inhibition in vivo ameliorates synaptic impairments and prevents behavioral alterations
in MIA offspring.
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Abstract: Autism spectrum disorder (ASD) is characterized by difficulties in social relatedness,
communication, and behavior. Prevalence estimates of ASD in the general population have
increased over the last 20 years. Significant shared ancestry and high rates of consanguinity
makes the Lebanese population ideally suited for genetic analysis of inherited causes and
autosomal recessive ASD susceptibility genes. Whole Exome Sequencing revealed in one family
a significant mutation in Ubiquitin-like domain-containing CTD phosphatase 1 (UBLCP1) gene.



UBLCP1 dephosphorylates 26S nuclear proteasomes, preventing assembly of the core and
regulatory particles, thereby decreasing their proteolytic activity. This de novo missense
mutation (g. 158710261CAAAG>C) is predicted to generate a stop codon that interrupts the
protein within the phosphatase domain. The disease mutation segregated normally in the family
and accounted for <1% rate in the Lebanese population and in Western databases. Compared to
normal controls, cultured fibroblasts obtained from the autistic patient bearing this mutation
showed a significant increase in proteasome activity which was reflected in decreased
ubiquitinated protein levels. A differential RNA expression of 26S Proteasome Subunits
(PSMAL, PSMC4, PSMD2) and E3-ligases (UBE3A, SYVN1) was observed compared to
normal controls. In parallel, we investigated the anatomical characterization of UBLCP1 in adult
mouse brain. UBLCPL1 is widely expressed in the brain with a strong signal in the olfactory bulb,
the cortex, the diencephalon, the hippocampus, the mesencephalon, the cerebellum, and the
rhombencephalon. No expression was observed in the association area of the cortex, the reticular
formation, fiber tracts, and the corpus callosum. UBLCP1 localized to the nucleus of MAP2-
expressing neurons in the brain, and dopaminergic TH-positive neurons in the ventral tegmental
area. Some UBLCP1-positive cells do not express MAP2. We hypothesize that UBLCP1 could
be widely expressed in different cell populations of the brain. Our data support current studies
suggesting that dysfunctional proteostasis is a common consequence of several genetic mutations
linked to ASD. Studies on UBLCP1 mutant induced pluripotent stem cells (iPSCs) are currently
undergone to investigate perturbed proteostasis implication in several neuronal processes
including neurogenesis, dendritic spine structure, synaptic activity, and the regulation of synaptic
strength. This approach will help in the visualization of the larger picture in order to detect
common deregulated pathways implicated in the disease, and pave the way for targeted drug
development.
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Abstract: De novo loss of function mutations within chromodomain helicase DNA-binding
protein 8 (CHD8) cause autism spectrum disorder (ASD) with high penetrance. However, the
pathological mechanism linking such mutations with the development of ASD is undetermined.
We generated a Chd8 heterozygous mouse line (Chd8*") which shows dysregulated expression
of genes vital for synapse and neural circuit formation within the cerebral cortex. Altered levels
of excitatory and inhibitory synapse formation (E:1 balance) within the cerebral cortex has been
proposed as a convergent mechanism through which multiple subtypes of ASD can manifest in
humans, providing onus for a detailed examination of synaptic integrity across
neurodevelopment in Chd8*" mice. Whole-cell voltage clamp recordings of layer V/VI cortical
pyramidal neurons were performed within acute brain slices in order to compare miniature
excitatory and inhibitory postsynaptic currents (MEPSCs & mIPSCs) between Chd8*-and
wildtype mice across early neurodevelopment. Chd8*"- mice displayed subtle variations in
excitatory synaptic transmission at neonatal stages followed by reduced mEPSC amplitude and
frequency at weaning age, indicative of reduced formation of excitatory synapses. Conversely
Chd8*"- mice showed highly variable levels of inhibitory synaptic transmission at neonatal stages
followed by increased mIPSC frequency at weaning age. Interestingly, these changes appeared to
be significantly more pronounced in male Chd8*"- mice than females, suggesting that reduced
expression of Chd8 has sexually dimorphic effects on synaptic development. Further
morphological analysis of the density of excitatory and inhibitory synapses revealed that these
changes represent genuine alterations to synapse number. Additionally, layer V/VI cortical
projection neurons within Chd8*"- mice were found to have unchanged dendritic arborisation,
passive membrane properties and action potential firing characteristics. We therefore conclude
that reduced expression of Chd8 specifically impacts synaptic development within the mouse
cortex and that these changes are highly dynamic over the course of neurodevelopment. The
opposing direction of changes in excitatory and inhibitory synaptic number suggests that cortical
E:I balance is substantially altered in Chd8*- mice, providing a potential mechanism through
which loss of function mutations within CHD8 can manifest as ASD in human patients.
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Abstract: The contactin-associated protein-like 2 (Cntnap2) gene, which codes for the cell-
adhesion protein CASPRZ, is highly important for brain development, especially in sensory
structures and areas central for language development. Disruptions in Cntnap2 can result in
neurodevelopment disorder displaying the core symptoms of autism spectrum disorder (ASD)
and moderate to severe language impairments in humans. Importantly, the Cntnap2 gene is not
exclusive to humans and is expressed throughout the sensory and cortico-striato-thalamic circuits
in other animals. A homozygous Cntnap2 gene functional knockout in mice and rats is known to
disrupt basic functions requiring auditory processing, such as the acoustic startle response and
sensorimotor gating. Though it is well established that Cntnap2 is essential for auditory
processing, its mechanisms of action at the cellular level and how it affects neural networks
required for auditory processing have not yet been fully characterized. To address this
knowledge gap, we used in vitro electrophysiology to investigate the changes in membrane
properties of neurons within the auditory cortex.

Specifically, the Cntnap2 gene is hypothesized to be necessary for the maintenance of intrinsic
neuronal membrane properties. Neurons in auditory cortex of Cntnap2 rats are therefore
predicted to have altered intrinsic membrane properties and excitability. Whole-cell patch clamp
recordings were performed brain slices from juvenile (postnatal days 8-21) wildtype
(Cntnap2*'*), heterozygote (Cntnap2*") and knockout (Cntnap2”) Sprague Dawley rats.
Intrinsic membrane properties, spontaneous miniature EPSCs and IPSCs, firing patterns, and
evoked postsynaptic currents of cortical pyramidal cells and PV* fast-spiking interneurons from
cortical layers 2/3 were assessed. Sodium and potassium current amplitudes are significantly
decreased in both pyramidal neurons and interneurons of Cntnap2-/- rats compared to
Cntnap2** and Cntnap2*" rats. Preliminary results trend towards smaller action-potential
amplitudes and longer half-widths in both pyramidal neurons and interneurons of Cntnap2- rats
compared to Cntnap2**. Moreover, the amplitudes and decay times of miniature EPSCs are not
different between the genotypes. Preliminary results also indicate that action potential firing rates
in response to current injection are not significantly different between the genotypes. These
experiments will provide novel insights into how Cntnap2 impacts auditory processing networks
at a cellular level, and shed light on the neural mechanisms underlying altered auditory
processing seen in Cntnap2- rats.
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Abstract: Autism spectrum disorder (ASD) is a complex disorder with large individual
variability, where every case has differences in the type and severity of symptoms. Despite the
recent increase in diagnoses, scientists have advanced considerably less in their understanding of
the mechanisms of ASD because no individual gene that is implicated in ASD is mutated in more
than 1% of patients. One proposed mechanism is that the dysfunction of GABAergic
interneurons may play a role in the development and progression of the disorder by interrupting
the excitatory and inhibitory balance of neural networks. In our research, we elucidate the role of
interneurons in ASD by knocking out one high-risk gene (phosphatase and tensin homologue on
chromosome ten, or PTEN) selectively in somatostatin-positive (SST) cells. Since many
symptoms of autism spectrum disorder present themselves as social anxieties, we test our mouse
model in a variety of settings to observe social interaction and social preference, anxiety-like
behavior, and repetitive stereotyped behavior. We found that in the SST-conditional knockout of
PTEN, mice had elevated levels of anxiety and fear retrieval, suggesting a potential disruption of
amygdala function in these mice. We then investigated potential dysfunction at the cellular and
circuit levels using confocal microscopy and electrophysiology. We found that SST-cells lacking
PTEN were overgrown morphologically, and they had elevated levels of post-synaptic current
following stimulation of neighboring nuclei (from lateral to central amygdala) as well as within
the local circuit of the central amygdala. Finally, preliminary evidence suggests that inhibiting
central amygdala SST cells in-vivo partially recovers the behavioral deficits observed in the fear
and anxiety-related tests, further demonstrating the importance of proper local-circuit function
for ASD-related behaviors.
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Abstract: Autism Spectrum Disorder (ASD) is a polygenic disease with no known common
underlying pathophysiology. To date, more than 50 gene mutations confer risk for ASD, making
it unlikely that therapeutic drug development will proceed without the identification of common
underlying pathophysiological processes. We define novel mechanisms that constrain the
phenotypic severity of five independent autism gene orthologs: RIMS1, CHD8, CHD2, WDFY3
and ASH1L. First, we analyze heterozygous null mutations in each autism gene for changes in
synaptic transmission and presynaptic homeostatic plasticity (PHP). Next, an electrophysiology-
based screen and a subsequent systems-genetic analysis of double heterozygous mutant
combinations identifies the first known heterozygous mutations that commonly enhance the
phenotype of diverse ASD genes, disrupting PHP and neurotransmission. Two modifiers are
characterized in detail. Finally, transcriptomic, ultrastructural and electrophysiological analyses
define a mechanism for impaired PHP; the maladaptive up-regulation of a novel repressor of
PHP. Taken together, we propose the identification of a genetic buffering system that acts to
suppress diverse, unrelated ASD gene mutations, and a cascade of negative consequences when
this buffering is lost including failure of homeostatic plasticity and cellular robustness.
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abnormal dendrite growth
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Abstract: Autism spectrum disorders (ASD) are neurodevelopmental disorders with with strong
genetic associations. Analysis of de novo mutations identified GRIN2B, which encodes the
GIuN2B subunit of NMDA receptors, as a high-probability ASD gene. However, the
mechanisms by which GRIN2B mutations lead to ASD are not understood. Here, we investigated
the cellular phenotypes induced by a human mutation that is predicted to truncate GIUN2B within
the extracellular loop. This mutation abolished NMDA-dependent calcium influx. Mutant
GIuN2B co-assembled with GIuN1, but the receptor was not trafficked to the cell surface or into
dendrites. When mutant GIuN2B was expressed in developing cortical neurons, dendrites
appeared underdeveloped, with shorter and fewer branches. Mutant dendritic arbors were often
dysmorphic, displaying abnormal filopodial-like structures. Interestingly, dendrite
maldevelopment appeared when mutant GIuUN2B was expressed on a wild-type background,
reflecting the disease state as ASD individuals are heterozygous for GRIN2B mutations.
Restoring the fourth transmembrane domain and cytoplasmic tail did not rescue the observed
phenotypes. Abnormal dendrite development was not mediated by altered mTOR signaling.
Lastly, live-imaging of rat neurons showed that GIuN2B mutations altered dendrite growth
dynamics. Together, these data support the hypothesis that protein-altering mutations in GRIN2B
lead to ASD by disrupting dendrite development.
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Abstract: Genetic studies and molecular analysis of post-mortem human tissue suggest a causal
link between synaptic deficits and cognitive disorders such as autism spectrum disorder (ASD),
schizophrenia (SCZ), and bipolar disorder (BPD). Despite the strong evidence supporting the
importance of a controlled structural assembly of hundreds of synaptic proteins underling
synaptic function and electrochemical signaling within neural circuits, simultaneous visualization
and in situ analysis of several synaptic proteins has been limited by the inability to visualize
more than four protein species in any given neuronal sample using conventional imaging
approaches. We took advantage of PRISM (Probe-based Imaging for Sequential Multiplexing)
confocal imaging approach to achieve high-throughput phenotypic profiling within individual
synapses by evaluation of 12 different proteins under network activity inhibition. Quantification
analysis of 66-pairwise co-localization patterns from these proteins at inhibitory and excitatory
synapses provided an extensive characterization of protein expression profile differences at
individual synapses induced by TTX. Using this approach, we found the stoichiometry of PSD-
95, SHANK-3 and Homerl1b/c was unchanged following TTX, despite increased synaptic levels,
indicating coordinated regulation of these proteins. Additionally, we detected a variety of
synaptic sub-types, based on the expression-profile, and discovered TTX treatment altered the
distribution of synapses within these categories. Building on this work, we use this approach to
evaluate undercover effects of genetic perturbation on synaptic proteins profiles. Insight into the
remodeling of pre- and post-synaptic protein levels in response to activity blockade and resulting
from gene knockdown offers mechanistic insight into the roles of specific gene deletions on
synaptic protein organization and neuronal transmission in ASD, SCZ, and BPD.
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Abstract: Efficient synaptic communication between neurons is fundamental for every brain
function. Breakdown in synaptic connections is linked to neurological diseases during
development including epilepsy and autism spectrum disorders (ASDs). Therefore, it is crucial to
understand the mechanisms that modulate the formation, function and maintenance of synapses
in the healthy and diseased brain. Wnt secreted proteins are prominent synaptic modulators in the
brain, and de novo mutations in canonical Wnt signalling have been implicated in ASD. To date,
the exact contribution of Wnt signalling in ASD has not been characterised. Wnts regulate
synapse formation and maintenance, glutamate release and receptor function. Using a
combination of confocal microscopy, live imaging and electrophysiological techniques, | have
now shown that Wnt7-Fz7 signalling is required for activity-mediated dendritic spine plasticity,
AMPA receptor localisation and synaptic strength, all key cellular events involved in learning
and memory. Thus, Wnt signalling is essential for the structural and functional plasticity of
synapses. Given the integral role that Wnts have at the synapse and their genetic and functional
link to ASD, targeted research into the role of Wnts in ASD could provide novel insight into the
disease origin. | have developed an optimised system which preserves developing and mature
human cortical tissue in culture for days to weeks. Neurons display preserved morphology,
neuronal activity and are amenable to viral-mediated transduction. Utilising this technique to
study how synaptic structure and function are affected upon regulation of the Wnt pathway could
provide a valuable translational model and offer insight into the cellular events leading to
neurodevelopmental disorders.
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Abstract: Ankyrin-B (AnkB) is an integral component of the membrane-associated
cytoskeleton, where it binds the spectrin meshwork to organize specialized membrane domains.
AnkB also associates with motor proteins and PI3P lipids on organelles to promotes axonal
transport and growth. Two major AnkB isoforms are expressed in the brain, ubiquitously
expressed 220kDa (AnkB220) and neuron-specific 440kDa (AnkB440) AnkB. ANK2, which
encodes AnkB, is a high confidence autism spectrum disorder (ASD) gene and it has been
associated with other brain disorders. Loss of both AnkB isoforms in mouse brains (AnkB™)
results in absence of long cortical axonal projections and overall reduction in axonal length,
confirming that AnkB serves important roles in neuronal development in both humans and mice.
In contrast, specific AnkB440 loss increases axonal branching in cultured cortical neurons and in
vivo. These findings suggest that both AnkB isoforms contribute to axonal development through
independent mechanisms that may have a combined effect on cortical connectivity and give rise
to functional deficits in ASD patients. To determine the isoform-specific roles of AnkB during
axonal development and their role in ASD, we developed mice lacking either AnkB440 or
AnkB220 in neural progenitors. We have found that loss of AnkB220 leads to specific deficits in
cortical lamination and corpus callosum formation. At the cellular level, we have identified
isoform-specific effects on axon growth, morphology, response to axonal guidance cues, and
synaptogenesis. Our results indicate that the ankyrin is required for proper signal transduction
downstream of guidance receptors to promote actin cytoskeleton remodeling during axon
development. We will describe the intracellular mechanisms underlying these functions and how
they are affected by ASD-linked AnkB variants.
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Title: Thalamic physiology in the fragile X mouse model of autism
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Abstract: The medial prefrontal cortex (mPFC) and its reciprocal connection with mediodorsal
(MD) thalamus are involved in executive functioning and social behavior. Previous work
demonstrated that the neurons that provide the main excitatory input from mPFC to MD are
hypoexcitable in multiple mouse models of autism including fragile X syndrome model mice.
Though there are extensive bodies of work on thalamic physiology in sensory and motor
thalamic regions, little is known about the physiology of neurons in the MD thalamus, and
particularly those that provide reciprocal inputs to the mPFC. Here, we measured the intrinsic
electrophysiological properties of neurons in the three main subdivisions of MD thalamus
(medial, central, and lateral MD). To analyze neurons specifically involved in the reciprocal
connections between mPFC and MD, we recorded from retrogradely-labeled MD neurons that
project to mPFC. We found that MD neurons fell into two categories based on the degree of
voltage sag produced in response to hyperpolarizing current steps. We tested the hypothesis that
different subtypes of neurons in the three MD subregions would be differentially affected by loss
of the fragile X syndrome gene Fmrl. Indeed, we found that the excitability of neurons in MD
was not affected uniformly by Fmrl knockout. Future work will delineate cellular mechanisms
for these differences and the role of these specific populations of MD neurons in animal
behavior.
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Poster

030. Autism: Synaptic and Cellular Mechanisms |
Location: Hall A

Time: Saturday, October 19, 2019, 1:00 PM - 5:00 PM
Program #/Poster #: 030.21/A63

Topic: A.07. Developmental Disorders

Support: NIH Intramural Research Program

Title: Synaptic Kalirin-7 and Trio interactomes reveal a GEF protein-dependent Neuroligin-1
mechanism of action

Authors: *J. PASKUS?, C. TIAN?, E. FINGLETON?, S. MYERS?, Y. LI°, B. HERRING?, K.
ROCHE?;

INatl. Inst. of Hlth., Bethesda, MD, DC; 2USC, Los Angeles, CA; 3NINDS, NIH, Bethesda, MD;
“The Broad Inst. of MIT and Harvard, Cambridge, MA; °NINDS, Bethesda, MD

Abstract: The RhoGEFs Kalirin and Trio have emerged as regulators of synaptic plasticity, and
their dysregulation has been associated across a variety of neurodevelopmental and
neurodegenerative disorders. Although studies have implicated both Kalirin and Trio in certain
diseases, such as tauopathies, they remarkably differ in their association with other neurological
disorders, namely Autism Spectrum Disorders. We used unbiased proteomic analysis to identify
the interactomes of Kalirin-7 and Trio across different developmental timepoints to ascertain
distinct protein interaction networks associated with their respective function in synaptic
transmission and disease, and revealed groups of proteins that preferentially interact with a
particular RhoGEF. We observe a developmental shift in Trio interactions over development,
supporting actin and microtubule dynamics early in development. We further show Kalirin-7 is a
preferential interactor of the cell adhesion molecule Neuroligin-1 (NLGN1). To determine the
functional significance of this interaction, we performed a combination of biochemical, imaging,
and electrophysiological experiments showing that NLGN1-dependent synaptic function is
mediated through Kalirin-7 in an interaction-dependent manner. Thus, our data reveal not only
the first interactomes of two important disease-related proteins, but also provide the first
downstream intracellular effector of NLGN1 function.
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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that result in a
wide range of behavioral functioning. Interestingly, ASD has long been reported to affect
significantly more males than females. The reason for this sex bias in ASDs remains unclear.
Among the risk genes associated with ASD, genes on the X chromosome are of particular
interest. Neuroligins (NLGNS) are postsynaptic cell adhesion molecules involved in synapse
maintenance. There are five NLGNs (NLGN-1, NLGN-2, NLGN-3, NLGN-4X, NLGN-4Y)
encoded in the human genome, whereas in rodents there are four (NLGN-1, NLGN-2, NLGN-3,
NLGNA4-like). NLGN-3 and NLGN-4X are on the X chromosome, and they both have been
heavily linked with ASD. NLGN-4X is of interest because it is one of the few genes on the X
chromosome that also has a complement gene on the Y chromosome (NLGN-4Y). NLGN-4X
and -4Y are remarkably conserved with only 19 amino acid differences between them.
Interestingly, many autism-associated mutations have been identified on NLGN-4X, but not
NLGN-4Y. Here we show that despite their similarity, NLGN-4X and NLGN-4Y are
functionally distinct. Overexpressing NLGN-4Y in heterologous cells or in neurons shows that
NLGN-4Y does not traffic efficiently to the cell surface. Chimeras of NLGN-4X and NLGN-4Y
demonstrate the lack of surface expression is due to the extracellular domain of NLGN-4Y.
Furthermore, we identified a critical region difference between NLGN-4X and -4Y that allows
proper protein trafficking for NLGN-4X. Using human genetic data from healthy control and
autism databases, we find that autism-associated variants cluster in a critical region.
Overexpressing these autism-associated variants in the critical region showed a decrease in
surface expression of NLGN-4X similar to that of NLGN-4Y. Taken together, the current data
indicate that functional deficits in NLGN-4Y may contribute to the ASD sex-bias, because
NLGN-4X mutations will have a dominant effect in males.
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Abstract: The SHANK gene family consists of three members (SHANK1, SHANK2, and
SHANKS3), and each gene encodes a scaffolding protein, which is required for neuronal synapse
formation and function. Recent studies have reported the involvement of rare copy-number
variations and point mutations on SHANK genes in the etiology of autism spectrum disorders
(ASD).

We have identified a de novo SHANKZ1 frameshift mutation in a patient diagnosed with ASD and
a SHANKZ1 nonsense mutation in another patient with intellectual disabilities and ASD. Both
mutations are de novo heterozygous and cause premature termination resulting in truncated
Shank1 protein. We hypothesized that the truncated Shank1 proteins play a dominant-negative
role and disrupt the normal protein network in dendritic spines, resulting in pathological
development of ASD.

Both the frameshift and nonsense SHANK1 mutants are translated into a truncated form of
Shank1 protein in HEK293 cells. We examined the protein interaction of Shank1 mutants with
Homerl, a linker protein known to bind to the truncated region of Shank1. The Shank1 mutants
showed a complete loss of Homer1 binding in biochemical assays, indicating the mutations can
cause severe deficits in binding of Shankl to its interacting partners and may disrupt protein-
protein networks in spines. We further investigated the neuronal localization of Shank1 mutants.
Intriguingly, whereas Shank1l WT displayed highly enriched localization in spines, both Shankl
mutants displayed a dispersed localization throughout the spine and dendritic shaft, which
indicates impaired synaptic localization of Shank1 mutants.

Improper Shank1 localization and disrupted protein interactions at the synapse caused by the de
novo mutations likely contribute to the pathological development of ASD. Our future goal is to
investigate the functional effect of Shank1l mutants on the development and morphology of
dendritic spine and synapse function. Identification of the detailed molecular mechanisms that
causes neuronal defects by the SHANKZ1 mutations would give novel insights into ASD
pathophysiology and provide a springboard for molecular therapies.
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Abstract: Impaired social communication is a debilitating core symptom domain of autism
spectrum disorder (ASD). High levels of comorbid anxiety (~40-50%) are often seen in children
and adults with ASD. Recent imaging and physiological studies show altered neurobiological
responses to stressors in children with ASD who experience anxiety. Alterations in stress
reactivity and glucocorticoid signaling have been documented in ASD patients, as well as
relevant mouse models of ASD, with anxiety-like behaviors observed in several well-
characterized models. D-Cycloserine, a partial glycines agonist of the NMDA receptor
(NMDAR), and VU0410120 (VU120), a novel glycine type-1 transporter inhibitor, improved
sociability in Balb/c mice, suggesting that NMDAR activation regulates sociability, and the
endogenous tone of NMDAR-mediated neurotransmission is altered in this strain. Conspecific-
provoked immobility (CPI) of Balb/c mice in the presence of enclosed and freely-behaving
stimulus mice was investigated using a 3-chambered sociability apparatus. We explored the
relationship between CPI and serum corticosterone (CORT) response and determined effects of a
prosocial dose of VU120 in Balb/c mice on these measures. On all measures, Balb/c mice were
more immobile than comparator Swiss Webster (SW) mice (p<0.05). There were no differences
in CORT levels between vehicle-treated Balb/c and SW mice or between vehicle-treated Balb/c
mice with high (>73s; N=8) or low (<73s; N=9) immobility scores. VU120-treated Balb/c mice
(N=21) showed significantly less immobility and higher CORT levels compared to vehicle-
treated mice. Regardless of high (N=3) or low (N=8) immobility, CORT levels of VU120-treated
Balb/c mice (total N=11) did not differ. Finally, we conducted a targeted comparison of gene
expression profiles of 88 glucocorticoid signaling associated genes within frontal cortex and
hippocampus. Effects of VU120 treatment and differences between SW and Balb/c mouse strains
and their prosocial response categories were determined by fold-change (-1.25 <or>1.25,p <
0.05; FDR p < 0.05). Results from these analyses show that expression of the gene encoding
Ddit4, a known negative regulator of mTORC1 signaling, was significantly increased within



frontal cortex in VU120-treated Balb/c “non-responders”, compared to both VU120-treated
Balb/c “responders” and the VU120-treated SW “medium” social response group. In conclusion,
the prosocial effect of VU120 was unrelated to conspecific-provoked CORT response in Balb/c
mice. Social stress alone may not determine increased immobility in Balb/c mice; this strain may
also display an element of social disinterest.

Disclosures: J.A. Burket: None. J.C. Pickle: None. A.M. Rusk: None. B.A. Haynes:
None. J.A. Sharp: None. S.1. Deutsch: None.

Poster

030. Autism: Synaptic and Cellular Mechanisms |
Location: Hall A

Time: Saturday, October 19, 2019, 1:00 PM - 5:00 PM
Program #/Poster #: 030.25/A67

Topic: A.07. Developmental Disorders

Support: Simons Foundation SFARI Award 573689

Title: Foxpl regulates dopamine-receptor 2 striatal neuron excitability through changes in
subthreshold potassium currents

Authors: *N. KHANDELWAL, V. RYBALCHENKO, S. CAVALIER, A. G. ANDERSON,
G. KONOPKA, J. R. GIBSON;
Basic Neurosci., Univ. of Texas Southwestern Med. Ctr., Dallas, TX

Abstract: The suppressed function of transcription factor Foxpl is strongly linked with autism.
In an earlier study we have reported that dopamine receptor 2 expressing (D2) striatal projection
neurons (SPNs) have higher intrinsic excitability in Foxp1*-mice (Araujo et al., 2015).
However, the cause for this hyper-excitability is not yet known. To understand the underlying
mechanisms, we examined the SPNs in mice where only one subset of SPNs underwent
homozygous Foxpl deletion. In mice where Foxpl was deleted selectively in D2 SPNs, these
neurons displayed strikingly more hyper-excitability compared to that observed in Foxp1*- mice.
The most salient changes were observed in two of the subthreshold properties of the neurons: an
increase in input resistance and a more depolarized resting membrane potential. We believe these
effects are due to the decrease in two types of potassium (K*) currents i.e. inwardly rectifying
and leak currents. There were no differences in the size of soma or dendritic tree which suggests
that the hyper-excitability is caused mainly due to the changes in the ion channel function.
Moreover, these effects are significantly more prominent when Foxpl is deleted embryonically
as compare to the postnatal deletion. With selective homozygous Foxpl deletion in the
dopamine-receptor 1 (D1) SPNs, these neurons also had increased intrinsic excitability.
However, the effect was not as strong as that observed for D2 SPNs, and subthreshold membrane
properties were not detectably altered. Our results suggest that Foxpl negatively regulates



excitability in both of the SPNs, however the mechanism for this regulation is different in both
subtypes.
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Abstract: Autism spectrum disorder (ASD) is a significant neurodevelopmental condition
characterized by impairment in social interactions, hyperactivity, and repetitive actions. The
underlying pathophysiological mechanism is characterized by impaired GABAergic
neurotransmission associated with a decreased number of PV+ interneurons in different brain
regions including the hippocampus. Despite this known neurological basis of ASD, there are no
therapies available to completely rescue behavioral deficits. Because our recent work has shown
that interneuron-based cell therapy and specifically transplanting embryonic GABA progenitors
derived from medial ganglionic eminence (MGE) can rescue neuronal network imbalance and
animal behavior in animal models of epilepsy, we began to explore whether this treatment can
also be therapeutic in ASD. We used an animal model of autism (contactin-associated protein-
like 2 knockout - Cntnap2 KO) to assess behavioral phenotype(s), identify hippocampal neural
network changes and test whether intra-hippocampal MGE transplantation is therapeutic. In a
series of behavioral assays, we assessed social interaction, anxiety level, locomotor activity,
repetitive behavior and episodic-like memory in Cntnap2 KO mice and age-matched WT sibling
controls. We used 32-channel silicon probes arrayed across CA1-to-DG axis to record in vivo
local field potential signals while mice navigated a novel/familiar paradigm task. Hippocampal
oscillations were analyzed using custom-written MATLAB-based software. In an additional
cohort of mice, we transplanted embryonic MGE cells into the hippocampus at postnatal day 2.
Here, we present three major findings: (1) Cntnap2 KO mice showed impaired social interaction



and repetitive behavior manifest as higher level of self-grooming compared to WT as well as
hyperactivity during open field performance; (2) complex disruption of theta-gamma oscillations
along the CA1-to-DG axis; (3) migration, differentiation and functional integration of MGE
cells. These results highlight the complex behavioral and network issues associated with ASD,
and suggest a potential therapy based on the integration of new inhibitory neurons.
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Abstract: The striatum of the basal ganglia is the major subcortical component of the
mammalian forebrain. MRI studies have implicated surface deformation of striatum in the brains
of patients with Autism spectrum disorder (ASD) and their correlation with behavioral
phenotypes. In the present study, we analyzed transcriptome alteration using RNA sequencing
(RNA-Seq) with striatal tissues from 10-week-old ASD mouse model. Expression levels of
differentially expressed genes obtained through RNA-Seq were confirmed using qPCR and
western blot analysis. Expression of Gene X was significantly upregulated in the striatal tissues
from the ASD mouse model. In addition, it was found that Gene X is expressed in neurons as
well as microglia, and the spine density of neurons was decreased in dorsomedial striatum of
ASD mouse model, compared with control group. Medium spiny neurons in the striatum are
divided to 2 types by which dopamine receptor those express. The expression of dopamine
receptor 2 (D2) was investigated and found to be increased in striatum of ASD mouse model.
These results suggest that increase in Gene X expression is a mechanism related to the change in
synaptic plasticity and behavioral phenotypes of ASD mouse model.
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Abstract: Deprivation of social contact in rats during adolescence is a chronic stress that leads to
long-lasting alterations in their behavioural profile. Social isolation (SI) results in changes of
emotional state, abnormal reactivity to environmental stimuli that are associated to changes in
brain plasticity and hormonal secretion such as reduction in the brain and plasma concentrations
of progesterone and its metabolites 3a,5a-TH PROG and 3a,5a-TH DOC, two neurosteroids that
modulate neuronal excitability and plasticity. On the contrary environmental enrichment is know
to improve brain plasticity and protect synaptic function from negative insults.

In the present study we used the exposure to social enrichment (SE) in order to ameliorate the
negative effect observed in post weaning isolated male rats in which neurotrophic factors [Brain-
Derived Neurotrophic Factor (BDNF) and Nerve Growth Factor (NGF)], neurogenesis, neuronal
dendritic trees and spines were markedly reduced in the hippocampus (Hipp).

The amount of BDNF and NGF proteins were significantly decreased in whole Hipp of SI male
rats from postnatal day 21 for 8 weeks (1 for cage) compared with rats housed in standard
conditions (6 for cage). In agreement with the putative role of BDNF and NGF in the regulation
of synaptic plasticity, the changes in Arc protein (Activity-Regulated Cytoskeletal Protein is as a
marker for plastic changes in the brain) and in density and morphology of dendritic spines, as
well as in neuronal tree arborization of granule cells in the dentate gyrus were similar to those
observed for the BDNF and NGF proteins in Hipp. All these changes were associated with a
marked decrease in neuronal proliferation and neurogenesis in the dentate gyrus of Hipp
formation. Moreover, all these parameters were totally restored in the rats isolated for 4 weeks
followed by 4 weeks of reunion.



Recent evidences suggest that synaptic consolidation and neurogenesis requires BDNF and NGF
signaling and induction of Arc protein. By modulating the translation of newly induced Arc
protein in dendrites, BDNF and NGF may control the window of synaptic consolidation and
trophism of dendritic tree. Dysregulation of BDNF, NGF, Arc synthesis, density and morphology
of dendritic spines they might be important determinants in the functional regulation of those
synapses and neurogenesis, might play a crucial role in the modulation of the emotional and
affective behaviours.

