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Faculty Profiles

Myles Akabas, M.D., Ph.D.
Professor, Dominick P. Purpura
Department of Neuroscience
Professor, Department of
Medicine

Malaria Purine Transporters and
Antimalarial Drug Development

Malaria is a major public health
problem affecting large areas of the
world. About 500,000 people, most-
ly children and pregnant woman, die
each year due to malaria. Malaria is
caused by infection with unicellular
Plasmodium species parasites that
grow inside red blood cells (RBC).
Plasmodium falciparum causes the
most lethal form of malaria. Plas-
modium species parasites are purine
auxotrophic. They require an exog-
enous source of purines to prolifer-
ate. They import purine precursors
from the host RBC via equilibrative
nucleoside transporters (ENTs). The
primary purine import transporter is
the Plasmodium falciparum ENT1
(PfENTT). PENT1 knockout para-
sites are not viable in culture at pu-
rine concentrations found in human
plasma (<10 uM). This suggests that
PfENT1 inhibitors might kill para-
sites and that PEENT1 may represent
a novel target for antimalarial drug
development. We developed a robust
yeast-based high throughput screen
to identify PfENT1 inhibitors. We
have screened a 65,000 compound
library and identified 171 hits. The
nine best hits block PfENTT in yeast
and in red blood cell free parasites
with an IC50 of 5-50 nM. The com-
pounds kill P. falciparum parasites in
culture with micromolar IC50 val-
ues. GlaxoSmithKline (GSK) used
our assays to screen their 1.8 mil-
lion compound library. They gave

us six of the best hits. Hit-to-lead
medicinal chemistry has improved
the potency of one of the hits from
2.9 uM. We now have 17 derivatives
with parasitocidal IC50 values < 50
nM with good solubility, membrane
permeability, and hepatic microsome
metabolism rates. Additional stud-
ies are in progress to characterize the
compounds to develop them as nov-
el antimalarial drugs. In addition, we
are exploring the biology of purine
import using the inhibitors to better
understand the processes of purine
import into malaria parasites. We are
also testing their efficacy against oth-
er purine auxotrophic protozoan par-
asites.

Selected Publications

Frame IJ*, Deniskin R*, Arora A,
Akabas MH. (2015) Purine import into
malaria parasites as a target for antima-
larial drug development. Ann N'Y Acad
Sei. 1342:19-28. (*contributed equally)

Frame IJ*, Deniskin R*, Rinder-
spacher A, Katz E Deng SX, Moir RD,
Adjalley SH, Coburn-Flynn O, Fidock
DA, Willis IM, Landry DW, Akabas
MH. (2015) Yeast-based high-through-
put screen identifies Plasmodium
falciparum equilibrative nucleoside
transporter 1 inhibitors that kill malaria
parasites. ACS Chem Biol. 10:775Paul-
linia cupana83. (*contributed equally)

Deniskin R, Frame IJ, Sosa Y, Akabas
MH. (2016) Targeting the Plasmodium
vivax Equilibrative Nucleoside Trans-
porter 1 (PvENT1) for antimalarial
drug development. /nt J Parasitol: Drugs
& Drug Resistance. 6:1Paullinia cupa-
nall.

Arora A, Deniskin R, Sosa Y, Nishtala
SN, Kumar TRS, Henrich PP, Fidock
DA, Akabas MH. (2016) Substrate and
inhibitor specificity of the Plasmodium
berghei Equilibrative Nucleoside Trans-
porter Type 1 (PbENT1). Mol Pharma-
col. 89:678-85.

Nishtala SN*, Arora A*, Reyes ],
Akabas MH. (2019) Accessibility of
substituted cysteines in TM2 and TM10
transmembrane segments in the Plasmo-
dium falciparum equilibrative nucleo-

side transporter PEENT1. J Biol Chem.
294:1924-1935. (*contributed equally)

Jonathan E. Alpert, Ph.D.,
M.D.

Professor, Psychiatry and
Behavioral Sciences

Professor, Dominick P. Purpura
Department of Neuroscience
Professor, Department of
Pediatrics

Dorothy and Marty Silverman
Chair in Psychiatry

Chair, Department of Psychiatry
and Behavioral Sciences

Jonathan E. Alpert, MD, PhD, is the
Dorothy and Marty Silverman Uni-
versity Chair of the Department of
Psychiatry and Behavioral Sciences
and Professor of Psychiatry, Neurosci-
ence and Pediatrics. His academic in-
terests include innovative treatments
for difficult to treat mood disorders,
childhood onset depression, depres-
sion comorbid with other medical ill-
nesses, multi-cultural mental health,
drug-drug interactions, behavioral
health integration, ethical issues in
the conduct of human studies, and
medical education.

Dr. Alpert graduated from Yale
College summa cum laude with ma-
jors in Psychology and Philosophy.
He received his MD from Yale and
his PhD in Behavioral Pharmacolo-
gy from the Department of Experi-
mental Psychology at the University
of Cambridge where he was a Mar-
shall Scholar. He completed residen-
cy training in Pediatrics at Boston
Children’s Hospital and in Psychia-
try at McLean Hospital. He joined
Einstein/Montefiore after 24 years at
the Massachusetts General Hospital
where he was Director of the Depres-
sion Clinical and Research Program
and Associate Chief of Psychiatry re-
sponsible for outpatient, inpatient



and emergency services. He was the
first incumbent of the Joyce R. Ted-
low Chair in the Field of Depression
Studies at Harvard Medical School.

Dr. Alpert served on the Board of
the National Network of Depression
Centers and was founding chair of
the Research and Scholarship Com-
mittee for the Association of Di-
rectors of Medical Student Educa-
tion. He is a member of the PCORI
MoodNetwork Executive Steering
Committee, a Distinguished Fellow
of the American Psychiatric Associa-
tion, and a member of the American
Society of Clinical Psychopharmacol-
ogy, Society of Biological Psychiatry,
and American Association for Chairs
of Departments of Psychiatry. The
author of over 200 publications, Dr.
Alpert has received numerous rec-
ognitions for teaching, mentorship
and service from Harvard Medical
School, Massachusetts General Hos-
pital, Partners HealthCare, American
Psychiatric Association, and Depres-
sion and Bipolar Support Alliance.
Selected Publications

Mischoulon D, Hylek L, Yeung AS,
Clain AJ, Baer L, Cusin C, Tonescu DF,
Alpert JE, Soskin DP, Fava M: Random-
ized, proof-of-concept trial of low dose
naltrexone for patients with break-
through symptoms of major depressive
disorder on antidepressants. J Affect
Disord 2017; 15:208:6-14.

Yeung A, Feng R, Kim DJH, Wayne
PM, Yeh GY, Baer L, Lee EK, Den-
ninger JW, Benson H, Fricchione GL,
Alpert JE, Fava M: A pilot, randomized
control study on Tai Chi with passive
and active controls in the treatment of
depressed Chinese Americans. / Clin
Psychiatry, 2017; 78(5):522-528.

Taylor JB, Ferris TG, Weilburg B,
Alpert JE: Behavioral health integration:
challenges and opportunities for aca-
demic medical centers. Acad Psychiatry
2106; 40(6):874-879.

Ionescu DE Swee MB, Pavone K],
Taylor N, Akeju O, Baer L, Nyer M,
Cassano B, Mischoulon D, Alpert JE,
Brown EN, Nock MK, Fava M, Cusin
C: Rapid and sustained reductions

in current suicidal ideation follow-

ing repeated doses of intravenous
ketamine: secondary analysis of an
open-label study. J Clin Psychiatry 2016;
77(6):719-25.

Chen JA, Shapero BG, Trinh NT,
Chang TE, Parkin S, Alpert JE, Fava
M, Yeung AS: Association between
stigma and depression outcomes among
Chinese immigrants in a primary
care setting. / Clin Psychiatry 2016;
77:1287-1292.

Ionescu DF, Rosenbaum JF, Alpert
JE: Pharmacological approaches to the
challenges of treatment-resistant de-
pression. Dialogues Clin Neurosci 2015;
17:111-126.

Carlo A, Alpert JE: Geriatric psycho-
pharmacology: pharmacodynamic and
pharmacokinetic considerations. Psychi-
atric Annals 2015 45(7):337-341.

Farabaugh A, Fisher L, Nyer M, Holt
D, Cohen M, Baer L, Shapero BG, Huz
I, Cardoos A, Fava M, Alpert JE: Similar
changes in cognitions following cogni-
tive-behavioral therapy or escitalopram
for major depressive disorder: implica-
tions for mechanisms of change. Ann
Clin Psychiatry 2015; 27(2):118-26.

Alpert JE: Drug-drug interactions in
psychopharmacology. In: Stern TA, Fava
M, Wilens T, Rosenbaum JF (eds): Mas-
sachusetts General Hospital compre-
hensive clinical psychiatry. Philadelphia,
Mosby Elsevier, 2015, 552-566.

Gorrindo T, Goldfarb E, Chevalier L,
Hoeppner BB, Birnbaum R]J, Meller B,
Alpert JE, Herman ], Weiss AP: Inter-
professional differences in disposition
decisions: results from a standardized
web-based patient assessment. Psychiatr
Serv 2013; 64(8):808-811.

Papakostas GI, Shelton RC, Zajecka
JM, Etemad B, Rickels K, Clain A, Baer
L, Dalton ED, Sacco GR, Schoenfeld
D, Pencina M, Meisner A, Bottiglieri
T, Nelson E, Mischoulon D, Alpert
JE, Barbee JG, Zisook S, Fava M:
L-Methylfolate as adjunctive therapy for
SSRI-resistant major depression: Results
of two randomized, double-blind, par-
allel-sequential trials. Am J Psychiatry
2012; 169(12):1267-1274.