These data further suggest that exposure to SE, abolishes the negative effect of Sl stress on Hipp
plasticity, an effect that might improve neuronal resilience with a beneficial effect on cognitive
function.
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Abstract: Having a biological parent with a mood disorder substantially increases the
offspring’s risk of developing a mood disorder, and this familial transmission is believed to
involve both genetic and environmental factors. One candidate environmental risk factor is a
dietary deficiency in essential nutrients, including omega-3 (n-3) fatty acids. Docosahexaenoic
acid (DHA) is the most abundant n-3 in brain and rapidly accrues in the developing prefrontal
cortex (PFC) in parallel with rapid and enduing maturational changes. Notably, individuals with
mood disorders, including females of childbearing potential, exhibit robust n-3 deficits. This
study used an animal model to test the hypothesis that preconception n-3 deficiency influences
maternal nurturing behavior and postnatal developmental trajectories of the offspring. Adult
female rats received a control diet (CON) containing the essential n-3 alpha-linolenic acid or an
n-3 deficient diet (DEF) beginning 30 days prior to mating until postnatal day 21 (P21), at which
point pups were weaned onto the same diet as their dams. Dam-offspring interactions were video
recorded on P3, P6, and P9, and maternal behaviors scored by a trained rater blinded to diet.
Molecular markers of PFC maturation were assessed in P21 offspring using a gRT-PCR gene
array. Locomotor response to acute and chronic amphetamine (1 mg/kg) was evaluated in



adolescents (P40-P80), and fear conditioning was conducted in young adult offspring (P90-92).
PFC and blood fatty acid levels were measured by gas chromatography. DEF dams exhibited
lower blood and PFC DHA levels compared with CON dams, and spent significantly less time
engaged in nurturing behaviors including arch-back nursing and pup licking and grooming. DEF
neonates exhibited lower PFC DHA levels and at P21 had gene expression profiles consistent
with delayed PFC maturation, including reduced myelin-basic protein and elevated GAP-43
expression. DEF adolescents had a blunted locomotor response to acute amphetamine, which
normalized following chronic treatment, and exhibited impaired fear extinction as young adults.
Together these results demonstrate that perinatal n-3 deficiency reduces maternal nurturing
behavior and alters offspring PFC development, responsivity to amphetamine, and fear learning
and memory. These preclinical data provide proof-of-concept evidence that perinatal n-3
deficiency can cause enduring developmental abnormalities in offspring that may be relevant to
the etiology of emotional dysregulation associated with mood disorders.
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Abstract: The smartphone has become the globally most widely distributed digital device and it
is most used in terms of hours per day. In order to investigate its effects on well-being and daily
living in students, we studied students who volunteered to forego their use of digital media,
including their smartphone. In a prospective randomized controlled trial with a within subject
cross-over design, 206 students of classes 6 to 10 of a German secondary school (Gymnasium) at
age 11-17 stopped using their smartphone and other digital screen media for 4 weeks. Screen
media abstinence was implemented in the entire class, with randomization between classes of the
same age. There were two abstinence-periods of 4 weeks each, with measurements and tests
before and at the end of each period. Half of the classes (n=105) were abstinent during the first
period, while the other half (n=101) was abstinent during the second period. Dependent variables
were media-use (according to daily protocols), as well as physical activity and sleep duration by



activity tracking wristbands. In the control (non-abstinence) periods students reported daily
screen time of 2h32 min. The abstinence intervention reduced mean daily screen time to 12 min.
Students walked about 8400 steps per day. Smartphone abstinence increased physical activity by
852 steps per day (99% CI 333 - 1389 steps/d), i.e., by about 10%. Mean sleep duration was
8h33min, smartphone abstinence increased duration by 8.4 minutes (99% CI 0.6 - 16.4 min). Our
measurements are in line with reported physical activity levels (measured as steps per day) in
other countries (USA, Canada) and also reproduced the findings of fewer steps in girls compared
to boys, as well as a slight decrease of daily steps in adolescence every year. To our knowledge
this is the first prospective experimental study under real live conditions on the effects of
smartphone use on physical activity in adolescents. It adds to the growing body of evidence on
the detrimental effects of smartphones on health which so far is mainly correlational. Based upon
the finding that a 10% reduction of physical inactivity globally could avert 533 000 deaths per
year (Lee et al. 2012, Lancet 380:219) the detrimental effects of digital IT use in general, and
smartphone use by more than two thirds of the world’s population in particular, on physical
inactivity, and hence on life expectancy, can be estimated to be in the same range.
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Abstract: Adolescent obesity is an important clinical problem, with prevalence at approximately
20%. Adolescence is a time of rapid maturation of the prefrontal cortex, so disruptions to this
maturation could have lifelong consequences. Most of the high-fat diet rodent literature involves
long feeding periods and performing behavioral testing during diet exposure. We created a
temporally-restricted model that limited high fat diet feeding to the adolescent period, allowing
us to study this developmental period specifically and avoid the confound of different diets
during behavior testing. Using this model we have previously found a male-specific motivational
deficit and a female-specific increase in learning and decrease in inattention during operant
testing. In this experiment we examined other PFC-dependent behaviors using a variety of tasks
with fewer training demands than operant testing. C57/BL6/J x DBA F1 hybrid mice were fed



either a high fat diet (HFD, 60% calories from fat) or a standard fat control diet (20% calories
from fat) from weaning to 7 weeks of age, when all animals were switched to standard laboratory
chow. Carcass NMR was used to determine fat and lean mass in animals sacrificed one day after
the diet switch. We found that HFD fed animals were heavier and had greater percent body fat
than controls. Another group of animals underwent a variety of behavioral tests between 7 and
13 weeks of age to investigate prefrontal cortex function. No differences were found in the novel
object recognition task or sugar or fat preference. There were no diet effects on anxiety, but
females tended to be less anxious, spending more time in the center in the open field task and
making more head dips and stretch attend postures in the elevated zero maze. There were no
differences on measures of locomotor activity. A diet effect was seen in the forced swim test,
with HFD-fed animals spending more time immobile and less time climbing than controls. This
difference cannot be explained by differences in buoyancy or locomotor activity, as the two
groups did not differ on bodyweight, body length, or velocity and distance traveled in the open
field. We conclude that our adolescent HFD paradigm induces obesity that resolves in adulthood
and specifically increases passive coping behavior in response to acute stressors.
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Abstract: BACKGROUND: The Adverse Childhood Experiences (ACEs) survey is a self-
report measure that captures a range of negative early life events and is predictive of multiple
future health risks within the individual. Furthermore, greater ACE exposure is associated with
poor birth outcomes suggesting risks may span generations. One possible pathway through
which ACE exposure is transmitted across generations is through telomere dynamics. Telomere
length (TL) is a marker of cellular aging; shorter TL is associated with negative health outcomes
and early life adversity. Newborn TL is a predictor of TL attrition across the life-course and is
associated with poor birth outcomes, as such newborn TL may capture both maternal exposure
and predict future health risk. OBJECTIVES: To examine the impact of maternal ACE score on




newborn TL and investigate how race and sex moderate this relation. METHODS: N=336
pregnant women provided information on ACE exposures, prenatal stress, SES, pregnancy
complications, and demographics prenatally. DNA was extracted from newborn bloodspots for
TL analyses and evaluated for double-stranded DNA integrity and concentration. The average
relative TL was determined through the use of duplicate plates with each sample in triplicate by
using an adapted MMQ-PCR. TL was estimated as the ratio (T/S) of the telomere repeat to a
single gene (albumin) copy number. Descriptive statistics characterized the sample overall, and
among blacks and whites separately. Generalized linear regression models tested the impact of
maternal ACE on newborn TL and examined the moderation by race and sex. All models were
adjusted for prenatal stress, SES, and pregnancy complications. RESULTS: Black newborn TL
was significantly longer than white (f=-0.108, 95% CI[-0.190, -0.027]; P=0.009). Consistent
with our previous results, black females had significantly longer TL than other groups. Maternal
ACE was not associated with newborn TL. However, race-stratified analyses revealed a
significant association in white newborns ($=-0.033, 95% CI[-0.060, -0.005]; P=0.021, n=127)
but no relation in black newborns ($=0.005, 95% CI[-0.018, 0.028]; P=0.681, n=209).
CONCLUSIONS: Racial differences in TL were already present at birth, with black female
infants exhibiting the longest TL. Maternal ACE score predicted shorter TL only in white
newborns. These findings suggest that, at birth, racial and sex differences in the biological
vulnerability to maternal preconception adversity already exist.
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Abstract: Adolescents make more errors in decision making than adults, exhibiting self-control
deficiency thereby risky behavior, i.e. use of drugs of abuse. This condition may be due to an
immature behavior control system (BCS) that depends in part on prefrontal cortex function that
control subcortical structures, i.e. nucleus accumbens. On the other hand, cannabinoid receptor 2
(CB2R) selective activation decreases intravenous cocaine self-administration, suggesting CB2R
participates in the BCS. The goal of this study was to determine if CB2R is involved in the BCS.
To reach this goal we evaluated impulsivity using 5-CSRTT in adolescents (PND 28-45), adults
(PND 90-120) and aged (PND 365) rats. We also estimated by immunofluorescence, the
expression of CB2R in prefrontal cortex (PFC), nucleus accumbens (NAc) and lateral habenula
(LHDb). Results. Adolescent rats show a greater number of impulsive responses compared to
adults. The aged rats failed to reach the training criteria. CB2R seems to be differentially
expressed in PFC, NAc and LHb in adolescent rats compare adults and aged rats suggesting its
participation in the BCS.
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Abstract: Risky behaviors such as substance abuse increase during adolescence; however,
neurodevelopmental associations underlying vulnerability to substance use remain less well
understood. Here, we sought to develop behavioral and neural models of substance use
vulnerability in childhood. Responses to substance use-related questions in 11,875 nine- and ten-
year-old children participating in the Adolescent Brain and Cognitive Development (ABCD)
study (Casey et al., 2018; Lisdahl et al., 2018) were used to characterize a behavioral indicator of
substance use vulnerability. A principal components analysis of parent and child responses
revealed two orthogonal components that loaded highly on child knowledge of and intention to



use substances (i.e., PC1) and familial factors related to substance use (i.e., PC2). Component
loadings were validated across twenty-one sites to determine the reliability of dimensions
associated with risk. These behavioral components were used to generate connectome-based
predictive models (CPM; Shen et al., 2017) of vulnerability based on resting-state functional
brain connectivity. Individual differences in PC1 scores were significantly predicted in left-out
subjects using CPM; however, neural models were not predictive of PC2 scores. These findings
suggest that the developing brain reflects differences in substance use-related risk factors and
that these differences may be predicted prior to substance use initiation. Further, these results
imply that risk factors associated with child intent are distinguishable from risk factors
associated with family history of abuse, which may emerge later in development. These findings
set the groundwork for future prediction of substance use initiation and chronicity in adolescents.
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Abstract: Previous studies in rodents suggest that adolescents are more resistant to extinction
compared to adults. Although the neural mechanisms underlying this age difference are currently
unknown, studies in adult rats suggest a role for GluN2B-containing NMDA receptor function in
the consolidation of extinction memory. Importantly, GIuN2B function emerges during
adolescent development. Drugs of abuse may delay the ontogeny of extinction consolidation
through altering the developmental trajectory of GIUN2B neurotransmission, which may
contribute to age-of-onset differences in extinction and subsequent reinstatement of drug-seeking
behaviors. Here, we investigated this hypothesis as outlined in our pre-registration on the Open
Science Framework (https://osf.io/avkhf) by training male (n=42) and female (n=44) Sprague-




Dawley rats to self-administer methamphetamine (METH, 0.1 mg/kg/infusion i.v.) starting
during adolescence or adulthood (41 or 91 days old, respectively). Rats were allowed to self-
administer METH under 2-h short access (ShA) conditions for seven days and 6-h long access
(LgA) conditions for the following 14 days. Subsequently, rats underwent four daily 30-min
extinction sessions with immediate post-session injections of either a GIuN2B antagonist (Ro25-
6981; 6 mg/kg, i.p.) or a vehicle solution. Over the next four days, rats received four 2-h
extinction sessions. Finally, rats received a priming injection (1 mg/kg METH, i.p.) 30 min
before a 2-h reinstatement session. We found that all groups escalated their METH intake across
LgA sessions, with adolescent-onset rats of both sexes having higher METH intake than their
adult-onset counterparts. All groups reduced their responding in the previously reinforced
nosepoke port across extinction sessions; however, we found no evidence for significant effects
of age-of-onset, sex, or GIuUN2B antagonism on extinction consolidation. All groups reinstated
drug-seeking behavior in response to the METH priming injection, with adult-onset males
reinstating the least. These results do not support our hypothesis that adolescent-onset METH use
would disrupt the functional emergence of GIUN2B transmission and contribute to age-of-onset
differences in extinction of METH-seeking. However, our findings suggest that adolescent-onset
METH use may lead to greater drug intake. Furthermore, our reinstatement data support the view
that age-of-onset and sex are factors that contribute vulnerability to relapse to METH-seeking.
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Abstract: Early life stress such as physical abuse, trauma or neglect during a critical period of
development can elicit negative long-lasting effects on health. Neonatal maternal deprivation
(MD) is a stressful event capable of triggering structural and neurobiological changes in Central
Nervous System (CNS) development during proliferative and migratory cell differentiation. In
this study, we investigated the maternal behavior of lactating rats submitted to protocol of
chronic neonatal maternal deprivation (MD) during postnatal day (PND) 1 to 10. We analyzed
the effects of the MD in the olfactory memory and cellular proliferation and differentiation in the
hippocampus and olfactory bulb in Wistar rat pups on 7, 11 and 21 days postpartum. Analysis in
active neurons, cellular differentiation and proliferation, were marked and evaluated by flow
cytometry in tissue samples of hippocampi and olfactory bulb. Our results demonstrated an
increase in maternal behavior immediately after dam's return to the home-cage in MD group
compared to the non-deprived group. In addition, MD pups spent more time (higher latency) to
identify the nest odor in comparison to the non-deprived rat pups in the olfactory learning task
and showed a significant delay in the neural differentiation and proliferation in the hippocampus
and olfactory bulb. These results reveal that disruptions in the mother-infant bonding by the MD
induce changes in maternal behavior and interaction with the offspring that could be leading to
delayed CNS development and significant impairment in offspring's olfactory learning.
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Abstract: Several studies have shown that overweight and obesity increase the risk of suffering
metabolic and cognitive dysfunctions. The excessive accumulation of body fat, generally due to
an imbalance between the calories consumed and spent, produces the metabolic syndrome, which
is considered a risk factor for the development of cognitive impairment. The mechanisms
underlying this cognitive decline are unknown. However, several studies indicate that chronic
exposure to high-calorie diets affects the dopaminergic system, a neuromodulator for the
formation of declarative memory and neuronal plasticity. Therefore, a chronic diet with high
sugar content could dysregulate dopaminergic activity in the hippocampus, causing deterioration
in the synaptic plasticity underlying spatial memory. To test this hypothesis, we measured
release of neurotransmitters in the dorsal hippocampus by in vivo microdialysis during an object
location recognition memory task. In addition, neuronal plasticity was evaluated by long-term
potentiation in the perforating to dentate gyrus pathway of male Wistar rats. A group of rats were
exposed to a 20% sucrose solution for 6 months and compared to control group of rats exposed
to tap water for the same number of months. The high-sucrose diet caused an increased in
adiposity, glucose intolerance, insulin resistance and dyslipidemia; constituting a model of
metabolic syndrome. The behavioral results indicate an impairment of the spatial memory and a
deficiency in the synaptic strength in rats with metabolic syndrome, which was correlated with a
decrease in the dopaminergic release during the object location recognition memory. In addition,
intra-hippocampal treatment with nomifensine in rats with metabolic syndrome produced an
increase in synaptic strength similar to controls. Likewise, rats with metabolic syndrome treated
with nomifensine behaved similarly to controls in spatial recognition memory tests. These results
show that the restoration of dopaminergic activity can reverse the deterioration of recognition
memory and long-term plasticity. These results will help to understand the mechanisms of
cognitive deterioration in the metabolic syndrome and how the deterioration of the memory of
this syndrome could be reversed.
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glutamate transporters dysfunction
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Abstract: At excitatory synapses, glutamate uptake is carried out by glutamate transporters
predominantly expressed in astrocytes and play an important role in shaping the spatiotemporal
profile of neurotransmission. Since diverse studies have pointed out the decrease in expression of
glutamate transporters in psychiatric and neurodegenerative diseases, we have addressed the
correlation between glutamate transport impairment and synaptic alterations observed in
pathological conditions. To do so, we have monitored glutamate levels and evoked synaptic
responses from CA1 neurons in hippocampal slices during acute inhibition of glutamate
transporters by DL-TBOA. To our surprise, although DL-TBOA leads to a more that two-fold
increase in extracellular glutamate levels, there is a gradual reduction in the field EPSPs. This
long-lasting decrease in synaptic strength can be mimicked by bath application of glutamate and
involves NMDA receptors since it can be prevented by MK-801. A significant feature of the
synaptic adaptation to DL-TBOA is a partial recovery of the response even in the presence of the
blocker, reaching a new plateau of stable EPSP amplitude that it's only slightly increased after
wash-out. Interestingly, this partial recovery of the synaptic response depends on constant
presynaptic stimulation and we have found that exogenous application of BDNF, a known
powerful activity-dependent synaptic modulator, can also partially restore synaptic response in
DL-TBOA-treated slices in the absence of constant presynaptic stimulation.

To address the impact of the DL-TBOA-induced long-lasting decrease in synaptic strength on
the further ability of the neural circuit to process patterned information and encode it, we
measured longterm potentiation (LTP). In these experiments, DL-TBOA treated slices
potentiated to the same extent as non-treated slices after theta-burst stimulation, but showed a
reduced threshold for plasticity when a milder stimulation was tested. The FSL rat model of
depression, has previously been reported by our group to have decreased levels of glial glutamate
transporters. Interestingly, these animals exhibit a similarly reduced threshold for LTP as
observed at acute glutamate transporter blockade.

Taken together our results propose that an impairment in glutamate uptake triggers a dynamic
neuronal response possibly orchestrated to constrain excitatory signaling; however, this adaptive
process could drive the reorganization of key elements for plasticity within the synapse
modifying its ability to process information.
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Abstract: The large majority of synaptic activity in the brain consists of glutamate synaptic
transmission. Astrocytes play an important role in regulating this synaptic transmission by taking
up glutamate at the perisynaptic space through glutamate transporters (EAAT1 and EAAT2).
Changes in EAAT levels have been found in cases of neurodegenerative diseases and depression
thus affecting this balanced glutamatergic neurotransmission. Glutamate uptake through
astrocytes is an electrogenic process and involves exchange of ions affecting the membrane
potential of astrocytes. Moreover, astrocytes are known to respond to changes in extracellular
potassium by membrane depolarization. However very few studies have explored the
mechanisms affecting astrocyte membrane potential and its functional significance in the
conditions of reduced glutamate uptake.

In patch-clamp recordings of astrocytes in hippocampal slices from rats we confirm that
stimulation of Schaffer collaterals induce a long-lasting (> 200ms) depolarization of the
astrocytic membrane that is completely blocked when blocking the Kir with 100 uM BaClz. This
is consistent with synaptic activity increasing extracellular K* levels and enhancing astrocytic Kir
currents. In the presence of S0uM DL-TBOA to block EAAT, the astrocytic depolarization is
greatly enhanced. Surprisingly this effect is not due to increased levels of glutamate leading to
increased synaptic activity, since we show that S0uM DL-TBOA reduces synaptic responses.
Instead, we propose that increasing the levels of synaptic glutamate though blocking of EAAT
reduces the AMPA-mediated synaptic response while NMDA receptor mediated currents
increases, contributing to extracellular K* increase leading to enhanced astrocytic depolarization.

Disclosures: I. Srivastava: None. M. Lindskog: None.



Poster

032. Glutamate Transport and Signaling

Location: Hall A

Time: Saturday, October 19, 2019, 1:00 PM - 5:00 PM

Program #/Poster #: 032.03/A82

Topic: B.01. Neurotransmitters/ Transporters/ and Signaling Molecules

Support: UCC RISE R25GM110513
ADA 1-19-1BS-300
NIH-NIGMS-SC1-GM088019
NIH-NIMHD-G12-MD007583
Title V PPOHA P031M105050

Title: Upregulation of astrocytic GLT-1, ischemic stroke and sex as a variable
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Abstract: During ischemic stroke, glutamate and potassium are released, reuptake processes are
impaired, and glutamate promotes excitotoxic neuronal death. Astrocytic GLT-1 is the major
glutamate transporter responsible for removing excess glutamate from the extracellular space. A
neuroprotective compound LDN/OSU 0212320 (LDN; a translational activator of GLT-1) has
been developed with beneficial outcomes in epilepsy animal models. Similar to stroke, glutamate
is released during epileptic seizures. The goal of the present study was to evaluate the effects of
LDN on stroke-associated brain injury. Male and female mice (10-12 weeks) were subjected to
unilateral focal ischemia induced in the sensorimotor cortex using the Rose Bengal
photothrombotic method. Baseline sensorimotor performance was determined using the rung
ladder walk behavioral test prior to the surgery and reevaluated 24 hours after the focal
photothrombosis. Mice received an i.p. injection of either LDN (40 mg/kg) or vehicle, 24 hours
before the focal photothrombotic surgery. Mice were decapitated and their brains removed 48
hours after receiving the focal lesion. The cerebellum was collected for Western blot analysis for
GLT-1. Sections (1 mm thick) from the remaining brain were stained in a 5% solution of
triphenyltetrazolium chloride (TTC), photographed and the size of the lesion was measured using
Image J. After focal ischemia, we found that males treated with LDN displayed better
sensorimotor performance in the right front and back left paws in comparison to those treated
with vehicle only. In contrast, there was no difference between post-stroke performance on the
rung ladder walk between LDN- or vehicle-treated female mice. The volume of the infarct for
vehicle- and LDN- treated male mice was 44.4 + 8.2 mm?® (mean + SEM; n=9) and 30.0 + 5.1
mm? (n=9; p<0.05), respectively. In contrast, the infarct size was not significantly different



between vehicle- (40.5 + 11.5 mm?; n=9) and LDN-treated (33.5 + 2.9 mm?; n=9; n.s.) female
mice. Surprisingly, LDN increased GLT-1 expression in young males, but not females. Taken
together, our results indicate that the GLT-1 translational activator LDN improved outcomes
after stroke in young adult male, but not in female mice.
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Title: Conditional inactivation of the glutamate transporter GLT-1 in neurons produces an age-
dependent defect in synaptic transmission in the acute hippocampal slice
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Abstract: The tight regulation of extracellular glutamate by glutamate transporters is essential
for the maintenance and fidelity of synaptic transmission as well as the survival of neurons.
GLT-1 is the major glutamate transporter in the brain. Most GLT-1 is expressed in astrocytes,
however, 5-10% of GLT-1 is expressed in neurons, primarily in excitatory presynaptic terminals.
We generated a conditional neuronal GLT-1 knockout using synapsin 1-Cre (synGLT-1 KO) to
elucidate the functions of GLT-1 expressed in neurons. We examined excitatory
neurotransmission in acute hippocampal brain slices of synGLT-1 KO and wildtype (WT)
littermates using electrophysiology combined with extracellular glutamate imaging, recording in
the CAL region. Stimulus-evoked field excitatory post-synaptic potentials (FEPSPs) from the



synGLT-1 KO were not significantly different from WT at 10-12 weeks of age. In contrast, at
18-20 weeks, fEPSPs were significantly smaller (53% reduction) in the synGLT-1 KO than in
the WT (n=17-18; p=0.0083), and in some cases undetectable. We then studied paired pulse
facilitation and found no significant difference in synGLT-1 KO at 18-20 weeks compared to
WT (n=17-18; p= 0.4626). Next, we quantified stimulus-evoked changes in extracellular
glutamate using a FRET based glutamate sensor. These glutamate imaging studies revealed an
age-dependent reduction by 47% in evoked glutamate release in the synGLT-1 KO compared to
WT (n=15-16; p=0.0260). These findings suggest that loss of GLT-1 expressed in presynaptic
terminals leads to an age-dependent deficit in excitatory neurotransmission. We are currently
carrying out patch clamp recordings to further pursue the cellular basis of the age-dependent
deficit in synaptic transmission observed in the synGLT-1 KO. In a recent study focused on the
cerebral cortex [McNair et al. (2019) J Neurosci doi: 10.1523/JNEUROSCI.0894-18.2019], we
found in the synGLT-1 KO decreased aspartate content, decreased labeling of TCA cycle
substrates by **C-glutamate, increased glycolysis, and redistributed synaptic and perisynaptic
astrocytic mitochondria, suggesting that GLT-1 in axon terminals is required for utilization of
glutamate by synaptic mitochondria. We hypothesize that age-dependent changes in synaptic
mitochondrial metabolism might contribute to the impairment in excitatory synaptic transmission
observed in the synGLT-1 KO.
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Abstract: Melanin-concentrating hormone (MCH) neurons are known to promote sleep and
weight gain. Glutamate provides an excitatory drive to promote the excitability of MCH neurons,
which is regulated by glutamate transporters that maintain low levels of extracellular glutamate



and prevent overexcitation. Our recent study (Briggs et al. 2018 J. Neurosci.) showed that
prolonged wakefulness leads to plasticity of glutamate transporter 1 (GLT-1) suggesting GLT-
1’s important role in sleep homeostasis. However, it remains unknown whether other glutamate
transporters play a role and which types of glutamate receptors are regulated by specific
glutamate transporters in MCH neurons. To answer these questions, whole cell patch clamp
recording was performed on MCH neurons in acute rat brain slices. We identified a reversible
tonic current (TC) induced by glutamate transporter blockade. TFB-TBOA (non-specific
glutamate transporter inhibitor) displayed the largest TC (~700pA) superimposed with
successive stepwise currents that occurred spontaneously or upon synaptic stimulation. DHK
(GLT-1 inhibitor) induced a modest and smooth TC (~70pA). UCPH 101 (GLAST inhibitor) had
no effect. These results indicate that GLT-1 (mainly astrocytic) and EAAC1 (neuronal) regulate
glutamate signaling in MCH neurons, while GLAST (astrocytic) is not involved. Further, DHK-
induced TCs were observed in the presence of TTX suggesting that rather than synaptically
released glutamate, ambient glutamate underlies these currents, which is tightly regulated by
GLT-1. In contrast, TTX significantly attenuated TBOA-induced TCs and abolished the stepwise
currents, suggesting that these currents are likely due to synaptic activity that is regulated by
EAACL. Using specific receptor antagonists, we found that kainate receptors (KARs) mediate
the majority of the DHK-induced TC. Conversely, the TBOA-induced TC was only partially
blocked by the KAR antagonist, while largely inhibited by NMDAR and AMPAR antagonists.
These findings strongly suggest that ambient glutamate preferentially activates KARs while
synaptic glutamate activates AMPARs and NMDARs. In conclusion, our study shows a complex
mechanism of excitatory transmission in MCH neurons mediated by distinct glutamate receptor
pools whose activation is differentially regulated by glutamate transporter activity. Specifically,
(i) ambient glutamate is responsible for TCs induced by glutamate transporter blockade, and (ii)
GLT-1 and EAAC1 may regulate glutamate concentrations at different receptor pool locations.
Given the known role of MCH neurons, this may have functional implications on sleep and
energy homeostasis.
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Title: Investigating the mechanism underlying glutamate transporter EAAT?2 localization to the
plasma membrane triggered by pyridazine-derivatives
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Abstract: Glutamate transporter EAAT?2 is primarily localized in peri-synaptic processes of
astrocytes closely associated with excitatory synaptic contacts. EAAT2 plays a critical role in the
homeostaticregulation of extracellular glutamate levels. EAAT?2 also plays an essential role in
cognitive memory functions. Increase ofEAAT?2 expression and glutamate transport activityhas
been considered a potential therapeutic strategy for many neurological diseases.We have
discovered and developed a novel series of small molecules that can increase EAAT?2 expression
via a novel translational activation mechanism. These small molecules have been proved to be
capable of normalizing glutamate dyshomeostasis and providing significant benefits in several
disease models. However, the mechanism of compound action is still unclear. Our previous
studies indicate that the compound target is located at the perisynaptic astrocytic processes.
Binding of the compound to the target results in activation of local translation of EAAT2 and
other mRNA s in the astrocytic processes. This leads to strengthening of the structural and
functional plasticity of tripartite synapse. In the present study, we found that the compound also
can trigger existing EAAT2 immediatelylocalized to the plasma membrane. This compound-
mediated trafficking occurs before new EAAT2 are synthesized locally at astrocytic processes.
Proteomic analysis of isolated cell surface proteins in the hippocampal regions revealed that a set
of proteins were immediately localized to the plasma membrane following compound treatment.
These proteins include (1) those involved in glutamate uptake, e.g.EAAT2, EAATL, and
Na*/K*ATPase; (2) those involved in membrane trafficking, e.g.synaptotagmin, syntaxin, and
Rho guanine nucleotide exchange factors; (3) signaling molecules, e.g.G proteins; (4) cell
adhesion molecules, e.g.neuronal cell adhesion molecules and neuroligins; and (5) receptors, e.g.
glutamate ionotropic receptors and glutamate metabotropic receptors. Furthermore, this
immediate membrane trafficking phenomenon was also observed in the mice that were placed in
a Y-maze spatial recognition memory paradigm. These results indicate that immediate membrane
trafficking represents a potential mechanism by which the tripartite synapse responds to changes
in the synaptic microenvironment as well as modulates synaptic plasticity. We are currently
investigating the underlying molecular mechanisms of compound-mediated trafficking. These
results will be presented.
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Abstract: Excitatory amino acid transporters (EAATS) play a crucial role in the removal of
synaptic glutamate to maintain extracellular concentrations below excitotoxic levels. Glutamate-
mediated excitotoxicity has been associated with a number of CNS disorders, including stroke,
traumatic brain injury, stroke, Amyotrophic Lateral Sclerosis, neuropathic pain, HIVV-associated
neurocognitive disorders (HAND) among others, as well as with addiction and mental health
disorders. Glial transporters EAAT1 and EAAT2 are responsible for removal of the bulk of
glutamate from the synapse, preventing over-excitation of post-synaptic neurons. Therefore,
compounds that enhance its expression or function could serve as valuable neuroprotective
agents. Previously, a compound isolated from the venom of the spider Parawixia bistriata,
Parawixin10, was shown to have neuroprotective and anticonvulsant activities in in vivo epilepsy
models of intrahippocampal N-methyl-D-aspartate microinjection, and pentylenetetrazole
injection in the lateral ventricles. In this work, we report the identification of the chemical
structure of this compound. In addition, we characterize its mechanism in glutamate transporter
assays and report its neuroprotective properties in primary neuron-glia cultures. This compound
is an acylpolyamine with a molecular weight of 589.44 Da. In transfected COS-7 cells,
Parawixin10 increased activity of both glial transporters EAAT1 and EAAT2 in an allosteric
manner. Parawixin10 was also shown to have neuroprotective properties in primary mixed
neuron-glia cultures subjected to excitotoxic insults with glutamate and oxygen-glucose
deprivation (OGD, an in vitro model of stroke). Future directions include molecular docking
assays to determine the region of the transporters that Parawixinl10 interacts with, and
development of a medicinal chemistry campaign to improve its drug-like properties. This class of
compounds can be developed into therapies for neurological diseases and conditions in which
glutamate excitotoxicity is involved.



Disclosures: J.L. Green: None. A. Khatiwada: None. P.A.N. Reddy: None. J.M. Salvino:
None. Y. Forster: None. L. Bigler: None. W.F. Santos: None. A.C.K. Fontana: None.

Poster

032. Glutamate Transport and Signaling

Location: Hall A

Time: Saturday, October 19, 2019, 1:00 PM - 5:00 PM

Program #/Poster #: 032.08/B1

Topic: B.01. Neurotransmitters/ Transporters/ and Signaling Molecules
Support: Intramural Research at the NIH, NIMH

Title: Amphetamine-induced internalization of the glutamate transporter, EAATS3, regulates the
behavioral actions of amphetamines

Authors: *S. M. UNDERHILL?Y, T. WIGSTROM?, S. H. MILLAN?, P. D. HULLIHEN?, C. T.
RICHIE?, B. K. HARVEY?Z S. G. AMARA®:
INatl. Inst. of Mental Hith., Bethesda, MD; °NIDA, NIH, Baltimore, MD

Abstract: The actions of amphetamines (AMPHSs) are due to modulations of several
neurotransmitter systems including dopamine and glutamate. AMPH stimulates internalization of
the plasma membrane dopamine transporter, DAT, which contributes to modulation of
extracellular dopamine levels. We have found that AMPH also stimulates internalization of the
neuronal plasma membrane glutamate transporter, EAAT3. AMPH-stimulated endocytosis of
EAAT3 mediates increases in extracellular glutamate as well as enhances the activation of
glutamate receptors on dopamine neurons. In order to investigate the behavioral effects of
EAAT3 endocytosis, we examined AMPH-mediated hyperlocomotion in mouse and rat animal
models.

Similar to previous observations, we found that global EAAT3 knockout mice had a diminished
response to AMPH. Both male and female mice that lack EAAT3 expression did not
hyperlocomote in response to 2 mg/kg AMPH. We did find, however, that the dopamine
transporter, DAT, was still internalized in response to AMPH. Similarly, the upstream mediator
of both DAT and EAAT3 endocytosis, the small GTPase RhoA, was still activated in AMPH-
treated acute brain slices from these animals. To further refine our understanding of AMPH-
induced EAATS trafficking, we identified a unique sequence on the C-terminus of EAAT3 that
mediates AMPH-induced internalization. Exogenous introduction of this sequence fused to a
TAT-peptide prevents AMPH-induced endocytosis of EAATS3, but has no effect on the DAT.
We designed a Cre-dependent AAV vector that expresses this short peptide fused to GFP and
stereotactically introduced it to the ventral tegmental area (VTA) of DAT-Cre rats. AMPH-
treated rats that were expressing the exogenous protein had a decreased response to AMPH, 2
mg/kg. Adult (12-24 week old) female rats did not hyperlocomote at the same level as their
sham-treated litter-mates. Male rats treated with the viral EAAT3 sequence exhibited less rearing



in response to AMPH compared to their littermate controls.
These data indicate that AMPH-mediated internalization of EAAT3 in dopamine neurons of the
VTA is an important component of the behavioral outcomes of the psychostimulant treatment.
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Abstract: GAT1 (SLC6AL) and EAAT3 (SLC1A1) are secondary active neurotransmitter
transporters coupled to the ion gradients established by the NaK ATPase. Both are expressed in
neurons and play a major role in the depletion of neurotransmitters GABA and glutamate from
the synaptic cleft, thereby taking part in termination of synaptic transmission, maintaining the
ambient extracellular neurotransmitter concentration and neurotransmitter recycling through
reuptake. This renders these transporters interesting pharmacological targets. GAT1 is linked to
epilepsy, schizophrenia, anxiety and ADHD. It is strongly inhibited by anti-epileptic drugs.
Subtype specific inhibition of EAATS3 is assumed to be beneficial during phases of insufficient
energy supply by preventing reversal glutamate transport. Therefore screening compounds to
find inhibitors of these transporters is of high interest.

Here we established and evaluated new assay formats for functional investigation of GAT1 and
EAATS3 activity, as well as identification and characterization of their inhibitors. We used
purified plasma membrane vesicles from CHO cells expressing EAAT3 or GAT1, which where
immobilized on a solid supported membrane-based sensor system. Activity was triggered by
application of GABA and glutamate, respectively. The charging of the vesicles caused by the
electrogenic transport was measured. To obtain sensors with 100% right side out oriented protein
we established a whole-cell assay format using the GAT-CHO cells. The EAAT3 assay was
transferred to a high throughput system in 96-well format. Using this system we determined the
Km of glutamate to 99 uM and of GABA to 0.5 mM. We investigated six inhibitors of EAAT3
and report similar or lower 1Csos compared to literature, thus demonstrating the sensitivity of our



assay system (e.g. HIP-B 3.3 £ 1.4 uM, MPCD 7.2 + 1.5 uM, PDC 1.9 + 0.4 uM). Furthermore,
we used similar procedures to establish reliable assays to investigate endogenous EAAT and
GAT activity in iPSC derived neurons using whole cells.
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Abstract: Astrocytes remove the excitatory neurotransmitter glutamate from the extracellular
space following neuronal activity via sodium-driven, voltage-dependent excitatory amino acid
transporters (EAATS). Robust glutamate uptake by EAATS ensures the temporal and spatial
fidelity of glutamate signaling. We recently found that neuronal activity rapidly (within
milliseconds) and reversibly slows glutamate uptake in the adult cerebral cortex. This slowing
prolongs neuronal NMDA responses, consistent with prolonged extracellular glutamate
dynamics, and is highly dependent on the frequency and duration of stimulation. We believe this
may have important consequences for neurotransmission, extrasynaptic receptor activation, and
synaptic plasticity. Based on this finding, we hypothesized that neuronal activity induces
microdomain-level changes in astrocyte membrane potential (Vm) that locally modulate EAAT
function. GLT1 is the predominant astrocytic EAAT in the adult forebrain, is abundantly
expressed, and ensures that glutamate in the extracellular space is rapidly removed. Once bound
to EAATS, the transport of glutamate into the astrocyte is both sodium-driven and voltage-
dependent. Under normal conditions, astrocytes are hyperpolarized (-80 mV) due to their high
permeability to potassium. However, neuronal activity increases extracellular potassium, [K*]e,
and astrocyte Vm is especially sensitive to [K*]e changes. Therefore, it is plausible that neuronal
activity could alter EAAT function by depolarizing astrocytes. Changes in astrocytic Vm may be
especially relevant in fine astrocytic processes, where EAATS are concentrated, and where
larger, focal changes in Vm may occur. A major challenge to testing our hypothesis, however, is
an inability to monitor astrocyte Vm at distal processes due to low membrane resistance and fine-
scale process morphology. Overcoming this challenge is important because astrocyte distal
processes are the site of synaptic interaction and EAATS localization. To detect distal changes in
astrocyte Vm, we developed an approach to image Vm in astrocyte processes using genetically-
encoded voltage indicator (GEVI) imaging. Utilizing astrocyte and neuron electrophysiological
recording, optogenetic manipulation of astrocyte Vm, and astrocyte GEVI and calcium imaging
we have generated preliminary data that supports our hypothesis that EAAT function can be
modulated by activity-induced changes in astrocyte Vm. GEVI-based imaging suggests that
voltage changes in astrocyte processes are 10 times larger in amplitude and return to baseline 10
times faster than changes recorded electrophysiologically at the soma.
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Authors: *R. F. NIESCIER, M. KILANDER, Y.-C. LIN;
Hussman Inst. For Autism, Baltimore, MD

Abstract: The disruption of excitatory and inhibitory (E/I) balance in the neuronal circuitry has
been a key contributing factor in several neurological conditions, including autism spectrum
disorders (ASD). Among all neurons, fast-spiking parvalbumin (PV) interneurons are one of the
most vulnerable populations. Reduction in the expression of PV or the number of PV+ neurons
has been observed in several animal models as well as in individuals with ASD. PV is a calcium
chelating protein that buffers the excessive calcium during activity stimulation to maintain the
proper neuronal response and function. Meanwhile, PVV+ neurons exhibit complex axonal
processes and form axosomatic synapses on the neighboring excitatory neurons to produce the
maximal inhibition of the excitation. The reduction of PV expression may likely jeopardize the
neuronal function by allowing extra calcium entry and thus compromising synaptic integrity.
Therefore, we hypothesize that the expression of parvalbumin correlates with neuronal
morphology and synaptic activity.