Michael Aschner, Ph.D.
Professor, Department of
Molecular Pharmacology
Professor, Dominick P. Purpura
Department of Neuroscience
Professor, Department of
Pediatrics

Harold and Muriel Block Chair in
Molecular Pharmacology
Director, Einstein Center of
Toxicology

Research in our laboratory focuses on
the interaction between genetics and
the environment in triggering disease
both during central nervous system
(CNS) development and senescence.
We are addressing metal uptake across
the blood-brain barrier (BBB) and
distribution in the brain (neurons and
glia), specifically with methylmercury
(MeHg) and manganese (Mn), as well
as their cellular and molecular mech-
anisms of neurotoxicity. Our studies
address mechanisms of transport and
neurodegeneration in various exper-
imental models (C. elegans, tissue
cultures and rodents), as well as fol-
low-up on the sequelae of heavy met-
al deposition in the brains of human
neonates by means of magnetic reso-
nance imaging (MRI).

Hypotheses presently tested in-
clude the following: (1) Modulation
of C. elegans genes (aat, skn-1, daf-16)
that are homologous to mammalian
regulators of MeHg uptake and cel-
lular resistance will modify dopami-
nergic neurodegeneration in response
to MeHg exposure. (2) Under con-
ditions of MeHg-induced oxidative
stress, Nrf2 (a master regulator of an-
tioxidant responses) coordinates the
upregulation of cytoprotective genes
that combat MeHg-induced oxidative
injury, and that genetic and biochem-
ical changes that negatively impact
upon Nrf2 function increase MeHg’s



neurotoxicity. (3) PARK2, a strong
PD genetic risk factor, alters neuronal
vulnerability to modifiers of cellular
Mn status, particularly at the level of
mitochondrial dysfunction and oxi-
dative stress.

Our studies are ultimately de-
signed to (1) shed novel mechanistic
insight into metal-induced neurode-
generation; (2) provide novel targets
for genetic or pharmacologic mod-
ulation of neurodegenerative disor-
ders; (3) increase knowledge of the
pathway involved in oxidative stress,
a common etiologic factor in neuro-
degenerative disorders; (4) develop
improved research models for human
disease using knowledge of environ-
mental sciences.

Selected Publications

Yang B, Bai Y, Yin C, Qian H, Xing
G,Wang S, Li F, Bian J, Aschner M, Lu
R. Activation of autophagic flux and
the Nrf2/ARE signaling pathway by
hydrogen sulfide protects against acrylo-
nitrile-induced neurotoxicity in pri-
mary rat astrocytes. Arch Toxicol 2018;
92:2093Paullinia cupana2108.

Rohn I, Marschall TA, Kroepfl N,
Jensen KB, Aschner M, Tuck S, Kueh-
nelt K, Schwerdtle T, Bornhorst J.
Selenium species-dependent toxicity,
bioavailability and metabolic trans-
formations in Caenorhabditis elegans.
Metallomics 2018; 10:818Paullinia
cupana827.

da Cruz I, Machado M, Ribeiro E,
Aschner M, Arantes L, Zamberlan D,
Soares FA.Mechanisms involved in
anti-aging effects of guarana (Paullinia
cupana) in Caenorhabditis elegans. Bra-
zilian | Med Biol Res2018;51:€7552.

Pinkas A, da Cunha Martins A, Jr,
Aschner M. C. elegans— an emerging
model for metal-induced RAGE-relat-
ed pathologies. Internat | Environ Res
Public Health, 15(7). pii: E1407. doi:
10.3390/ijerph15071407.

Aschner M, Autrup H, Berry CL,
Boobis AR, Cohen SM, Dekant W,
Galli CL, Goodman JI, Gori GB,
Greim HA, Kaminski NE, Klaassen
CD, Klaunig JE, Lotti M, Marquardt
HW, Moretto A, Pelkonen O, Sipes IG,

Wallace KB, Yamazaki H. Obfuscating
transparency. Regulatory Toxicol Pharma-
0l 2018: 97; A1-A3.

Culbreth M, Aschner M, GSK-33,
a double-edged sword in Nrf2 regu-
lation: implications for neurological
dysfunction and disease. 1000Res
2018; 7:1043. doi: 10.12688/f1000re-
search.15239.1.

Anita E. Autry, Ph.D.
Assistant Professor, Dominick
P. Purpura Department of
Neuroscience
Assistant Professor, Department
of Psychiatry and Behavioral
Sciences
Our laboratory is focused on uncov-
ering and dissecting neural circuits
that control social behaviors and un-
derstanding how these circuits are
regulated under physiological and
pathological conditions. Specifically,
we study parental behavior which is
essential for the health and survival
of offspring, as well as infant-direct-
ed aggression and other behaviors
associated with parenting. The re-
search questions center around (1)
how stress affects the function of cir-
cuits controlling parental behaviors
(2) how circuits that mediate stress
responses interact over time and (3)
how stress circuits impact feeding be-
havior and body composition, partic-
ularly in lactating females.
Selected Publications

Kohl, J., Babayan, B. M., Rubinstein,
N.D., Autry, A. E., Marin-Rodriguez,
B., Kapoor, V., Miyamaishi, K., Zweifel,
L. S., Luo, L., Uchida, N., Dulac, C.
(2018). Functional circuit architecture
underlying parental behavior. Nazure.
556 (7701) 326-331.

Kohl, J.K.*, Autry A.E.*, Dulac, C.
(2017). The Neurobiology of Parenting:
A Neural Circuit Perspective. Bioessays,

39(1) 1-11.

Adachi, M.*, Autry, A.E.*, Mag-
houb, M., Suzuki, K., Monteggia, L.M.
(2017). TrkB Signaling in Dorsal Raphe
Nucleus is Essential for Antidepressant
Efficacy and Normal Aggression Be-
havior. Neuropsychopharmacology, 42(4)
886-894.

Autry, A.E. (2016). Neurobiology
of Chronic Social Defeat Stress: Role
of Brain-Derived Neurotrophic Factor
Signaling in the Nucleus Accumbens.
Biological Psychiatry, 80(6) 39—40.

Morris, M.]., Na, E.S., Autry, A.E.,
Monteggia, L.M. (2016). Impact of
DNMT1 and DNMT?3a forebrain
knockout on depressive- and anxiety
like behavior in mice. Neurobiology of
Learning and Memory, 135; 139-145.

Renier, N., Adams, E., Kirst, C., W,
Z., Azevedo, R., Kohl, J., Autry, A.E.,
Kadiri, L., Venkataraju, K.U., Zhou,
Y., Wang, V.X., Tang, C.Y., Olsen, O.,
Dulac, C., Osten, P, Tessier-Lavigne,
M. (2016). Mapping of brain activity by
automated volume analysis of immedi-
ate early genes. Cell, 165 (7) 1-14.

Wu, Z., Autry, A.E., Bergan, J.E, Wa-
tabe-Uchida, M., Dulac, C.G. (2014).
Galanin neurons in the medial preoptic
area govern parental behavior. Nazure,
509 (7500) 325-330.

Nosyreva, E., Autry, A.E., Kavalali,
E.T., Monteggia, L.M. (2014). Age
dependence of the rapid antidepressant
and synaptic effects of acute NMDA
receptor blockade. Frontiers in Molecular
Neuroscience, 94; 1-7.

Nosyreva, E., Szabla, K., Autry, A.E.,
Ryazanov, A.G., Monteggia, L.M., Kav-
alali, E.T. (2013). Acute suppression of
spontaneous neurotransmission drives
synaptic potentiation. Journal of Neuro-
science, 33(16) 6990-7002.

Benekareddy, M., Nair, A.R., Dias,
B.G., Suri, D., Autry, A.E., Monteggia,
L.M., Vaidya, V.A. (2013). Induction
of the plasticity-associated immediate
early gene Arc by stress and hallucino-
gens: role of brain-derived neurotrophic
factor. International Journal of Neuro-

psychopharmacology, 16(2) 405-15.



Praveen Ballabh, M.D.
Professor, Pediatrics
(Neonatology)

Professor, Dominick P. Purpura
Department of Neuroscience

Our laboratory studies the pathogen-
esis of intraventricular hemorrhage
(IVH) and evaluates neuro-protective
strategies to prevent brain injury after
IVH in premature infants. The ma-
jor projects in our laboratory are fo-
cused on determining a) the mecha-
nisms underlying white matter injury
in premature infants with IVH and
approaches to minimize the damage,
b) the effect of IVH on glutamatergic
neurogenesis and corticogenesis in
the developing brain, and strategies
to restore these processes, and c) the
effect of prematurity on neurogenesis
and corticogenesis.

To answer our research questions,
we employ a preterm rabbit model (in
vivo studies) and an iz vitro organo-
typic forebrain slice culture model of
IVH. Our glycerol model of IVH in
preterm rabbits exhibits periventricu-
lar white matter injury and post-hem-
orrhagic hydrocephalus similar to
that seen in human preterm survivors
with IVH. In addition, we analyze
autopsy samples from preterm infants
with and without IVH. Commonly
used techniques include Immuno-
histochemistry, confocal microscopy,
stereological quantification of neu-
ral cells, Western blot analyses, real
time qPCR, slice culture, neuronal
migration studies, viral gene transfer,
flow-cytometry, and magnetic bead
isolation of cells.

Selected Publications

Dohare P, Zia MT, Ahmed E, Ahmed
A, Yadala V, Schober AL, Ortega JA,
Kayton R, Ungvari Z, Mongin AA,
Ballabh P AMPA-Kainate Receptor In-
hibition Promotes Neurologic Recovery
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in Premature Rabbits with Intraven-
tricular Hemorrhage. / Neurosci. 2016
Mar 16;36(11):3363-77. doi: 10.1523/
JNEUROSCI.4329-15.2016. PMID:
26985043

Vinukonda G, Dohare P, Arshad A,
Zia MT, Panda S, Korumilli R, Kay-
ton R, Hascall VC, Lauer ME, Ballabh
P. Hyaluronidase and Hyaluronan
Oligosaccharides Promote Neurolog-
ical Recovery after Intraventricular
Hemorrhage. / Neurosci. 2016 Jan
20;36(3):872-89. doi: 10.1523/]JNEU-
ROSCI.3297-15.2016.