We used primary cultured neurons dissociated from the PV-tdTomato mice and examined the
protein expression by immunostaining with the antibody against PV. We found a significant
population of tdTomato+ neurons had low or non-detectable PV signals by antibody staining,
although fluorescent In situ hybridization (FISH) confirmed PV expression. We further
examined the morphology of tdTomato+ neurons by performing Sholl analysis and measured the
spontaneous activity using genetically encoded calcium indicator (GECI). Additionally, after
exposing neurons to L-glutamate we found that PV expression was rapidly up-regulated and
coincided with an increase in ERK phosphorylation. We further engineered shRNA targeting PV
to knock down PV proteins in cultured neurons. The neurite morphology and synaptic activity of
neurons with PV knockdown were further analyzed . This study provides a potential explanation
for why reduction in PV function may result in cellular defects observed in ASD.

Support: This study was supported by the Hussman Foundation grant HIAS#18004 to YCL.
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Title: The effects of sevoflurane or desflurane general anesthesia on markers of neurotoxicity in
the adult female monkey

Authors: *E. CUEVAS, S. M. BURKS, C. FOGLE, F. LIU, J. TALPOS;
NCTR-FDA, Jefferson, AR

Abstract: Sevoflurane (SEVO) and desflurane (DES) are commonly used gaseous anesthetics.
Reports indicate that early life exposure to anesthesia with SEVO or DES, as well as other
anesthetics, can cause neurodegeneration and lasting behavioral changes. It is thought that
anesthetics influence the cerebral cortex, amygdala, and hippocampus to induce anesthesia,
presumably by the activation of intra- and extracellular pathways that may also cause
neurotoxicity. While general anesthesia is typically considered safe in healthy adults, this claim
has never been thoroughly studied in the nonhuman primate. This evaluated the effects of SEVO
and DES on CNS markers of neurodegeneration, neuroinflammation, oxidative stress,
glutamatergic function / synapse formation, and autophagy. Peripheral changes in inflammation
markers were also considered. Here, mature female rhesus monkeys were exposed to 9 h of
SEVO (approximately 2.5% in medical grade air; n=5), or DES (approximately 5.7% in medical
grade air, n=5), or a control condition (n=5). Four hours after exposure, the animals were
sacrificed and brains collected. After dissection and tissue preparation, markers of neuronal
(synaptophysin, NMDARZ2A, caspase-3, DA, TH), glial (GFAP, IBA1), oxidative stress (RAGE,
protein oxidation), and autophagy (LAMP-1, LAMP-2, LC3B) changes in the frontal cortex were
evaluated using dot-blot and/or western-blot analysis. Inflammation markers (IL-6, IL-4, IL-1p,
INF-y, IL-8, MPC-1) in serum were also analyzed by ELISA. In general, SEVO and DES did not
produce changes in the primary endpoints. However, SEVO produced a decrease in TH levels
and DES decreased LAMP1 and LC3B in the frontal cortex. Both compounds decreased serum
levels of IL-8. Unlike previous results in perinatal rhesus monkeys, these findings indicate that
SEVO or DES exposure does not cause overt signs of neurotoxicity in the frontal cortex.
However, decreased expression of LAMP1 and LC3B, which are involved in autophagy, after
DES exposure does merit additional research. Similarly, a more detailed examination of the
blood brain barrier and brain vasculature may be warranted based on the decreased levels of
serum IL-8. (Funded by NCTR/FDA)
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Title: Localization of glutamate-like immunoreativity in the nervous system of Biomphalaria
glabrata: An intermediate host for schistosomiasis

Authors: *K. NIEVES?, P. MENDEZ?, A. OPPENHEIMER?, M. W. MILLER"?3;
YInst. of Neurobio., San Juan, Puerto Rico; 2Univ. of the Sacred Heart, San Juan, PR; *Dept. of
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Abstract: Approximately ten percent of the worldwide population lives at risk of contracting the
parasitic disease, schistosomiasis, popularly known as “snail fever”. The digenetic trematode
worm species Schistosoma mansoni, that is the causative of the most common form of intestinal
schistosomiasis, requires the freshwater snail Biomphalaria glabrata to serve as its primary
intermediate host. Within the snail, S. mansoni multiplies and develops into its cercarial stage
which can infect humans. The infection of pulmonate snails by larval trematodes has been shown
to alter host behavior. For this reason, a commercial antiserum against glutaraldehyde-BSA
conjugate glutamate, was used (mouse monoclonal) to localize glutamate-like immunoreactivity
in the central and peripheral nervous systems of B. glabrata. Glutamate-like immunoreactivity
(GLUI) was observed throughout the central nervous system (CNS), with the greatest numbers in
the buccal, left pedal as well as, left and right parietal ganglia. GLUi fibers were present in all
nerves, connectives and commissures. These results suggest that the glutamate serves as a
neurotransmitter in B. glabrata. Future experiments will explore whether glutamatergic signaling
contributes to sensory responses to miracidium penetration or to behaviors that are altered
following infection.
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Abstract: Brain temperature is strongly regulated by cerebral blood flow and shows fluctuations
in response to stimuli and neuroactive drugs. Cells in the nervous system not only detect



environmental temperature changes through their unique temperature-sensitive molecular
machineries but also muster an appropriate response to the temperature change to maintain their
inherent functions. However, the mechanisms by which neurons produce, use and transfer heat
are largely unknown. The focus of this study is the latter, namely how temperature gradients are
transferred within the synaptic cleft, a process that can affect synaptic transmission by ultimately
altering conductivity of post-synaptic ion channels. The dissolution of (charged or polar)
neurotransmitters such as glutamate following release from presynaptic terminals within the
extracellular fluid has been considered to be driven largely by diffusion. Furthermore, the
electric fields of narrow synaptic clefts may also influence synaptic currents. However, how
these processes causally relate to heat propagation remains poorly understood, mainly because
events inside the cleft are beyond the powers of direct experimental observation. We use a non-
equilibrium thermodynamical model comprised by a system of partial differential equations that
describes the changes in intracleft temperature as a function of electrodiffusion of
neurotransmitters. Numerical simulations suggest that transmitter release and propagation
correspond to measurable thermal fluctuations ranging from tens to hundreds of mK within the
cleft. The findings provide a plausible description for temperature changes during normal brain
activity that are independent from those induced by blood circulation and provide correction-
factors for temperature changes associated with diseases such as epilepsy and Parkinson’s.
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1Dept. of Neurosci., UConn Hlith., Farmington, CT; 2CINVESTAV Sur IPN, Mexico City,
Mexico; ®BESE, King Abdullah Univ. of Sci. and Technol., Thuwal, Saudi Arabia

Abstract: Lactate is not only known as an energy substrate for neurons but it is also emerging as
an important trophic signaling molecule regulating higher brain functions such as learning and
memory and depression. Recent findings have shown that lactate potentiates NMDA receptor
signaling and regulates gene expression related to synaptic plasticity.

Using patch clamp recordings in primary cultures of cortical neurons, we found that lactate
rapidly enhanced both the amplitude and the inactivation time-constant (t) of NMDA receptor
currents (Inmpa) evoked by brief applications of glutamate and glycine. The effect on the



amplitude was prevented by pre-treating neurons with a MCTs blocker or by including CaMKI|I
inhibitors in the patch pipette, whereas the effect on T was not.

Given the observation that CaMKI1 was required for the effect of lactate on the amplitude of
InmpA, We recorded from two types of heterologous cells expressing functional NMDARS:
CaMKIla-expressing HEK293 cells and control HEK293 cells. The effect of lactate on the
amplitude of Inmpa was only seen in CaMKIla-expressing HEK293 cells. This enhancement was
dependent on MCT transport since its blockade prevented this effect. In contrast, the effect on
the inactivation kinetics of NMDAR responses was always seen regardless of CaMKlIla
expression.

To further investigate the intracellular mechanisms involved in lactate enhancement of Invpa
amplitude, we interfered with the intracellular conversion of lactate into pyruvate using
pharmacological LDH inhibitors and with CaMKlIlIa binding to NMDA receptors by expressing
mutant NMDA receptor subunits. The results showed that blocking LDH or expressing GIuN2B
mutants prevented the increase in Inmpa amplitude induced by lactate. Interestingly, loading
HEK?293 cells with NADH also occluded the effect of lactate on Inmpa amplitude. In contrast,
none of these treatments affected the change observed in 7.

Taken together, these results indicate that lactate generates two distinct effects on NMDAR
responses. 1) An enhancement of the Inmpa amplitude that requires intracellular uptake of
lactate, an increase in the internal NADH/NAD-+ ratio through LDH activity, and interaction
with CaMKIlIa. 2) A change in the inactivation kinetics that is

independent of lactate import possibly by directly acting on a yet unidentified extracellular
target.
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Abstract: D-serine is a co-agonist of NMDA receptors (NMDARS) whose synaptic availability
is potentially regulated by the alanine-serine-cysteine transporter-1 (ASC-1), a transporter having
high affinity for D-serine and glycine. ASC-1 can operate bidirectionally, though the preferred



direction of ASC-1 under physiological condition remains uncertain. Here we used selective
ASC-1 blockers to explore its modulatory effect on NMDAR currents (NMDAR-EPSCs) with
whole-cell patch-clamp recordings in rat acute hippocampal and cortical slices. We firstly
showed that the level of occupancy of the NMDAR glycine-binding site is near saturated by
endogenous D-serine in the hippocampus. To enable full-range estimation of ASC-1 function, we
used either miniature EPSC measurements or co-application of 7-chlorokynurenate (7-CK, a
competitive glycine binding site antagonist) to lower the glycine-binding site occupancy level.
Under both conditions, we clearly observed an enhancement of NMDAR-EPSCs with exogenous
D-serine, but an attenuation when an ASC-1 blocker was applied. We also demonstrated that in
acute slices of medial prefrontal cortex, where the NMDAR glycine binding site is unsaturated,
ASC-1 blocker could not augment the NMDAR-EPSCs neither. Furthermore, although we
confirmed the D-serine deficiency and its consequent occurrence of synaptic plasticity decline in
animal models of aging, we could not restore this deficit with our ASC-1 blocker. Taken
together, our findings provide evidence that D-serine efflux is the preferred direction of ASC-1
under multiple physiological conditions, which is required for optimal NMDAR function and
synaptic activity.
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Abstract: Transcranial direct current stimulation (tDCS) is the application of low intensity
current through non-invasive electrodes placed on the head that target specific areas of the brain.
Prevailing evidence indicates tDCS affects learning and memory in a polarity and intensity-
dependent manner, but the regulatory mechanisms remain unclear. In this study, we examined
the impact of stimulation polarity (anodal vs. cathodal) and intensity (250 uA vs. 500 uA) on
protein expression in the rat hippocampal synapse. We hypothesized anodal tDCS would



significantly upregulate hippocampal proteins associated with learning and memory in an
intensity-dependent manner and that cathodal stimulation would have opposing effects. To test
this hypothesis, tDCS was applied to twenty-five adult, male Sprague Dawley rats randomly
assigned to five treatment groups receiving sham, anodal 250 YA, anodal 500 pA, cathodal 250
MA, or cathodal 500 pA stimulation (n=5/group). Animals were euthanized two hours post-
stimulation and hippocampal tissue was collected. Synaptoneurosomes were biochemically
purified from hippocampal tissue and individual protein abundances were quantified using
bottom up liquid chromatography mass spectrometry analysis by researchers blinded to the
treatment groups. Multiple bioinformatics methods were utilized to evaluate the protein
expression differences between the treatment groups. Proteomic analysis identified 3069
differentially expressed proteins, of which 378 were differentially regulated by tDCS. DAVID
Bioinformatics Database identified that compared to sham stimulation, anodal tDCS significantly
upregulated clusters associated with the postsynaptic density, synapse, and dendrite. Anodal 500
MA tDCS further upregulated clusters associated with glutamatergic signaling and synaptic
plasticity in the hippocampus. However, cathodal stimulation upregulated pathways associated
with gamma-aminobutyric acid (GABA) signaling and the immune response. Ingenuity pathway
analysis further showed anodal tDCS significantly enhanced pathways associated with calcium
and glutamate receptor signaling, while cathodal stimulation upregulated pathways associated
with GABA receptor signaling. Network analysis is ongoing. Our data provide evidence that
tDCS modifies hippocampal protein expression in a polarity and intensity-dependent manner that
may promote learning and memory. This work has identified multiple candidate protein targets
and regulatory pathways for the effects of tDCS on learning and memory.
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Title: System xc-deficiency prevents age-related hippocampal dysfunction in mice
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Abstract: System xc”, with XCT as specific subunit, isan astrocytic antiporter that imports cystine
in exchange for glutamate. System xcis enhanced following oxidative stress and inflammation,
both present in the aged brain. While we could not detect changes in XCT protein expression in
the hippocampus of aged (20-24-month old) compared to adult (3-4-month old) C57BL/6 mice,
XCT mRNA was significantly increased in hippocampus of 13-month old compared to 9-month
old SAMP8 mice (model for accelerated aging). As system Xc releases glutamate into the
extrasynaptic space, changes in its function can modulate glutamatergic neurotransmission.
Moreover, enhancement of system xc” might induce neurological dysfunction, as it could
decrease the threshold for glutamate toxicity (by releasing glutamate) and modulate
neuroinflammation (by driving the pro-inflammatory microglial phenotype). We therefore
investigated the role of system xc™ in hippocampal function and how it can affect age-related
hippocampal impairment. In the Barnes maze set-up, a behavioral test used for evaluating
hippocampal function, adult xCT+/+ and xCT-/- mice show identical spatial learning and
memory capacities. However, contrary to aged xCT** mice, the majority of aged XCT” mice
learn to use the hippocampus-dependent direct search strategy in the Barnes maze set-up and
they preserve this memory till 5 days after the last training session, comparable to adult mice. In
the novel object location recognition task, loss of system xc™ induces impairment of spatial
memory in adult mice. However, whereas aging negatively affects performance of xCT** mice
in this task, aged xCT~~ mice perform better compared to adult xCT~" mice. In line with these
behavioral data, basal hippocampal neurotransmission is reduced in adult xCT~" mice, while the
age-related decrease in basal synaptic transmission as well as the age-induced changes in LTP
that are observed in XCT** mice, are prevented in the absence of system x¢". To conclude, our
results show that the hippocampal aging process is fundamentally different in mice lacking
system xc". While system xc” seems to be important for certain aspects of hippocampal function in
adult animals, it can become harmful during the aging process and contribute to age-related
memory decline.
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Title: System x¢ - deficiency extends life-span and modulates aging of the immune system in
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Abstract: The cystine/glutamate antiporter, with XCT as specific subunit, is mainly expressed in
the central nervous system and tissues related to the immune system. Although system x¢™ has
been proposed as therapeutic target for the treatment of cancer as well as several (age-related)
neurological disorders, the function of system Xc™ in ‘healthy’ aging has never been studied. We
confirmed the oxidative shift that was reported by Sato et al. (2005) to occur in the plasma of
mice with a genetic deletion of xCT (XCT”'mice) and this seemed to be even more pronounced in
aged XCT”"mice, compared to age-matched xCT**littermates. Cystine plasma levels were not
only increased in young xCT""mice compared to xCT** littermates, but also significantly
increased with aging in XCT” mice, contrary to xCT*"* mice. Moreover, cysteine levels
significantly dropped with aging in xCT”" mice, inducing a shift towards a more oxidative state.
However, despite this oxidative shift that suggests accelerated aging, we observed a significantly
increased median life-span in XCT” mice, compared to xCT*"* mice. The peripheral immune
system and the central nervous system communicate in a bidirectional way. The functioning of
both systems is affected by aging and can be modulated by system xc~ We therefore investigated
the effect of system xc™ - deficiency on age-related hippocampal impairment (Verbruggen et al.,
sfn 2019 poster) as well as on exacerbation of the inflammatory response and immune
senescence. Whereas aging induces an overall increase in the systemic response to a low-dose
LPS injection (0.2mg/kg, i.p.), this effect was attenuated by the genetic deletion of xCT: aged
xCT”mice have a smaller maximum drop in body temperature as seen at 4h and 6h after LPS
administration and show reduced levels of peripheral pro-inflammatory cytokines at 3h post-LPS
injection. Whether this can be translated to reduced neuroinflammation is currently being
investigated. Aging also results in a disturbance of relative proportions of cells of both the innate
and the adaptive immune system. Preliminary data show that the absence of system xc™ during the
aging process affects some of these age-related changes.To conclude, the positive effects of
absence of system x¢” during the aging process - both on life-span and hippocampal function -
might in part be mediated by a reduced age-related systemic pro-inflammatory environment.
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Abstract: Here, we expressed genetically encoded fluorescent reporter iGIuSnFR for
extracellular glutamate (Glu) sensing and calcium indicator GCaMP6f for calcium sensing. We
first acquired evoked neuronal calcium and Glu signals with simultaneous fMRI from the FP-S1
of two hemispheres, respectively. Fig. 1A shows the fMRI maps and the time course of BOLD
signal, which is simultaneous acquired with the neuronal calcium and Glu spikes. Evoked
neuronal spikes showed iGluSnFR with a more rapid temporal feature than neuronal GCaMP
(Fig. 1 B). Also, the amplitude of the evoked Glu spike increased proportionally to the BOLD
signals as a function of the stimulation intensity (Fig. 1 C).

Besides the neuronal calcium, the evoked astrocytic calcium and Glu spikes were acquired with
fMRI simultaneously (Fig. 2 A). Interestingly, we also observed the baseline drift of the Glu
during the stimulation. This Glu baseline drift signal is increased proportionally upon the
stimulation duration (Fig. 2B) and frequency (Fig. 2C). The linkage between the Glu with
neuronal/astrocytic calcium and BOLD may indicate the clearance of Glu following synaptic Glu
release or potential hemodynamic responses. Future study will further clarify the source for the
Glu baseline drop to decipher the neurovascular coupling events.

This platform offers us a more thorough interpretation of source signal contribution to fMRI;
thus, would expand our understanding of the neurovascular coupling through the neuro-glio-
vascular network in the animal brain.
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Figure 2. Comparison of glutamate, astrocytic calcium, and BOLD responses. (A) The whole brain fMRI
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Abstract: Oxytocin receptors are involved in the regulation of developmental processes in the
CNS, including the expression of the potassium/chloride cotransporter, KCC2, in neurons
(Leonzino et al., Cell Rep., 2016). This is promising for the treatment of CNS disorders,
including autism, in which the developmental shift in GABAA receptor function is impaired
(Ben-Ari, Front. Cell. Neurosci., 2018). In addition, activation of oxytocin receptors in the CNS
regulates behavioral and endocrine responses to stress, corrects the phenotype induced by
perinatal stress in rodents (Gatta et al., Neurotoxicol., 2018), and reduces perinatal brain damage
(Mairesseet al., Glia, 2019). Some of the features of oxytocin receptors are shared by mGlu5
metabotropic glutamate receptors, which are highly expressed and functional during early
postnatal life and regulate KCC2 expression during development and in the adult life
(Notartomaso et al., Neuropharmacol., 2017). mGIlu5 receptors are coupled to Ggn1 proteins, and
their activation leads to polyphosphoinositide (PI) hydrolysis with ensuing formation of inositol-
1,4,5-trisphosphate and diacylglycerol. mGlu5-receptor mediated PI hydrolysis in brain tissue is
robust early after birth and declines with age (Nicoletti et al., PNAS USA, 1986). Oxytocin
receptors are coupled to either Ggi11 or Gi proteins in a context- and agonist-dependent fashion
(Jurek and Neumann, Physiol. Rev., 2018), but there is no direct evidence that oxytocin receptors
stimulate PI hydrolysis and interact with mGIu5 receptors. We report here that the oxytocin
receptor agonist, carbetocin (10 nM or 1 pM), was able to enhance inositol phosphate formation
in both cortical and hippocampal slices of mice at postnatal day 9. Using cortical slices, we
studied the functional interaction between oxytocin and mGIlu5 receptors using carbetocin and
DHPG as respective orthosteric agonists. DHPG stimulated PI hydrolysis to a much greater
extent than carbetocin (up to 7-8 fold vs. 40%). However, DHPG showed a greater efficacy in
stimulating PI hydrolysis when combined with carbetocin in cortical slices. Amplification of
DHPG-stimulated PI hydrolysis was seen with maximally effective concentrations of DHPG
(100 uM) and not with lower concentrations, suggesting that activation of oxytocin receptors
enhances mGIlu5 receptor coupling to PI hydrolysis rather than the affinity of mGlu5 receptors
for DHPG. These data provide the first evidence that oxytocin receptors are coupled to Pl
hydrolysis in brain tissue and may interact with mGIlu5 receptors. We are currently examining
the nature of this interaction and its functional significance in developmental processes.
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Abstract: Oxytocin (OXT) is a nonapeptide that exerts anxiolytic effects in the brain. The
amygdala is an important structure involved in the modulation of fear and anxiety. A high
density of OXT receptors (OXTRS) has been detected in the capsular (CeC) and lateral (CeL)
nucleus of the central amygdala (CeA). Previous study has demonstrated that activation of
OXTRs induces remarkable increases in neuronal excitability in the CeL/C. However, the
signaling and ionic mechanisms underlying OXTRs-induced facilitation of neuronal excitability
have not been determined. We found that activation of OXTRs in the CeL/C increased action
potential firing frequency recorded from neurons in these regions via inhibition of the inwardly
rectifying K* (Kir) channels. The functions of phospholipase Cp (PLCP) and protein kinase C
(PKC) were necessary, whereas neither extracellular Ca?* influx nor intracellular Ca?* release
was required for OXTRs-induced augmentation of neuronal excitability. Activation of OXTRs
also inhibited Kir channels recorded from CeL/C neurons and application of inhibitors for PLCJ
and PKC blocked OXTR-induced inhibition of Kir channels. The axons of CeL make
GABAergic synapses onto the neurons in the medial nucleus (CeM) of the CeA and activation of
OXTRs in the CeL enhanced the frequency of sIPSCs recorded from the neurons in the CeM.
We also found that the functions of the Kir channels, PLCPB and PKC were required for OXTRs-
induced augmentation of sIPSCs. Our results provided a novel signaling and ionic mechanism to
explain OXT-mediated neural network activity in the amygdala and possibly its anxiolytic
effects.
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Abstract: The heart is innervated by autonomic nervous system, and an extensive neural
network exists in the heart. Although bradykinin (BK) has negative inotropic and chronotropic
properties of cardiac contraction, the direct effect of BK on the intrinsic neural network of the
heart is still unclear. In the present study, therefore, the effect of BK on the intracardiac ganglion
neurons acutely isolated from rats was investigated using perforated patch-clamp recording
technique.

Under current-clamp conditions, application of 0.1 uM BK depolarized the membrane,
accompanied by repetitive firing of action potentials. This BK action was fully inhibited by the
B: receptor antagonist Hoe-140, but not by the B receptor antagonist des-Arg®-[Leu®]-BK. The
BK response was mimicked by the B2 receptor agonist [Hyp®]-BK. In addition, the analysis of
immunofluorescence revealed all of the isolated neurons to be positive for B2 receptor, while
only 15.3 % neurons were positive for B1 receptors.The BK-induced depolarization was inhibited
by the phospholipase C inhibitor U-73122. BK evoked inward currents under voltage-clamp
conditions at a holding potential of -60 mV. Removal of extracellular Ca?* markedly increased
the BK-induced currents, suggesting an involvement of Ca?*-permeable non-selective cation
channels. The activation of muscarinic receptors by oxotremorine-M (OxoM) also elicited
extracellular Ca2*-sensitive cationic currents. The peak amplitude of inward current evoked by
0.1 uM BK was comparable to that induced by 1 uM OxoM. Co-application of 0.1 uM BK and 1
1M OxoM elicited the inward current whose peak amplitude was almost the same as the
response elicited by OxoM alone. BK also reduced the amplitude of M-current deactivation
induced by a hyperpolarizing step from a holding potential of -20 mV to -60 mV, while the effect
of M-current inhibitor XE-991 was very similar to the BK action on the M-current, affecting
neither resting membrane potential nor the BK-induced depolarization. From these results, we



suggest that BK regulates excitability of intrinsic cardiac neurons by both an activation of non-
selective cation channels and an inhibition of M-type K* channels through B2 receptors.
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Abstract: Nuclear translocation of annexin A1 (ANXAL) has recently been reported to
participate in neuronal apoptosis after cerebralischemia. Prevention of the nuclear translocation
of ANXAL1 should therefore inhibit neuronal apoptosis and protect againstcerebral stroke. Here,
we found that, in the repeat 111 domain of ANXAL, the amino-acid residues from R228 to
F237function as a unique nuclear translocation signal (NTS) and are required for nuclear
translocation of ANXAL. Intriguingly,we synthesized a cell-penetrating peptide derived by
conjugating the trans-activator of transcription (Tat) domain to the NTSsequence. This Tat-NTS
peptide specifically blocked the interaction of ANXA1 with importin 3 and, consequently,
thenuclear translocation of ANXAL without affecting the nucleocytoplasmic shuttling of other
proteins. The Tat-NTS peptideinhibited the transcriptional activity of p53, decreased Bid
expression, suppressed activation of the caspase-3 apoptosispathway and improved the survival
of hippocampal neurons subjected to oxygen-glucose deprivation and reperfusionin vitro.
Moreover, using a focal brain ischemia animal model, we showed that the Tat-NTS peptide
could be efficientlyinfused into the ischemic hippocampus and cortex by unilateral
intracerebroventricular injection. Injection of the Tat-NTSpeptide alleviated neuronal apoptosis
in the ischemic zone. Importantly, further work revealed that administration of the Tat-NTS
peptide resulted in a dramatic reduction in infarct volume and that this was correlated with a
parallel improvement inneurological function after reperfusion. Interestingly, the effects of Tat-
NTS were injury specific, with little impact onneuronal apoptosis or cognitive function in sham-
treated nonischemic animals. In conclusion, based on its profoundneuroprotective and cognitive-
preserving effects, it is suggested that the Tat-NTS peptide represents a novel and
potentiallypromising new therapeutic candidate for the treatment of ischemic stroke.
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Abstract: The Neuropeptide S Receptor (NPSR) is a G-protein-coupled receptor implicated in
disease states such as post-traumatic stress disorder. Neuropeptide S (NPS), the endogenous
ligand to the NPSR, signals through various pathways including the second messengers cAMP
and Ca?*. In mice, the central administration of NPS results in hyperlocomotion, increased
memory retention, and an anxiolytic phenotype. Compound RTI-263, a truncated form of NPS,
has been previously shown in vitro to preferentially signal through the Ca?* second messenger
pathway. The central administration of RTI-263 in mice produces similar anxiolytic-like
behaviors and improved memory seen with NPS, but a significantly smaller locomotive effect.
This exploratory study focused on ascertaining whether the behavioral NPSR-mediated
phenotypes in mice translate to rats. Investigating these effects would aid in determining whether
the NPSR is a viable drug target to treat anxiety disorders. Male Sprague-Dawley rats were
cannulated intracerebroventricularly and assigned to one of three groups: artificial cerebrospinal
fluid (aCSF), NPS, or RTI-263 (n = 20 for each group with each study replicated three times).
These animals underwent various behavioral and motor tests to determine their levels of
locomotion and anxiolytic-like behaviors. Animals were injected with 1 nmole of their assigned
compound and tested in a paradigm to determine possible effects of the compound. The same
animals were tested in the same paradigm the following day to determine any lasting effects, and
animals were not treated with their test compound sooner than 48 hours after the previous
injection. Data was analyzed automatically by computer programs or manually by observers
unaware of the animals’ treatment. Consistent with the findings in mice, NPS-treated rats
displayed significantly more locomotion than aCSF or RTI-263 treated animals. Additionally,
NPS-treated rats displayed significant anxiolytic-like behaviors in the light dark box paradigm,
whereas RTI-263-treated rats trended towards having anxiolytic-like behaviors in the forced
swim test. In summary, these results indicate that the NPSR is likely a viable drug target to treat
anxiety disorders, as the behavioral phenotypes seen in mice are present in rats.
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Abstract: Peptide neurotransmitters, neuropeptides, are required for cell-cell signaling in the
nervous system. Active neuropeptides are generated in secretory vesicles from inactive pro-
neuropeptide precursors by proteolytic processing at dibasic residue sites (ie., KR, RK, KK, RR).
Secretory vesicles utilize the cysteine proteases, cathepsin L (Cat.L) and cathepsin V (Cat.V) and
the serine proteases, pro-protein convertases 1 and 2 (PC1/3 and PC2) to process pro-
neuropeptides. Gene silencing and gene expression studies have indicated the roles of these
proteases in producing enkephalin, beta-endorphin, NPY, cholecystokinin, and other
neuropeptides. Differences in cleavage specificities at the dibasic residues have been observed
for these proteases for several pro-neuropeptide substrates. Therefore, to test the hypothesis of
differential dibasic cleavage properties of proteases involved in pro-neuropeptide processing, this
study analyzed protease cleavage properties by global multiplex substrate profiling by mass
spectrometry (MSP-MS). MSP-MS utilizes a 228 14-mer peptide substrate library designed to
contain the different dibasic sequences as well as all types of protease cleavage sites. Human
recombinant Cat.L, Cat.V, PC1/3, and PC2 were incubated with the peptide library in time-
course assays and peptide products were identified and quantitated by LC-MS/MS tandem mass
spectrometry. Cat.L and Cat.V were found to cleave at the N-terminal side of the dibasic sites
and between dibasic residues (-K-R-, -R-K-, and -K-K-). In addition, these enzymes have
preference for hydrophobic residues at the P2 position of the cleaved peptide (cleavage between
P1-P1’ of P2-P1-P1'-P2' residues). Not all dibasic residue containing substrates were cleaved,
suggesting selectivity for peptide substrates. In contrast, the serine proteases PC1/3 and PC2
cleaved at the C-terminal side of dibasic sites such as -R-R- and -K-R, respectively, with only
one substrate cleaved by each. Further, PC2 prefers the tribasic processing site, -K-R-R. Results



show: (a) different cleavage specificities at dibasic processing sites for Cat.L and Cat.V
compared to PC1/3 and PC2, and (b) protease selectivity for peptide substrates, which implicates
different protease roles for processing specific pro-neuropeptides. These newly revealed
cleavage specificity properties may facilitate future studies to predict selective protease
processing of pro-neuropeptides, and lead to development of selective peptidic inhibitors that
may provide novel therapeutic approaches for neuropeptide-related diseases.
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Abstract: A key part of a drug discovery strategy is to ensure that compounds identified in the
screening cascade are able to engage the target under investigation at relevant blood
concentrations. Receptor occupancy (RO) measurements, using methods such as in vivo/ex vivo
autoradiography, have proved extremely useful in identifying novel CNS candidate compounds
due to their high translational value.

Orexins are neuromodulatory peptides involved in the control of diverse physiological functions
through interaction with two receptors; Orexin-1 and Orexin-2 receptors (OX1-R and OX2-R
respectively).

The primary aim of this study was to measure OX1 RO in one specific brain region (tenia tecta)
using ex vivo binding to rat brain sections, 60 min after the administration of 5 different doses (1,
3, 10, 30 and 60 mg/kg, ip, n=4 per dose group) of the selective OX1 antagonist GSK1059865.
Total and free concentrations of GSK1059865 were determined both in blood and brain using
mass spectrometry. Receptor autoradiography using the anterior brain portion was performed
using the radioligand [®H]-SB674042 to allow determination of RO. Preliminary studies were
conducted to optimize the protocol for RO measurements to reduce the risk of compound
dissociation and underestimation of RO.

Dose/RO: GSK1059865 dose-dependently occupied OX1-R 60min following ip administration
with RO levels reaching maximal RO (>90%) at 60 mg/kg (estimated ODso = 3.9 £ 0.5 mg/kg).
A relationship between the compound concentration in blood and brain and the RO at the 5



different doses showed that OX1 RO measured was in very good agreement with the theoretical
RO (tRO %) calculated based on the affinity, exposures and free fraction of the compound in the
same brains.

Time-course/RO: OX1 RO was also measured at 6 different time points (15min, 30min, 60min,
2hrs, 4hrs and 6hrs, n=4/group) following administration of a single dose (60 mg/kg, ip) of
GSK1059865.

Maximal RO levels (>90%) were observed at 30min/60min and relatively high levels were
maintained for up to 6hrs (66.4%).

A good PK/RO relationship between measured OX1 RO levels and compound exposures in
blood and brain was observed, in line with the relatively fast dissociation kinetics of the
compound from OX1-R.

The data indicates that ex vivo autoradiography using rat brain sections can be used successfully
for OX1 RO studies, since values of RO obtained experimentally were similar to the theoretical
RO in the same brain, confirming the sensitivity of the assay.

This study confirms that the OX1 RO assay described provides a robust assay for use in Drug
Discovery projects to identify novel OX1-R antagonists targeting the Central Nervous System.
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Abstract: Tolerance limits the analgesic clinical value of mu-opioid receptor (MOR) agonists.
Neuropeptide FF (NPFF) mediates hyperalgesia and opioid-induced tolerance through the
activation of NPFF-1 and -2 receptors. We hypothesized that ligands with dual MOR
agonist/NPFF receptor antagonist activity would produce antinociception with reduced tolerance.