Vinukonda G, Hu F, Mehdizadeh R.
Kayton R, Ballabh P. Epidermal growth
factor preserves myelin and promotes
astrogliosis after intraventricular hemor-
rhage. Glia. 2016 Jul 29. doi: 10.1002/
glia.23037. PMID: 27472419

Arshad A, Vose LR, Vinukonda G,
Hu V, Yoshikawa K, Csiszar A, Brum-
berg J, Ballabh P. Extended production
of cortical interneurons into the third
trimester of human gestation. Cerebral
cortex. 2015 Apr 16. PMID: 25882040

Vose LR, Vinukonda G, Jo S, Miry
O, Diamond D, Korumilli R, Arshad A,
Zia MT, Hu F, Kayton R], La Gam-
ma EF, Bansal R, Bianco AC, Ballabh,
P. Treatment with thyroxine restores
myelination and clinical recovery after

intraventricular hemorrhage. / Neurosci.
2013 Oct 30;33(44):17232-46

Malik S, Vinukonda G, Vose LR,
Diamond D, Bhimavarapu BB, Hu E,
Zia MT, Hevner R, Zecevic N, Ballabh
P. Neurogenesis continues in the third
trimester of pregnancy and is suppressed
by premature birth. J Neurosci. 2013 Jan
9;33(2):411-23. PMID: 23303921

Dummula K, Vinukonda G, Chu P,
Xing Y, Hu E Mailk S, Csiszar A, Chua
C, Mouton P, Kayton RJ, Brumberg
JC, Bansal R, Ballabh P. Bone morpho-
genetic protein inhibition promotes
Neurological recovery after intraven-
tricular hemorrhage. / Neurosci. 2011
Aug 24;31(34):12068-82. PubMed.
PMID:21865450; PubMed Central
PMCID: PMC3167068.

Vinukonda G, Csiszar, A, Hu F,
Dummula K, Pandey NK, Zia MT,
Ferreri, NR, Ungvari, Z, LaGamma, EF,
Ballabh, P. Neuroprotection in intraven-
tricular hemorrhage by cox-2 inhibition:
EP1 receptor and TNF-o are down-
stream mediators of brain injury. Brain
2010 Aug;133(Pt 8):2264-802.

Chua C, Chahboune H, Braun A,
Dummula K, Chua CE, Yu J, Ungvari
Z, Sherbany A, Hyder F, Ballabh .
Consequences of intraventricular hem-



orrhage in a rabbit pup model. Stroke
2009 Oct;40(10):3369-77.
Vinukonda G. Csiszar, A. Hu E
Dummula K, Pandey NK, Zia MT,
Ferreri, NR, Ungvari, Z, LaGam-
ma, EE, Ballabh, P. Effect of prenatal
glucocorticoid on the vasculature
of the developing brain. Stroke.
2010 Aug;41(8):1766—73. PubMed
PMID:20616316; PubMed Central
PMCID: PMC2920046.

3
Renata Batista-Brito, Ph.D.
Assistant Professor, Dominick
P. Purpura Department of
Neuroscience
Assistant Professor, Department
of Genetics
Accurate perception depends on the
adaptive function of brain areas com-
prised of many types of cells and syn-
aptic connections that develop over
a long period. During development,
neural networks grow from a state of
zero connectivity to the precisely in-
terconnected circuits characteristic of
the adult brain. The activity of GAB-
Aergic inhibitory neurons during
postnatal development is likely to
mediate synaptic refinement, enhanc-
ing precision in the mature network.
Accordingly, recent evidence suggests
disruption of inhibitory function as a
mechanism underlying neurodevel-
opmental disorders such as autism
and schizophrenia. Our lab combines
cell-type specific manipulation of
neuronal activity, iz vivo electrophys-
iology, in vivo 2-photon imaging, and
behavioral analysis in order to under-
stand how the postnatal developmen-
tal of inhibition shapes sensory rep-
resentation in the mature brain, and
how this process is altered in neuro-
developmental disorders.

Our working hypotheses are: a)
Postnatal changes in the connectivity
and activity patterns of interneurons

instruct how sensory information
is processed in the mature brain; b)
Developmental dysfunction of inhib-
itory neurons impairs cortical circuits
and is a key mechanism for neurode-
velopmental disorders such as autism
and schizophrenia. Addressing these
questions will identify key develop-
mental processes, elucidate funda-
mental mechanisms by which senso-
ry information guides behavior, and
potentially provide new biomarkers
for neuropsychiatric diseases.

Selected Publications

Batista-Brito R, Vinck M, Ferguson
KA, Laubender D, Lur G, Mossner
JM, Hernandez VG, Ramakrishnan
C, Deisseroth K, Higley M]J, Cardin
JA. Developmental dysfunction of VIP
interneurons impairs cortical circuits.
Neuron, 2017, 95(4):884-895.

Vinck M*, Batista-Brito R*, Knoblich
U, Cardin JA. Arousal and locomotion
make distinct contributions to cortical
activity patterns and visual encoding.
Neuron, 2015, 86(3):740-54. * equal
contributions

McGinley MJ, Vinck M, Reimer MJ,
Batista-Brito R, Zagha E, Cadwell CR,
Tolias A S, Cardin JA, McCormick DA.
Waking State: Rapid Variations Modu-
late Neural and Behavioral Responses.
Neuron, 2015, 87(6):1143-61.

R, Rossignol E, Hjerling-LefHer ]

, Denaxa M, Wegner M, Lefebvre V,
Pachnis V, Fishell G. The cell-intrinsic
requirement of Sox6 for cortical inter-
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Professor, Department of
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Professor, Department of
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Department of Neuroscience
Chair, Department of Systems &
Computational Biology

Harold and Muriel Block Chair

of Systems and Computational
Biology

My research agenda addresses quan-
titative problems in evolutionary
and developmental biology by us-
ing a combination of computation-
al, mathematical, and experimen-
tal tools. Starting with biologically
relevant models, we comb for data
from existing studies, and in close
collaboration with experimentalists,
we generate new data. In turn, this
data allows us to refine the models,
thus guiding both experimental and
modeling processes. The ability to
test models in this way is facilitated
by data generated from systematic



genomics efforts undertaken in re-
cent years. Central to our approach
is an evolutionary perspective in ex-
amining the hypotheses arising from
the combination of theoretical model
and biological data.

Topology of biological networks
We study the relationship between
the topology of biological networks
and their functional (e.g. robustness)
and evolutionary (e.g. polymorphism
and divergence) properties. It has
been conjectured that genes with a
large number of downstream targets
are more highly conserved, and when
compromised, will tend to have a
larger effect on network functioning
than sparsely connected genes. How-
ever, we have shown that ‘topdown’
inferences of biological properties
based on simple measures such as
number of targets, are of limited util-
ity. We argue that such lack of predic-
tive power is the result of a composite
effect in which certain sub-networks
obeying a strong correlation between
biological function and simple mea-
sures, coexist with other sub-networks
having no correlation at all. We have
demonstrated that more detailed in-
formation, e.g., dynamic gene-ex-
pression data, and the specifics of the
genetic background, are needed to
make meaningful functional and evo-
lutionary inferences.

Investigations with an evolutionary
perspective, such as these, can also be
extended to biomedical research of
phenotypic traits resulting from com-
plex genetic interactions, including
Cancer, Diabetes, Hypertension and
Aging, as well as mechanistic models
of the immune system. Indeed, we
have successfully applied methodolo-
gies adopted from evolutionary the-
ory to identify genes associated with
extreme longevity as well as their tar-
gets, age-related disease genes.

Computational Immunology and
somatic hypermutation

Somatic hypermutation (SHM) is a
key process in the generation of anti-

body diversity that normally operates
in antibody-forming B cells by intro-
ducing point mutations into the vari-
able regions of immunoglobulin (Ig)
heavy and light chain genes. SHM
is initiated when the highly muta-
genic enzyme activation-induced
deaminase (AID) generates C—U
mutations by deaminating cytosines
preferentially at WRC hotspot mo-
tifs (where W=A/T, R=G/A and C is
the mutated base). In collaboration
with Matthew Scharff (Department
of Cell Biology, Albert Einstein Col-
lege of Medicine), we use computa-
tional and statistical methods togeth-
er with relevant experimental data to
improve our understanding of the
molecular mechanisms underlying
SHM. How does the target sequence
affect AID activity? To study the be-
havior of AID and the role of the
target sequence, we have used com-
putational methods to compare mu-
tated sequences from three different
models of AID activity: (a) an in vivo
mouse model, (b) an in vitro model
which captures essential biochemical
activity of AID on DNA, and (c) an
in silico model which simulates only
hotspot targeting. This analysis sug-
gests that there is considerably more
complexity involved in the mutation
process than can be described by sim-
ple of WRC hotspot motifs. We have
also found strong differences between
the two strands (transcribed and
non-transcribed) in terms of the sim-
ilarity between the models. A poten-
tial clue comes from differences in the
profile of inter-mutational distances
between the two strands, which sug-
gest the existence of a complex inter-
play between the enzyme structure
and the sequence.

Evolution of gene regulatory net-
works

There is little doubt that plasticity in
gene regulatory networks plays a key
role in evolution, particularly in de-
velopmental networks. We use com-
putational and mathematical models
of gene networks to investigate key
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evolutionary questions and generate
novel hypotheses. Where possible we
also use relevant biological data to
confirm theoretical findings.

How does degeneracy in tran-
scription factor binding motifs af-
fect evolution of cis-regulatory re-
gions? In collaboration with Andras
Fiser (DSCB, Albert Einstein Col-
lege of Medicine) we are developing
structural models of transcription
factor-DNA interactions in which
we predict binding affinities for all
possible interactions. The predicted
binding affinities have been integrat-
ed with existing evolutionary mod-
els, enabling us to address questions
concerning the evolution of regulato-
ry motifs. Turnover of transcription
factor binding sites is widespread in
both insects and mammals, yet is
poorly understood. Using our model-
ing framework we aim to understand
what factors (e.g. motif degeneracy or
selection) influence turnover rates.