Accordingly, a series of ligands were designed with putative dual opioid and NPFF
pharmacophoric elements. Nineteen of these novel ligands were synthesized and screened with
competition radioligand binding assays in vitro, demonstrating a range of affinity for mu-,
kappa-, and delta-opioid receptors (nM) as well as NPFF-1 and -2 receptors (uM). Subsequent in
vivo screening of all compounds (30 nmol, i.c.v.) in mice with 55°C and 48°C warm-water tail-
withdrawal assays identified three compounds with better analgesia and anti-hyperalgesia
performance, VBJ-192, VBJ-215 and KGM01082. Following up with a more detailed
assessment, all three compounds dose-dependently produced equipotent antinociception lasting
at least 50 min, with ED50 (and 95%CI) values of 6.9(4.7-9.5), 16(3.5-38.8) and 22.2(11.3-36.6)
nmol, icv, respectively that was antagonized by pretreatment with mu- or kappa-opioid receptor
antagonists. All three compounds also dose-dependently attenuated NPFF-induced hyperalgesia.
Unlike morphine, when tested in the acute antinociceptive tolerance test, repeated dosing of
VBJ-215 showed no tolerance, while VBJ-192 and KGM01082 showed moderate tolerance
commensurate with their magnitude of NPFF antagonism. In further examination of the three
compounds, mice administrated with VBJ-192 or VBJ-215 showed neither respiratory
depression nor elevated ambulation in the Comprehensive Lab Animal Monitoring System
(CLAMS), and both VBJ-215 and a low dose of VBJ-192 did not impair coordinated locomotor
activity on the rotorod (30 and 100 nmol, i.c.v.). Together, these results confirm the mediating
effect of NPFF on opioid tolerance, and suggest the potential of dual-action opioid-NPFF ligands
as analgesics with fewer liabilities of use.
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Abstract: Schistosomiasis is a disease of major concern for health and socioeconomics globally.
This neglected tropical disease represents a health burden for more than 70 countries in Africa,
Asia, and South America. It is estimated that more than 240 million of people required
preventive treatment in 2016, and thousands are at risk of death annually. Schistosoma mansoni
is the trematode species that causes the most widespread form of intestinal schistosomiasis. The
S. mansoni life cycle requires two host organisms: snails from the genus Biomphalaria as its
intermediate host, and mammals as its definitive host. Snails undergo major physiological and
behavioral changes upon parasitic infection, but the neural contribution to these changes is
poorly understood. FMRFamide neuropeptides regulate diverse physiological processes in the
snail that are known to be affected by parasitosis, such as respiration, reproduction and
feeding.We hypothesized that the FMRFamide peptide system participates in the behavioral and
physiological modifications that occur in the snail following the parasitic infection. As a first
step toward testing this hypothesis, we identified a FMRFamide-gated sodium channel (FaNaC)
in neural transcriptomes from two Biomphalaria species, B. glabrata and B. alexandrina
(Mansour et al. 2017). The FaNaC is unique to this phyla and the only known sodium channel
gated by a peptide. We performed immunohistochemistry and western blot experiments in snail
CNS samples to determine the FaNaC receptor distribution and expression. We found a change
in the neuronal distribution and expression of this receptor in infected snails. FMRFamide
signaling, specifically through its ionotropic FaNaC receptor, may participate in in the
physiological changes observed in B. glabrata during parasitic infection. As this receptor is
unique to molluscs, it may also provide an effective and selective target for controlling B.
glabrata proliferation.
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Abstract: Brainstem is of great significance being responsible in vital functions such as
respiration, locomotion, arousal as well as cognition and affection. Nuclei in brainstem have
been related to important and widespread diseases such as progressive supranuclear palsy,
multiple system atrophy, otism spectrum disorders and Parkinson’s disease. In this study, the the
neurochemical content of the human brainstem was investigated using histochemical and
immunohistochemical stainings. Brainstem sections were cut using a cryostat at a thickness of 60
micrometers and stained using Nissl, Weigert and NADPH-diaphorase immunohistochemical
stains, and numerous immunohistochemical markers such as calbndin, calretinin, calcitonin-gene
related peptide, parvalbumin, glycine, GADG67, choline acetyltransferase, enkephalin,
neurofilament-SMI 32, neuronal nuclear protein (NeuN), glutamate and cocaine amfetamine
related peptide. Based on these stainings, a map of the human brainstem was created to be a
major reference to both basic science researchers and clinicians, and also be a reference for
radiological imaging techniques.
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Abstract: Repetitive use of opioids results in dependence on the drug, a complex condition that
is considered to be a substance use disorder. The reduction or cessation of opioid consumption
leads to severe withdrawal behaviors. The degree of opiate dependence can be assessed by the
intensity of the withdrawal behavior. To prevent these devastating experiences, the subject will
continue to take the drug. Success in modifying the withdrawal behavior may shed light on the
dynamics of opiate dependence and the opioid epidemic. Reducing the severity of the withdrawal



symptoms is the prime treatment of opioid dependence. Although several pharmacological
treatment options are available to attenuate the symptoms of opioid withdrawal, the effectiveness
of them is limited. Classical therapeutic addiction research has focused on cellular and molecular
alterations within neurons and their neuronal circuits. As such, most of the pharmacotherapies
for opioid addiction are designed to target the neuronal processes known to be affected by drug
intake. In addition to the pivotal role of neurons in the initiation, transition, and maintenance of
opioid addiction, the glial cells within the central nervous system are also of particular
importance. According to some studies, 60 to 80% of the cellular brain is composed of glial
cells. Recent studies have shown that glial cells participate in synaptogenesis, neuronal
excitability, and neurotransmission. Following opioid exposure, glial cells demonstrate robust
changes in their morphology and physiology in key central nervous system regions known to
contribute to drug dependence. They play a pivotal role in opioid-addiction like behaviors. Glial
cells are also part of the immune system. This review presents preclinical studies demonstrating
that the immune system participates in the expression of opiate withdrawal and that a single dose
of immunological substances such as a-interferon, cyclosporine, and cortisol significantly
attenuate the severity of the naloxone-induced withdrawal symptoms in opioid-dependent
animals. We hope that this review will encourage clinical studies to use immunomodulators in
combating the opioid epidemic and save lives.
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Abstract: Approximately 200 million people live at risk of contracting the parasitic disease
schistosomiasis. The digenetic trematode species Schistosoma mansoni, which causes the most
common form of intestinal schistosomiasis, requires freshwater snails from the genus
Biomphalaria to serve as its primary intermediate host. Within the snail, S. mansoni larvae
multiply and transform into cercariae that can infect humans. As infection by trematode parasites
can alter neuropeptide expression in snail hosts, a neural transcriptomics approach was
undertaken to explore the neuropeptidome of Biomphalaria glabrata, the major intermediate host
in the Western Hemisphere, and Biomphalaria alexandrina, the principal intermediate host in
Egypt. A B. alexandrina transcript (4,038 nucleotides) encoded a precursor prohormone, from
which a single adipokinetic hormone (AKH) related neuropeptide could be liberated. For this
investigation, an antiserum (rabbit polyclonal) generated against pPQIHFTPDWGNNamide, was
used to localize AKH-like immunoreactivity in the central nervous system (CNS) of B. glabrata.
In this species, a symmetrical cluster of 5+ 0.8 and 5 = 1.1 medium sized (20-30 um) cells as
well as two pairs of distinct, single neurons, were present in the right and left cerebral ganglia,
respectively. Also, a single, large (30-40 um) cell body was present in the visceral ganglion.
These cells appeared to give rise to fiber tracts projecting throughout the whole CNS,
particularly into the right parietal nerves, as well as the visceral ganglion which ultimately
projects into the intestinal and anal nerves. As in other invertebrate systems, signaling by
neurons containing an AKH-like neuropeptide could regulate stress responses during the course
of infection in this host-parasite system.
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Abstract: HIV invades the brain during acute infection, setting the stage for persistent
neuroinflammation despite combined antiretroviral therapy (CART) and leads to HIV-Associated
Neurocognitive Disorders (HAND), which occurs in ~50% of HIV-infected individuals. Our lab
is focused on understanding the role of Wnt/B-catenin signaling in HAND. Here, we evaluated
the impact of B-catenin on inflammatory mediators associated with neuroinflammation,
chemotactic molecules, and regulation of Al (proinflammatory)/A2 (protective/repair)
phenotypes of astrocytes. We demonstrate that knockdown (KD) of B-catenin in normal human
astrocytes (NHASs) significantly induced IL-6 and IL-8 at the transcription and protein levels and
conversely, induction of B-catenin significantly downregulated these two molecules. These
findings are intriguing given that no role for B-catenin to date is associated with IL-6 and IL-8
regulation. Further, KD of B-catenin induced three genes associated with Al phenotype by 2.4-
6.4 fold. These findings indicate that 3-catenin expression in astrocytes is a critical regulator of
anti-inflammatory responses and its disruption can potentially mediate persistent
neuroinflammation.

*KR is supported by Rush IMSD R25 109421 and RO1NS060632-10.
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Abstract: Mechanical stimuli such as extension and compression associated with the movement
and the gravity influence biological activities of all cells. Recent studies have shown that
mechanical stimuli give rise to intracellular biochemical signaling cascades through
mechanosensors and mechanotransducers. The periodontal ligaments (PDLs), located at the
interface between the tooth and alveolar bones, are responsible for tooth planting and pressure
absorbing actions. In addition, the Ruffini’s corpuscles, one of the mechanoreceptors located in
the PDLs, play a pivotal role in pressure sensing to identify various food properties and to adjust
occlusal force. Although recent studies have shown that branches of Ruffini’s corpuscles are not
formed without mechanical stimulation in the rat PDL, there is no report to assess the regulatory



mechanisms for the peripheral axonal structure by mechanically stimulated PDL cells.

We have established primary PDL cell (rPDL)lines derived from rat PDLs. The RT-PCR
analysis confirmed the expression of NGF, BDNF, neurotrophin-4 (NT-4) and Wnt5a mRNA in
the rPDL cells. The rPDL cells were seeded on silicon chamber and loaded with periodic
mechanical stimulation (0.5 Hz, 15% expansion). The gPCR analysis revealed the expression
level of Wnt5a mRNA in rPDL cells increased in a stimulation-period dependent manner, while
that of neurotrophic factors did not. LY294002, a PI3K inhibitor, and U0126, a MEK1/2
inhibitor, diminished the increase of Wnt5a mRNA expression level in the rPDL cells loaded
with mechanical stimulation. In order to confirm whether the released Wnt5a can elongate the
neurite, the culture media for the primary mouse trigeminal ganglion neurons were replaced with
the supernatant media of the rPDL cells with or without mechanical stimulation. The supernatant
media of the mechanically stimulated rPDL cells enhanced the neurite elongation and this effect
was suppressed by anti-Wnt5a antibody.

These results suggest that the mechanical stimulated PDL cells produce Wnt5a via MEK1/2
and/or PI3K pathways and the secreted Wnt5a from PDL cells elongates neurites.
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Abstract: In the recent years, the implication of social memory has been well established in the
CA2 area of hippocampus. With the aim of exploring social interaction and sociability in rats
that were subjected to juvenile stress, we address questions of if and how the neural circuitry is
altered, and thereby its aftermath in social behaviour. Our preliminary results have brought about
pivotal insights of how a juvenile stressed rat shows lower sociability yet a higher social
interaction with a never-before-met stranger rat. Upon further probing the electrophysiological
properties in the area CA2, LTP resistance was observed not just in the SC-CA2 (indirect)
synapses as has been shown in the healthy rodents, but also in the EC-CA2 (direct) synapses. It



has been established very recently, that (the neuropeptide, Substance-P) SP-induced potentiation
of SC-CA2 synapses transforms a short-term potentiation of EC-CA2 synaptic transmission into
long term potentiation, consistent with synaptic tagging and capture hypothesis, also proving that
this associative interaction between both the inputs is independent of GABAergic system.
However, in the case of juvenile stressed rats, contrary to the above finding, an exogenous bath
application of SP did not result in long term potentiation showing occlusion of LTP. Delineating
the molecular signature using staining and biochemical analyses in this area that renders the said
electrophysiological properties and thereby behaviour, by employing selective antagonist (L733-
060), helped us further understand that memory mechanisms in area CA2 is regulated through
NKZ1 receptors under juvenile stressed conditions.
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Abstract: The ionotropic Glutamate receptors comprise members of the NMDA (N-methyl-D-
aspartate), AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazoleproprionic acid) and Kainate
receptor classes. These important excitatory channels are mainly located in the central nervous
system (CNS), but also in peripheral locations such as sensory nerve terminals in skin and
cardiac ganglia. NMDA and AMPA receptors have been targets for the development of new
drugs to treat a series of neurological and neurodegenerative disorders, including neuropathic
pain and Parkinson's disease, and play a key role in synaptic plasticity, memory and learning.
Drugs that target the neurotransmitter systems are immensely important as therapeutic agents and
as research tools for scientists seeking to unravel the complexities of neuronal signalling.
Developments in HTS technologies have allowed rapid assessment of large numbers of
compounds against ion channel drug targets using patch-clamp electrophysiology. In conjunction
with these technologies, robust high-quality recombinant cell lines are essential when testing
these fast-activating Glutamatergic NMDA and AMPA receptors.

We have successfully developed four recombinant NMDA (GIuN1/2A, GIuN1/2B, GIuN1/2C



and GIuN1/2D) and one AMPA (GIuA2) receptor cell lines using stably transfected, inducible
HEK cells. Validation of these cell lines was performed using high-throughput automated
electrophysiology which allows the testing of multiple cell lines in a single experiment. This
system enables rapid drug application resulting in high-quality data that is reproducible over
multiple experiments. Concentration-response curves (ECso and 1Cs0) on NMDA and AMPA
channels of both agonists NMDA (+Glycine) and Glutamate and antagonists Ketamine and
Cyanquixaline (CNQX) were consistently obtained and correlated well with literature values.
Further assays were developed for both NMDA and AMPA receptors in order to detect changes
in activity using different levels of glutamate activation induced by both unknown (e.g. novel
agents), classical positive (e.g. Pregnenolone sulphate and Cyclothiazide) and negative (e.g. TCN
201 and CNQX) modulators in a single experiment using multiple cell lines.

Development of rapid and robust assays for these targets enables HTS screening against a panel
of Glutamatergic subunit combinations, generating a wealth of high-quality electrophysiology
data. This should allow researchers to generate more selective NMDA and AMPA receptor-
targeted drugs to improve their efficacy, safety and tolerability for a wide range of therapeutic
purposes.
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Abstract: The glutamate delta-1 (GluD1) receptor is an ionotropic glutamate receptor (iGIuR)
found throughout the hippocampus, cortex, cerebellum, striatum, and central nucleus of the
amygdala. In contrast to other iGluRs, GluD1 does not exhibit the typical ligand-gated fast ion



flow. It rather serves as a synaptic organizer that mediates the formation and/or maintenance of
synapses via trans-synaptic interaction with Cerebellin1/2 (CbIn1/2)-Neurexinl complex. GluD2
found in the cerebellum is the more heavily studied relative of GluD1, which is responsible for
the maintenance and regeneration of parallel fiber-Purkinje cell synapses. In contrast to GluD2,
the precise contribution of GluD1 to the development or maintenance of glutamatergic synapses
in the forebrain remains poorly understood. GluD1 is enriched in the striatum, a region that
governs motor, cognitive and reward behaviors. The striatum receives strong excitatory inputs
from the cerebral cortex and thalamus which express several members of Cbln family proteins.
To gain a better understanding of the potential sites of striatal GluD1 function, we used electron
microscopy immunohistochemistry to map the cellular and subcellular localization of GluD1
immunoreactivity in the mouse dorsal striatum (N=3) using a highly specific GluD1 antibody. At
the light microscopic level, GluD1 immunostaining was homogeneously distributed throughout
the whole striatal neuropil. In the electron microscope, ~50% GluD1-labeled elements were
categorized as dendritic shafts, 40% as glial cell processes and ~10-15% as dendritic spines. In
some instances, the GluD1 immunoreactivity was aggregated at the post-synaptic densities of
glutamatergic synapses. Immunogold studies are in progress to further define the subsynaptic
localization of GluD1 in relation to different glutamatergic synapses. Our preliminary data
suggest that striatal GluD1 is located to subserve regulatory effects upon specific glutamatergic
synapses and glial function in the mammalian striatum.
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Abstract: The delta family of glutamate receptor (GluD1, GluD2) belong to a class of ionotropic
glutamate receptor (iGIuR), forms synapses by binding to its presynaptic partner neurexin (NrXx)
via synaptogenic protein cerebellinl (cbInl). It is known that GluD1 is widely expressed in adult
mouse brain with rich expression in cerebral cortex, striatum and limbic regions like nucleus
accumbens and hippocampus. However, its role in maintenance of synaptic function remains



largely elusive. We performed whole cell patch clamp recordings from medium spiny neurons
(MSNSs) of dorsal striatum and nucleus accumbens as well as from pyramidal neurons of medial
prefrontal cortex (mPFC, layer 11/111) and hippocampal CAl. GluD1 deletion from dorsal
striatum led to significant reduction in mMEPSC frequency but not amplitude and reduced
excitability. We did not observe any changes in inhibitory neurotransmission as well as
mGlurl/5 mediated long-term depression (LTD). Ablation of GluD1 from mPFC increased
mEPSC frequency with no change in amplitude. Whereas loss of GluD1 from nucleus
accumbens and hippocampus did not affect basal excitatory neurotransmission and plasticity.
These results suggest that GluD1 in cortex, hippocampus and nucleus accumbens is not
obligatory or homeostatic mechanisms compensate for its loss. However, absence of GluD1 from
dorsal striatum significantly reduced excitatory neurotransmission. In ongoing neuroanatomical
studies, we are assessing changes in glutamatergic inputs upon GluD1 deletion in dorsal striatum
using presynaptic glutamatergic markers vGlutl and vGlut2 and analysis of spine density and
morphology. Together, our findings suggest that in dorsal striatum, GluD1 is essential for
excitatory synapse maintenance.
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Abstract: Glutamate deltal (GluD1) receptors belong to ionotropic glutamate receptor family,
but do not function as a conventional ligand-gated ion channel. Instead it possesses a unique
synaptogenic function by interacting with its presynaptic partner neurexin 1 (Nrxnl) via
synaptogenic protein cerebellin 1. Previous reports suggest an enriched expression of GluD1 in
major brain regions like, hippocampus, cortex, thalamus and striatum. Interestingly these regions
are involved in execution of higher order functions like learning and memory. We have recently
reported the potential role of GluD1 in cocaine addiction. However the effect of region specific



ablation of GluD1 and their effect on cognitive flexibility remains unclear. Therefore in present
study we used combination of constitutive and conditional GluD1 KO mouse models to evaluate
the region specific effect of GluD1 receptors on cognition. We found the selective deletion of
GluD1 from striatum showed pronounced repetitive behavior in water T-maze test. Whereas
cortical and hippocampal GluD1 receptors deletion did not affect behavioral flexibility. In
constitutive KO mice we found significant deficit in water T-maze learning as well as reversal
learning compared to the wildtype mice. Together, these findings demonstrate a critical role of
striatal GluD1 in maintaining the cognitive flexibility in mice.
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Abstract: Postsynaptic AMPA-type glutamate receptors (AMPARSs) mediate most of the
synaptic transmission at the excitatory synapses which constitute ~80% of a mammalian brain.
Synaptic strength mostly depends on the abundance of AMPARSs at the postsynaptic site, and
dynamic nature of AMPARSs according to the neuronal activity is a basis of synaptic plasticity, a
molecular mechanism of learning and memory. The 2 adrenergic receptor (B2AR) mediates the
effect of norepinephrine (NE) which is important for attention and learning. It forms two unique
signaling complexes with AMPARSs and L-type voltage-gated Ca?* channel Cav1.2, a main Ca®
source for neuronal excitation/transcription coupling, LTP and learning. When activated, 2AR
induces phosphorylation of AMPAR and Cav1.2 by PKA, which in turn results in an increase in
membrane insertion and Ca?* influx, respectively, of each channel. It was demonstrated that Ca?*
influx from Cav1l.2 stabilizes surface AMPARs. In this study, | investigated if the correct
localization of Cav1l.2 within a signaling complex with B2AR is important for AMPAR stability.
Using extracellular N-terminal fusion of superecliptic-pHIluorin (SEP) tag, which is fluorescent
at pH 7.4 (extracellular) but nonfluorescent at pH < 6.0 (endosomal lumen) to differentiate the



surface and cytosolic receptor, membrane insertion of GIuAl-containing AMPAR was
monitored based on different types of behavior: 1) stable insertion, 2) transient insertion, and 3)
full fusion. When dissociated hippocampal neurons expressing SEP-GIuA1 (and untagged
GluA?2) are treated with NE to stimulate f2AR, all types of GluA1 membrane insertion were
increased. Interestingly, incubation of neurons with a peptide breaking the interaction between
B2AR and Cavl.2 greatly decrease all types of GluA1 membrane insertion. These results indicate
that the local Ca?* increase by Cav1.2 regulates membrane stability of AMPARS in the vicinity
of them, showing the importance of the proper composition of the signaling complex.
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Abstract: Regulation of AMPA-type glutamate receptors (AMPARS) at synapses is a
predominant mechanism for regulating synaptic strength underlying learning and memory. We
identified the transmembrane protein Synapse Differentiation Induced Gene 1 (SynDIG1; SD1)
as an AMPAR auxiliary protein that regulates excitatory synaptic strength and AMPAR number
both in vitro and in vivo. The related protein SynDIG4 (SD4; also known as Prrt1) was identified
in several independent proteomic screens in complex with AMPARS, suggesting it may also
function as an AMPAR auxiliary factor. We showed that some SD4 co-localizes with extra-
synaptic GluAl-containing AMPARS in primary neurons, while loss of SD4 results in reduced
extra-synaptic AMPARs, implying a role of SD4 outside the synapse. Furthermore, single-
tetanus induced long term potentiation (L TP), which is dependent on GIuA1, is abolished in
hippocampal slices from SD4 knockout (KO) mice. We hypothesize that SD4 maintains an extra-
synaptic reserve pool of GIluA1-containing AMPARSs required for LTP.

Here we show that co-expression of SD4 with GluAl or GluA2 homomeric AMPARs in COS
cells leads to a 50% or 33% increase in mean area of surface AMPAR puncta, respectively. In
contrast, SD4 co-expressed with the kainite-type glutamate receptor subunit GluK2 does not
change the size of surface GluK2 puncta, indicating SD4 specifically affects surface AMPARS in



COS cells. There is also increased co-localization of GluA1 with SD4 compared to GluK2,
consistent with our previous studies indicating preferential localization of SD4 with extra-
synaptic GIUAL in neurons.

In hippocampal neurons at baseline, there is a 33% decrease in extra-synaptic surface GIuA1
density and puncta size, and a 50% decrease in surface puncta integrated density in SD4 KO
hippocampal neurons compared to wild-type (WT), indicating loss of SD4 results in the
reduction of a reserve pool of surface GluAl-containing AMPARSs. To study GluAl-containing
AMPARs during LTP, we used glycine induced chemical LTP (chemLTP). After chemLTP, WT
neurons show a 2-fold increase in synaptic GluA1l, while synaptic GIuAl is unchanged in SD4
KO neurons. This impairment is rescued by transfecting KO neurons with WT SD4 to restore the
reserve pool of extra-synaptic surface GIuAL, suggesting the effect is a direct result of the loss of
SD4. Lastly, we observed a 50% increase in synaptic SD4 density upon chemLTP, suggesting
that SD4 is targeted to synapses along with GIuA1 during LTP. Given that LTP requires a
reserve pool of AMPARS, these data are consistent with a model whereby SD4 establishes an
extra-synaptic reserve pool of GluAl-containing AMPARS required for LTP.
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Abstract: NMDA receptors (NMDARS) are glutamate-gated ion channels which uniquely
require a co-agonist for activation: either glycine or D-serine. The identity of the co-agonist is
developmentally regulated and spatially restricted in the brain, with many synapses using glycine
early on and later switching to D-serine. Despite the importance of these co-agonists in
regulating excitatory synaptic transmission, neuronal function, and synaptic plasticity, the source



and regulation of D-serine remains controversial. Although D-serine and its biosynthetic enzyme
serine racemase (SR) were originally thought to be localized in astrocytes, recent studies using
SR constitutive & conditional knock-out mice combined with more selective antibodies instead
suggest a predominantly neuronal localization. Indeed, we have recently shown that postsynaptic
SR regulates NMDA receptor function in a cell-autonomous manner. Here we show that SR
deletion has differential effects on NMDA receptor function at synapses on basal versus apical
dendrites. Using single-neuron deletion of SR, we found that NMDAR-EPSCs are reduced in
both apical and basal synapses on CA1 neurons in adult mice, though AMPAR-EPSCs are
reduced only at basal synapses due to a selective loss of basal synapses. Interestingly, in SRKO
mice, LTP is impaired only at basal synapses in young mice, but impaired at both basal and
apical synapses in adult mice. Overall, these results suggest synapse-specific modes of NMDAR
co-agonist regulation.
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Abstract: Kainate receptors (KARs) play diverse roles in the central nervous system and their
dysfunction has been associated with the pathophysiology of neurodevelopmental disorders. A
recent genetic study identified a gain-of-function mutation in the GRIK2 gene, which encodes
for the GluK2 subunit of KARs, in an individual with ataxia, motor and speech delay, and
intellectual disability. The mutation results in a threonine substitution for alanine at position 657
(AB57T). This amino acid is highly conserved among ionotropic glutamate receptors and is
within the gating region of the receptor. In vitro analyses of GIuK2(A657T)-containing kainate
receptors have found that this mutation resulted in a constitutive activation of the receptors that
is similar to the gating alteration found in GluD2 with the “Lurcher” A657T mutation. In order to



determine how this mutation affects synaptic and circuit development in the brain we generated
the GIuK2(A657T) knock-in mouse line using CRISPR/Cas9 gene editing. We found that
homozygous mice are not viable but heterozygous mice display early onset ataxia with otherwise
grossly normal development. Behavioral tests were performed on wildtype and heterozygous
littermates in order to test motor function, social interaction, anxiety, and perseverative
behaviors. Juvenile GIUK2(A657T) het mice performed significantly worse in tests of motor
coordination when compared to wildtype littermates, and did not exhibit typical behaviors such
as nestlet shredding and digging. In contrast, het mice showed no differences in open field and
zero maze tests suggesting no alterations in anxiety caused by the mutation. To determine the
functional effect of this mutation on synaptic transmission and synaptic development we
performed electrophysiological recording from CA3 pyramidal cells and analyzed mossy fiber
synapses where KARs are synaptically localized. The KAR mediated component of mossy fiber
EPSCs in CA3 neurons of GIuK2(A657T) het mice decayed with a significantly slower time
course compared to recordings from wildtype littermates. In contrast, there was no effect on the
relative amplitude of the KAR mediated EPSCs suggesting that assembly, trafficking and
synaptic localization of the receptors are not largely affected by the mutation. The prolonged
decay of the KAR current in these mice suggests that synaptic summation and integration of
mossy fiber EPSCs are altered, which could affect plasticity induction in the CA3 region of the
hippocampus. Ongoing experiments are analyzing how mutant KARs affect the development of
synapses in the CA3 and whether this alters function of the CA3 microcircuit.
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Abstract: Missense variants in several ionotropic glutamate receptor (iGIUR) genes have been
shown to cause autism and related neurodevelopmental disorders (NDDs). We previously
reported the first missense variant in a gene encoding a kainate receptor (KAR) subunit subtype,
GRIK2 (Glutamate receptor, ionotropic, kainate 2), which produced an A657T substitution in the
GIuK2 subunit (Guzman et al., 2017). This de novo variant was determined to be causative for a
non-syndromic NDD with intellectual disability, speech deficits and ataxia as primary clinical
features. The A657T substitution occurs in the M3 pore-forming membrane domain, which has
been characterized as a “hotspot” of NDD-causing mutations in other iGIUR subunit genes. The
biophysical properties of GIluK2(A657T) subunit-containing receptors were different from
wildtype GluK2, as they exhibited greatly enhanced sensitivity to glutamate, slowed decay
kinetics and destabilization of the desensitized state of the receptor.

This study prompted us to determine if there are other children with NDDs arising from hotspot
mutations in the GRIK2 gene. Whole exome sequencing and informatics analysis identified four
additional children with de novo GRIK2 variants that occur in the exon encoding the M3 and
M3-S2 domains. Three children with severe pediatric epilepsy or white matter abnormalities
harbored a nonsynonymous missense mutation resulting in a threonine to lysine variation at
position 660 (GluK2(T660K)). We also identified an autistic child harboring a missense
mutation that resulted in a GluK2(1668T) variant. Introduction of the analogous mutations into
recombinant GluK2 subunits had varied effects on the membrane localization and biophysical
properties of the receptors when expressed in HEK293 cells. GIuK2(T660K) receptors were very
similar to GIuK2(A657T) in their slowed decay kinetics and destabilized desensitized states,
whereas GluK2(1668T) had profoundly reduced peak amplitudes and rapid desensitization. Our
data further demonstrate that that variants in the GRIK2 KAR subunit gene leading to M3/M3-S2
hotspot substitutions alter channel function and in some children cause severe NDDs. A trio of
children containing the same variant (T660K) exhibit grossly similar developmental and
neurological phenotypes, suggestive of strong penetrance. Dysfunctional KARs are therefore one
of the growing list of synaptic signaling molecules that can underlie disorders of brain
development.
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Abstract: Activity regulated cytoskeleton-associated protein (Arc, aka Arg3.1) is an immediate
early gene product that is critical for dendritic spine regulation and neuronal plasticity.
Interestingly, Arc along with NMDA receptors (NMDAR), were identified as “hubs” of protein
interaction in screens for de novo mutations linked to schizophrenia. Previous studies from our
lab revealed that Arc binds NMDAR subunits NR2A and NR2B, suggesting these proteins may
form a “superhub” relevant to schizophrenia (Zhang et al., 2015). Here, we examine Arc-
NMDAR binding. NR2A contains three Arc binding motifs: aa 1047-1053, aa 1169-1174, and aa
1220-1226. The NR2B subunit contains one Arc binding motif: aa 1384-1398. To confirm the
interactions and pinpoint the amino acids critical for NMDA-Arc binding, a reconstitution
system in human embryonic kidney (HEK) cells is used. Complex formation is established by
co-transfection of Arc, NMDAR or their mutants into HEK-293T cells. Arc and putative binding
proteins are co-immunoprecipitated (co-1P) and further detected with immunoblotting. Co-IP
experiments have confirmed that NR2A and NR2B containing NMDARs form a complex with
Arc in HEK cells. Co-expression of PDS-95 markedly enhances Arc-NMDAR complex
formation. NR2A Arc binding motif deletion shows a decrease in NR2A pulldown. Ongoing co-
IP experiments examine the effect of point mutations in NMDAR Arc-binding motifs that
modulate NMDA-Arc binding. Additionally, since the NMDA receptor is a target of
psychotomimic drugs, we will test NMDA receptor agonists, antagonists, and positive allosteric
modulators in our reconstitution system to determine if they impair or strengthen the NMDA
receptor-Arc-PSD-95 complex. This work will provide insights into the molecular mechanism of
Arc -NMDAR binding, and a basis for understanding the role of this putative signaling complex
in schizophrenia.
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Abstract: Excitatory receptors play an inherent role in proper brain function and are essential to
neurodevelopment. Our study focuses on NMDARs (N-methyl-D-aspartate receptors), which
mediate synaptic plasticity, a key mechanism underlying memory and learning. It has been
illustrated that alterations to the NMDAR complex can have downstream effects on the
synapses’ capacity to function, and on downstream signaling processes. NMDARs form
tetramers made up of different subunit combinations (GIuN1; GIuN2A-D; GIuN3A-B), which
allows fine-tuning of receptor function. Two of the most abundant of these subunits are GIuN2B
and GIuN2A. These subunits have a striking developmental profile, with GIuUN2B subunits being
highly expressed early in development and GIuN2A levels increasing closer to birth.
Dysfunction of these receptors yields improper formation of the nervous system, which could
lead to the phenotypes observed in a variety of neurological and psychiatric disorders.

The GIuN2B subunit is an essential component of NMDARs early in development, and previous
studies have illustrated the critical importance of its C-terminus in stabilizing these receptors at
the synapse. For example, the C-terminus of NMDARs is important for modulating receptor
surface expression, intracellular trafficking, localization and downstream signaling. The GIuN2B
subunit has emerged in recent years as an important disease-causing gene in neurodevelopmental
disorders, such as autism and intellectual disability (ID). Some of our previous research has
shown phenotypes of autism-associated variants to have GIuUN2B receptor defects, in particular
GIuN2B S1413L (Liu et al., 2017.) We now focus on additional variants along the C-terminus
identified in cases of neurodevelopmental disorders such as autism and 1D, including missense
and frameshift mutations. Our study looks at the phenotypic effects of these GIUN2B variants
using several different assays to assess their altered properties, including surface expression,
trafficking and the study of the molecular complex associated with GIuN2B-containing
NMDARs. We have observed significant alterations in phenotypes, relative to WT (wild type)
subunits in the parameters analyzed, demonstrating the impact of C-terminal variants on receptor
trafficking and surface stability. By having a better understanding of what deficits occur at the
molecular level of disease-causing genes, we hope to elucidate the receptor dysfunction
underlying disease etiology.
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Abstract: Over the last decade, a growing number of central nervous system (CNS) disorders
have been linked to autoantibodies against synaptic and neuronal cell-surface proteins. These
autoimmune encephalopathies present with a wide range of symptoms, from prominent
psychiatric and cognitive manifestations, such as psychosis, distorted thoughts and memory loss,
to severe seizures and autonomic instability. Studies of patient cerebro-spinal fluid (CSF)
revealed that in a population of patients the antibodies recognize an epitope situated within the
N-terminal domain of N-methyl-D-aspartate receptor (NMDAR), causing receptor cross-linking
and subsequent internalization. However, these studies could not discriminate between the
effects of anti-NMDAR and various other anti-neuronal antibodies present in patient CSF.

Thus, we recently generated recombinant monoclonal antibodies cloned from single B cells from
patients CSF, which give us a unique tool to characterize the specific contribution of anti-
NMDAR antibodies to disease pathology. Using a combination of cell imaging assays and
electrophysiological recordings, we investigated the effects of anti-NMDAR antibodies on single
neuron function and network activity. We are currently examining the specificity of the antibody
to various receptor and neuronal subpopulation. These data provide important insights into the
specific mechanisms of anti-NMDAR encephalitis and possibly explain its diverse
symptomatology.
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Abstract: Systemic lupus erythematosus (SLE) is an autoimmune inflammatory disease where
patients may develop perturbations in neurological and psychiatric function. A subset of these
patients produce anti-dsDNA antibodies (DNRADbs) that cross-react with the NMDA receptor.
DNRADbs mediate acute synaptic dysfunction and excitotoxicity largely in the hippocampus, later
manifesting into impaired spatial memory and place field defects. NMDA receptors are
ionotropic glutamate receptors, obligate heterotetramers that are typically composed of two
GIuN1 subunits and two GIuN2 subunits. The major GIuN2 subunits in the CAL region of the
hippocampus are GIuN2A and GIuN2B. These subunits have vastly different pharmacological
and physiological properties, yet how DNRADs specifically exert their cytotoxic effects through
each NMDA receptor subtype is largely unknown. Here, we use a combination of ion channel
biophysics and lupus mouse models to interrogate the subtype specificity of DNRAbs on NMDA
receptors. We find that DNRADbs act as positive allosteric modulators (PAMs) on NMDA
receptors with GIuN2A-containing NMDA receptors exhibiting much greater sensitivity to
DNRADbs than those with exclusively GIuN2B at the whole-cell and single-channel level.
Accordingly, GIuN2A-specific antagonists provide greater protection from DNRAb-mediated
neuronal cell death than GIuN2B antagonists. Using transgenic mice to perturb expression of
either GIUN2A or GIuN2B in vivo that are immunogenized to generate lupus autoantibodies, we
find that DNRAb-mediated disruption of spatial memory characterized by early neuronal cell
death and subsequently microglia-dependent synaptic pruning in the hippocampus requires
GIuN2A, but not GIuN2B. Our results suggest that GIuN2A-specific antagonists or negative
allosteric modulators are strong candidates to treat SLE patients with neuropsychiatric
dysfunction.
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Abstract: Immediate early genes (IEGSs) contribute to neuronal plasticity and memory
formation. It has been shown that neuronal activity and subsequent NMDAR-stimulation by
glutamate triggers the formation of type I topoisomerase (Top2R)-mediated double strand
breaks (DSBs) in the promoters of IEGs in neurons. These activity-induced Top2f-mediated
DSBs are thought to be crucial for the experience-driven changes in neuronal function associated
with learning and memory. However, DSBs are arguably the most deleterious DNA lesion and
are induced upon irradiation (IR). Several data suggest that IR also modifies gene expression,
which is considered to be a critical component of IR-induced brain damage and neuronal
radiosensitivity. Thus, the interference of NMDAR- and IR-dependent DNA damage and repair
could be a mechanism having important physiological and pathological implications for neuronal
function by regulating gene expression. Therefore we intended to analyze in a comparative study
the expression profile of distinct genes upon NMDAR- and IR-induced DSBs to get insights in
the mechanisms and the signal pathways involved in altering expression of IEGs. The first aim
was to examine the impact of NMDA and IR on i) Top2f3 DSB-induction and ii) physiological
and cellular functions in neurons to see whether IR-induced DSBs interfere with the function of
activity-induced DNA DSBs. We found in primary hippocampal neurons cultivated for 14 days
that NMDA incubation increased DSBs by staining against the phosphorylated form of histone
variant H2AX whereas application of NMDAR blockers prevented DSB induction. NMDAR-
mediated DSBs diminished within 2 hours after application indicating that these DSBs are
transient and repaired by NHEJ. Reverse transcription polymerase chain reaction (RT-PCR) and
Western Blot data showed an increase in relative fold expression of IEGs when neurons were
treated with NMDA, the Top2R-inhibitor Etoposide, or in combination and revealed a decrease
upon NMDAR antagonist application. Functional analysis of the cultures by Multielectrode array
(MEA) chips showed an increase in spike activity upon NMDA and Etoposide treatment, which
indicates a correlation of IEG expression and neuronal function in our cultures. Preliminary
results upon IR showed that lower doses (<1 Gy) lead to a decrease in both, IEGs expression and
spike activity, whereas higher doses had an opposite effect. In conclusion, our data provide new
insights in the impact of activity- and IR-dependent DSBs in the regulation of IEG expression in
neurons.
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Abstract: Introduction Most neuronal modelling relies on the over 60 year old Hodgkin Huxley
equations, but these are based on squid axon currents and are known to be deficient in certain
aspects. They use voltage-dependent open state inactivation, which is known to be incorrect, do
not display biexponential open state inactivation, do not produce a significant persistent sodium
current (Inap) and have activation kinetics inconsistent with those observed in central neurons in
recent high-resolution recordings

We present a new model that is simpler in structure than H-H and replicates all the above
properties by implementing a novel state topology which allows opening from all closed states
into two open states and a single fast inactivated state.

Methods and Results Voltage clamped sodium currents were recorded from acutely dissociated
rat CA1 hippocampal neurons as well as human Nav 1.2 heterologously expressed HEK cells at
~12C. These currents were then fitted to a 5 state Markov model using a “swarm” algorithm to
optimise parameters.

This model was able to fit graded exponentiated activation kinetics, biexponential inactivation
and INap properties very accurately. Additionally, the open state inactivation was non-voltage
sensitive as found in gating current experiments. Subsequent modelling at the single cell network
level revealed reduced time to firing for single neurons and different resonant frequency
behaviour of conductance based cortical microcircuit models. The model has been implemented
in Matlab and Neuron and can be easily substituted into models using these platforms.
Conclusions A much more accurate model of central neuron sodium currents with reduced
complexity has been developed that can be substituted for the HH equations.
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Abstract: Voltage-gated sodium (Nav) channels provide the basis for neuronal excitability in the
brain. Of the nine Nav channel isoforms (Nav1.1-Nav1.9), Nav1.1 exhibits cell-specific
distribution in fast-spiking parvalbumin (PV) interneurons in the cortical circuit. Reduced firing
of these cells is a common feature in neuropsychiatric and neurodegenerative disorders, raising
the need to develop selective allosteric modulators targeting Nav1.1. The fibroblast growth factor
14 (FGF14) directly binds to the C-terminal tail of Nav channels resulting in isoform-specific
modulation of Na+ currents and channel biophysical properties. These unique structure-function
properties of protein:protein interaction (PPI) interfaces between FGF14 and different Nav
isoforms could provide a novel target for developing isoform-specific small molecule modulators
of Nav channels. Here, we have conducted a ligand-based high-throughput virtual screening
against the FGF14:Nav1.1 complex using Autodock. We used a grid box encompassing a portion
of the FENY'YV sequence (residues 155-160) of FGF14 within a distance of 8A from the Nav1.1
C-tail; this region is part of a previously identified druggable pocket within the B9 sheet of
FGF14. We initially identified 1001 ZINC compounds predicted to bind this interaction site out
of 642,759 screened ligands, and these were further narrowed down to 14 hits based on putative
binding scores. Finally, we selected ZINC1 and ZINC3 for further studies based on chemical
properties, including predicted cLogP. Surface plasmon resonance and whole-cell patch clamp
electrophysiology confirmed binding of ZINC3 to FGF14 and functional activity of the
compound against Nav1.1-mediated Na+ currents. Interestingly, ZINC3 functional effect on
Navl.1 currents was FGF14 isoform-dependent. The compound suppressed Navl.1 peak
transient currents (n=14, p<0.0031) and decreased channel availability through regulation of
long-term inactivation (n=214, p<0.005) in the presence of FGF14-1b, while induced a
depolarizing shift in the voltage-dependence of activation in the presence of FGF14-1a (n=6,
p<0.002). In conclusion, ZINC3 and other small molecules targeting the FGF14:Nav channel PPI
interface could serve as scaffolds to develop Nav channel isoform-specific allosteric modulators
with broad applicability for neuropsychiatric and neurodegenerative disorders.
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Abstract: Navl.2, a voltage-gated sodium channel encoded by SCN2A, is responsible for action
potential firing and propagation in the central nervous system. Due to the wide adoption of whole
gene sequencing over the past few years, a strong correlation has been established between
genetic variants of SCN2A and neurological diseases including epilepsy, autism spectrum
disorders (ASDs), intellectual disability among others. Gain-of-function variants are suggested to
increase excitability of neurons which may lead to epilepsy, whereas loss-of-function variants
are considered to be associated with ASDs. To understand how some of the major recurring
variants of SCN2A perturb neurons and alter neuronal excitability, we used CRIPSR/Cas9 to
create SCN2A disease-associated variants in a human reference iPSC line (KOLF2-C1). Using
reference iPSCs enables these variants to be engineered rapidly and assessed within the same
genetic background, eliminating the potentially confounding contribution of other genetic alleles
present in individual patients. We are using patch-clamping to study biophysical properties and
excitability of neurons derived from these engineered iPSCs. The data we present would validate
the feasibility of using iPSC disease models to study the corresponding phenotypes and to
elucidate disease mechanisms caused by SCN2A variants identified from patients with these
neurological diseases.
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Abstract: Voltage-gated sodium channels including Nav1.2 (encoded by gene SCN2A) play
essential roles in initiating action potentials in central nervous system. Loss-of-function variants
of Nav1.2 are closely related to autism spectrum disorder (ASD), intellectual disability and other
neurodevelopmental disorders. However, the relationship between dysfunction of Nav1.2
channel and neuronal excitabilities underlying pathophysiological conditions remains elusive.
We acquired a mouse model in which Scn2a is expressed in a substantially low level without
perinatal lethality. Using whole-cell patch-clamp recording in brain slices, we are performing a
study to understand how neuronal properties and neural network excitabilities are altered when
Scn2a expression level is profoundly reduced. Additionally, morphologic changes of principal
neuronal dendritic trees and spines in different brain regions are being explored in this mouse
model. The data we obtain will elucidate how Nav1.2 channel affects neuronal properties and
how the reduction of Scn2a expression leads to pathophysiological conditions, laying a
foundation for further understanding of Nav1.2-related neurodevelopmental disorders.
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Abstract: Dysfunctions of sodium channel Nav1.2, encoded by the Scn2a gene, is closely
associated with autism spectrum disorder (ASD) and epilepsy. Nav1.2 is crucial for the
generation and backpropagation of the action potential (AP) in central nervous system.
Canonical methods of disrupting Scn2a coding exons produced homozygous mice (Scn2a™) that
die a few days after birth. Heterozygous mice (Scn2a*"), on the other hand, display mild
abnormalities but do not recapitulate severe disease phenotypes seen in patient. Here we report a
mouse model in which the expression of Scn2a is substantially, but not completely, reduced.
These mice can survive to adulthood, likely due to the residual Nav1.2. A profound reduction in
Scn2a expression levels was confirmed by whole brain g°PCR, RNAseq, and Western blot
analysis. Bioinformatic analysis of the RNAseq data is being performed to understand how
substantial reduction of Scn2a expression may affect the molecular landscape of neurons in
different brain regions. The expression pattern of Scn2a in the mouse brain is also being studied.
Since dysfunction of Scn2a is associated with epilepsy and classic Scn2a*~ heterozygous mice
were suggested to have absence-like seizure, we are currently studying the seizure susceptibility
of our mouse model using electroencephalogram (EEG) as well other technologies. Our studies
will contribute to the understanding of Scn2a in a variety of neurological diseases, especially the
diseases caused by loss-of-function of Scn2a including ASD and its seizure comorbidities.
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Abstract: Recent whole exome sequencing studies have discovered a strong correlation between
the voltage-gated sodium channel Nav1.2 (encoded by gene SCN2A) and autism spectrum
disorder (ASD), as well as other neurodevelopmental disorders. Nav1.2, together with Navl.1
and Nav1.6 which are major sodium channels also expressed in the central nervous system,
regulates neuronal excitability. Homozygous knockout of Scn2a 7 results in perinatal lethality in
mice. Heterozygous Scn2a *- mice display mild abnormalities in some assays but do not seem to
recapitulate severe disease phenotypes. To further explore the relationship between the
dysfunction of Scn2a and ASD and its comorbidities, our lab acquired a mouse model in which
the expression of Scn2a is substantially reduced. We are currently conducting a behavioral
battery to assess the phenotypes of these mice based on the Fifth Edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) definition of ASD as well as assessing whether
other reported comorbidities of ASD (i.e. learning and memory deficits, anxiety) are present. We
plan to test both males and females to determine if there are sex differences. The data we obtain
will justify that these mice can be used as a model to study severe ASD and its related
comorbidities associated with SCN2A loss-of-function mutations.
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Abstract: Palmitoylation is a reversible post-translational lipid modification that dynamically
regulates protein trafficking and membrane association. Voltage-gated sodium (Nav) channels
are subjected to palmitoylation and exhibit altered functional properties in different
palmitoylation states. Our aim was to investigate whether and how palmitoylation regulates
Nav1.6 channel functions, and to identify palmitoylation sites in Nav1.6 that can potentially be
pharmacologically targeted. Using the acyl-biotin exchange assay, we found that Nav1.6 is
modified by palmitoylation in the mouse brain as well as in the HEK cell line stably expressing
Nav1.6. With whole-cell voltage clamp, we discovered that disrupting palmitate incorporation
with 2-Br-palmitate resulted in a 67% reduction of Nav1.6 current and a 8mV hyperpolarizing
shift of the voltage-dependence of inactivation. Enhancing palmitoylation with palmitate acid,
the substrate for palmitoylation, increased Nav1.6 current by 78%. To identify the palmitoylation
sites responsible for these functional alterations, we substituted three cysteines (C1169, C1170,
C1978), predicted to be palmitoylated in Nav1.6, with alanines. We found that the double
cysteine mutant (C1169,1170A) replicated the hyperpolarizing shift observed with 2-Br-
palmitate treatment, while C1978 was responsible for the current density effect. Interestingly,
C1978 is exclusive to Nav1.6 among all isoforms of voltage-gated sodium channels and it is
evolutionally conserved among most species. This suggests an important role of C1978
palmitoylation in regulating Nav1.6 functions. Indeed, Nav1.2 (without the homologous C1978)
did not exhibit increased current density when treated with palmitate acid. However, when a
cysteine was introduced to the homologous site in Nav1.2 (K2005C), the mutant channel
displayed similar current density response to palmitate acid treatment as Nav1.6, affirming the
unique role of Nav1.6 C1978 in regulating channel current density. Therefore, palmitoylation
may serve as a novel isoform-specific mechanism to modulate neuronal excitability in
physiological and diseased conditions.
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Abstract: Sodium currents produced by Nav1.6 are critical for action potential initiation and
propagation in neurons. Aberrant alterations to Nav1.6 activity and expression are linked to
disorders of excitability, including epilepsy and pain. Reversible phosphorylation of Nav alpha
subunits by kinases is a powerful mechanism that can mediate these changes and consequently
modify neuronal function in synaptic physiology and pathology. The Ca?*/calmodulin-dependent
protein kinase Il (CaMKII) is a kinase that is critical for neuronal excitability and cellular
plasticity. Although this kinase is known to modulate Nav isoforms critical for cardiac and
neuronal function, the ability of CaMKII to modulate Nav1.6, the primary voltage-gated sodium
channel in mature axon initial segments and nodes, is unknown. In this study we use nanoflow
liquid chromatography coupled with electrospray-ionization mass spectrometry (LC/ESI-MS) on
Nav1.6 affinity-purified from HEK293 cells stably expressing the channel under conditions
facilitating CaMKI|1 activation or inhibition to show that phosphorylation is predominantly
limited to the first intracellular loop (L1) of Nav1.6. Here we identify 11 phosphorylation sites
located in this region, 3 of which are novel CaMKII phosphorylation sites (S561, S641 and
T642) and the remainder phosphorylated by other kinases. Functional analysis shows that
inhibition of CaMKII with CN21 in neuronal ND7/23 cells transiently expressing TTX-resistant
Nav1.6 results in a significant reduction in Nav1.6 transient and persistent current density, with
negligible effects on voltage-dependent gating properties. We show that the substitution of S561,
S641 or T642 with an aspartic acid mimics phosphorylation and prevents CaMKII inhibition-
mediated reductions in sodium currents. Alanine substitution at S641 and T642 ablates these
effects. Our study is the first to demonstrate CaMKII phosphorylation and modulation of the
critical neuronal voltage-gated sodium channel Nav1.6 and may suggest a novel mechanism in
regulating neuronal excitability.
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Abstract: SCN8A encephalopathy results from de novo gain-of-function mutations affecting the
sodium channel Nav1.6 that lead to neuronal hyperactivity. Affected individuals exhibit early
onset seizures, developmental delay, and cognitive impairment, and are not well controlled by
available therapies. We evaluated the effectiveness of anti-sense oligonucleotide (ASO)
treatment using a conditional mouse model with Cre-dependent expression of the patient
mutation p.Arg1872Trp. Mice were treated with an ASO that decreased the abundance of the
Scn8a transcript by 40% after intracerebroventricular injection of neonatal mice. A dose-
dependent increase in survival from 2 weeks to 7 weeks was observed, with a further increase to
9 weeks after a second dose of ASO. The treated mice did not exhibit the movement disorders
seen in spontaneous hypomorphic mutants that have 90% reduction of transcript, such as ataxic
gait, dystonia, hind limb paralysis or muscle wasting. Sciatic nerve conduction velocity was
reduced by 25% in ASO treated mice without a visible effect on mobility. The data demonstrate
the potential utility of ASO therapy for this intractable childhood epilepsy.
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Abstract: lon channel macromolecular complexes play a critical role in regulating and finely
tuning neuronal firing. Minimal disturbances to these tightly controlled protein:protein
interactions (PPI) can lead to persistent maladaptive plasticity of brain circuitry. However, these
PPI interfaces are highly specific and provide ideal targets for drug development, especially in
the CNS where selectivity and specificity are vital for limiting side effects. We present the initial
results of a high-throughput drug screening (HTS) campaign targeting the PPI interface of the
voltage-gated Na* (Nav) channel 1.6 and its regulatory protein, fibroblast growth factor 14
(FGF14). The FGF14:Nav1.6 complex is enriched in medium spiny neurons in the nucleus
accumbens, and therefore compounds targeting this complex could bring about a new class of
anti-depressants or mood stabilizers. Following assay optimization in 384-well plates, we
conducted an in-cell HTS against the FGF14:Nav1.6 complex using the split-luciferase
complementation assay (LCA). We screened ~50,000 small molecules and rationally-designed
drug-like analogues in duplicate, and compound Z-scores were calculated by normalizing
luminescence to per plate controls (0.3% DMSO). A fluorescence-based cell viability assay was
conducted in parallel, and potentially toxic compounds were excluded (Z<-3). Using cut-offs of
Z<-5 for inhibitors and Z>3 for enhancers, we initially identified 960 hits. Of these, 640
compounds failed to achieve significance during validation screening (n=3), and an additional
149 were identified as false positives based on counter-screening against luciferase (Z<-3 or
7>3). The remaining 168 hits were then stratified by structural and chemical properties including
predicted permeability (logP), and an initial dose response was conducted for 60 compounds
with the greatest potential for blood-brain barrier permeability. We repurchased 26 promising
compounds for validation by an expanded 10-point dose response, and hits were then ranked
based upon their potency (ECso/ICso) and efficacy. Estimated in-cell 1Cso of the top 14 inhibitors
ranged from 0.95 to 15 puM, while estimated ECso of the top 4 enhancers ranged from 0.65 to
1.21 pM. Cell-free orthogonal screenings including surface plasmon resonance (SPR), protein
thermal shift (PTC), and isothermal titration calorimetry (ITC) were subsequently used to assess
hit binding affinity for purified FGF14 and Nav1.6 protein, and in silico docking was used to
predict potential binding sites. Promising hits are now being functionally evaluated as
modulators of Nav1.6 currents and neuronal firing from MSNs in the nucleus accumbens.
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Abstract: Despite many years of effort towards drug development, about 30% of patients with
newly diagnosed epilepsy eventually become refractory to treatment (French, 2007; Regesta and
Tanganelli, 1999). A clear need exists for the development of novel anti-epileptic therapies. Most
commonly prescribed anti-epileptic drugs (AEDs) have different therapeutic profiles and
efficacy on multiple molecular targets (Rogawski et al., 2015; Remy and Beck, 2006). Many of
these drugs are non-selective inhibitors of voltage-gated sodium channels. However, sodium
channel isoform distribution is distinct and non-uniform within neurons in the brain. In the CNS
of wild-type mice at P21 and beyond, the Nav1.1 isoform is believed to dominate in the axon
initial segment (AIS) of inhibitory interneurons (Ogiwara et al., 2007; Yu et al., 2006). In
contrast, principal neuron sodium channel expression is believed to be dominated by Nav1.2 and
Navl1.6, with Nav1.6 expression dominant in the nodes of Ranvier and AlIS after about P20, while
Nav1.2 expression dominates in the AIS at P15 and earlier (Liao et al., 2010; Hu et al., 2009;
Caldwell et al., 2000). Therefore, a non-selective sodium channel inhibitor might impair action
potential (AP) firing in both excitatory and inhibitory neurons, diminishing the desired effect of
reduced network hyperexcitability. Xenon has developed highly selective inhibitors of the
Nav1.6 and Nav1.2/1.6 isoforms, and here describe their effect on AP firing in pyramidal neurons
and interneurons in mouse brain slices. Selective inhibition of Nav1.6 with bath application of
500 nM XPC-7224 (~3X 1C50 for Nav1.6 stably expressed in HEK293 cells) significantly
inhibits firing of pyramidal neurons in cortical layer 2/3 pyramidal neurons in brain slices from
adult CF-1 mice, as measured by current clamp electrophysiology. However, the same
concentration of XPC-7224 had markedly less impact on AP firing in cortical inhibitory
interneurons. Similarly, inhibition of Nay1.2/1.6 with bath application of 150 nM XPC-5462
(~3X IC50) impairs AP firing in cortical pyramidal neurons with only modest effect on AP firing
in cortical inhibitory interneurons. In contrast, bath application of 100 uM carbamazepine (~3X
IC50), a commonly prescribed AED, impairs AP firing in both pyramidal neurons and
interneurons in brain slices from age-matched mice. Nav1.6 and Nav1.2/1.6 selective molecules
attenuated AP firing in excitatory pyramidal neurons, while sparing the inhibitory function of
interneurons. We anticipate that this profile could lead to improved efficacy in epilepsy patients
relative to currently marketed non-selective sodium channel-inhibiting AEDs.
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Abstract: Background: A direct role of sodium channels in pain has recently been confirmed by
establishing a monogenic link between SCN9A, the gene which encodes sodium channel Nav1.7,
and pain disorders in humans, with gain-of-function mutations causing severe pain syndromes,
and loss-of-function mutations causing congenital indifference to pain. Lacosamide has been
clinically approved as an anti-epileptic drug and targets voltage-gated sodium channels. The
mechanism of action of Lacosamide shows slow kinetics, a finding that has been interpreted as
suggesting a preferential effect on the slow-inactivated state compared to other compounds that
are thought to bind to the local anesthetic site. Here we used voltage-clamp recordings to
evaluate the effects of Lacosamide on Nav1.7 variants carried by patients (responders and non-
responders) that participated in a trial on the clinical effectiveness of Lacosamide for relieving
pain against small fiber neuropathy.

Results: At the clinically achievable concentration of 30uM, we characterized the effect of
Lacosamide on use-dependent block, fast-inactivation and slow-inactivation. We observed



different effects of Lacosamide in these protocols when comparing different hNav1.7 variants.
Conclusions: Comparison of the clinical responses to Lacosamide to the hNav1.7 variant that the
patient carried suggests that for certain variants, clinical responsiveness could be correlated with
in-vitro drug responses.
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Title: Nav1.8 gain-of-function mutation in a patient with familial trigeminal neuralgia
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Abstract: Background Trigeminal neuralgia (TN) is chronic pain disorder characterized by
paroxysmal pain in one or more divisions of the trigeminal nerve, typically evoked by innocuous
stimuli. Severe neurovascular compression (NVC) of the nerve has been linked to classical TN,
but mild or moderate NV C is not sufficient to cause TN, suggesting contribution by additional
genetic and/or epigenetic factors. Approximately 2% of TN patients have a positive family
history, while the aim of this study is to investigate potential genetic components that contribute
to familial TN.

Methods We collected DNA sample from a 73-year-old man with a family history of TN; his
deceased father had also suffered from a similar disorder. The subject started to experience
paroxysmal pain of the first trigeminal division at age 63, and subsequently developed
concomitant continuous pain. MRI identified a moderate dislocation of trigeminal root with two
conflicting vessels. Whole-exome sequencing (WES) was carried out using Illumina NovaSeq
6000. Rodent/human RNA sequencing data of trigeminal ganglia were applied for evaluation of
the expression of candidate genes.

Results Among 503 uncommon genomic variants, we found 10 genes registered on the Human
Pain Genetics Database. Missense variants were identified in four genes related to electrogenesis



of sensory neurons, comprising voltage-gated sodium channel genes SCN9A (encodes Nav1.7)
and SCN10A (Nav1.8), chloride intracellular channel (CLIC5), and potassium voltage-gated
channel (KCNJ6). Therein, the heterozygous p.Alal304Thr mutation in Nav1.8 was previously
described in a female patient with episodic stabbing pain in distal extremities, and was shown to
increase excitability of sensory neurons. Sequencing analysis of two unaffected siblings (a
brother and a sister) validated that only the Nav1.8-A1304T mutation was unique to the affected
brother.

Conclusions We identified a gain-of-function mutation in SCN10A in a patient with classical TN
and a positive family history. The previously characterized Nav1.8-A1304T mutation has been
shown to increase excitability of sensory neurons and thus can be considered as likely to
contribute to TN in the affected subject. To our knowledge, SCN10A has never been linked to the
TN phenotype, and our findings highlight the crucial role of sodium channels in the
pathophysiology underlying TN.
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Abstract: Nav1.9 has been shown to play an important role in human pain. Low functional
expression in heterologous systems has hampered progress for a better understanding of Nav1.9
electrophysiological and pharmacological properties. The purpose of this study was to better
understand molecular mechanisms that govern functional expression of Nav1.9 and to identify its
molecular determinants.

First, we explored the ability of Nav1.9 to be inserted within the plasma membrane in transiently
transfected HEK-293 cells. We produced a modified Nav1.9 channel to follow its distribution



within the cytoplasm and the plasma membrane by TIRF imaging as it was previously described
for Nav1.6. A similarly modified Nav1.7 channel, known to produce robust current in HEK-293,
was used as a comparator. We showed that very low number of Nav1.9 channels were present on
the surface of most HEK-293 cells after transient transfection. However, only a subtle difference
was observed in total protein expression between Nav1.9 and Nav1.7 constructs on a Western
blot suggesting impaired delivery of Nav1.9 to the cell surface. To look for possible
explanations, we focused on C-terminal part of the channel. A chimeric construct with C-
terminus of Nav1.9 replaced with C-terminus of Nav1.7 produced a substantial current in
transiently transfected HEK-293 cells, although its electrophysiological properties were
considerably altered compared to the native Nav1.9 channel.

We next explored the role of Nav C-termini in functional expression of Nav1.9 in HEK-293 cells
by creating a number of constructs carrying C-termini of either Nav1.9, or Nav1.7, or Nav1.6, or
a full GFP sequence (as a control). Surprisingly, expression of Nav1.9 C-terminus in isolation
was dramatically lower in HEK-293 cells compared to all other C-termini and GFP. Substitution
analysis in the C-terminus of Nav1.9 by the corresponding sequence from Nav1.7 allowed us to
narrow down the critical expression determinant to 49 amino acids.

Finally, we tested the role of the newly identified 49 amino acids in the contest of the full
channel length. Although steady-state levels of the protein were not substantially increased as
measured on western blots, chimeric construct Nav1.9-49nav1.7 produced substantial current in
transiently transfected HEK-293 cells while preserving most of electrophysiological properties of
the native Nav1.9 channel. The reciprocal chimera Nav1.7-49nav1.9 Showed a reduction in
functional Nav1.7 expression accompanied by alterations of channel electrophysiological
properties. Altogether, these data suggest a critical role of the newly identified 49 amino acid
stretch in channel functional expression.
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Abstract: Voltage-gated sodium channels (Navs) are responsible for the rising phase of the
action potential and play a critical role in regulating neuronal excitability. In particular, Navs 1.7
and 1.8 are expressed in dorsal root ganglion (DRG) sensory neurons and largely determine the
excitability of these cells. Mutations in these channels are implicated in genetic pain disorders,
with gain-of-function mutations leading to uncontrollable pain in inherited erythromelalgia, and
loss-of-function in Nav1.7 to congenital insensitivity to pain. As key transducers of pain signals,
these channels are promising targets for non-opioid analgesia. While the electrophysiological
properties of these channels and the effects of disease-causing mutations have been
characterized, little is known regarding their subcellular localization and dynamic organization in
nerve cells. Here, we describe studies using HaloTag and SNAPTag self-labeling protein tags,
together with bright and photostable Janelia Fluor-tagged Halo and SNAP ligands, to visualize
full-length tagged sodium channels in live neurons at single molecule resolution. We are using
tagged channels to investigate possible isoform-specific differences in cell surface expression on
soma as well as proximal and distal axonal membranes. Using single particle tracking
microscopy, we are investigating the stability of these channels within the plasma membrane in
the distal axon. Using a novel optical pulse-chase assay in microfluidic chambers, Optical Pulse-
Chase Axon Long-distance (OPAL) imaging, we are investigating axonal trafficking of Nav1.8
and Nav1.7 in vesicles. We are also investigating the effects of inflammatory mediators on the
trafficking of these channels. These studies will advance our knowledge regarding possible
isoform-specific channel distribution and dynamics in sensory axons at a distance from the soma,
which will add to our understanding of the development and maintenance of excitable
membranes and help to inform the design of new analgesic therapies.
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Abstract: A significant unmet medical need remains in the area of chronic pain, and the
generation of a novel analgesics is desired all over the world. It is well known that voltage-gated
sodium (Nav) channels primarily contribute to the generation of neuronal action potentials, and it
is thought that they play a pivotal role in the pathogenesis of pain. In fact, it is known that
several drugs such as lidocaine, non-selective Nav channel blocker, show potent analgesic
efficacy in clinic. It has been also reported that Nav channels have multiple states such as resting
state (RS), fast inactivation state (FIS), slow inactivation state (SIS), however there is still room
for discussion about a preferable subtypes and states-selectivity for the drug discovery of novel
analgesics targeting Nav channels. We have recently developed an electrophysiological assay
platform for Nav channels internally, and initially evaluated state-dependent inhibitory profiles
of clinically used analgesics known to inhibit Nav channels (carbamazepine, lidocaine,
mexiletine, and duloxetine), CNV-1014802 (under clinical trial), and PF-05089771 (previously
under clinical trial) on Nav1.3, Nav1.6, Nav1.7, Nav1.8 (those are from efficacy viewpoint), and
Nav1.5 (safety viewpoint). In our experiments, sodium currents were measured by Automated
Patch Clamp Systems in the presence of compounds using CHO cells expressing human(h)
Navl.3, Navl.5, Nav1.6, Navl.7, or Nav1.8. In each assay protocol, RS current was measured
by applying a test pulse of 10 mV for 16.5 ms at a holding potential of -120 mV. FIS and SIS
were induced by applying pre-pulses, and currents were measured by a test pulse of 10 mV for
50 ms in the condition that about half of Nav channels were inactivated. As a result,
carbamazepine was shown to be non-state-selective, lidocaine was FIS-selective, mexiletine was
FIS and SIS-selective, and duloxetine was SIS-selective fashion, respectively. CNV-1014802
showed high potency for both FIS and SIS of hNav1.7 and hNav1.8. It also showed high potency
for FIS of hNav1.5 in our study. PF-05089771 showed higher potency for all states of hNav1.7
than for other subtypes; it was also newly found that the potency of PF-05089771 for hNav1.7
SIS was stronger than for hNav1.7 FIS. In this presentation, we will discuss a future direction of
drug discovery targeting Nav channels for the treatment of chronic pain based on the above data.
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Abstract: Vincristine, a widely used chemotherapeutic agent, produces painful peripheral
neuropathy in patients. The underlying mechanisms are not well understood. In this study, we
investigated the involvement of voltage-gated sodium channels in a mouse model of vincristine-
induced painful neuropathy. We found that vincristine treatment (0.75 mg/kg twice a week for
four weeks) results in the development of thermal and mechanical allodynia and renders small
neurons significantly hyper-excitable with both reduced current threshold and increased firing
frequency. Histological examinations did not reveal structural changes at proximal sciatic nerve
or distal toe nerve at the vincristine dose used in this study. Immunohistochemical studies and in
vivo imaging also confirmed that there is no significant change in density or morphology of
intra-epidermis nerve terminals. VVoltage-clamp recordings of small DRG neurons from
vincristine-treated animals showed a 3 mV hyperpolarizing shift in V1/2 of TTX-S current
activation and an 8 mV hyperpolarizing shift in VV1/2 of Nav1.8 activation. These changes in
biophysical properties of sodium currents likely contribute to the enhanced action potential firing
observed in small neurons. Our data show that TTX-S sodium channels (most likely Nav1.7) and
TTX-R sodium channel Nav1.8 together are involved in the hyper-excitability of small DRG
neurons following vincristine treatment which underlies the development of vincristine-induced
painful neuropathy.
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Abstract: Deltamethrin (DM), a commonly used pyrethroid insecticide, exerts its effect on
insects by delaying onset of inactivation in voltage gated sodium (Nav) channels fundamental for
neuronal excitability. Epidemiological data showed a correlation between pyrethroid metabolites
in urine and increased risk of attention-deficit/hyperactivity disorder (ADHD) diagnosis in
children. In rats, exposure to DM results in behavioral phenotypes that mimic aspects of ADHD
and are associated with the dopaminergic (DA) reward pathway in the nucleus accumbens
(NAc). Dysregulation of one subtype of the predominate neuron of the NAc, D1 medium spiny
neurons (MSNS), has been implicated in multiple neurodevelopmental disorders such as ADHD
and autism spectrum disorder. In these MSNS, there is also a prevalence of the isoform Nav
channel 1.6 which in heterologous cell studies conducted in our laboratory was shown to be
altered by prolonged DM exposure. Here, we investigate behavioral aberrations and subtype
specific MSNs dysfunction following early-life exposure to a low level of DM. For the early-life
exposure model, pregnant female C57BL/6J mice were exposed to 3.0 mg/kg of DM throughout
pregnancy and lactation. Then, male mice litter-mates from post-natal day ~30 were used for
subsequent experiments. A variety of behavioral assays were conducted on these animals. In the
open field test total distance traveled was increased, in the social interaction assay time mobile in
the interaction zone was decreased and in the novel object recognition assay time spent in both
the novel and familiar zones was decreased for mice exposed to DM (n=10-17, two sample t-test,
p<0.05). We also employed whole-cell patch-clamp electrophysiology in coronal brain slices to
monitor changes in NAc MSNSs firing due to early-life DM exposure. A decrease in the total
number of action potentials and instantaneous firing frequency was observed (n=7-12, two-
sample t-test, p<0.05). We are currently conducting further electrophysiological experiments to