What is fate of duplicated genes
in networks? Several explanations
have been proposed to explain the
unexpectedly high retention of du-
plicate genes. One popular theory is
the duplication-degeneration-com-
plementation (DDC) model, which
proposes that following gene duplica-
tion the two gene copies degenerate
to perform complementary functions
that jointly match that of the single
ancestral gene, a process also known
as subfunctionalization. However,
the DDC model is gene-centric, and
does not take into account the net-
work context. Using computational
models of evolving gene networks we
have analyzed the fate of duplicate
genes and found that network plas-
ticity undermines the relevance of
subfunctionalization, and that neo-
functionalization (recruitment of
novel interactions) plays a more pre-
dominant role than was previously
thought.
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Hannes E. Buelow, Ph.D.
Professor, Department of
Genettics

Professor, Dominick P. Purpura
Department of Neuroscience

My lab uses the small nematode C.
elegans with its simple and well char-
acterized nervous system as a genetic
model. We are trying to understand
how growing axons navigate the ex-
tracellular space in order to connect
to their appropriate partners. The ex-
tracellular space is filled with a com-
plex mixture of proteins and pro-
teoglycans e.g. heparan sulfate (HS)
proteoglycans, which are a particular
focus of the lab. We are asking how
specific modification patterns of HS
determine the path of developing ax-
ons.

We have previously shown that dis-
tinct modification patterns in HS (a
polysaccharide) serve specific func-
tions during nervous system devel-
opment leading us to formulate the
‘HS code’ hypothesis. We propose
that defined combinations of modi-
fications in the sugars of HS contain
information and generate a molecular
map that helps shaping the nervous
system. Our goal is to decipher the
information contained in HS, deter-
mine the factors that create and mod-
ulate it and describe the genes that
respond to it.

In a related project we are inves-
tigating a pathological dimension
of HS by studying Kallmann Syn-
drome, a human genetic disease with
specific neurological defects. Us-
ing C. elegans as a model, we have
shown that kal-1, the nematode or-
thologue of the gene mutated in hu-
man Kallmann patients, has a role in
axon branching and requires HS with
specific modifications for these func-
tions. Our goal here is to understand
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how KAL-1 functions on a molecu-
lar level during disease and develop-
ment. We approach this by conduct-
ing genetic screens to identify novel
genes that interact with kal-1.

In summary, our studies are direct-
ed towards a better understanding of
how heparan sulfate and its modi-
fications (the ‘HS code’) functions
during development and disease of
the nervous system.
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Pablo E. Castillo, M.D., Ph.D.
Professor, Dominick P. Purpura
Department of Neuroscience
Professor, Department of
Psychiatry and Behavioral
Sciences

Harold and Muriel Block Chair in
Neuroscience

The main goal of my research pro-
gram is to understand how novel ex-
periences modify neuronal circuits
by changing the strength of synap-
tic connections —a process known as
synaptic plasticity— and how dysreg-
ulation of this process contributes
to brain disease states. One focus of
my research is how experiences in the
form of learning paradigms or disease
states lead to long-term changes in
neuronal activity and synaptic func-
tion, and how these changes alter in-
formation flow in neuronal circuits.
Another focus of my research is pre-
synaptic mechanisms of short-term
and long-term synaptic plasticity in
the brain and how neuromodulators,
retrograde signaling and presynaptic
local protein synthesis regulate these
forms of plasticity. More recently, we
became interested in understanding
how neuronal activity and learning
induces gene transcription to modify
circuit function. To address these fun-
damental questions, we utilize a com-
bination of experimental approaches,
including electrophysiology, molec-
ular  pharmacology, optogenetics,
chemogenetics, photopharmacology,
calcium imaging using two-photon
laser microscopy and miniscopes, in
vivo molecular manipulations that
target intracellular signaling and pro-
tein expression, and mouse models
for various neuropsychiatric and neu-
rodevelopmental ~conditions, such
as epilepsy, Alzheimer’s disease, Par-
kinson’s disease, depression, drug
abuse, autism spectrum disorders,
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and schizophrenia. I believe that ma-
jor advancements in neuroscience re-
quire multidisciplinary approaches
that can only be achieved by collab-
orative efforts from experts in their
respective fields. As a supporter of
Team Science, I have established pro-
ductive collaborations with several
labs at Einstein and beyond —e.g.,
Yale, Stanford, MIT, SUNY Upstate
Medical University, and the Universi-
ty of Washington, to name just a few.
I firmly believe in my responsibility
to train future biomedical researchers
and foster discovery-based science.
Eleven Ph.D. students and eleven
postdoctoral fellows graduated from
my lab. Several of them have estab-
lished independent academic careers
in prestigious institutions in the US
and globally, while others have indus-
try leadership positions. The training
environment in my lab is inclusive
and supportive of equity and diver-
sity. Students and postdocs in my
group are trained in rigorous and un-
biased experimental designs, meth-
odology, analysis, interpretation, and
reporting of results.
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Streamson C. Chua, Jr., M.D.,
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Professor, Medicine
(Endocrinology)

Professor, Dominick P. Purpura
Department of Neuroscience

Regulation of adipocyte metabo-
lism and differentiation by a ubiq-
uitin ligase

We have a project directed at investi-
gating adipocyte specific factors that
affect body fat accumulation. Fol-
lowing the establishment of a genetic
model in leptin deficient mice with
strain specific differences in fat con-
tent, we mapped a locus that co-seg-
regated with body fat content and ad-
ipocyte lipolytic rates.

Fine mapping and sequencing ef-
forts identified two alleles of Ube2l6,
a ubiquitin ligase, that controls the
turnover rate of adipocyte triglycer-
ide lipase, the rate limiting enzyme
for adipocyte lipolysis. Furthermore,
Ube2l6 has effects of pre-adipocyte

Mossy cell in the dentate gyrus of the hippocampus expressing labelled actin in its large post- ; L.
synaptic structures, the thorny excresences. differentiation. We are Currently

pursuing the molecular pathways in
white adipocytes that are regulated by



ubiquitination.

Role of FGF signaling in glucose
homeostasis

We are developing a working model
for the role of FGF19, a gut derived
hormone, in the control of glucose
metabolism. We have evidence that
FGF receptors within the hypothala-
mus, specifically in AGRP/NPY neu-
rons, mediate the effects of FGF19
and prevent hyperglycemia in obese
and insulin resistant rodent models.

Melanocortins in the regulation of
fertility and reproduction
We have recently discovered the pri-
mary links between nutritional status
and reproductive function. There has
been a longstanding link between ad-
iposity and reproduction although
the specific nature of the link was not
known. Using mouse models of obe-
sity and infertility due to leptin sig-
naling deficiency, we have identified
neurons within the arcuate nucleus
(AGRP/NPY neurons) and the ven-
tral premammillary nucleus (NOS1
neurons) that are regulated by leptin
and in turn, regulate the activity of
gonadotrophin releasing hormone
(GnRH) neurons. Further work is
being developed to determine the
function of Kisspeptin neurons with-
in this neuronal network.
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Ruben Coen-Cagli, Ph.D.
Associate Professor, Systems

& Computational Biology
Associate Professor, Dominick

P. Purpura Department of
Neuroscience

Associate Professor, Department
of Ophthalmology & Visual
Sciences

Our lab studies neural computation
to advance understanding of how
the brain produces perceptual
experiences and guides behavior.

We follow a highly interdisciplinary
approach that combines theories of
neural coding, advanced methods

in machine learning and computer
vision, psychophysics experiments,
and in vivo electrophysiology
through collaborations. Broad
research topics in the lab include
Natural vision: Why computers can
beat us at chess but don’t come close
(yet) to our ability of understanding
the world around us through our
eyes? Behavioral variability: Why it is
so hard to make 100 free throws in a
row even if the basket doesn’t move?
Uncertainty in perceptual decision-
making: How do we decide when it
is safe to cross the road in heavy fog?
We address these topics from the
perspective of probabilistic inference,
and develop computational models
and experiments to probe how
networks of neurons interact

when evaluating the probability of
different possible interpretations of
the sensory input.

In the longer run, we hope this re-
search will contribute to elucidating
how the brain produces the vivid,
coherent, stable percepts we experi-
ence in everyday life; and to advanc-
ing technologies that could restore
impaired vision and enhance normal
vision.
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Kostantin Dobrenis, Ph.D.
Assistant Professor, Dominick

P. Purpura Department of
Neuroscience

Our principal interests lie in the
pathogenesis and therapy of neurode-
generative diseases, and in the fields
of ganglioside and microglial biology.
We have contributed to the charac-
terization of animal models of neu-
ronal lysosomal storage diseases in-

From the Dobrenis lab

Immunofluorescent staining of neocortex from wild type (left) and Niemann Pick C disease

cluding Tay-Sachs/Sandhoff disease,
Niemann Pick C (NPC) disease, mu-
copolysaccharidosis (MPS) IIIA, and
mucolipidosis IV, and more recently
to understanding the pathogenesis of
Christianson Syndrome, a sodium/
hydrogen exchanger deficiency that
displays features of storage disorders.
Much of our work has been direct-
ed at developing rational therapeutic
strategies for these and related genetic
diseases which affect the central ner-
vous system (CNYS) in a global man-
ner. The goal here is to find ways to
effectively replace the missing pro-
tein, or compensate for its function,
within cells throughout the CNS.
This entails overcoming challenges
such as the blood brain barrier, and
developing strategies that enhance

mice showing significant upregulation and altered distribution of an ion channel (green) in
neurons (NeuN-positive; red) not previously studied in this disease, but implicated by gene
expression studies by the lab also suggesting its correction by cyclodextrin therapy of disease

mice.

Neuronal cultures incubated with a soluble green reporter protein as is (left), or coupled to

a peptide (right), developed by the lab, to enhance neuronal endocytic uptake and delivery
to lysosomes for enzyme replacement therapy for lysosomal storage diseases. Uptake of the
fluorescent protein (green) without the peptide (left) by neurons (red; positive for MAP2-im-
munostaining; e.g. white arrows) is virtually undetectable in contrast to more endocytically
active glia (MAP2-negative; blue arrows). With coupled peptide (right), neuronal uptake is
dramatically enhanced.
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neuronal uptake of therapeutic com-
pounds. One of our ongoing projects
in this regard is the development of
fusion genes of hexosaminidase, the
enzyme deficient in Tay Sachs dis-
ease, and peptide sequences related to
the atoxic fragment of tetanus toxin.
Due to characteristics of the latter,
the encoded chimeric proteins have
properties allowing circumvention
of the blood brain barrier, increased
neuronal endocytotic uptake into the
lysosomal compartment, and trans-
neuronal transsynaptic trafhicking for
wider dissemination of the needed
protein. Additional projects include:
exploring the efficacy and delineating
the mechanisms of action of small
molecule therapies such as miglustat,
related analogs, and cyclodextrin for
storage diseases, now seeing human
application, in cellular, biochemical,
gene expression and behavioral as-
says; and investigation of novel con-
tact-mediated mechanisms of neu-
ronal-microglial lysosomal enzyme
transfer for effective hematopoietic
stem cell replacement CNS therapy.
Furthermore we continue to be en-
gaged in studies examining the role
and expression patterns of ganglio-
sides and microglia in development
and neuropathology. The lab utilizes
techniques ranging from molecular
recombinant work to animal behav-
ioral assays with extensive experi-
ence in: cell culture preparations of
all the major CNS cell types; gan-
gliosides and lysosomal enzyme bio-
chemistry; vital and fixed specimen
histologic and immunocytochemical
techniques; modern fluorescent tech-
niques for monitoring organellar or
biochemical activities in living cells;
and a wide range of high resolution
imaging and image analysis tech-
niques.
Selected Publications

Boudewyn, L.C., Sikora, J., Kuchar,
L., Ledvinova, J., Grishchuk, Y., Wang,
S., Dobrenis, K., Walkley, S.U. N-bu-
tyl-deoxynojirimycin delays motor
deficits, cerebellar microgliosis and
Purkinje cell loss in a mouse model of

mucolipidosis type IV. Neurobiol. Dis-
ease, 105:257-270, 2017.

Trilck, M., Peter, E, Zheng, C.,
Frank, M., Dobrenis, K., Mascher,

H., Rolfs, A., Frech, M.J. Diversity of
glycosphingolipid GM2 and cholesterol
accumulation in NPC1 patient-spe-
cific iPSC-derived neurons. Brain Res.
1657:52-61, 2017.

Yang, D.-S., Stavrides, P, Kumar,

K., Jiang, Y, Mohan, PS., Ohno, M.,
Dobrenis, K., Davidson, C.D., Saito,
M, Pawlik, M., Huo, C., Walkley, S.U.,
Nixon, R.A. Cyclodextrin has conflict-
ing actions on autophagy flux iz vive in
brains of normal and Alzheimer model
mice. Human Mole. Genet. 26:843-859,
2017.

Davidson, C., Fishman, YI, Puskas
I., Szeman, ]., Sohajda, T., McCauliff,
L.A., Sikora, J., Storch, J., Vanier M. T,
Szente, L., Walkley, S.U., Dobrenis,

K. Efficacy and ototoxicity of different
cyclodextrins in Niemann-Pick C dis-
ease. Ann Clin Transl Neurol. 3:366-380,
2016.

Saito, M., Wu, G., Hui, M., Masi-
ello, K., Dobrenis, K., Ledeen, R.W.,
Saito, M. Ganglioside accumulation in
activated glia in the developing brain:
comparison between WT and GalNacT
KO mice. /. Lipid Res. 56:1434-1448,
2015.

Farfel-Becker, T., Vitner, E.B., Kelly,
S.L., Bame, J.R., Duan, J., Shinder, V.,
Merrill Jr, A.E, Dobrenis, K., Futer-
man, A.H. Neuronal accumulation of
glucosylceramide in a mouse model of
neuronopathic Gaucher disease leads
to neurodegeneration. Human Molec.
Gener 23:843-854, 2014.

Micsenyi, M.C., Sikora, ]., Steph-
ney, G., Dobrenis, K., Walkley, S.U.
Lysosomal membrane permeability
stimulates protein aggregate formation
in neurons of a lysosomal disease. /.
Neurosci. 33:10815-10827, 2013.

Erblich, B., Zhu, L., Etgen, A.,
Dobrenis, K., Pollard, J.W. Absence of
colony stimulating factor-1 receptor
signaling results in loss of microglia,
disrupted brain development and
olfactory deficits. PloS One, 2011.
2011;6(10):¢26317. Epub 2011 Oct 27.
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Stromme, P, Dobrenis, K., Sillitoe,
R.V,, Gulinello, M., Ali, N.E, David-
son, C., Micsenyi, M.C., Stephney, G.,
Ellevog, L., Klunglund, A., Walkley,
S.U. X-linked Angelman-like syndrome
caused by Slc9a6 knockout in mice ex-
hibits evidence of endosomal-lysosomal
dysfunction. Brain 134:3369-83, 2011.

Gulinello, M., Chen, E, Dobrenis,
K. Early deficits in motor coordination,
cognitive function and anxiety-like
behavior in a mouse model of the
neurodegenerative lysosomal storage
disorder, Sandhoff disease. Behav. Brain
Res. 193:315-319, 2008.

Tim Q. Duong, Ph.D.

Professor, Department of
Radiology

Professor, Department of
Physiology & Biophysics
Professor, Department of
Ophthalmology & Visual Sciences
Professor, Dominick P. Purpura
Department of Neuroscience
Vice Chair for Research,
Department of Radiology

Our research focuses on developing
and applying medical imaging (MRI)
methods and analysis methods (in-
clude artificial intelligence/machine
learning) to study health and disease,
aiming at early detection, accurate
diagnosis, prognosis, and prediction
of disease courses and treatment re-
sponses. We collaborate closely with
clinicians to solve clinically impactful
problems.

We collaborate closely with radiol-
ogists, neurologists, neuroscientists,
engineers, and computer scientists
to solve clinically relevant problems.
Trainees learn from a large group of
multidisciplinary experts based on
their projects. Group members in-
clude imaging scientists, data ana-
lysts, engineers, neuroscientists, and
a few medical doctors.



From the Emmons lab

From Nature https://doi.org/10.1038/541586-019-1352-7 (2019)

Opverarching themes: 1) To devel-
op imaging (MRI) and analysis meth-
ods for early detection and accurate
diagnosis of diseases, 2) To develop
models using imaging and electronic
medical record data to predict disease
courses and treatment responses, and
3) To apply these methods to char-
acterize disease pathophysiology and
progression to inform patient care.

Technical expertise: MRI methods,
machine learning, artificial intelli-
gence, image/data analysis, predictive
modeling, big data, data sciences, and
imaging clinical trials.

Clinical domain expertise: Neuro-
science, neurology, physiology, an-
imal models, retinal diseases, neu-
rodegenerative diseases, cancer, and
COVID-19.

Active projects:

1.COVID19 in-hospital outcomes
and long-term sequela

2. MRI of multiple sclerosis

3. MRI of axillary lymph nodes and

breast cancer

4. MRI of visual dysfunction in glau-
coma

5. MRI of chemobrain

6. Al and MRI of neurodegenerative
diseases
Please visit our website https://

sites.google.com/view/duong-lab/
home?authuser=0 for more details.

Scott W. Emmons, Ph.D.
Professor, Department of
Genetics

Professor, Dominick P. Purpura
Department of Neuroscience
Siegfried Ullmann Chair in
Molecular Genetics

Genetic Encoding of Neural Cir-
cuits, Connectomics
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How complex neural circuits form
and how they function are major
unsolved problems in neurobiology.
We use the nematode Caenorbabdi-
tis elegans to study these questions
at the cellular and molecular levels.
Connectivity in the C. elegans ner-
vous system is assayed by serial sec-
tion electron microscopy. C. elegans
is the only animal species for which
the complete nervous system wiring
diagram, now available for both male
and hermaphrodite adults, is known,
providing an unprecedented founda-
tion for C. elegans neuroscience re-
search.

The C. elegans nervous system is a
complex neural network that is ge-
netically specified. To investigate how
the patterns of connectivity are en-
coded in the genome, we make use
of transgenes that express fluorescent
proteins targeted to specific classes of
synapses. We use these synapse-spe-
cific labels to identify mutants and


https://sites.google.com/view/duong-lab/home?authuser=0
https://sites.google.com/view/duong-lab/home?authuser=0
https://sites.google.com/view/duong-lab/home?authuser=0

genes that affect formation of partic-
ular cellular synaptic contacts. We are
determining the expression patterns
of genes that encode neural cell ad-
hesion proteins in the neural network
that governs the mating behavior of
the adult male. This class of trans-
membrane proteins is thought to
include the molecular cell labels by
which appropriate pre- and post-syn-
aptic cells recognize each other. By
correlating the expression of these
molecules with connectivity, we hope
to uncover the molecular code that
determines the wiring diagram of the
nervous system.

Visit our websites: https://emmon-

slab.wormwiring.org, https://worm-
wiring.org
Selected Publications

Jarrell. T. A., Wang, Y., Bloniarz, A.
E., Brittin, C. A., Xu, M., Thomson, ]J.
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of a decision-making neural network.
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COMB CLEVELAND PRIZE for the
Most Outstanding Research Article
Published in Science.

Barrios, A., Ghosh, R., Fang, C.,
Emmons, S.W., and Barr, M.M. (2012)
PDF-1 neuropeptide signaling modu-
lates a neural circuit for mate-searching
behavior in C. elegans. Nature Neuro-
science 15, 1675-1682.