determine changes to specific MSN subtypes utilizing a transgenic mouse line with MSN
subtype specific fluorescent labeling and post-hoc analysis of electrophysiological parameters.
Together, these studies illustrate the lasting effects of early-life DM exposure on MSNs in the
NAc and behavioral aberrations. These studies will advance our knowledge of the toxic activity
of DM in the developing brain and help assess risk exposure in the human population and the
increased vulnerability to neurodevelopmental disorders.
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Abstract: Voltage-gated sodium channels are one of the major players in generating and
propagating action potentials. Nav1.7 is usually expressed at high levels in the nociceptive (pain)
neurons at dorsal root ganglion (DRG). Gain of function of Nav1.7 channel leads to result in
extreme pain in humans, but loss of function of it leads to Congenital Inability to Pain (CIP).
But, in spite of genetic validation, Nav1.7 blockers have not been successful in clinical
trials.Here we characterized DWP17061 as potent and selective Nav1.7 blocker in vitro and in
vivo pain models. DWP17061 was superior to PF-05089771 in PK profiles and efficacy. We
expect DWP17061 to be a successful analgesic.
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Abstract: We have recently described the identification of a novel schizophrenia susceptibility
gene, the histone methyl transferase SETD1A. A mouse model carrying a loss-of-function (LoF)
mutation in the mouse orthologue shows alterations in axon branching, cortical neurophysiology,
and cognitive function. To determine potential sources of neuronal dysfunction in Setdla(+/-)
mice relevant to schizophrenia, we performed whole-cell recordings in acute brain slices of
prelimbic/infralimbic medial prefrontal cortex (mPFC) from layer 2/3 pyramidal neurons.
Whole-cell current-clamp recordings in from layer 2/3 pyramidal neurons revealed enhanced
excitability in Setdla(+/-) mice. Parallel cell-attached recordings from layer 2/3 pyramidal
neurons revealed alterations in the population distributions of neurons displaying spontaneous
action potentials that were consistent with hyper-excitability and further suggested Setdla(+/-)
hyper-excitability is likely impactful under physiologically relevant network conditions. Notably,
Setdla(+/-) neurons did not differ from WT in resting membrane potential, membrane input
resistance, or membrane time constant suggesting hyperexcitability arose due to alteration in
active conductances. Subsequent voltage-clamp recordings employing voltage-steps revealed
that current responses in Setdla(+/-) neurons differed from WT only over a very narrow voltage
range encompassing typical action potential threshold voltages. In this voltage range, Setdla(+/-)
neurons were deficient in net outward, hyperpolarizing currents consistent with the observed
hyper-excitability. Further recordings employing slow (100mV/s) voltage ramps revealed that
this difference arose due to marked enhancement in Setdla(+/-) mice of the persistent sodium
current that arises from incomplete inactivation of the “fast” voltage-gated sodium channels
principally involved in action potential generation. Taken together, these findings indicate
dysregulation of the persistent sodium current in Setdla(+/-) mice is responsible for observed
neuronal hyper-excitability and further suggest similar dysfunction could play a broader role in
schizophrenia in general. This work was supported by NIH grant RO1IMH080234.
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Abstract: Perinatal stress (PRS) causes impairment of glutamate release in the hippocampus and
changes in glutamate-related behaviors, including a reduction in risk-taking behavior, in adult
rats. Here, we examined whether similar changes occurred during aging using the offspring of
dams exposed to repeated episodes of restraint stress during pregnancy (here indicated as “PRS
rats””). We used 21-months old PRS rats and their controls of both sexes considering that sex is
an important variable in mechanisms of resilience to stress and in the vulnerability to stress-
related disorders. Aged male PRS rats exhibited decreased risk-taking behavior, spatial memory,
and gross and thin motor skills. In contrast, aged female PRS showed reduced risk-taking
behavior but no changes in spatial memory and gross or thin motor skills. Similarly, to adult PRS
rats, these behavioral alterations were associated with large reductions in the levels of synaptic
vesicle-related proteins (Rab3a, SNAP25, and syntaxin) in the ventral hippocampus. Of note,
synaptic vesicle-related proteins were also reduced in the dorsal hippocampus and striatum. In
contrast, aged female PRS rats did not show alterations in the expression of synaptic vesicle-
related proteins in the three brain regions. Adult and aged PRS rats of both sexes showed a
reduction of mGlu2/3 receptor protein levels in the ventral hippocampus, whereas mGlu2/3
receptor levels were reduced in the prefrontal cortex and striatum exclusively during aging.
These results suggest that early life stress causes life-long and gender-dependent alterations in
glutamatergic transmission and related behaviors. This might be relevant in the pathophysiology
of stress-related disorders during aging.
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Abstract: Comorbidity exists between stress-related disorders and disorders of the
extrapyramidal motor system. We decided to examine how perinatal stress influences
neurochemical and behavioral parameters related to striatal motor function. We found that 4-
month old PRS rats (i.e., the adult offspring of dams exposed to multiple episodes of restraint
stress during pregnancy causing reduced maternal care) showed a reduction in depolarization-
evoked dopamine (DA) release in the corpus striatum, as assessed by in vivo microdialysis and
measurement of 3H-DA efflux from superfused isolated synaptosomes, associated with an
increase in steady-state DA levels in the striatum. The number of tyrosine hydroxylase (TH)*
cells in substantia nigra and TH protein levels in striatal synaptosomes was reduced in adult PRS,
whereas striatal levels of the high-affinity DA transporter (DAT) were unchanged. As a
behavioral correlate of these findings, adult PRS rats showed a defective striatal motor
performance in the grip strength and pasta matrix reaching tests. We extended the analysis to
aged (20-month old) PRS rats, which also showed a reduction in the evoked release of *H-DA



from striatal synaptosomes and a defect in striatal motor function (pasta matrix, and ladder rung
walking tests) with respect to age-matched unstressed controls. We analyzed different
dopaminergic synapse-related proteins in the striatum of aged rats, finding no changes in TH,
DAT, and D1 or D2 receptors, whereas, interestingly, a-synuclein protein levels were increased.
Moreover, in aged PRS rats, we observed a reduction in syntaxin, Rab3a and VAMP synaptic
vesicle-related proteins in the striatum. Our findings suggest that early life stress may cause
abnormalities in nigrostriatal dopaminergic function and related motor performance, which are
seen in both adult and aged rats.
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Abstract: Cysteine String Protein (CSPa/DNAIJCS5) is a synaptic co-chaperone that prevents
activity-dependent degeneration of synapses formed by fast-spiking parvalbumin-positive (PV)
basket cells. Based on a mouse line bearing a Dnajc5 floxed allele (Nieto Gonzalez et al., Proc.
Natl. Acad Sci. USA, 2019) we have now conditionally targeted Dnajc5 in PV+ GABAergic
neurons (PV®:Ai27D:Dnajc5"™mice). These mice suffer from hyperactivity, dystonia and
ataxia but without increased mortality compared to control mice at least up to 8 months of age.
We have analyzed the intrinsic neuronal properties and the synaptic function of PV interneurons



at the motor cortex (layer 11/111). The intrinsic neuronal properties and excitability are similar in
interneurons lacking CSPo/DNAJC5 compared to controls at 2 months of age. At 8 months of
age, we detected changes in rheobase and input resistance between interneurons with and without
CSPo/DNAJCS, however, the number and size of PV somata were not reduced. Next, we
analyzed spontaneous release of GABA onto pyramidal neurons and found that the frequency
and amplitude of miniature inhibitory currents (mIPSC) were reduced in mutant mice. The
mIPSC frequency was reduced at 8 months compared to 2 months, which is consistent with
progressive synaptic degeneration in the absence of CSPa/DNAJCS. Remarkably, the mIPSC
amplitude was equally reduced at both ages which it might reveal a primary deficit in the
vesicular GABA content and/or secondary postsynaptic changes in GABA receptors. These
observations set-up an interesting scenario potentially unvealing a dual role for CSPa/DNAJC5
to operate and to maintain synaptic function. Future experiments will investigate the molecular
connection between both roles for CSPa/DNAJCS5 in PV cortical interneurons. We are grateful to
A. Arroyo Saborido and C. Cabrera Romero for excellent technical assistance.
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Abstract: Synaptotagmin-7 (Syt7) is one of the major calcium sensors for regulated exocytosis
in the central and peripheral nervous system. Its high sensitivity allows tunable secretory
responses to a range of stimuli that result in graded increases in intracellular calcium. Despite the
importance of Syt7, questions remain as to its localization and specific functions in nervous
tissue. Here, these issues were examined at a key effector arm of the sympathetic nervous system
- the adrenal medulla - with mice lacking endogenous Syt7 (Syt7 KO). First, using
immunohistochemistry on frozen sections of adrenal glands, we find Syt7 in the axons and



terminals of neurons innervating medullary chromaffin cells, as well as in chromaffin cells
themselves. Syt7 is punctate in appearance consistent with its sorting to organelles. Using whole
cell electrophysiology in adrenal slices, we find that Syt7 is required for a form of synaptic
enhancement termed pair-pulse facilitation as well as for tonic current after a train of pulses.
Syt7 null neurons also more readily undergo depression in response to repeated depolarization
than WT neurons. Our study shows that Syt7 serves key functional roles as a regulator of
neurotransmitter release at pre-synaptic terminals in the peripheral nervous system. In addition,
our results provide new evidence that Syt7 is acting at the presynaptic terminal in the peripheral
nervous system.
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Abstract: The medial habenula (MHb) to interpeduncular nucleus (IPN) pathway has been
recently implicated in the modulation of aversive memory. This neuronal circuit exhibits several
rare properties, the most striking of which is the presence of voltage-gated calcium channel 2.3
(Cav2.3) at the presynaptic MHb terminal. In addition, presynaptic GABAB receptors, which
mediate inhibitory signaling in many brain areas, may exert an unusual excitatory effect on
neurotransmitter release from MHDb terminals. However, the mechanism underlying this
excitatory action of GABAG& receptors is unknown. To better understand the modulation of
Cav2.3-mediated release via GABAGs receptors in this pathway, we studied the co-localization of
presynaptic molecules on MHb terminals using quantitative SDS-digested freeze-fracture replica
labeling (SDS-FRL) and examined the functional implications of molecular interactions via in
vitro electrophysiology. We found Cav2.3 molecules concentrated in the presynaptic active zone



of MHb terminals in SDS-FRL and confirmed that vesicular neurotransmitter release relies
exclusively on Cav2.3. Furthermore, we discovered prominent co-clustering of presynaptic
Cav2.3 with GABAGs receptors and their auxiliary subunits, KCTD8 and KCTD12b. In a co-
immunoprecipitation experiment in HEK cells, we found specific binding of Cav2.3 to KCTD8
and KCTD12b, but not to KCTD12. Using variance-mean analysis, we observed a significant
increase in the probability of neurotransmitter release in mice lacking KCTD12b. In contrast,
release probability was reduced in KCTD8 KO mice. However, the absence of neither KCTD8
nor KCTD12b interfered with the GABAGB receptor-mediated enhancement of neurotransmitter
release from MHDb terminals. Although the mechanism underlying the excitatory effect of
GABAG& receptors remains unclear, our study suggests the interaction of Cav2.3 with KCTDs as
a novel mechanisms by which synaptic strength may be scaled at the MHb-IPN pathway.
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Abstract: Context: The urinary incontinence (Ul) is defined as the involuntary loss of urine and
associated with the enhanced spontaneous contractions of the detrusor smooth muscle (DSM).
The spontaneously evoked action potentials (SAPs) in DSM cells initiate and modulate these
contractions. The DSM is strongly innervated, connecting approximately 16000 afferent and
efferent axons from ganglion neurons. It generates SAPs due to the stochastic nature of
purinergic neurotransmitter release from the parasympathetic nerve. Objectives: The aim of this
current study is to understand the putative relationship between the fluctuating ion channel
conductances and stochastically release of ATP in generating SAPs.Methods: The
neurotransmitter current was considered as an independent excitatory conductance in the model
where gex(t) and Eex(t) are the one-variable stochastic process conductance and the reversal
potential respectively. In addition, Dex and A1(t) are known as the diffusion coefficients and
Gaussian white noise. The point-conductance is incorporated into a single DSM cell model based
on a single cylindrical compartment. Results: The elicited AP consists an after depolarization and



after hyperpolarization phase. The AP peak amplitude and duration are about 5 mV and 40 ms
respectively. Then, the random injection of the point process model is conducted to elicit a series
of sAPs and depolarization for 5 seconds. The membrane resting potential is held at — 50 mV
with a 3 mV of fluctuation. The stochastically depolarization up to 20 mV activates the T-type
Ca2* channel first and then the L-type Ca* channel to generate an action potential. Conclusions:
The T-type Ca?* channel blocker can be used as a new pharmacological target for Ul. In

addition, extended multidimensional models will aid our understanding of DSM electrical and
contractile function, providing windows of insight into the factors that govern excitability and
the contraction in both normal and unstable bladder, in turn shedding light on such phenomena as
bladder overactivity and its underlying mechanisms.
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Abstract: MicroRNAs are small non-coding RNA molecules playing an important role in fine
tuning gene expression. They have been implicated in all aspects of development, physiology
and higher cognitive processes of the nervous system. The mechanisms underlying microRNAs
function in the brain have not been fully clarified yet, particularly in vivo. MiR-138, a brain
enriched microRNA, negatively regulates dendritic spine size and miniature Excitatory Post-
Synaptic Currents in hippocampal primary neurons. We established a mouse line to study the in
vivo miR-138 loss of function. Whole hippocampal RNA sequencing and subsequent GO TERM
analysis show an abundance of differentially regulated synaptic genes after miR-138 loss of
function. Next, by electrophysiological field recordings, we show impaired synaptic transmission
most likely due to a pre-synaptic machinery defect in the Schaffer Collaterals. Consistently, no
morphological abnormalities in dendritic spines have been detected by Golgi staining of
hippocampal slices. Preliminary behavioural tests suggest that these pre-synaptic impairment
leads to defect in short term memory. Taken together these data suggest that miR-138 is a crucial
regulator of pre-synaptic release in hippocampal area with a potential impact on working
memory in rodents.
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Title: Lattice light sheet microscopy reveals presynaptic Ca?* transients highly variant in
amplitude and Ca?* channel subtype
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Abstract: Transmitter release is initiated by action potential (AP)-evoked Ca?* influx through
voltage-gated Ca®* channels (VGCCs). Various spatio-temporal Ca?* requirements for release
have been proposed in different presynaptic terminals, by Ca?* influx through different numbers
of VGCCs with varying spatial relationships to one another and to the release machinery.
VGCCs may be clustered in domains or be more diffuse with perhaps only one channel
necessary for release. The number of functional VGCCs in central synapses is nevertheless
small. This implies that variability of Ca?* transients between APs is high. However, variability
is difficult to measure because VGCCs and terminals are inaccessible to direct recording
approaches and imaging lacks resolution to determine Ca?* entry at active zones. Using an acute
axon dissociation from lamprey we recorded from presynaptic terminals devoid of apposing
postsynapses. Active zone VGCCs were characterized by single channel recordings. N, P/Q, and
R-type were all present with small numbers (3-6, mean 4) of channels opened on single stimuli.
Imaging of the resultant presynaptic Ca?" transients responsible for neurotransmitter release
requires high speed and sensitivity. Speed has been achieved in a number of preparations using
confocal or multiphoton line-scanning or similar approaches. However, high excitation
intensities and limited resolution makes an assessment of signal reliability difficult, while wide
field epifluorescence imaging in tissue creates excessive noise from out-of-focus information.
Lattice light sheet (LLS) imaging overcomes many of these limitations. It enables low-light
excitation and thin sheet (400 nm) excitation through active zones. Using an adapted LLS
microscope, we imaged Ca?* entry to lamprey giant axons, at up to 1kHz in single planes through
axons labeled with Ca?* dyes. This reveals activation of multiple active zones. Ca?* signals
demonstrated quantal-like fluctuations in amplitude randomized across different active zones in
single axons. On repetitive stimulation, evoked transients showed frequency and Ca?* dependent



depression in amplitudes. Similar to data from cell attached recordings, N, P/Q and R-type
channels were pharmacologically identified, but contributions of individual channel types to the
signal varied between active zones in the same axons.
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Abstract: Renal sympathetic nerves are innervated to several effectors, such as vascular smooth
muscle cells, tubular epithelial cells, and juxtaglomerular cells, each of which have a unique
sensitivity to norepinephrine (NE). However, the detailed mechanism by which renal nerves
differentially stimulate the effectors remains unclear. In this study, we immunohistochemically
examined renal nerve terminal characterizations, and expression of specific adhesive molecule
integrins in terminal-effector contacts in the rat kidney. Tyrosine hydroxylase (TH) positive
neurons were passed along to the interlobular and afferent arterioles, and innervated to the
urinary tubules with varicosities. Single-labeled renal ganglion nerve fiber with td-Tomato
plasmid was co-bundled with TH positive nerves and projected to the effectors. These terminal
varicosities were covered with S-100" Schwann cells and closely attached to the outer basal
lamina of the effector cells. Immunoelectron microscopy showed that each terminal covered with
S-100* Schwann cells was separated from the other effectors in the narrow interstitium of the
renal tubules. This suggests that renal nerve varicosity terminals may release NE to the definite
effectors intensively, but not diffusely in the interstitium. Additionally, to examine the adhesion
molecules that maintained nerve terminals with the basal lamina of the effectors, several integrin
subtypes in the renal cortical nerves were subjected to immunohistochemistry. The integrin a4
subunit was expressed in the TH* renal nerves and colocalized with synaptophysinl. Because
integrin a4 is composed of a heterodimer with integrin B1 or 7, these integrins were examined



immunohistochemically. Results showed that integrin B1 was distributed in the renal nerve
fibers. Localization analysis of integrin a4 and fibronectin at nerve terminals revealed that they
were closely adjacent to each other, suggesting that the integrin heterodimer a4p1 (known as
VLA-4) may be one of the attachment molecules predicted to support the terminal junctions.
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Title: Logic of the locus coeruleus-norepinephrine system in anatomical and functional
organization
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Abstract: The Locus Coeruleus (LC) system in the brainstem spreads extensive axonal
projections to almost all brain areas and modulates diverse neural functions. It has been a long-
standing mystery whether LC neurons work synergistically or with heterogeneous modularity.
Here, using the larval zebrafish as a model, we first labeled and reconstructed the morphology of
individual LC neurons, and found that that each LC neuron projects broadly from the forebrain to
spinal cord and shows distinct and asymmetrical projection with ipsilateral preference. In
contrast, the axonal projection of the whole LC system is symmetrical and evenly ramifies in
terminal regions. Interestingly, different LC neuron displays similar physiological properties by
electrophysiology recording. Further, we found all of LC neurons display synchronized
spontaneous phasic firing and consistent sensory evoked responses. NE releases detected by NE
sensor in vivo show synchronization and homogeneity in LC terminal regions. To further assess
the role of the LC homogeneity on network activities, we ablated LC neurons and found that the
excitability and correlation of

brain-wide spontaneous activities decreased significantly, suggesting that LC functional



homogeneity is required for coordinating brain-wide neuronal activities. The study
comprehensively reveals the basic principle of LC system organizations.
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Title: Role of agmatine in the modulation of dopamine output in the rat ventral hippocampus
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Abstract: Agmatine (AGM) is an endogenous arginine metabolite that acts as neuromodulator,
involved in a broad spectrum of central nervous system (CNS) diseases. AGM seems to act as an
endogenous ligand for o2 adrenergic and imidazoline receptors but it has also been proposed as
an N-methyl-D-Aspartate (NMDA) receptor antagonist. It has recently been shown that local
infusion of this metabolite enhances extracellular dopamine (DA) levels in the striatum, effect
that was similar to that one reported for the non-competitive NMDA-R antagonists like
phencyclidine (PCP), ketamine and MK-801, agents commonly used as pharmacological tools to
model schizophrenia. Additionally, acute administration of PCP affects arginine metabolism in
the brain and other research showed increased AGM concentration and glutamate/GABA ratio in
frontal cortex and plasma from the schizophrenia cases. Hippocampus sends (HC) sends direct
projections to the nucleus accumbens, or indirect projections to the entorhinal, cingulate and
prefrontal cortices and has been involved in behaviors relevant to psychosis. The existence in the
HC of a population of AGM synthetizing is well known, but it is still unknown if AGM modifies
DA levels in this brain regions. Thus, the present study was aimed to explore this last possibility
employing the in vivo microdialysis technique. For this purpose, AGM (43.8, 438 uM and 4.38
mM) was locally perfused by reverse dialysis (1.5 pl/min/20 min) in awake rats and DA levels in
dialysate samples (30 pl) were analyzed and measured by HPLC with electrochemical detection.
Results showed that AGM induced a dose-dependent increase in DA levels, a linear relationship
was found in the range of doses 43.8 to 4.38 mM (y = 29.25X + 122.6; R2 = 0.997) regression
analysis R factor, P < 0.001. At 4.38 mM a significant and long-lasting (up to 80 min) increase
on DA output was observed. Statistical analysis of extracellular [DA] revealed an overall
significant effect of AGM (F(3, 372.4)= 61.39, p < 0.05) with all doses significantly different
than saline. Our data suggest a role of endogenous AGM in the modulation of DA



neurotransmission in a brain region involved in the pathogenesis of schizophrenia and may lead
to the future development of novel therapeutics for the disease.
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Abstract: Synapses are key structural elements underlying the computational properties of any
network in the brain. Despite their important role, comparably little is known about these
structures particularly, their quantitative morphology in humans.

To explore this aspect, we took advantage of non-affected neocortical access biopsy material,
obtained, with consent, from three male and three female patients (25-63 years in age) who
underwent epilepsy surgery to control the seizures. Experiments were approved by the ethic
votum of Medical Faculty to Prof. Dr. med. Johannes Schramm and Prof. Dr. rer. nat. Joachim
Libke, Nr. 146/11), ethic votum of Medical Faculty to PD Dr. med. Marec von Lehe and Prof.
Dr. rer. nat. Joachim Libke, Reg. No. 5190-14-15; ethic votum of Medical Faculty to Dr. med.
Dorothea Miller and Prof. Dr. rer. nat. Joachim Libke, Reg. No. 17-6199-BR, and the EU
directive (2015/565/EC and 2015/566/EC) concerning working with human tissue.

This material was used for high-end fine-scale electron microscopy (EM) and tomography, to
provide the first comprehensive (coherent) quantitative study of layer 4 (L4) excitatory synaptic
boutons (SBs) of the human temporal lobe neocortex (TLN). 3D-volume reconstructions of SBs
were generated, the size of active zones (AZs) and that of the three functionally defined pools of
synaptic vesicles (SVs) were particularly quantified.



SBs were comparably small (~2.50 pm? in surface area), predominantly containing a single AZ
(~0.13 um?); preferentially established on spines of different types. The total pool was ~1800
SVs, although with a large variability (Min: 368 SVs; Max: 5053 SVs). The large total pool lead
also to extremely large readily releasable (~20 SVs at a perimeter (p) of 10 nm and ~50 at p20
nm from the pre active zone), recycling (~ 80 SVs) and resting pools (~850 SVs). The results of
EM tomography revealed also an average of 5.5 ‘docked’ vesicles at individual pre active zones.
The three pools of SVs in L4 SBs of the human TLN are 2 to 3-fold larger when compared with
SBs of comparable or even larger size in various animal species. This constitutes a marked
difference, among species, together with the large variability in the shape and size of AZs
suggesting high synaptic efficacy and strength in synaptic transmission, but also marked short-
term plasticity at L4 SBs.

Thus the specific structural composition of L4 SBs in the human TLN, underlie their function as
‘amplifiers’ of signals from the sensory periphery and in modulating synaptic activity in the
human TLN, an important associative area involved in high-order brain functions such as
audition, vision, memory, language processing, and various multimodal associations.
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Title: Physiological roles of trans-synaptic LGI1-ADAM22-MAGUK complex
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Abstract: Synapse development and function require precise localization of proteins to
specialized subsynaptic domains. Recent super-resolution imaging suggests a trans-synaptic
nanocolumn that aligns nanometer-scale neurotransmitter release to receptors, represented by
alignment between presynaptic RIM-containing and postsynaptic PSD-95-organizing
nanodomains. This alignment is thought to enable precise, efficient synaptic transmission.
However, it remains incompletely understood how individual pre- and postsynaptic nanodomain
formation is regulated and what molecules organize nanocolumn structures although numerous
trans-synaptic adhesion systems including neurexin-neuroligin and neurexin-Cbln-GluD were
reported. We recently found that an epilepsy-related secreted protein, LGI1, and its receptor,
ADAM?22, form 2:2 heterotetrameric assembly for the trans-synaptic linkage and that LGI1 and
ADAM22 regulate AMPA receptor-mediated synaptic transmission through one of MAGUKS,
PSD-95. Here, we generated a mutant mouse in which the binding between ADAM22 and
MAGUKS is disrupted. Blue-native gel electrophoresis revealed that this mutation greatly
affected LGI1-ADAM22 supercomplex formation in the brain. Further proteomic analysis
showed that ADAMZ22 forms protein networks with pre- and postsynaptic MAGUKSs and ion-
channels. We will discuss patho-physiological roles of LGI1-ADAM22-MAGUK complex that
potentially links glutamate releasing sites and PSD-95/AMPA receptors to prevent epileptic
seizures.
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Abstract: ErbB4 is a receptor tyrosine kinase that can be activated by neuregulin 1 (NRG1).
Both NRG1 and ErbB4 have been implicated as risk genes of major depression disorder and
schizophrenia. The NRG1-ErbB4 signaling has been shown to be critical to the assembly of the
GABAergic circuit assembly. To investigate underlying mechanisms, we co-cultured neurons
with HEK293T cells expressing wild type ErbB4 and its mutants and examined their ability to



induce synapses. Remarkably, we found that a kinase dead mutant (K751M) remained able to
induce synapses onto co-cultured neurons. To test this in vivo, we generated ErbB4-K751M
mice, a knockin mutant strain that carries the single amino acid residue mutation (K751M).
Unexpectedly, ErbB4-K751M mice and control mice displayed similar numbers of interneurons
in the cortex and hippocampus, suggesting that interneuon migration may not require the kinase
activity of ErbB4. K751M mice appeared to be normal in inhibitory synapse numbers and
inhibitory postsynaptic currents. No apparent deficits were obaserved in open field, contextual
fear-conditioning and pre-pulse inhibition. These results suggest that GABAergic circuit
formation requires ErbB4, but not its kinase activity. We further determined whether ErbB4 may
function as an adhesion molecular and identified a few transmembrane proteins that could
interact with ErbB4. Experiments are underway to determine whether such interaction is
involved in GABAergic circuit development. Nevertheless, our results suggest that ErbB4 might
function as a cell adhesion molecule to promote synapse formation.
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Title: Glycinergic input to non-cholinergic neurons of the mouse basal forebrain
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Abstract: Cholinergic neurons receive a rich glycinergic input in all subregions of the basal
forebrain (BF) extending from the medial septum rostrally through subpallidal territories towards
the centromedial amygdala caudally (Barddczi et al, 2017). Calcium binding protein-containing
neurons in this space are in specific association with the BF cholinergic neurons by forming
twisted bands along the longitudinal axis of a central dense core of cholinergic cells (Zaborszky
et al, 2005). Immunohistochemical double labelling for choline acetyl transferase (ChAT) and
glycine receptor (GlyR) revealed clustered pan-GlyRa-immunoreactivity at ChAT-negative sites



in the mouse BF, indicating that non-cholinergic neurons could be also under direct influence of
glycinergic neurons.

In order to investigate further the specific target cell populations of the ascending glycinergic
axons from the brain stem to the BF, we have examined the non-cholinergic BF neurons for
glycinergic afferents in adult male mice and analyzed them for potential interaction.
Immunohistochemical double labeling was carried out to reveal, whether the glycinergic
neuronal marker, glycine transporter-2-immunoreactive (GLY T2-IR) axons establish connection
with BF parvalbumin (PV), calbindin (CB), and calretinin (CR)-IR neurons. These Ca-binding
proteins appear in corticopetal and locally or caudally projecting GABAergic or glutamatergic
neurons (Gritti et al, 2003) and consequently represent functionally diverse cell populations.
Light- and confocal microscopic analysis of the double-labeled samples revealed GLYT2-IR
axon varicosities in apposition to PV-, CB-, and CR-IR perikarya and dendrites in the nucleus of
the horizontal limb of the diagonal band. Correlated electron microscopy confirmed the presence
of synaptic contacts between GLYT2- and PV-, CB-, or CR-IR neurons.

These data extend the target cells population of the ascending glycinergic input of the BF and
concurrently initiate efforts to distinguish further subgroups (concerning afferent- and or efferent
connections, co-expressed neurotransmitters and/or receptors) within the PV-, CB- and CR-
neurons to clarify the functional role of their glycinergic input.
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Title: Unrevealing the role of CA10 in synapses

Authors: *L. MONTOLIU-GAYA, D. KAMINSKI, F. H. STERKY;
Dept. of laboratory Medicine, Inst. for Biomedicine, Univ. of Gothenburg, Gothenburg, Sweden

Abstract: The formation and maturation of synaptic connections depend on protein-protein
interactions between neuronal adhesion proteins that span the synaptic cleft to form a physical
bridge between contacting neurons. Pre-synaptic neurexins (NRXNS) constitute a well-
established family of such synaptic adhesion proteins, and their interactions with diverse post-



synaptic partners are thought to regulate the properties of synapses by shaping their specific
molecular architecture. Mutations in the NRXN1 gene confer genetic risk for autism and
schizophrenia, but the exact function of NRXNSs, their regulation and how their dysfunction can
lead to disease are not well understood. The carbonic anhydrase (CA) related proteins CA10 and
CAL11 were recently identified as bona fide synaptic proteins that bind to all known NRXN
isoforms. Whereas the canonical CAs play a key role in acid-base homeostasis by catalyzing the
interconversion of carbon dioxide to bicarbonate, the structurally related CA8, CA10 and CA11l
lack enzymatic activity due to mutations in their catalytic cores and have no known function, but
are highly conserved throughout evolution. CA10 was found to bind in cis to conserved residues
in the stalk region present in all NRXN isoforms. Unexpectedly, NRXN and CA10 have the
ability to spontaneously form an intermolecular disulfide bond. This interaction leads to
increased levels of specific NRXN isoforms on the cell surface of mouse and human neurons.
The current work aimed to determine the in vivo function of CA10, and the mechanism whereby
CA10 could regulate NRXNSs levels. To address the functional role of CA10 at synapses, we
generated mice Cal0/11 knockouts to test the possibility of functional redundancy between the
two homologous proteins using CRISPR/Cas9 methodology. Their overall viability and
appearance was assessed; protein extracts from mouse brains were used to quantify the levels of
different synaptic markers and; histological analysis of brain slices were performed to detect
morphological alterations in the cortex and cerebellum. By understanding the role of CA10 and
its interplay with such as key modulators as NRXNs, we expand our knowledge of the
fundamental mechanisms that regulate the formation and function of synapses.
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Abstract: At the presynaptic terminal, incoming action potentials are efficiently transduced into
vesicle fusion and neurotransmitter release. The presynaptic site of vesicle fusion is the active
zone, a specialized protein network, which renders vesicles fusion competent by recruiting
Ca?*-channels close to docked vesicles. Recent imaging experiments have shown alignment of
presynaptic active zone proteins with postsynaptic AMPA receptors, together constructing trans-
synaptic nanocolumns. This suggests that presynaptic release events likely align with
postsynaptic AMPA receptors physically, which in turn could enhance ligand-binding. To test
how Ca?*-channels and AMPA receptors are positioned at the active zone and how they align
with the release sites, we combined high-pressure freezing of cultured hippocampal neurons with
compatible live labeling of proteins facing the synaptic cleft. The advantage of analyzing protein
localization using electron microcopy is the visualization of membrane structures and docked
vesicles, respectively. We found that Ca2*-channels and AMPA receptors are associated with
docked vesicles whereas the trans-synaptic adhesion molecules, neurexin and neuroligin, are not.
We also combined high-pressure freezing with electrical stimulation and compared Ca?*-channel
distribution to the docked vesicle localization before and immediately after fusion. As a result,
we found a preferential release of the docked vesicles closest to Ca?*-channels. Therefore, our
study supports the concept of trans-synaptic functional columns in glutamatergic synapses and
suggests a trans-synaptic protein network where Ca?*-channels are associated with postsynaptic
receptors for efficient transduction of presynaptic action potentials into postsynaptic responses.
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Abstract: Subtle changes in the organization of synaptic proteins may have profound effects on
synaptic transmission and animal behavior. The Drosophila neuromuscular junction (NMJ) has



emerged as a powerful model system to dissect the sub-synaptic molecular architecture of
presynaptic active zones using super-resolution light microscopy approaches. However, little is
known about a corresponding postsynaptic organization and its relationship to presynaptic
architecture. Using stimulated emission depletion microscopy, we here uncovered that
postsynaptic glutamate receptors (GIuRs) are organized in ring-like arrays composed of ~6 sub-
diffraction GIuR ‘nanoclusters’ at the Drosophila NMJ. While GIuRIIA subunit-containing
receptors predominantly localize to GluR nanorings, GIuRIIB ‘nanoclusters’ can be found both,
inside and outside of nanorings. Interestingly, GluR ‘nanocluster’ rings align with rings formed
by the C-termini of the presynaptic cytomatrix protein Bruchpilot (Brp), suggesting transsynaptic
co-alignment.

Genetic perturbation of the auxiliary GIUR subunit neto results in less distinct receptor rings.
Specifically, we detect a predominant decrease in GIuRIIC fluorescence intensity outside the
rings in neto% mutants. Moreover, we revealed rapid modulation of transsynaptically aligned
Brp-GluR rings during homeostatic plasticity induced by GIuR perturbation. Application of the
GIuR antagonist philanthotoxin-433 (PhTX) for 30 minutes results in a pronounced, scaled
increase of GIuRIIC fluorescence intensity within the nanoring. Moreover, PhTX treatment
induces a significant increase in receptor cluster number within the ring. Interestingly, the
receptor subunit GIURIIB, but not GIURIIA, undergoes rapid modulation upon PhTX incubation,
resulting in increased GIuRIIB fluorescence intensity and GIuRIIB cluster number. Finally, we
revealed a slight, but significant increase in both Brp-fluorescence intensity and Brp-cluster
number without marked differences in Brp-ring diameter upon GIuR perturbation. Together, our
findings provide evidence for transsynaptic nanomodule rings that undergo rapid changes during
synaptic plasticity.
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Abstract: Prior work has shown that late-phase LTP (lasting more than 3 hours) has an abrupt
onset age of postnatal day 12 (P12) in stratum radiatum of rat hippocampal area CAL. This onset
age can be advanced to P10-11 (but not P8-9) if two bouts of theta-burst stimulation (TBS) are
given with a 90-minute separation (Cao and Harris 2012). In this study, we aim to discover
changes in synapse structure and composition during those 90 minutes that could facilitate late-
phase LTP at P10. First, we mapped through serial section electron microscopy (3DEM) the
location of all synapses in unbiased sampling bricks from CA1, stratum radiatum at P8, P10, and
P12. Preliminary results reveal synapse density doubles between P8 and P12. Most of the
synapses are located on dendritic shafts at P8 and P10, while dendritic spines are the
predominant location at P12. Transitional structures (rare in adults) included: surface
specializations with pre and postsynaptic densities but no presynaptic vesicles, nonsynaptic
protrusions, single or multi-synaptic filopodia longer than 2 microns with no heads, and lumpy or
stubby protrusions often having multiple synapses. Two stimulating electrodes were positioned
with a separation greater than 600 microns surrounding a recording electrode in the middle of
CAL stratum radiatum in three hippocampal slices from different P10 rats. Then 90 minutes after
the first TBS the slices were rapidly fixed under microwave irradiation and prepared for 3DEM.
Preliminary findings suggest that after TBS, there is a shift from predominantly shaft synapses to
transitional and spine-like protrusions, in apparent preparation for the subsequent expression of
late-phase LTP.