Emmons, S.W. (2015). The begin-
ning of connectomics: a commentary
on White et al. (1986) “The structure
of the nervous system of the nema-
tode Caenorhabditis elegans’. Phil Trans
R Soc Lond B 370.

Sammut, M., Cook, S.J., Nguyen,
K.C.Q., Felton, T., Hall, D.H., Em-
mons, S.W., Poole, R.]., and Barrios,
A. (2015). Glia-derived neurons are
required for sex-specific learning in C.
elegans. Nature 526, 385-390.

Kim, B., Suo, B. & Emmons, Scott
W. (2016) Gene Function Prediction
Based on Developmental Transcrip-
tomes of the Two Sexes in C. elegans.
Cell Reports 17, 917-928, doi:hteps://
doi.org/10.1016/j.celrep.2016.09.051.

Kim, B. & Emmons, S. W. (2017)
Multiple conserved cell adhesion pro-
tein interactions mediate neural wiring
of a sensory circuit in C. elegans. eLife
6, €29257, doi:10.7554/eLife.29257.

Emmons, S. W. (2018) Neural Cir-
cuits of Sexual Behavior in Caenorhab-
ditis elegans. Annual review of neurosci-
ence 41, 349-369.

Ldzaro-Pefia, M. 1., Diaz-Balzac, C.
A., Billow, H. E. & Emmons, S. W.
(2018) Synaptogenesis Is Modulated by
Heparan Sulfate in Caenorhabditis el-
egans. Genetics 209, 195-208. HIGH-
LIGHTED ARTICLE

Cook, S. J., Jarrell, T. A., Brittin, C.,
Wang, Y., Bloniarz, A. E., Yakovlev, M.
A., Nguyen, K. C. Q., Tang, L. T.-H.,
Bayer, E. A., Duerr, J. S., Buelow, H.,
Hobert, O., Hall, D. H., and Emmons,
S. W. (2019) Whole-animal connec-
tomes of both C. elegans sexes. Nature
571, 63-71.

Molina-Garcfa, L., Lloret-Ferndn-
dez, C., Cook, S.J., Kim, B. Bon-
nington R.C., Sammut, M., O’Shea,
J.M., Gilbert, S.PR. Elliott, D.].,

Hall, D.H., Emmons, S.W., Barrios,
A., and Poole, R.J. (2020) A direct
glia-to-neuron transdifferentiation
ensures nimble male mating. eLife
2020;9:¢48361 DOI: 10.7554/
eLife.48361

Brittin, C.A., Cook, S.J., Hall, D.H.,
Emmons, S.W., and Cohen, N. (2021).
A multi-scale brain map derived from
whole-brain volumetric reconstruc-
tions. Nature 91, 105-110. hetps://doi.
org/10.1038/s41586-021-03284-x

14

Emad N. Eskandar, M.D.
Professor, The Leo M. Davidoff
Department of Neurological
Surgery

Professor, Department of
Psychiatry and Behavioral
Sciences

Professor, Dominick P. Purpura
Department of Neuroscience
Jeffrey P. Bergstein Chair in
Neurological Surgery, The Leo

M. Davidoff Department of
Neurological Surgery

Chair, The Leo M. Davidoff
Department of Neurological
Surgery

Professional Interests

Clinical Interests: Epilepsy, Trigemi-
nal neuralgia, Parkinson Disease, and
Brain tumors.

Dr. Eskandar specializes in the sur-
gical diagnosis and treatment of ep-
ilepsy in both children and adults.
He is a world-leader in this field, and
has over 15 years of experience in uti-
lizing the most current techniques.
These techniques include keyhole
surgery (minimal incision), stereotac-
tic electro-encephalography (SEEG),
minimally invasive foramen-ovale
electrodes, vagal nerve stimulation,
responsive neuro-stimulation (RNS
or Neuropace), and laser ablation of
epileptic areas.

In addition, Dr. Eskandar is an ex-
pert in the treatment of trigeminal
neuralgia, an extremely painful con-
dition affecting the face. He has vast
experience in all the major therapeu-
tic treatment modalities including
micro-vascular decompression, per-
cutaneous rhizotomy, and radiosur-
gery. He can provide comprehensive
medical and surgical care for this de-
bilitating condition.

Dr. Eskandar has vast experience in
using deep brain stimulation (DBS)


https://emmonslab.wormwiring.org
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https://wormwiring.org
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for the treatment of Parkinson Dis-
ease, Dystonia, Essential Tremor, and
severe Obsessive-Compulsive Disor-
der. He employs different methods
for surgery including awake-surgery
with micro-electrode recordings, fra-
meless surgery, and surgery under an-
esthesia using real-time imaging.

Finally, Dr. Eskandar treats all types
of brain tumors including meningio-
mas, gliomas, low grade tumors, and
metastatic brain tumors. He special-
izes in the use of advanced brain-im-
aging and brain-mapping techniques
to minimize the risk of injury and to
maximize tumor resection. Dr. Es-
kandar is a pioneer in brain mapping
and has published many seminal pa-
pers on this topic.

Research Interests
Dr. Eskandar also heads an active ba-
sic research laboratory investigating
the Basal Ganglia, a group of centrally
located nuclei in the brain. The Basal
Ganglia play a central role in theories
of learning, motivation, depression
and drug addiction. His group uses
microelectrode and electrochemical
recordings to evaluate the role of the
basal ganglia in both primates and
humans performing complex behav-
ioral tasks. The group also uses elec-
trical stimulation to directly modu-
late neuronal activity during complex
behaviors. This is a unique approach
in that ideas from the laboratory can
quickly be tested in the clinical arena
and vice-versa. In addition, his group
is actively working to develop the
next generation of brain stimulators
that will be MRI safe, use more in-
telligent technological interfaces and
employ the latest innovations in min-
iaturization and battery technology.
The Eskandar lab has made numer-
ous important scientific contribu-
tions. For example, one recent study,
published in Nature, found that a
part of the brain called the Cingu-
late Cortex plays an important role in
adapting to varying degrees of cogni-
tive difficulty. Another recent paper
in Nature Neuroscience, found that

delivering micro-stimulation in one
part of the basal ganglia, the caudate
nucleus, significantly increases the
rate of learning beyond baseline rates.
These findings suggest that the cau-
date plays a critical role in learning,
and that learning can be enhanced
to promote recovery after traumatic
brain injury or stroke.

Background

Dr. Eskandar received a Bachelor of
Arts degree in chemistry from the
University of Nebraska. He earned
a medical degree at the University
of Southern California, Los Ange-
les, and a master of business admin-
istration degree at the Sloan School
of Management at the Massachusetts
Institute of Technology. He was a
neurological surgery resident at Mas-
sachusetts General Hospital in Bos-
ton, MA, and a neurophysiology fel-
low at Harvard Medical School. He
previously, held the Charles Antho-
ny Pappas endowed chair of Neuro-
surgery at Harvard Medical School
where he also served as Professor of
Neurosciences.

Dr. Eskandar is board-certified by
the American Board of Neurological
Surgery. He is a member of the Amer-
ican Association of Neurological Sur-
geons and the American Academy of
Neurological Surgeons. He is the cur-
rent President of the American So-
ciety for Stereotactic and Functional
Neurosurgery
Selected Publications from over 200
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EN. Multimodal Encoding of Novelty,
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Herrington TM, Briscoe J, Eskandar
E. Structural and Functional Network
Dysfunction in Parkinson Disease. Ra-
diology. 2017 Dec;285(3):725-727.

Asaad WE, Lauro PM, Perge JA,
Eskandar EN. Prefrontal Neurons
Encode a Solution to the Credit-As-
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19;37(29):6995-7007.
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ed activity of individual neurons in the
human brain. Nature Protocols. 2013
Apr 18;8(5):949-957.

Sheth S, Mian M, Patel S, Asaad W,
Williams Z, Dougherty D, Bush G,
Eskandar E. Human Dorsal Anterior
Cingulate Neurons Mediate Behav-
ioral Adaptation. Nazure. 2012 Aug
9;488(7410):218-21.

Patel S, Sheth S, Mian M, Gale J,
Dougherty D, Greenberg B, Eskandar
E. Single neuronal responses during a
financial decision-making task in the
human nucleus accumbens. / Neuro-
science, 2012 May 23;32(21):7311-5.
PubMed PMID:22623676.

Mian MK, Sheth SA, Patel SR,
Spiliopoulos K, Eskandar EN, Williams
ZM. Encoding of Rules by Neurons
in the Human Dorsolateral Prefrontal
Cortex. Cereb Cortex. 2012 Nov 21.
[Epub ahead of print] PubMed PMID:
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Associate Professor, Dominick
P. Purpura Department of
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Molecular mechanisms of metabo-
tropic glutamate receptor function
Abnormal maturation of brain cir-
cuitry during development is a crit-
ical determinant of pathological
manifestations in many neuropsychi-
atric conditions including intellec-
tual disability, Fragile X syndrome,
and schizophrenia. A growing body
of evidence from studies in human
subjects and animal models has es-
tablished a link between dysfunctions
in glutamatergic neurotransmission
and developmental brain abnormali-
ties associated with these conditions.
Group I metabotropic glutamate re-
ceptors  (mGluRs), mGluR1 and
mGluR5, are G protein-coupled re-
ceptors critical to the formation and
maintenance of brain circuitry and
activity-dependent synaptic plastici-
ty, a cellular substrate of learning and
memory. Dysregulation of group I
mGluR activity is implicated in neu-
rodevelopmental disorders including
Fragile X syndrome and schizophre-
nia.

Research in the laboratory focuses
on elucidating the molecular and cel-
lular underpinnings of metabotropic
glutamatergic functions in the brain,
with the ultimate goal of develop-
ing a molecular rationale for target-
ed interventions in neuropsychiat-
ric disorders. We use a combination
of molecular biology, biochemistry
and imaging techniques to uncov-
er the molecular mechanisms un-
derlying temporo-spatial regulation
of mGluR signaling and to examine
mGluR functions in neuronal ho-
meostasis and synaptic transmission.