Cao, G. and K. M. Harris (2012). "Developmental Regulation of the Late Phase of Long-Term
Potentiation (L-LTP) and Metaplasticity in Hippocampal Area CA1 of the Rat." J Neurophysiol
107(3): 902-912.
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Abstract: Chromatin remodeling proteins are implicated in a variety of developmental processes
but their roles in neuronal synaptic function are less well understood. The chromodomain DNA-
binding proteins, CHD7 and CHDS8, mediate early neurodevelopmental events including neural
migration and differentiation but their roles in mature synapses are relatively unexplored. Here
we show that Kismet, the Drosophila homolog of CHD7 and CHD8, promotes endocytosis by
regulating the transcription and/or protein localization of Dap160, Dynamin, and Endophilin B.
Endocytosis is critical for synaptic function as it provides a mechanism to recycle membrane and
synaptic proteins enabling the continued release of synaptic vesicles. Kismet is required in
postsynaptic muscles of the Drosophila neuromuscular junction for presynaptic endocytosis. To
identify the potential mechanism whereby postsynaptic Kismet regulates presynaptic
endocytosis, we are examining retrograde signaling pathways including BMP signaling and
signaling via neurexin-neuroligins. Kismet mutants exhibit a significant increase in the levels of
Neuroligins 1 and 3 and in presynaptic BMP signaling. Although Kismet may regulate these
processes independently of one another, we are currently investigating the interdepdendence of
these phenotypes. A deeper understanding of how CHD proteins regulate the function of mature
neurons will be required to better understand neurodevelopmental disorders.
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Abstract: Long-term potentiation (LTP) is important for learning and memory in mammalian
brains and can be induced by presynaptic depolarization releasing neurotransmitters.
Neurotransmitters are released by synaptic vesicles (SVs) at specialized regions called active



zones. Despite well-established mechanisms of postsynaptic receptors-mediated LTP induction,
morphological changes at active zones addressing its presynaptic mechanisms remain elusive.
Here we used electron tomography on hippocampal synapses of adult rat area CA1 to show that
the ratio of docked SVs to the SVs within 45 nm from the presynaptic membrane (PM) at active
zones significantly increases. Furthermore, docked SVs at active zones exhibited differences in
terms of their contact area with the PM correlating with filaments directly linking their SVs to
the PM. These relationships were altered 2 hours after LTP. Our findings suggest that the
distribution of the filaments in the active zone are altered after LTP in coordination with the
post-synaptic density.
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Abstract: Alternative RNA splicing has the potential to expand the coding power of the genome;
yet, it is unclear how alternative splicing tunes molecular complexity for selective circuit
function. We discovered that SIm2 - an RNA-binding protein - drives a highly dedicated
alternative splicing program that targets to a devoted splice segment of synaptic adhesive
molecules. Isoforms generated by SIm2-dependent splicing are essential for the specification of
glutamatergic synapses in the hippocampus. Our data reveals that alternative splicing is a potent
mechanism for neurons to generate and control the large variability observed in its synaptic
interactions.
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Abstract: Interactions between the prefrontal cortex (PFC) and thalamus are critical for
cognitive function and go awry in neuropsychiatric disorders. We previously showed that mouse
PFC makes reciprocal, excitatory connections with both mediodorsal (MD) and ventromedial
(VM) thalamus. However, this direct excitation will be shaped by connections onto reticular
thalamus (TRN) that evoke polysynaptic inhibition. Connections from the PFC arise from
cortico-thalamic (CT) cells that reside in either layer 5 (L5) or layer 6 (L6). In other parts of
cortex, L5 CT cells primarily project to thalamic relay nuclei, whereas L6 CT cells also project
to reticular thalamus (TRN). Here we use transgenic Cre lines, conditional optogenetics and
retrograde tracing to examine L6 CT output to MD, VM and TRN in the mouse brain. We first
study excitatory connections onto thalamocortical (TC) cells in MD and VM. We then examine
excitatory connections onto TRN cells. Lastly, we characterize inhibitory connections from TRN
cells onto MD and VM. Together, our findings show how PFC provides nucleus-specific
excitation and inhibition that differentially controls neural activity in multiple thalamic nuclei.
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Title: Synaptic neurexin-1 assembles into dynamically regulated active zone nanoclusters
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Abstract: Neurexins are well-characterized presynaptic cell-adhesion molecules that engage
multifarious postsynaptic ligands and organize diverse synapse properties. However, the precise
synaptic localization of neurexins remains enigmatic. Using super-resolution microscopy, we
demonstrate that neurexin-1 forms discrete nanoclusters at excitatory synapses, revealing a novel
organizational feature of synaptic architecture. Mature excitatory synapses generally contain a
single nanocluster that comprises more than four neurexin-1 molecules, whereas immature
synapses do not contain neurexin-1 nanoclusters. Moreover, we find that neurexin-1 is
physiologically cleaved by ADAM10 similar to its ligand neuroligin-1, with ~4-6% of neurexin-
1 and ~2-3% of neuroligin-1 present in adult brain as soluble ectodomain proteins. Blocking
ADAM10-mediated neurexin-1 cleavage dramatically increased the synaptic neurexin-1 content,
elevating the percentage of excitatory synapses containing neurexin-1 nanoclusters from 40-50%
to ~80%, and doubling the number of neurexin-1 molecules per nanocluster. Taken together, our
results reveal an unexpected nanodomain organization of synapses in which neurexin-1 is
assembled into discrete presynaptic nanoclusters that are dynamically regulated via ectodomain
cleavage.
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Title: The role of brain FNDC5/irisin in synaptic plasticity and memory in mice
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Abstract: Irisin is an exercise-induced myokine released upon cleavage of a precursor protein
termed FNDCS5, recently reported to be expressed in the hippocampus. Irisin has been reported to
regulate peripheral energy metabolism and to trigger neuroprotective mechanisms. However,
physiological roles of FNDC5/irisin in the brain remain poorly understood. We used lentiviral
vectors harboring two different ShRNA constructs targeting FNDCS5 to study the role of irisin in
synapse plasticity and memory. Here we show that downregulation of brain FNDC5/irisin
impairs hippocampal long-term potentiation and object recognition memory, but not contextual
fear memory or radial arm water maze, in C57BL/6 mice. These data support the idea that
FNDC5/irisin acts in the central nervous system and impacts selective forms of memory
expression and hippocampal synaptic plasticity. Thus, boosting FNDC5/irisin pathway and/or
using exercise-based therapies may offer new strategies to tackle memory loss in
neurodegenerative diseases.
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Abstract: Seizures can induce endoplasmic reticulum (ER) stress, and sustained ER stress
contributes to neuronal death after epileptic seizures. Although inhibiting ER stress has been
proposed as a way to medically reduce neuronal death after seizures, it is unclear whether and
how ER stress impacts seizure onset and activity. In this study, we discovered that the acute ER
stress response functions to repress neural activity through a protein translation-dependent
mechanism. We found that inducing ER stress promotes the expression and distribution of
murine double minute-2 (Mdm2) in the nucleus, leading to ubiquitination and down-regulation
of the tumor suppressor p53. Reduction of p53 subsequently maintains protein translation, before
the onset of translational repression seen during the latter phase of the ER stress response. Using
an Mdmz2 conditional knockdown (cKD) mouse model, we showed that ER stress-induced p53
down-regulation, protein translation, and reduction of neural activity and seizure severity were
all impaired. Importantly, these defects in Mdm2 cKD mice were fully restored by using a p53
inhibitor, Pifithrin-a, to mimic the inactivation of p53 seen during ER stress. Altogether, our
study uncovered a novel mechanism by which neurons respond to acute ER stress. Further, this
mechanism appears to play a beneficial role in reducing neural activity and seizure severity.
These findings caution against inhibition of ER stress as a neuroprotective strategy for seizures,
epilepsies, and other pathological conditions associated with excessive neural activity.

Disclosures: D. Liu: None. D. Eagleman: None. N. Tsai: None.
Poster

038. Short-Term Plasticity

Location: Hall A

Time: Saturday, October 19, 2019, 1:00 PM - 5:00 PM

Program #/Poster #: 038.02/B89

Topic: B.07. Synaptic Plasticity

Support: NIH grant RO1 NS12542
NSF grant EEC-1028725

Title: Excitatory single-unit responses to intracortical microstimulation in primate motor cortex
suggest changes in cortico-cortical synaptic strength

Authors: *R. J. YUNY?3 J. H. MISHLERY?3, S, I. PERLMUTTER*? R. P. RAO®? E. E.
FETZ423;

!Bioengineering, 2Washington Natl. Primate Res. Ctr., *Ctr. for Neurotechnology, *Physiol. and
Biophysics, *Computer Sci. and Engin., Univ. of Washington, Seattle, WA

Abstract: Electrical stimulation via intracortical electrodes is often used to probe the cortical
circuitry, but its effects have been shown to depend on parameters such as location, timing,
frequency, and amplitude. We sought to better understand the consequences of intracortical
microstimulation by documenting changes in the single-unit responses generated by stimulation



at a neighboring site. Macaca nemestrina monkeys were bilaterally implanted with 96-channel
Utah arrays in the forearm region of primary motor cortex and trained to sit calmly at rest in a
chair with both arms restrained. Single-ended single-pulse stimuli (negative leading biphasic
pulse; 15uA amplitude; 200us pulse width) were delivered to an arbitrary site (Nstim) with a
random Poisson distribution at various mean frequencies of 1-300Hz. Stimulus-evoked spikes
(SES) were observed in cortical sites (Nrec) up to 800um away. SES occurred between 1.2ms
and 3ms after the stimulus, with normally distributed delays (mean = 1.88+0.16ms; ¢ =
0.25+0.06ms; N = 47 sessions; 7 unique Nrec/Nstim pairs). The latency distribution of responses
suggests mediation via a monosynaptic connection. Stimuli that generated SES also produced
larger cortico-cortical evoked potentials at Nrec than stimuli that did not generate SES, further
indicating activation of synaptic pathways. The probability of evoking a spike (PES) with
stimulation ranged from as low as 10% to as high as 90%. Higher PES occurred with higher
stimulus intensities and closer proximity of the Nrec and Nstim sites. Higher PES also occurred
with stimuli delivered at intervals similar to the neuron’s preferred inter-spike interval during
spontaneous activity, calculated by the peak of the spike’s autocorrelation. Tonic stimulation at a
constant rate altered these probabilities within as quickly as 30 seconds, monotonically changing
the PES to an asymptotic limit dependent on the Nrec/Nstim pair. High-frequency stimulation
(>20Hz) caused a reduction in the PES (N=4) and low frequency stimulation (<10Hz) caused an
increase in PES (N=2); intermediate frequencies did not have consistent consequences. These
changes did not persist after the termination of stimulation; PES returned immediately to
baseline. The induced effects on PES suggest short-term strengthening or weakening of synaptic
connections from Nstim to Nrec depending on the frequency of stimulation. Overall, these
results show how parameters of intracortical microstimulation affect local cortical circuitry and
provide insights relevant to optimizing stimulation protocols for cortical plasticity paradigms.
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Abstract: Short-term plasticity (STP) is a widespread mechanism underlying sensory plasticity
in cortical networks. Differential STP between excitatory and inhibitory systems plays an
important role for processing complex physiological sensory inputs. To investigate how STP
influences the processing of information in layer I/l of the barrel cortex, a prototypical sensory
cortical area with well defined projections, we performed whole-cell patch-clamp experiments on
visually identified pyramidal cells in acute slices and combined electrical stimulation with
optogenetic activation of PV-interneurons via Channelrhodopsin-2 (ChR2). These experiments
revealed that 10 electrical stimuli delivered at 5 Hz reduce the amplitude of glutamatergic
responses by 32+4.2% (n=8). This short term depression (STD) lasted 5 s. This electrical
stimulus also reduced the amplitude of GABAergic responses by 54+3.3% (n=8), which
recovered within 10 s. Optogenetic stimulation of PV-positive GABA terminals with a similar
burst protocol reduced the amplitude of GABAergic responses by 45+£3.5% (n=9), which
recovered after 20 s. Finally, isolated optogenetic burst stimulation of GABAergic terminals
reduced the amplitude of electrically stimulated glutamatergic responses by 25+7.6% (n=7). This
STD had a delayed onset and was maximal about 2 s after the optogenetic burst, suggesting that
activation of extrasynaptic receptors by spillover contributed to this effect. In summary, these
results indicate that in layer II/lIl GABA terminals show a stronger STD than glutamatergic
synapses and that activation of extrasynaptic GABAA receptors may contribute to STD at high
frequency stimulation. The differential STD between GABAergic and glutamatergic inputs is
probably important for gating information flow, while the additional delayed STP can maintain
the global excitation/inhibition ratio during strong sensory stimulation.
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Abstract: Spatial information (place) and non-spatial information (chiefly odor) are integrated in
hippocampal dentate granule cells (GCs). GCs was independently received two inputs from
entorhinal cortex. It was reported that spatial information is propagated at theta oscillation (4-8
Hz) to the medial dendrite (MD) of GCs. On the other hands, non-spatial information is
propagated at gamma oscillation (20-40 Hz, average 21.0 Hz) to the lateral dendrite (LD) of



GCs. However, how those information is integrated is still unknown.

To investigate the integration mechanism of two inputs to MD and LD, the frequency responses
of MD and LD of GCs were measured using rat hippocampal slices. We applied 5 pulses
stimulus at 10-40 Hz to MPP or LPP. During experiment, to prevent the synaptic plasticity by
frequency inputs from inducing, D-APV, NMDA-receptor antagonist was applied. In addition,
GABAA receptor antagonist, picrotoxin, was applied. As the physiological experimental result,
responses were transiently decreased at MD of GCs in the both cases, with and without
inhibitory inputs. On the other hand, successive responses for five inputs were sustained at DD
of GCs. However, when inhibitory inputs were blocked by picrotoxin, those responses were
decreased at DD of GCs. The result suggest that inhibitory inputs may stabilize responses at the
DD of GCs.

In addition, computer simulation was performed using a multi-compartment model of the GC by
using NUERO simulator. This model was fixed by parameter fitting for the physiological data.
Theta burst input and random pulses (10-40 Hz, gamma) were applied to MD and LD of GC,
respectively. As the computational experimental result, the temporal-pattern sensitivity for burst
inputs was not clear when theta burst inputs applied to MD. However, when random pulse inputs
were simultaneously applied to LD at 10 Hz, GC activation for theta burst input was increased.
Moreover, 20Hz-30Hz random pulse inputs were simultaneously applied to LD, GC activation
was more facilitated so that temporal pattern sensitivity for theta input was clearly observed. Our
results suggest that processing of spatial information was enhanced depending on the input
frequency of non-spatial information in GC.
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Abstract: Synaptic transmission consumes a significant proportion of energy during neural
activity in the mammalian brain. In this context, one may ask if the unreliable nature (i.e., low
release probability) of chemical synapses is a feature (helping reduce energy use), or a bug
(failing to transmit action potentials). A proper interpretation of the functional role of synaptic



failures requires also taking into account the accompanying activity-dependent changes in
neurotransmitter release that occur on a time scale of milliseconds to seconds. How unreliability
and short-term plasticity work together to shape the energy efficiency of synaptic information
transmission remains an important but not completely understood question. We investigate this
trade-off between information and energy use at excitatory CA3 to CA1 connections in the
hippocampus, which typically have low basal release probabilities (mean ~ 0.2) and exhibit
short-term facilitation (STF). Activity of CA3 place cells is known to encode the animal’s spatial
location as short, variable high-frequency spike bursts, which provides a well-defined context to
define a notion of information. Using a physiologically realistic model of synaptic vesicle release
dynamics, we characterize how the basal release probability (Pv) and facilitation regulate the
transmission of natural spike trains at individual synapses. Our analysis highlights the role of
facilitation and vesicle pool size in enhancing the fidelity of low Pv synapses, and indicates that
physiologically observed STF (which varies inversely with Pv) makes information transmission
independent of Pv. Further, our simulations suggest that STF at CA3-CA1 synapses is tuned to
maximize information transmission in an efficient manner. Broadly, our results suggest that
study of a synapse in the context of competing resource and functional constraints may provide
unique insights into synaptic design across brain areas.
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Abstract: Recent advancements in two-photon imaging with fluorescent glutamate reporters
have allowed experimentalists to probe the pattern of pre-synaptic inputs on CA1 basal dendritic
branches. Of particular interest for investigation is the possibility of spatial and/or temporal
clustering of inputs on dendritic branches within a few microns and/or milliseconds of one
another.

We present a reduced dendritic model that explores various spike-timing-dependent plasticity
(STDP) rules and the parameter spaces in which clustered synaptic input could form. We
simulate a mouse running through multiple one-dimensional environments over multiple trials,



with ensembles of cells in CA3 producing correlated inputs onto CA1 dendrites. We use this
model to investigate the possibility of the correlated input leading to synaptic clustering, and the
extent to which this clustering depends upon the plasticity model and the associated parameters.
One expects, for example, that the calcium diffusion lengthscale and the correlation time of
upstream inputs play key roles in the development of localized clustering on dendritic branches.
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Abstract: Neuronal transmission is highly plastic and undergoes short-term changes in synaptic
efficacy during high-frequency nerve-activity episodes. After the episode ceases, these changes
are restored to their initial values over time, a phenomenon known as short-term synaptic
memory (STSM). STSM is key for learning and working memory, demanding a high level of
energy. Interestingly, starvation induces behavioral changes including memory and synaptic
computation impairments; which is associated with energy state modifications. Nevertheless, the
effect of starvation on STSM remains elusive. To understand the effects of starvation in neuronal
communication, we scrutinized the effect of acute fasting in synaptic transmission and STSM at
the Drosophila glutamatergic synapses. Control strains after starving display nerve-evoked
hyperexcitability and progressive nerve fatigue, a condition prevented in flies grown in
supplemented food. Fasting in well-fed animals, impairs STSM in two quantal release
probabilities and increases the asynchronous neurotransmission at rest. Also, high-frequency
nerve-activity induces a depletion in the asynchronous release fraction which recovers at low-
frequency. This type of plasticity is unobserved in starved animals, suggesting a vesicular
trafficking defect. Our work shows a novel type of short-term plasticity modulating the
asynchronous release. Also, we show that starvation induces alteration in synaptic transmission
and STSM in well-fed flies. Our observations are consistent with energy reduction after



starvation in the normal-fed animals but are inconsistent for flies grown in supplemented food; as
neurotransmission and recycling persist with nerve activity without increasing miniature events.
During starvation, autophagy links membrane recycling via the endo/lysosomal system; thus, an
impairment in vesicle trafficking and reformation may account for STSM deficit. However,
calcium leakage during lysosome activity may account for the basal changes in the asynchronous
release and spontaneous activity after starvation. A molecular screening required to identify the
molecular regulation of these types of plasticity, and their importance to understanding many
neurological conditions modulated with diet and starvation is discussed.
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Abstract: Mitochondria are trafficked form the cell body to sites of activity on microtubules,
mediated by kinesin motors. Adaptor proteins TRAK/Milton and mitochondrial Rho-GEF
(MIRO) link mitochondrial cargo to these motors. Presynaptically localized mitochondria buffer
Ca?*and generate ATP to support neurotransmission. Impaired mitochondrial trafficking occurs
in many neurodegenerative diseases, but the effect of mitochondrial localizationper seon
neurotransmission is unclear. The goal of this study was to mislocalize mitochondria from the
presynaptic terminal but leave mitochondrial function intact. Previous studies have shown that
expression of the MIRO-binding domain of TRAK (MBD) sabotages anterograde trafficking of
mitochondria in neuronal cultures. In an attempt to deplete the calyx of Held presynaptic
terminal of mitochondria, we expressed MBD via AAYV stereotaxically injected into the ventral
cochlear nucleus of 0-1 day old mice, selectively expressing this peptide in the neurons that form
the calyx of Held. Within three weeks, high resolution confocal reconstruction of the calyx



terminal showed that >60% of mitochondrial content was lost. The effect of this loss on
transmission was examined using Ca?*imaging and electrophysiology.To our surprise, synaptic
transmission was not dramatically altered in terminals expressing MBD. Short stimulation trains
(100-300 Hz, 500 ms) showed no appreciable changes relative to WT controls. When long
stimulation trains (100 Hz, 2 min) were applied, transmission was not only maintained, but was
slightly facilitated relative to controls. This result differs from inhibition of mitochondrial ATP
production, which substantially impaired sustained transmission. Cytosolic Ca?*load was
increased in MBD-expressing terminals. This phenotype was confirmed using both genetically
encoded indicators (JRGECO1a), and also with a synthetic reporter (Fura Red) where ATP levels
could be maintained. Due to tight Ca?*-SV coupling at the mature calyx of Held, we presume
that this increased cytosolic Ca?*load increased mobilization of the recycling pool prematurely,
leading to the observed facilitation. Additional experiments are underway to determine if
glycolysis upregulation is utilized to compensate for loss of presynaptic mitochondria. We will
track mitochondrial trafficking in the ventral stria axons that lead to the calyx. Older animals will
also be examined, to see if mitochondria can be further depleted from the presynaptic terminal.
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Abstract: Synapsin | (Synl) is a phosphoprotein that regulates synaptic vesicle (SV) dynamics at
the presynaptic terminal. Nonsense and missense mutations in human SYN1 gene are related to
several diseases such as epilepsy and autism spectrum disorder and Synl knockout (KO) mice are
epileptic. Synl binds ATP in a Ca?*-dependent manner thanks to the coordination of a glutamate
residue (E373). As ATP binding regulates Synl oligomerization and SV clustering, we analyzed
the effect of E373K mutation on neurotransmitter release and short-term plasticity in excitatory



and inhibitory synapses. We coupled electrophysiology (patch-clamp recordings) with electron
microscopy in primary Synl KO hippocampal neurons in which either the human wild type or
the E373K mutant Synl were re-introduced by infection with lentiviral vectors. Our data showed
an increase in the frequency of miniature postsynaptic currents (mPSCs), without changes in the
amplitude in both excitatory and inhibitory neurons expressing E373K-Synl. Excitatory E373K-
Syn | neurons showed reduced evoked EPSC amplitude attributable to a reduction of the readily
releasable pool (RRP) while, on the contrary, inhibitory E373K-Syn | neurons showed enhanced
evoked IPSC amplitude and RRP size. While no effects in the dynamics and steady state of
depression were detected, both excitatory and inhibitory E373K-Syn | neurons failed to recover
after stimulation with long high-frequency trains. No mutation-induced changes were observed
in network firing/bursting activity as determined with multi-electrode extracellular recordings.
Our data suggest that the Ca?*-dependent regulation of ATP-binding to Synl plays important
roles in spontaneous and evoked neurotransmitter release that differentially affect the strength of
excitatory and inhibitory transmission.
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Abstract: The availability of synaptic vesicles (SVs) and their timing for fusion are critical for
neurotransmitter release and neural communication. Synapsins (Syn) are abundant
phosphoproteins associated reversibly with SVs and cytoskeleton. Syn is highly conserved in the
animal kingdom and is thought to regulate SVs trafficking and short-term plasticity. Syn function
compromises learning and memory. However, its role in synaptic transmission is still under
investigation. Here we analyzed Syn null by recordings of synaptic transmission under voltage-
clamp at the Drosophila glutamatergic model. We found that Syn null increases the probability
of SV fusion by decreasing the sensitivity to calcium. Also, Syn null increased asynchronous
release, alters short-term plasticity and synaptic memory. A use-dependent model for



neurotransmission induced by high-frequency nerve activity and masked plasticity under
depression is discussed.
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Abstract: Inhibitory Gin-coupled G-protein coupled receptors in the presynaptic terminal can
inhibit exocytosis via multiple mechanisms. The most well-studied mechanism is the inhibition
of calcium influx into the presynaptic terminal by G protein By subunits binding to voltage-gated
calcium channels. Inhibition of exocytosis downstream of calcium entry can also occur via Gy
binding to the SNARE complex and occupying the binding sites of the fusogenic calcium sensor
synaptotagmin I. The SNAP25A3 mouse model, which carries a mutation truncating the
SNAP25 protein by the C-terminal three residues, is deficient in the GBy-SNARE pathway, and
permits investigators to distinguish between the two pathways. It was previously shown that the
inhibitory action of 5-HT1s, which is known to signal via GBy-SNARE, is disrupted in this
model, while GABAB&, which is thought to signal via inhibiting calcium influxes, is not. Here, in
Schaffer collateral to CA1 synapses, we show that the inhibitory effect of the group Il and group
111 metabotropic glutamate receptors on excitatory field potentials is selectively diminished in
SNAP25A3. In paired recordings of Schaffer collateral to CA1 synapses, the mGluR2/mGIluR3
agonist eglumegad inhibited EPSCs in a concentration-dependent manner in slices from wild-
type animals, but had the opposite effect in SNAP25A3 slices. Eglumegad also increased the
paired pulse ratio in WT slices and slightly decreased it in in SNAP25A3 slices. The differential
response to eglumegad demonstrates that GBy-SNARE binding strongly contributes to
MGIuR2/mGIuR3-mediated presynaptic inhibition independently of Gy binding to VGCCs. In



tandem, these two GBy-dependent mechanisms can provide more precise control over synaptic
vesicle release and neurotransmission that may be exploited therapeutically. Group 1l mGIuR
agonists including eglumegad are being investigated as potential treatments for traditionally
difficult to treat conditions including schizophrenia and chronic pain.
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Abstract: Presynaptic Gi/o-coupled GPCRs activate Gy subunits, which can inhibit exocytosis
through one of two known pathways: inhibition of calcium fluxes through binding to voltage-
gated Ca?* channels, or downstream of Ca?* channels by binding directly to the SNARE protein
complex and displacing the Ca?* sensor synaptotagmin I. During repetitive stimulation, the
activity of Gi/o-coupled GPCRs such as 5-HT1s, which signal via the GBy-SNARE mechanism,
is most pronounced at the first stimulation and diminishes with subsequent stimulations in a Ca?*
-dependent manner. In contrast, the activity of Gi/o-coupled GPCRs which signal via voltage-
gated Ca?* channels, such as GABAg, remains constant. Because Ca?* accumulation is thought to
not alter the fusogenic capacity of syt I, we propose that this differential GPCR activity is due to
the subsequent activation of another synaptotagmin isoform. Two candidates are syt VI, which
interfaces with the SNARE complex, but which we show is insensitive to the competitive effect
of Gy, for binding to the SNARE complex and in evoking fusion in a reduced fusion assay, and
Doc2, a fusogenic calcium sensor that binds SNARESs, and like syt I, is sensitive to Gfy. Here we
show that genetic ablation of syt VII does not enhance 5-HT1s receptor-mediated inhibition
during stimulus trains, while we confirm that it reduces synaptic enhancement during repetitive
stimulation. As for responses in wild-type recordings, responses late in short stimulus trains are
not inhibited by 5-HT1s receptor activation, while those at the start of the train are. While we
show that fusogenic C2AB Ca?* sensors exhibit isoform-dependent ability to be competitively



displaced from the SNARE complex by GPy, the molecular basis for this specificity remains
unclear. The loss of GBy SNARE-mediated inhibition during repetitive stimulation is, however,
Ca?* sensitive. It is possible that Ca?* accumulation during stimulus trains displaces high Ca?*
affinity sensors such as Doc2, but it is also remains possible that syt I-SNARE interactions
require lower Ca?" concentrations than is required for syt I’s fusogenic effect.
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Abstract: Increasing evidence strengthens the crucial role of gut microbiota (GM) as a powerful
regulator of brain physiology and behaviour in rodents and humans. Ingestion of specific live
bacteria (probiotics) therefore appears to be a potential treatment for several neurological
disorders. Administration of adequate and specific probiotics may confer, in animals, a benefit
for health affecting behaviour and several brain functions. A large plethora of studies suggested
the hippocampus as a possible target for this fine tuning. Recent evidences highlighted that
structural integrity of the hippocampal formation is contingent on the presence of a healthy GM.
Nevertheless, the mechanism involved in the ameliorating action of GM on brain, behavioral and
cognitive functions, has not yet fully understood. It has been recently proposed that changes in
GM alter the stress responses to the hypothalamic-pituitary-surrenal (HPA) axis, an effect that
may involve the GABA inhibitory system, one of the first candidates in the modulation of
emotions. Starting from these evidences, here we studied in adult male rats the long-lasting effect
of a 1-2 months chronic treatment with a preparation (TRIBIF) of three different Bifidobacteria
(Longum, Breve, Infantis) on GABAergic system and hippocampal plasticity as well as HPA axis
responsiveness to acute stress in adult naive rats measuring the plasma levels of hormones such
as allopregnanolone (AP) and corticosterone (CTS). TRIBIF treatment induced a decrease in



basal plasmatic content of AP with no changes in CTS amount. Furthermore, the treatment failed
to change foot-shock-induced increase of CTS levels when compared to vehicle group. Western
blot analysis showed that two months of TRIBIF treatment reduced the expression of al, a3, o4,
a5 and 6 GABAAR subunits while increased y2 subunit. Patch-clamp experiments performed in
dentate gyrus granule cells (DGGC) showed no change in GABA-mediated synaptic currents
whereas significantly decreased the tonic component of GABAergic inhibition. The lack of
TRIBIF towards the response to an acute stress worth to be further investigated given that
treatment was carried out in healthy animals suggesting that beneficial effects of TRIBIF could
well manifest themselves in organisms with an altered GM. Our results, together with recent
findings show the potential effect of probiotics ingestion and the possible role in the treatment of
psychiatric disorders such as depression. Further supports are necessary to understand the crucial
role of the GM on the synaptic plasticity and brain function. Founded by VALEAS.
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Abstract: Physical exercise training has well-known effects on the improvement of cognitive
functions and mental status. The neurobiological mechanism, however, is still poorly understood.
Current knowledge mainly focuses on the facilitation of hippocampal neurogenesis, or
neuroprotection against neurotoxicity by exercise. On the other hands, we know little about the
dynamic change of dendritic spines, which form the structural basis of neural plasticity and
learning memory. Our group generated mouse chronic restraint stress models and found excess
pruning of cortical spines by in vivo 2-photon transcranial imaging, in association with deficits of
sensory dependent working memory. The adoption of treadmill exercise training effectively
recued spine pruning and recovered memory deficits. Further molecular studies suggested
elevation of brain derived neurotrophic factor (BDNF) in exercised brain. At the downstream of
BDNF, treadmill training persistently activates mechanistic target of rapamycin (mTOR)



signaling pathway, which helps to facilitate the expression of synaptic proteins. Moreover,
exercise training increases spine formation rate in cortical regions and potentiated calcium spikes
to improve synaptic plasticity, thus contributing to better acquisition of motor skill memory.
Using pharmacological inhibition, we demonstrated that mTOR activation is necessary for
exercise-improved neural plasticity. Those results enrich our understandings for environmental
influences on neural plasticity, and further support the intervention of psychiatric disorders or
cognitive dysfunctions using exercise paradigms.
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Abstract: After peripheral nerve transection, changes in spinal cord circuitry occur including the
withdrawal of synaptic inputs from the somata and proximal dendrites of axotomized spinal
motoneurons. Moderate daily treadmill exercise after transection injuries has been shown to
mitigate the reduction in synaptic coverage; however, different exercise protocols are required in
male and female animals. The mechanisms that underlie the sex-dependent effect of exercise are
not well understood; however, androgen receptor signaling has been shown to be an important
factor in this process. In this study we tested the hypothesis that estrogen receptor (ER) signaling
also is a part of the mechanism by which treadmill exercise mediated its effects on synaptic
inputs. The lateral gastrocnemius motorneuron pools were retrogradely labeled in both sides of
the spinal cord of gonadally intact male and female C57BL/6 mice. One week later, the sciatic
nerve was transected unilaterally mid-thigh. Mice then were treated with various combinations of
estradiol (E) treatment, ER antagonist treatment, and treadmill exercise during the two weeks.
Fourteen days after the nerve transection surgery, the average synaptic coverage of glutamatergic
and GABAergic inputs onto labeled motoneurons was assessed. We found no significant
reduction in coverage in mice treated with E alone. Additionally, we found that blocking ER
signaling during treadmill exercise prevented the sustaining effects of the exercise and resulted



in an increased loss of inputs compared to mice not receiving the ER antagonist. Based on these
results we suggest that ER signaling is an important part of the machinery required for the sex-
dependent exercise-mediated effects on synaptic inputs onto axotomized motoneurons after
sciatic nerve transection.
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Abstract: For skillful movement, the neuronal circuitry in the motor cortex should be optimally
organized. Repetitive training for a novel motor skill induces a reorganization of neuronal wiring
in the motor cortex involving synaptogenesis, indicated by spine formation on pyramidal cell
dendrites. However, the origin of synaptic inputs to those spines formed during motor learning
has remained to be clarified. In order to depict the circuit remodeling in the motor cortex, here
we characterized the presynaptic axon terminals innervating the newly-formed spines during
motor learning. To observe spine dynamics in vivo under a two-photon microscope, we used
Thyl-eGFP-M mouse line, in which green fluorescent protein is expressed in layer 5 pyramidal
cells. To quantify motor learning, we applied success rate of single-seed reaching task (Xu et al.,
Nature, 2009). The spine formation rate at the dendritic tuft in layer 1 was significantly
correlated with the success rate increase after the reaching training, indicating that the spine
formation reflects the refining of the motor skill. To identify whether the presynaptic axon comes
from the cortex or thalamus, we fixed the brains immediately after the two-photon microscopy,
followed by immunohistochemistry for the excitatory presynaptic type markers (type I and Il
vesicular glutamate transporters), simultaneously with an excitatory postsynaptic marker.