Ongoing studies pursue interrelated
lines of investigation by examining
the role of receptor interacting pro-
teins in orchestrating and fine-tuning
mGluR activity under physiological
conditions and in animal models of
Fragile X syndrome and intellectual
disability; and by investigating the
mechanisms by which mGluR signal-
ing contributes to synaptogenesis and
neuronal maturation.

Research in our laboratory has
been supported by NINDS, NIMH,
Autism Speaks and Brain & Behavior
Research Foundation Young Investi-
gator Awards.
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Donoso M*, Speranza L*, Ka-
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rived Glutamate Regulates Presynaptic
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Cord. Neuron 90: 1189-1202. PMID:
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mate Receptor Interacting Proteins:
Fine-Tuning Receptor Functions in
Health and Disease. Current Neuro-
pharmacology 14(5): 494-503. PMID:
27296642.

Kalinowska, M., Chavez, A.E., Lu-
tzu, S., Castillo, PE., Bukauskas, EE,
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Governs Dendritic Spine Dynamics
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Metabotropic Glutamate Receptors. /.
Biol. Chem. 290: 15909-20. PMCID:
PMC4481196.
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Francesconi A. (2015) Quantitative
profiling of brain lipid raft proteome in

16

a mouse model of fragile x syndrome.
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CID: PMC4388542
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Lloyd D. Fricker, Ph.D
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Molecular Pharmacology
Professor, Dominick P. Purpura
Department of Neuroscience
Neuropeptides and peptide hor-
mones function in cell-cell signaling
and are involved with a wide vari-
ety of biological functions including
feeding and body weight regulation,
fear, anxiety, pain, circadian rhythms,



memory, reward mechanisms, and
many others. We have discovered a
number of novel peptides using mass
spectrometry-based peptidomic tech-
niques. Some of these are neuropep-
tides that function in cell-cell signal-
ing that control feeding/body weight.
Many of the other novel peptides are
produced from cytosolic proteins,
and not from secretory pathway pro-
teins that are the precursors of clas-
sical neuropeptides. Some of the
peptides derived from cytosolic pro-
teins are secreted and bind to extra-
cellular receptors; these are putative
“non-classical” neuropeptides, a nov-
el class of cell-cell signaling molecule.
Further studies are aimed at under-
standing the mechanisms by which
these peptides are produced, secreted,
and regulated, with the overall goal to
identify the peptides’” functions.

In addition to peptides, we are
also interested in enzymes that mod-
ify peptides/proteins. Our laboratory
has discovered a dozen different car-
boxypeptidases and we are currently
working towards determining their
functions. One carboxypeptidase,
which we named carboxypeptidase
E, is responsible for the formation
of many peptide hormones (such as
insulin) and neuropeptides (such as
enkephalin). We identified a strain of
mouse (named fat/fat) that does not
produce active carboxypeptidase E
due to a point mutation; these mice
are obese, sterile, hyperglycemic, and
have neurological impairments. In
addition to neuropeptide processing
enzymes, several other cellular pepti-
dases are being studied in the labora-
tory. Current projects use peptidom-
ics and other techniques to identify
the physiological function of the pep-
tidase. Some of the enzymes being
studied are the cytosolic carboxypep-
tidases; these enzymes modify tubulin
(and possibly other proteins) by re-
moving amino acids from the C-ter-
minus and/or side-chains, thereby al-
tering the properties of tubulin. Mice
lacking cytosolic carboxypeptidase
1 show abnormal movement due to

neurodegeneration of cerebellar Pur-
kinje cells. Another enzyme currently
being studied is carboxypeptidase A6;
humans with mutations in this en-
zyme develop epilepsy. We are study-
ing the role of carboxypeptidase A6
in animal models, with a focus on
understanding how mutations in the
protein lead to epilepsy.
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Vilma Gabbay, M.D.

Associate Professor, Department
of Psychiatry and Behavioral
Sciences

Associate Professor, Dominick

P. Purpura Department of
Neuroscience

Co-Director, Psychiatry Research
Institute of Montefiore and
Einstein

I am the Director of Research for the
Psychiatry Research Institute at Mon-
tefiore Einstein (PRIME) and the Di-
rector of the Pediatric Mood and Anx-
iety Programs (PMAP) at PRIME.
I have more than a decade of expe-
rience in applying multidisciplinary,
multimodal approaches to study the
neurobiological and immunological
mechanisms that contribute to clin-
ically observed behavioral constructs.
My work utilizes a comprehensive
approach that combines in-depth
clinical evaluations, advanced neuro-
imaging techniques, novel therapies,
and biological measures. Our lab is
dedicated to the treatment and inves-
tigation of pediatric major depressive
and anxiety disorders. Specifically,
my work has aimed to delineate the
neurobiological underpinnings of
depression in youth utilizing mul-
tidisciplinary approaches of clinical
trials, immunological measures, and
both proton MR spectroscopy ('H
MRS) and functional neuroimaging
(resting-state and task-based fMRI).
Addressing the heterogeneity of ado-
lescent depression, I have focused on
behavioral constructs, such as anhe-
donia—the reduced capacity to expe-
rience pleasure. In line with this pro-
posal, we reported that in a group of
adolescents with moderate to severe
depression, anhedonia, but not irrita-
bility, was associated with deleterious
illness severity outcomes, including



suicidality and recurrence. We also
documented associations between pe-
ripheral immunological markers and
both anhedonia and reward circuit-
ry. These findings suggest that reward
dysfunction contributes to the main-
tenance of depression in adolescents,
and our current studies continue to
aim to elucidate the etiology of these
complex mechanisms. Of late, my re-
cent research endeavors have includ-
ed studies focused on the overlapping
neural and neuroimmunological pro-
files of people living with HIV who
suffer from comorbid substance use
and depression as well as a clinical
trial to evaluation the efficacy of an
application for parents whose mental
health may have suffered during the
COVID-19 pandemic.

Vilma Gabbay, MD, held the es-
teemed Leon Levy Fellowship at
NYU Langone Health from 2008 to
2012.
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Aristea S. Galanopoulou,
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Professor, The Saul R. Korey
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Professor, Dominick P. Purpura
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Role of GABA, signaling and the
mTOR pathway in epileptogenesis
and brain development

Effects of early life seizures on brain
development

Models of infantile spasms and ear-
ly life epilepsy

Preventing post-traumatic epilepsy

Pathophysiology of Rett syndrome
The maturation of GABA, recep-
tor-mediated signaling from depolar-
izing to inhibitory is an age-related
process controlled by cation chloride
cotransporters, such as KCC2. As a
result, GABA exerts dual functions,
being an important neurotrophic fac-
tor during early development and the
principal inhibitory neurotransmitter
of the mature central nervous system.
In our laboratory we have been inves-
tigating the age and gender specific
mechanisms through which early life
stressors and seizures may disrupt the
normal patterns of brain develop-

ment, by disrupting the neurotrophic
effects of GABA. We are also study-
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ing methods to reverse these adverse
processes. Furthermore, we are very
interested in understanding how epi-
leptogenesis proceeds in the develop-
ing brain and what is the specific role
of GABA, receprors in this process.

To better understand the patho-
physiology and design better methods
to treat catastrophic early life epilep-
sies, we are developing and study-
ing new models of early life epilepsy.
These include models of symptomat-
ic infantile spasms that recapitulate
most of the features of the human
condition. Several projects are un-
der way to (a) elucidate the patho-
physiology of infantile spasms, and
(b) conduct preclinical trials to find
better treatments for spasms and the
associated comorbidities. Our studies
have provided preclinical evidence for
new potential treatments with disease
modifying properties for these early
life epileptic encephalopathies, such
as mTOR inhibitor, carisbamate and
a new vigabatrin analog.

Post-traumatic epilepsy is a com-
mon consequence of traumatic brain
injury leading to high morbidity
and morbidity. Our lab is participat-
ing in an international multicenter
preclinical consortium, leading ef-
forts to develop better therapies for
post-traumatic epilepsy. We use a ro-
dent model of traumatic brain injury
to identify targets and test for better
therapies, through a combination of
expression studies, iz vivo behavior-
al and electrophysiologic monitoring
and therapy screening to identify an-
tiepileptogenic compounds.

Rett syndrome is one of the ma-
jor causes of mental retardation and
epilepsy. Most of these patients have
mutations in the MeCP2 gene and
also manifest abnormal stereotypic
movements and autonomic dysfunc-
tion. Despite the devastating course
of the disease, two independent lab-
oratories have recently demonstrated
that, in mice, phenotypic reversal can
be achieved by restoring the normal
function of MeCP2. We are using a
mouse model of Rett syndrome to



determine how pathogenic mutations
of MeCP2 may interfere with the
function and physiology of structures
involved in the control of motor sys-
tem and seizures, like the substantia
nigra and how these processes may be
reversed by appropriate therapeutic
interventions.

Students interested in these proj-
ects will gain exposure to a variety of
in vivo and in vitro techniques that
combine molecular biology, in vive
and in vitro electrophysiology, his-
tological, and behavioral studies and
will be involved in projects with di-
rect translational relevance to the
clinical practice, i.e. identification of
novel therapies.
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Tiago Gongalves, Ph.D.
Assistant Professor, Dominick

P. Purpura Department of
Neuroscience

Our lab studies the circuit physiolo-
gy of the hippocampus, and specif-
ically how environment, aging and
inflammation can modulate memo-
ry and learning. We use state-of-the-
art in vivo two-photon Ca2+ imag-
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ing techniques in awake mice and
we were pioneers in applying these
imaging methodologies to the study
of adult neurogenesis in the den-
tate gyrus (DG) of the hippocampus
(Gongalves et al. 2016a).