Confocal laser scanning microscopy at a synaptic resolution revealed that the new spines formed
during motor learning were frequently innervated by corticocortical axon fibers. The dynamic
corticocortical rewiring indicates that the corticocortical network is crucial for acquisition of a
novel motor skill.
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Abstract: Dendritic spine dynamics of Layer 5 Pyramidal neurons (L5PNSs) are thought to be
physical substrates for motor learning and memory of motor skills. Here we explore this idea by
studying mice lacking Paired immunoglobulin receptor B (PirBKO). PirB is expressed in
pyramidal neurons throughout the forebrain, and regulates activity dependent synaptic plasticity
in the hippocampus and visual system (Djurisic et al, Mol Psychiatry 2018). In motor cortex of
PirBKO mice, there is an increase in spine density on apical dendritic tufts of L5PNs, as well as
an increase in mEPSC frequency in whole cell recordings from neurons in acute slice, compared
to WT littermate controls. To investigate the elevated spine density further, chronic 2- photon
imaging of PirBKO;Thy1-YFP mice was conducted. PirBKO mice have elevated rates of spine
formation and to a lesser degree, spine elimination, yielding a net increase in spine density
compared to WT. Given these changes in spine dynamics, we hypothesized that PirBKO mice
would exhibit aberrant motor learning behavior. Surprisingly, adult PirBKO mice learned a
single-pellet reaching task significantly faster than littermate controls. Chronic imaging of L5PN
dendrites throughout the learning period revealed that PirBKO mice exhibit significantly
elevated spine formation rates during the early learning stage but spine elimination rates remain



unchanged throughout. Moreover, newly formed spines in PirBKOs survive for longer periods
compared to controls. Magnitudes of learning-induced spine formation and stability of newly
formed spines in motor cortex correlate with task performance, suggesting that such specific
structural changes may be advantageous and can translate into enhanced acquisition and
maintenance of motor skills.
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Title: Modulation of activity-driven NgR1 regulation by dopamine and serotonin

Authors: *A. T. BRODIN, G. A. ZISIADIS, K. WELLFELT, L. OLSON, T. E. KARLSSON;
Neurosci., Karolinska Institutet, Stockholm, Sweden

Abstract: Nogo receptor 1 (NgR1) is an important receptor for several myelin associated
inhibitors of neurite growth. By binding these ligands, which despite their name are also
expressed by neurons, NgR1 restricts plasticity during development, learning and injury. We
have previously shown that NgR1 can be rapidly downregulated by NMDA stimulation, likely to
allow for windows of plasticity after neural activity. Dopamine and serotonin are known to
modulate plasticity and memory formation and are proposed to act as significance signals
determining what experiences are important to encode. Here we use primary hippocampal cell
cultures to investigate whether dopamine and serotonin can modulate the NMDA-driven
regulation of NgR1. We also report on the concentration dependence of NMDA-driven
regulation of NgR1, with high concentrations of NMDA having the opposite effect of low
concentrations.
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Title: Sex differences in dendritic spine density and morphology in mouse auditory and visual
brain regions in adolescence and adulthood

Authors: *E. M. PARKER?, N. L. KINDJA?, C. E. CHEETHAM?, R. A. SWEET?;
1Dept. of Psychiatry, *Dept. of Neurobio., 2Univ. of Pittsburgh, Pittsburgh, PA

Abstract: Synapse remodeling is required for circuit refinement during adolescence and results
in reduced dendritic spine density (DSD) in adulthood. We demonstrated previously that DSD
decreases from P28 to P84 in primary auditory cortex layer 2/3 in male mice. We recently
surveyed dendritic spines in male and female mice in primary and secondary auditory and visual
regions to identify potential sex differences and better understand synaptic remodeling in
adolescence, hypothesizing DSD is reduced from P28 to P84 in both sexes. C57BI/6J mice were
exposed to AAV via bulk regional viral injection on PO-2. Brains were extracted on P28 or P84
(n=15). 3D image stacks of randomly selected secondary basilar dendritic segments were
captured and assessed using quantitative confocal microscopy. Dendritic protrusions from 287
segments (97 neurons) were counted and assigned to 1 of 8 types: short stubby, long stubby,
short mushroom, long mushroom, long thin, branched, atypical dendritic spines or filopodia. Age
did not significantly affect DSD. DSD was significantly decreased in females (f=8.279,
p=0.005), with no age*sex interaction. Layer significantly impacted DSD after adjusting for
multiple comparisons and the laminar pattern of DSD: layer 2/3>4=5/6 was preserved across
ages and sexes (layer 2/3 and 4 p=0.002; layer 2/3 and 5/6 p<0.000), with no significant
age*layer nor sex*layer interactions. Long mushroom spine density was significantly decreased
from P28 to P84 (f=4.889, df=1, p=0.029). Short stubby (f=13.153, p<0.000), long stubby
(f=12.512, p=0.001) and short mushroom (f=4.573, p=0.035) spine density were significantly
reduced in females. We demonstrate for the first time that DSD is significantly reduced in
females in auditory-visual sensory cortex and propose the decrease is driven by fewer short
stubby, long stubby and short mushroom spines. Finally, although age did not significantly affect
DSD in our model, long mushroom spine density was significantly reduced from P28 to P84,
evidence of synapse remodeling during adolescence. These data will serve to inform our
understanding of sex differences in synapse compositions over neurodevelopment in higher



mammals and future studies investigating spine alterations in animal models of neurological or
psychiatric disorders.
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Title: Effect of spermidine on the aging hippocampus: A quantitative electron microscopic study
of synaptic and mitochondrial ultrastructure
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SOTONYI}, K. IWATA*S S.J. SIGRIST®, S. KIECHL’, T. EISENBERG?%*8, F. MADEO?*?;
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Univ. of Graz, Graz, Austria; °BioTechMed-Graz, Graz, Austria; “Res. Ctr. for Child Mental
Development,, Univ. of Fukui, Fukui, Japan; Venetian Inst. of Mol. Medicine,, Padova, Italy;
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Abstract: With increasing life expectancy age-associated cognitive decline is a prominent
problem. Spermidine, a naturally occurring autophagy-inducing polyamine, is showing
promising results of alleviating, and even reversing such age-associated cognitive decline.
Dietary spermidine can pass the blood-brain barrier where it acts in part to promote spatial
memory related cognition. We studied the potential neuroprotective effects of spermidine in aged
mice. We targeted the CA1 region of the hippocampus with electron microscopy to quantify
synaptic ultrastructure changes between young, old, and spermidine treated aged mice. We found
improved morphological markers of synaptic plasticity in the CA1 stratum radiatum of
spermidine treated aged mice compared to aged controls. As spermidine also promotes



mitophagy, we quantified potential changes in mitochondria: measured mitochondrial density in
the neuropil, and quantified cristae width. We found that spermidine-treatment restored
mitochondrial abundance, and prevented age-associated disorganization of cristae in the
hippocampal CAL region of aging mice. Our data suggest that nutritional spermidine may be
therapeutically employed against age-associated cognitive decline.
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Title: Neuroplasticity of the crossed temporodentate and septodentate pathways after entorhinal
cortex injury in female rats

Authors: H. DOYLE, A. GHOSH, G. SODEN, K. BARLIS, *J. J. RAMIREZ;
Psychology and Neurosci., Davidson Col., Davidson, NC

Abstract: Alzheimer’s disease (AD) is a debilitating neurodegenerative disorder characterized
by memory loss and other behavioral problems. One of the principal early targets of AD is the
entorhinal cortex (EC), a primary cortical input to the hippocampal formation. When the
hippocampus is deafferented because of EC degeneration resulting from AD, several remaining
afferents to the hippocampus undergo axonal sprouting. An established model to explore this
concept in rats involves making a unilateral lesion of the EC, which elicits a sprouting response
in fibers from the intact EC to the denervated contralateral dentate gyrus (DG) of the
hippocampus, the so-called crossed temporodentate (CTD) pathway, as well as the septodentate
pathway. Greater synaptic efficacy of the CTD has been found to occur as early as 6 days
postlesion and increases in septodentate innervation have been observed as early as 5 days
postlesion. To date, this model has been used almost exclusively in male rats, so it remains
unclear whether the female rat brain evidences a similar kind of plasticity. The present study
explored the nature of synaptic plasticity in the CTD and the septodentate pathway in female rats
12 days postlesion. Male and female Sprague-Dawley rats received either unilateral EC lesions
or sham operations. For a paired-pulse assessment, a stimulating electrode was placed in the
contralateral intact EC 12 days after a lesion or sham operation, and evoked field excitatory
postsynaptic potentials (fEPSPs) were recorded in the DG ipsilateral to the lesioned EC. The



paired-pulse paradigm involved one pulse to the EC, known as the “conditioning pulse,”
followed by a second “test” pulse at a range of interpulse intervals (IPIs; 10 to 500 ms). The
acetylcholinesterase (AChE) Naik stain was used to assess sprouting in the septodentate pathway
in these cases. Additionally, estrous phases of female rats were recorded by lavages on both
operation days. Electrophysiological analyses showed enhanced, lesion-induced, synaptic
efficacy in the female CTD, similar to that seen in the male. Interestingly, histological analyses
showed a significant main effect for lesions ventrally, but not dorsally for both sexes. Dorsally,
females with lesions showed higher optical density values for AChE staining than male shams.
Our findings suggest that EC lesions enhanced synaptic efficacy and evoked increases in AChE
density in both sexes at 12 days postlesion. The septodentate sprouting response, however,
appears to have been more vigorous dorsally in the female.
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Title: Quantitative fluorescent synapse analysis reveals transient layer-specific reduction in PV
inputs during sensory association training

Authors: *D. A. KULJISY, S. E. MYAL?, E. PARK!, K. BREGNA?, W. WEGNER?, K. I.
WILLIGS, A. L. BARTH?;

1Carnegie Mellon Univ., Pittsburgh, PA; 2Carnegie Mellon Univ., Oakland, PA; *Max Planck
Inst. of Exptl. Med., Géttingen, Germany

Abstract: Quantitative analysis of synaptic input is well-suited to evaluate changes in cortical
circuitry during learning. Prior studies have suggested that parvalbumin (PV) inputs to
neocortical pyramidal (Pyr) neurons are regulated by target cell activity and can be particularly
labile during either sensory deprivation or with selective stimulation. Using an automated home-
cage system for whisker-dependent sensory-reward association training (SAT) in freely-moving
mice, we examined how PV inputs might be altered during sensory learning. We used
neuroligin-based, postsynaptic labeling reagents (FAPpost) combined with PV-neurite labeling



for automated fluorescence detection of postsynaptic PV inputs onto L2 and L5 Pyr neurons.
After 24-hr SAT, PV input density to both the soma and dendrites of L2 Pyr neurons was
reduced by ~40%, while PV input density to L5 Pyr neurons was unchanged. Anatomical results
were confirmed using analysis of PV channelrhodopsin-driven IPSCs in Ai32 x PV-Cre mice.
PV input reduction was transient and renormalized after 5 days of continuous training. Use of
other postsynaptic labeling reagents (gephyrin-FingRs) did not show reliable association with PV
neurites. These results show that quantitative, input-specific synapse analysis can reveal
experience- and context-dependent reorganization of synapses, validated by electrophysiological
findings. Rapid changes in PV inputs to L2 Pyr neurons during sensory learning may facilitate
subsequent plasticity across the cortical column.
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Title: Behavioral sensitivity to acute and chronic opioid exposure in neuroligin-3 knockout mice

Authors: *D. D. BRANDNER, P. G. MERMELSTEIN, P. E. ROTHWELL;
Neurosci., Univ. of Minnesota, Minneapolis, MN

Abstract: The neuroligins are a family of postsynaptic cell-adhesion molecules that interact with
presynaptic partners, the neurexins, to orchestrate the formation and functional properties of
central synapses. Polymorphisms in these synaptic adhesion molecules have been shown to
increase impulsivity and addiction-associated behaviors in human populations. The nucleus
accumbens is a key neural substrate of addiction, and chronic exposure to drugs of abuse
produces alterations in synapse structure and function in this brain region. Interestingly, nucleus
accumbens synaptic function is also modified by depletion of specific neuroligin family
members. Neuroligin-3 (NL3) is of interest because it participates in the organization of both
excitatory and inhibitory synapses. Previous work has shown that NL3-knockout (KO) reduces
the frequency of inhibitory synaptic currents in D1-medium spiny neurons (MSNs) of the
nucleus accumbens, leading to an overall change in nucleus accumbens output that resembles the
effects of chronic drug exposure. However, the mechanism by which NL3 modulates synaptic
function remains incompletely understood, and a possible role for NL3 in mediating addiction-
related behaviors in the nucleus accumbens has not been explored. To characterize the effects of



NL3 deletion on accumbens circuitry, we began by examining the anti-nociceptive and
psychomotor activating effects of morphine in constitutive NL3 KO animals. Following acute
morphine administration, these animals exhibited an increase in locomotor activity similar in
magnitude to wild-type littermates. However, psychomotor sensitization was significantly
reduced in NL3 KO animals following one week of morphine administered at 20 mg/kg daily.
We are currently investigating the possibility that this altered behavioral response to morphine is
related to structural alterations at excitatory and/or inhibitory synapses. We are also testing the
behavioral effects of NL3 KO on the rewarding properties of morphine. In conjunction with
these experiments, we are evaluating whether NL3 loss in specific subtypes of nucleus
accumbens MSNs recapitulate aspects of the altered morphine response in global knockouts.
Understanding the effects of NL3 depletion on synaptic architecture and nucleus accumbens
circuitry may provide insight into pathologic alterations that influence human vulnerability to
substance use disorders.
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Title: Interneuron transplantation creates new network states and rescues social behavior deficits
in a mouse model of autism with excessive synaptic inhibition

Authors: *D. G. SOUTHWELL?, H. SEIFIKAR?, R. MALIK3, K. LAVI®, D. VOGTS, J. L.
RUBENSTEIN* V. S. SOHAL’;
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Abstract: Manipulations that enhance GABAergic inhibition have been associated with
improved behavioral phenotypes in autism models, suggesting that autism may be treated by
correcting underlying deficits of inhibition. Interneuron transplantation is a method for
increasing recipient synaptic inhibition, and it has been considered a prospective therapy for
conditions marked by deficient inhibition, including neuropsychiatric disorders. It is unknown,
however, whether interneuron transplantation may be therapeutic only for conditions marked by
reduced inhibition, and, it is also unclear whether transplantation improves behavioral
phenotypes solely by normalizing underlying circuit defects. To address these questions, we
studied the effects of interneuron transplantation in mice lacking the autism-associated gene,
Pten, in GABAergic interneurons. Pten mutant mice exhibit social behavior deficits, elevated
synaptic inhibition in prefrontal cortex, abnormal baseline and social interaction-evoked
electrocencephalogram (EEG) signals, and an altered composition of cortical interneuron
subtypes. Transplantation of wild type embryonic interneurons from the medial ganglionic
eminence into the prefrontal cortex of neonatal Pten mutants rescued social behavior despite
exacerbating excessive levels of synaptic inhibition. Furthermore, transplantation did not
normalize recipient EEG signals measured during baseline states, but it altered EEG responses
observed during periods of social interaction. Interneuron transplantation can thus correct
behavioral deficits even when those deficits are associated with elevated synaptic inhibition.
Moreover, transplantation does not exert therapeutic effects solely by restoring wild type circuit
states. Our findings indicate that interneuron transplantation could offer a novel cell-based
approach to autism treatment, and they challenge assumptions that effective therapies must
reverse underlying circuit defects.
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Title: Chronic restraint stress induces anxiety & alteration of neuronal morphology in the
centromedial amygdala in rats

Authors: *S. MORENO MARTINEZ!?, H. TENDILLA BELTRANS, V. SANDOVALS, G.
FLORES* J. TERRON SIERRA?;
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city, Mexico; *Benemérita Univ. Autonoma de Puebla, Mexico, Mexico; “Benemérita Univ.
Auténoma de Puebla, mexico, Mexico; °Escuela Nacional de Ciencias Bioldgicas, Mexico city,
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Abstract: The centromedial amygdala (CeM) has efferent projections to the hypothalamus and is
involved in the control of the stress response by modulating the activity of the hypothalamic-
pituitary-adrenal (HPA) axis. Hyperactivity of the amygdala has been associated with the
endocrine and behavioral alterations of stress-related disorders, such as major depression.
However, information regarding the impact of chronic stress on the CeM is scarce. The aim of
the present study was to analyze the effect of 14-day chronic restraint stress (CRS; 20 min/day),
as compared to home cage control (CTRL) conditions, on anxiety behavior and morphology of
pyramidal neurons of the CeM in rats. Animals submitted to CRS displayed anxious behavior in
both the elevated plus maze (EPM) and open field behavioral tests as compared to CTRL rats. In
addition, CRS exposure decreased neuronal density as well as the number of dendritic spines in
the CeM. Regarding the morphology of dendritic spines, CRS exposure reduced the percentage
of mushroom-type spines along with an increase in the thim-type spines. Results suggest that
CRS-induced anxiety-like behavior might be accounted for by neuronal morphological changes
in the CeM.
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maintain neuronal function



Authors: *M. PEREZ CARAMBOT, C. DOMINICCI-COTTO, B. MARIE;
Inst. of Neurobio., San Juan, PR

Abstract: Transcription factors are important for nervous system development. They determine
where neuroblasts develop (spatial selectors), their differentiation through time (temporal
selectors), their cell fate (tissue/cell type selectors) and their final functional identity (terminal
selectors). It has been shown that the activity of several terminal selectors persists in the mature
brain to maintain neuronal sub-identity. This raises the question: can transcription factors also
have a role to maintain basic general neuronal properties such as synaptic growth, plasticity and
stability. We focus our study on Gooseberry (Gsb), a paired homeodomain transcription factor
homologous to the vertebrate pax3/7. During early developmental stages, Gsb acts as a pair rule
developmental regulator and controls the differentiation of a subset of neuroblasts. Interestingly,
its role has been linked to its ability to antagonize the Wingless (Wg/Whnt) signaling. Here, we
hypothesize that Gsb is required in mature motoneurons (MNs) to maintain general neuronal
properties by antagonizing Wg. To assess the role of gsb in the mature nervous system we
manipulated its expression at different stages of MN development and asked whether the growth,
stability and plasticity of the neuromuscular junction was affected. Perturbing Gsb expression at
early (post-mitotic; embryo) and late (after initial synaptic growth; larval stages 2 and 3) stages
of synapse development affected synaptic growth, stability and plasticity suggesting that Gsb is
not only an early fate determinant but is also required late to control MNs synaptic properties. In
addition, we analyzed these synaptic properties after manipulating Gsb and Wg expression
simultaneously. We found that Gsb antagonizes Wg to control synaptic growth and plasticity but
controls synaptic stability independently of Wg. Gsb overexpression reduces synaptic growth
and impairs synaptic plasticity, while Wg overexpression leads to overgrown and overplastic
synapses. When Gsb and W(g are overexpressed simultaneously, the phenotypes are identical to
the Gsb over expressors suggesting that Gsb renders the synapse resistant to Wg. In contrast,
when we overexpress Gsb and activate the Wg pathway by expressing a dominant negative form
of the kinase shaggy (Sgg), we found that both growth and plasticity phenotypes are restored to
control levels. This finding strongly suggests that Gsb inhibits the Wg signaling pathway
upstream of Sgg and downstream of Wg. We conclude that Gsb and Wg, two molecules essential
to nervous system development, interact to control mature neuronal function.
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Title: Microglia contribute to the loss of inhibitory synapses in chronic Toxoplasma gondii
infection
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A. FOX?:

'Fralin Biomed. Res. Inst., Roanoek, VA; ?Fralin Biomed. Res. Inst., Roanoke, VA; 3Univ. at
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Abstract: Schizophrenia is a complex and heterogenous neurological disorder associated with
debilitating cognitive impairment, acquisition of positive symptoms (such as hallucination and
psychosis), and loss of behaviors that are normally present in healthy individuals (apathy and
social withdrawal). Evidence from both human patients and rodent models suggest that
schizophrenia-associated behaviors result from alterations in the assembly and function of
inhibitory synapses, including inhibitory axo-somatic synapses. In addition to genetic causes
(such as those examined with genetic mouse models) environmental factors can both increase the
risk of schizophrenia and alter inhibitory circuit function in the brain. One such environmental
factor is infection with Toxoplasma gondii, an intracellular protozoan parasite that infects over
one-third of the human population worldwide. We previously discovered abnormalities in
inhibitory synapse organization and function in chronically Toxoplasma-infected brains. Here,
we sought to test whether chronic Toxoplasma infection specifically alters axo-somatic
inhibitory synapses. We performed ultrastructural analysis of inhibitory axo-smatic synapses in
the CAL region of mouse hippocampus and in layer V of cerebral cortex using Serial Block Face
Scanning Electron Microscopy (SBFSEM). The unique ultrastructural morphology of axo-
somatic inhibitory synapses in these regions allowed us to unambiguously identify these
synapses. In parasite-infected brains we discovered a significant reduction of inhibitory axo-
somatic synapses in both CA1 and neocortex. Interestingly, we also observed a dramatic
ensheathment of neuronal somas in these regions by microglia-like cells in Toxoplasma-infected
brains. These findings were further corroborated with in situ hybridization for Sytl (a marker for
neuronal somas) coupled with immunohistochemistry to visualize phagocytic microglia, along
with a CX3CR1-GFP transgenic mouse model in which microglia are fluorescently labeled.
Thus, we not only identified a significant reduction in axo-somatic synapses in parasite-infected
brains, but our data suggests a role for microglia in inhibitory synapse loss.
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Title: Combining optogenetics and FACS to examine NMDA subunit expression at specific
synapses
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Abstract: Post-traumatic stress disorder (PTSD) is proposed to occur due to miscommunication
within the fear expression circuit which includes the amygdala, medial prefrontal cortex (mPFC)
and hippocampus (HPC). Using optogenetics and brain slice recordings in adult male rats, our
laboratory found a reduction of NMDA receptor-mediated currents at ventral hippocampal
synapses onto infralimbic mPFC neurons (vHPC-to-IL synapses) after fear conditioning which
had to be reversed to form an extinction memory. In this study, we combined optogenetic
labeling of vHPC projections with fluorescence-activated cell sorting (FACS) to examine
synaptic NMDA receptor subunits on vHPC-to-IL synapses. We infused AAV expressing
channelrhodopsin and EYFP into the ventral hippocampus of male and female rats and exposed
them to auditory fear conditioning and extinction two months later. At the end of the behavioral
analysis, we sacrificed the rats, isolated synaptosomes from IL tissue punches, and labeled the
obligatory NMDA receptor subunit, NR1, with fluorescently conjugated antibodies. Then, we
analyzed NR1 expression on the vVHPC synaptic terminals expressing EYFP with FACS. Rats
exposed to fear conditioning froze more than rats exposed to extinction or unpaired controls, but
NR1 expression on VHPC-to-IL synapses was similar in all groups. However, we did observe
less NR1 expression in females than males in all behavioral groups. Overall our data suggests
that the reduction of NMDA current after fear conditioning was not secondary to fewer NMDA
receptors at the synapses and could, instead, be due to a change in NMDA subunit composition.
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Title: Autophagy, highwire and map kinases regulate the temperature dependence of synaptic
growth at the drosophila neuromuscular junction
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Abstract: Climate change and the rising global temperature can have devastating effects on the
population of arthropods and insects. The decline in the population of insects can have broad
negative outcomes for several ecosystems that humans rely on. It is crucial that we understand
the effect of temperature on the nervous system. Using the Drosophila Neuromuscular Junction
(NMJ), we asked how rearing temperatures (15°C, 20°C, 25°C, 29°C) can affect synaptic
growth. We observed an increase in the number of synaptic boutons in animals reared at higher
temperatures. Indeed, animals reared at 29°C had a 100% increase in synaptic growth when
compared to animals reared at 15°C. Interestingly, we found that the number of boutons from the
1s motor neurons increased with temperature while the boutons from the 1b motor neurons
remained constant. This result indicates that motor neurons might be differentially sensitive to
the changes in temperature.

Next, we identified highwire (Hiw), a E3 ubiquitin ligase, as a key regulator of temperature-
dependent synaptic growth. Hiw is a negative regulator of synaptic growth and a loss of function
mutation in the Hiw gene induced a temperature-independent overgrowth phenotype. We then
asked whether autophagy, a known negative regulator of Hiw, was involved in this regulation.
Autophagy loss of function mutants showed a temperature-independent undergrowth suggesting
that autophagy may control temperature-dependent synaptic growth. In addition, using
lysotracker, we showed that the levels of autophagy within the larval CNS increased at higher
rearing temperatures. We hypothesize that, at 29°C, there is little suppression of synaptic growth
due to the high activity of autophagy and the consequent low activity of Hiw. In contrast, at
15°C, reduced autophagic activity provokes increased Hiw activity and suppresses synaptic
growth. Finally, we identified the Map Kinases Wallenda (Wnd) and P38b, known targets of
Hiw, as key regulators of the synaptic growth of animals reared at 29°C. Indeed, at 29°C, animals
presenting a loss of function mutation in Wnd had reduced synaptic growth when compared to
control animals. We also revealed a genetic interaction between Wnd and P38b regulating



synaptic growth of animals reared at 29°C. In this study we identified a pathway in which
Autophagy and Highwire regulate temperature-dependent synaptic growth. In addition, we
identified a novel role for Wallenda and P38b in regulating the synaptic growth of animals reared
at higher temperature.
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Abstract: Damage to the central nervous system (CNS) causes severe neurological conditions,
such as sustained sensory, motor, cognitive dysfunction and compromise work capacity and self-
care. No pharmacological intervention that could foster recovery and complement current
rehabilitation has yet been established as effective. Restoration of motor impairment after CNS
damage is considered to be the result of compensative neural plasticity in spared neural circuit,
and the Experience-dependent synaptic AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazole-
propionic-acid) receptor (AMPAR) delivery underlies behaviors that require neural plasticity
such as learning. We found that a small compound, edonerpic-maleate (also known as T-
817MA), facilitated experience-driven synaptic glutamate AMPA receptor delivery and resulted
in the acceleration of motor function recovery after cortical or spinal cord cryoinjury. Edonerpic
bound to collapsin-response-mediator-protein 2 (CRMP2), a downstream molecule of
semaphorin, and is thought to be related to synaptic plasticity and learning. Furthermore, we
detected CRMP2-dependent activation of ADF/cofilin by edonerpic maleate in the plasticity-
inducing condition. Indicating edonerpic could facilitate synaptic AMPAR delivery through the
regulation of actin dynamics. Thus, edonerpic-maleate, a neural plasticity enhancer, could be a
clinically potent small compound to accelerate rehabilitation after damage of CNS.
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Abstract: As a prominent feature of the axonal action potential, afterdepolarization lasting for
several tens of milliseconds often follows the fast repolarization phase of the action potential.
Small but prolonged afterdepolarization may modulate the subsequent action potential and
transmitter release from the axon terminals. Several mechanisms underlying the generation of
axonal afterdepolarization have been suggested, including passive propagation of upstream
action potentials, the opening of slow voltage-dependent Na* currents, accumulation of K* ions
in the surrounding extracellular space, and activation of ionotropic autoreceptors. To evaluate the
relative contribution of the passive propagation in axonal afterdepolarization, a series of
numerical simulations were performed using a mossy fiber model where voltage-dependent Na*
and K* conductance was removed from the distal part of the axon. Slow depolarization with a
similar time course with afterdepolarization was left after blockade of Na™ and K* conductance
in the model, suggesting that a capacitive component due to passive propagation contributes
substantially in axonal afterdepolarization. It has been shown that experimentally recorded
afterdepolarization showed clear voltage-dependency upon changes in the initial membrane
potential, obviously deviating from those expecting from voltage-independent nature of the
capacitive component. The simulation showed that the activation of voltage-dependent K*
current also contributes to the initial phase and shapes a characteristic waveform of axonal
afterdepolarization with a voltage-independent component of passive propagation. These
findings suggest that the capacitive component reflecting passive propagation of upstream action
potential substantially contributes to the slow time course of axonal afterdepolarization, although
voltage-dependent K* current involves in the initial phase and provides a characteristic voltage-
dependency to axonal afterdepolarization.
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Abstract: In the past decade, the opioid crisis has become a national epidemic and the number of
opioid-dependent pregnant women has been soaring. Studies have shown that offsprings of
mothers with methadone abuse during pregnancy manifest, years later, abnormalities in cognitive
and intellectual capacities, indicating that there are not only short term but also long-term
deleterious sequelae from methadone exposure. Although opioids and their receptors have been
well characterized, the epidemic of opioid abuse has unmasked how little we know about the
effects of methadone exposure on fetal brain development, short and long term. Cortical
organoid derived from human iPSCs represents a cutting-edge model for the study of early brain
development. Since organoids can be maintained and developed for long periods, we leveraged
this opportunity and investigated the longitudinal effect of methadone exposure on membrane
excitability in neurons and glia during early neural development. Methadone at clinically
relevant concentrations (1 uM or 10 uM) were added to the culture medium for organoids
starting from 12-weeks of age. We performed parallel patch-clamp recordings of neurons from
16-, 20-, and 24-week-old cortical organoids for control and methadone-treated groups. During
this developmental time, we observed a progressive increase of neural size, # of action potential
(AP) firing, and single AP properties including the AP amplitude, the maximal AP rise/decay
slopes, and the AHP amplitude in control groups, indicating a ‘maturing’ process of neuronal
excitability. However, chronic exposure to 1 uM and 10 uM methadone produced a significant
delay in neural size, # of AP firing, and single AP properties. For example, from 12-week to 20-
week-old organoids, # of AP firing (evoked by 50 pA for 1000ms) was increased from 1.7+1.2 to
12.6+0.8 in control groups, but only increased to 7.2+1.3 and 2.5+0.3 for 1 uM and 10 uM
methadone groups, respectively (p<0.01, as compared to control). We further used voltage-clamp
techniques to determine the developmental changes of specific ion channels. From 12-week till
24-week, we observed progressive increases of voltage-gated Na* current and K* current in
control groups, but a significant delayed increase in methadone treated groups. Overall, human
cortical organoids revealed that long-term methadone exposure significantly delay the growth of



neuronal excitability due to the attenuated function of voltage-gated Na* and K* channels. The
findings suggest that chronic methadone exposure could potentially lead to a longitudinal
impairment of membrane properties and excitability during early neural development.
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Abstract: Several studies in teleosts, including those in gymnotiform fish, have shown that fish
can also learn the spatial relations between distinct landmarks. Early lesion studies in the
goldfish dorsal lateral pallium (DL) have shown that it is necessary for spatial learning. In the
gymotiform fish, previous anatomical studies have suggested that DL is homologues to the
mammalian hippocampus, in particular to the dentate gyrus (Elliott et al., 2017, J. Comp.
Neurol.). However, DL has also drawn multiple comparisons to cortex since it receives extrinsic
projections from teleost thalamus, the preglomerular nucleus (PG) and the DL microcircuitry
suggests that its neurons form local (excitatory) recurrent networks (‘Yamamoto et al., 2007,
Brain Behav. Evol.; Trinh et al., 2016, J. Comp. Neurol.).

More recently, a subset of electrosensory motion PG neurons in the gymnotiform fish was shown
to encode the time interval between object encounters which led the authors to hypothesize that
the fish can estimate the distance between objects (Wallach et al., 2018, eL.ife). Since the DL of
gymnotiform fish receives both visual and electrosensory inputs from PG, we hypothesize that
the transformation of electrosensory motion signals to a spatial map are processed in DL.

To test whether DL neurons may be able to perform this task, we performed in-vitro whole-cell
patch recordings of neurons in DL of Apteronotid fish and of Carassius auratus (goldfish). We
have found that DL neurons are very similar in both species: they have a hyperpolarized resting
membrane potential that is likely due to the activity of GIRK channels, they exhibit a high spike
threshold and they display a large small conducting Ca?*-activated K* channel (SK)-mediated
AHP; all these mechanisms contribute to the low current-evoked firing rate observed in these



neurons. Based on these biophysical characteristics, we propose that DL neurons may be sparse
coders similarly to the granule cells of the mammalian dentate gyrus.

Furthermore, we also found that DL neurons exhibit prolonged spike threshold adaptation which,
based on our model results, may be due to the slow cumulative inactivation of Na* channel. We
propose that this spike threshold adaptation will allow the DL recurrent network to encode
temporal sequences as suggested by the computational work of Istkov et al. (2011, Journal of
Neuroscience). The DL network would then be able to decode the time information transmitted
from the afferent thalamic input (Wallach et al., 2018, eLife) into an estimation of the animal’s
location as it swims from a landmark to food, thus providing the basic framework for the
formation of a spatial map.
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Abstract: Primary afferents innervating muscle of rats are susceptible to changes in function
from injury and disease. In previous studies on the functional result of short-term uncontrolled
hyperglycemia (3 weeks, 6 weeks) we showed muscle spindle afferents to have altered function,
as measured by sciatic function index, reflex contraction, and number and maximum frequency
of action potentials fired by individual axons recorded intra-axonally. It may be logical to
assume that golgi tendon organ afferents (GTOs) display similar changes in function in the face
of short-term hyperglycemia, but it is not known. In these studies, various parameters of
individual neuron firing are examined in GTOs and compared across treatment groups
(untreated, 3 week hyperglycemic (3wk), 6 week hyperglycemic (6wk), 3 week hyperglycemic +
1 week insulin nanoparticles (3wk/1wk); 3wk/2wk; and 2wk/2wk. GTO function was also
compared to that of muscle spindle afferent firing parameters. These axons were randomly
recorded from the same anesthetized animals in the same treatment groups and categorized based



on typical firing responses to stretch and muscle twitch response to nerve stimulation (1 Hz).
GTOs do not significantly change function across groups when comparing number of action
potentials, maximum instantaneous firing rate, threshold length of firing in 3wk and 6wk
compared to untreated, although the values did increase in the 3wk group (p > 0.05, ANOVA
post hoc Unequal N Honest Significant Difference). When exposing muscle to insulin-containing
nanoparticles for various durations listed above, the values also did not change significantly
across treatment groups for GTOs, indicating that the injections are neither improving nor
harming function in these specific primary afferents. This is contrary to the findings for muscle
spindle afferents, in which function was significantly increased at 3wk, decreased at 6wk and
improved with nanoparticle injection (3wk/1wk). The difference in resulting function in the
treatment groups for the two types of afferents may be due to the nature and location of the
sensory ending and their distinct interaction with muscle tissue. Future studies will examine
muscle tissue in these groups as well as the ultrastructure of the sensory ending.
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Abstract: The regulation of food intake and energy expenditure are under the control of two
main populations of neurons in the arcuate nucleus (ARC), which is localized in the base of the
hypothalamus. The NPY neurons are orexigenic and their activation stimulates food intake. On
the other hand, the activation of POMC neurons has an anorectic effect. Several works have tried
to identify these neurons on the base of their electrophysiological and pharmacological
properties. However, the classification of ARC neurons is still inconclusive. We used brain slices
obtained from male Wistar rats (18-21 postnatal days) and performed whole-cell patch
recordings to determine the electrophysiological differences among these types of cells. We
changed glucose concentrations within a physiological range and recorded the electrical response
to identify them. In addition, cells were identified by immunocytochemical techniques by using



anti-NPY and anti-MSH antibodies. The ARC neurons were classified based on their passive and
active electrophysiological properties. Also, we performed calcium imaging experiments to
record the response of dozens of cells simultaneously with single cell resolution. We observed
that NPY and POMC neurons have different electrophysiological properties, such as input
resistance and firing pattern, and can be distinguished based on these characteristics. The
diversity of ARC neurons based on their response to different glucose concentrations was
confirmed with calcium imaging experiments.
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Abstract: During the development of the Xenopus laevis retinotectal circuit the level of synaptic
input received by tectal neurons changes dramatically as activity-dependent synaptic refinement
and strengthening occurs, yet tectal neurons maintain the capacity to stably respond to visual
stimulation. To maintain a stable relationship between synaptic input and spike output, the
intrinsic excitability of tectal neurons decreases as the retinotectal circuit matures. One
mechanism by which neurons can regulate intrinsic excitability is the modulation of voltage-
dependent sodium currents; however, the mechanisms by which sodium currents are regulated to
modulate intrinsic excitability of tectal neurons remains largely unknown.

To determine whether sodium currents are modualted as intrinsic excitability of tectal neurons
changes, we measured sodium currents with whole-cell patch clamp electrophysiology across a
time-course of retinotectal circuit development and in response to enhanced network activity.
Here we describe how fast, persistent and resurgent sodium current conductance are regulated,
revealing that sodium currents are enhanced congruent with increased intrinsic excitability. To
examine how sodium currents are modulated as intrinsic excitability of tectal neurons changes,
we quantified the expression of voltage-gated sodium channel subtypes across retinotectal circuit
development and in response to enhanced network activity. We found that expression of voltage-



gated sodium channel subtypes Nav1.1, Nav1.2 and Nav1.6, as well as the accessory Navp4
subunit, are differentially regulated across development and in response to enhanced network
activity. Finally, we explore the contribution of voltage-gated sodium channel subtypes to fast,
persistent and resurgent sodium currents and the intrinsic excitability of tectal neurons.
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Abstract: Intrinsic plasticity - experience-dependent changes in the membrane excitability of
individual neurons - has been identified as an important mechanism of learning and formation of
memory engrams. In the cerebellum, Purkinje cells generate the sole output of the cerebellar
cortex and regulate motor learning. Intrinsic plasticity (IP) in Purkinje cells is mediated in part
through the downregulation of small conductance calcium-activated potassium (SK) channels,
which are involved in regulation of the medium afterhyperpolarizing potential. In other brain
areas, SK channel trafficking is regulated by the activity of muscarinic acetylcholine receptors
(mAChRs). In the cerebellum, mAChR expression is limited to lobules )X and X, the
vestibulocerebellum. Using whole-cell patch-clamp recordings from Purkinje cells in sagittal
slices prepared from the vermis of young adult (P21-42) mice, we demonstrate that mAChRs
also facilitate intrinsic plasticity in the cerebellum. Bath application of the general mAChR
agonist oxo-m significantly increased the evoked firing rate of Purkinje cells in lobules IX/X in
response to a physiologically relevant synaptic induction protocol at the parall