The DG is one of the few regions
of the mammalian brain that keeps
adding new neurons through adulthood
in what probably constitutes the most
robust form of neuronal plasticity in
the adult brain. Adult-born neurons
contribute to memory formation and
defects in neurogenesis have been asso-
ciated with several human neurological
and psychiatric diseases such as epilepsy,
Alzheimer’s and schizophrenia. In addi-
tion adult-born neurons have also been
used to study neuronal development.

We are particularly interested in
understanding how adult neurogenesis
in the DG may support hippocampal
function, playing a role in memory and
learning. In order to understand the
function of adult-born neurons in the
circuits underlying spatial memory we
are studying the encoding of position in
the hippocampus, including ‘place cells’
i.e. neurons that fire primarily when an
animal is at a specific location.

We have previously found that adult
neurogenesis improves the precision of
neural representations of space in young
mice (Frechou et al. 2022), when the
mice are placed in a novel context. We
also found that these representations,
encoding for the position of the mouse
within its surroundings, become less
precise as animals age (McDermott et al.
2023). Our current work is building on
these initial findings to identify the mo-
lecular and cellular pathways that medi-
ate the effects of environment on spatial
memory and cognition. Our emphasis is
on the role of microglia and neuro-im-
mune pathways in the formation of
memories and neural representations of
space in the hippocampus. Additionally
we are interested in identifying the mo-
lecular determinants of spatial encoding
by obtaining transcriptional profiles of
previously imaged neurons, thus estab-
lishing a link between the molecular and



neural encoding properties of individual
cells.
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The soil nematode Caenorhabdidis el-
egans is a model system used to study
the genetic control of cellular devel-
opment. The Hall laboratory spe-
cializes in ultrastructural studies of
the C. elegans. We use serial thin sec-
tions, electron microscopy, electron
tomography, FIB/SEM and immu-
nocytochemistry as primary tools to
follow the development of identified
neurons, particularly their axon out-
growth and synaptic connectivity. We
also conduct collaborative studies on
many other tissues in the embryo, lar-
val, dauer, adult and aging nematode,
including many epithelial tissues and
the germline.

We host the Center for C. elegans
Anatomy, supported by the NIH
Office of the Director, and train stu-
dents in anatomical methods for this
system. Members of the lab are au-
thoring the website www. WormAdtlas.
org. It displays nematode anatomy
in great detail through multiple ap-
plications including Slidable Worm,
a Handbook of all cells and tissues,
the WormImage catalogue, a Glossa-
ry, and selected html texts of classic
papers.

In collaboration with Scott Em-
mons, we are studying the complete
connectome of C. elegans in both sex-
es and in larval stages to uncover how
the nematode wiring diagram devel-
ops over time. In collaboration with
Maureen Barr (Rutgers) we are study-
ing the “tubulin code” which helps to
stabilize ciliary microtubules during
development and maintenance of the
nematode’s sense endings.
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Regenerating the neocortex
Based on neurodevelopmental stud-
ies from their and other groups, the
Hébert lab is developing novel meth-
ods to replace cells in the adult neo-
cortex, the part of our brains that
we use for our highest cognitive and
perceptual functions. Among other
approaches, the lab uses molecular
genetic techniques to engineer repro-
grammable and traceable mouse and
human cells for transplantation. Neo-
cortical damage can be local, due for
example to stroke or trauma, or wide-
spread, due to neurodegeneration or
aging. Hence the lab is developing
ways of both locally and broadly re-
placing the principle neurons of the
adult neocortex along with their sup-
port cells while minimizing disrup-
tion of existing functions.
Hébert Lab Website
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Understanding mechanisms that
regulate long-term changes in neu-
ronal function

Long-term changes in neuronal
function require the regulation of
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gene expression. Studies initiated in
the 1960s and onward have estab-
lished that transcription is required
for the establishment and consol-
idation of long-term memories in
diverse organisms. Cellular process-
es linking neural communication to
gene expression include the rapid in-
flux of calcium into the nucleus and
the nucleocytoplasmic shuttling of a
broad array of proteins that specify
the nuclear signal. Our lab is interest-
ed in identifying and characterizing
the mechanisms linking specific syn-
aptic activity to gene expression. To
explore this question, we performed
one of the first comprehensive pro-
teomic analyses of rodent synapses
(postsynaptic density fractions) and
found that they are highly complex
and contain proteins that can shut-
tle into the nucleus following synap-
tic activity (Jordan et al. 2004). We
have studied several of these nuclear
signaling molecules, including the
novel synaptic component PRR?7,
which can shuttle into the nucleus
and regulate c-Jun dependent tran-
scription by controlling ubiquitina-
tion (Kravchick et al. 2016). A sec-
ond protein we study is AIDA-1,
which binds to NMDARs and con-
trols nucleolar function (Jordan et al.
2007, Jacob et al. 2010, Tindi et al.
2015). These studies have provided
some of the first evidence of direct
synapse-to-nucleus communication
and demonstrate that this process
is an important cellular mechanism
that can tailor and translate synaptic
information into changes in gene ex-
pression (Jordan and Kreutz 2009).
Novel activity-dependent  tran-
scripts must then be localized within
complex neuronal morphologies to
provide synapse-specific regulation
of function. RNA binding proteins
(RNABPs) transport and translate
specific mRNAs to enable the precise
spatiotemporal expression of proteins
across neurons. This process enables
input-specific regulation of synaptic
function and is essential for proper
circuit regulation and brain function.

Loss of RNABP activity is causal in a
wide range of neurodegenerative and
developmental disorders including
Fragile X Syndrome (FXS), heredi-
tary forms of Amyotrophic Lateral
Sclerosis and Frontotemporal De-
mentia (FTD), intellectual disabili-
ties, and epilepsy. We performed the
first quantitative proteome-wide anal-
yses of activity-dependent changes at
synaptic junctions and found that
diverse RNA binding proteins (RN-
ABDPs) were among the most altered
protein families at synapses (Zhang et
al. 2012). Indeed, 12 of 37 identified
proteins whose levels changed with
synaptic activity were RNABPs and
included the heterogeneous nucle-
ar ribonucleoproteins (hnRNPs) G,
A2/B1, M, and D. Among these pro-
teins was Sam68, a multifunctional
RBP with reported roles in mRNA
transport, translation, and alternative
splicing. We found that Sam68 pro-
motes the localization and translation
of beta-actin (Klein et al. 2013), and
Arc mRNA preferentially at distal
dendrites of rodent hippocampal CA1
pyramidal neurons (Klein et al. 2015,
Klein et al. 2019). Sam68 knockout
mice display impaired metabotropic
glutamate-receptor-dependent long-
term depression (mGluR-LTD) and
impaired structural plasticity exclu-
sively at distal Schaffer-collateral syn-
apses. Our work identifies an import-
ant player in Arc expression, provides
a general framework for Sam68 reg-
ulation of protein synthesis, and un-
covers a mechanism that enables the
precise spatiotemporal expression of
proteins that regulate long-term plas-
ticity throughout neurons.

Using proteomics to understand
Autism Spectrum Disorders
Autism spectrum disorders (ASDs)
are highly complex and prevalent
neurodevelopmental diseases with
enormous social and economic im-
pacts. Despite intense research into
ASD pathophysiology, few available
therapies exist due to a poor under-
standing of causative molecular and
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cellular mechanisms. The advent
and use of next generation sequenc-
ing and genome wide association
(GWAS) studies in humans have
yielded many hundred ASD suscep-
tible chromosomal loci and genes.
While these targets have provided a
wealth of minable information, this
highly complex genetic architecture
has hampered ongoing efforts to elu-
cidate causal molecular pathways and
to develop diagnostic tests and tar-
geted therapies. A critical barrier is
an incomplete understanding of how
single nucleotide polymorphisms or
variants (SNPs, SNVs), copy num-
ber variations (CNVs), or altered
transcript abundance ultimately reg-
ulate protein abundance and cellu-
lar function. Moreover, widespread
discrepancies between transcript and
protein abundance strongly limit the
usefulness of genomic information.
Transcriptomes can display 100-fold
ranges in translation efficiency, and
proteins reveal >1000-fold ranges in
half-lives. Moreover, coupled tran-
scriptome-proteome  analyses reveal
that proteins are ~900 times more
abundant than corresponding mR-
NAs, but with ratios spanning five
orders of magnitude. Genomic stud-
ies are also unlikely to provide signif-
icant information on diseases such as
Angelman, Fragile X, and Tuberous
sclerosis that are caused by dysfunc-
tion of regulators of protein transla-
tion and degradation. Despite these
roadblocks, functional and bioinfor-
matic analyses of genetic studies have
identified potential convergent cellu-
lar pathways in ASD etiology, includ-
ing those regulating transcription, ex-
citatory/inhibitory (E/I) balance, and
especially synaptic function.

We employ quantitative proteom-
ic methods to elucidate molecular
and cellular mechanisms underly-
ing ASDs and other brain disorders.
Our approach overcomes critical con-
founds associated with gene-based
studies that ambiguously equate
transcript levels, epigenetic modifi-

cations, SNVs, or CNVs to changes



in protein abundance. Specifically,
our lab is testing the hypothesis that
ASD-linked susceptibility factors ul-
timately converge on a common sig-
naling pathway regulating synaptic
function, and that this point of con-
vergence is key to understanding dis-
ease pathobiology. We propose that
synaptic proteomes, as phenotypes of
diverse ASD manifestations, capture
the combined influences of genet-
ic, epigenetic, transcriptomic, pro-
teomic and environmental influences
linked to ASD etiology. In our work,
we leverage the availability of mul-
tiple ASD mouse models exhibiting
shared synaptic deficits and behav-
ioral correlates of autism and employ
quantitative proteomic approaches
to compare different syndromic and
nonsyndromic ASD mouse models
(Carbonell et al. 2021), as well as
human ASD postmortem tissue. Re-
sults are then mined using network
and systems biology approaches to
identify shared cellular and molecular
abnormalities. We hypothesize that
identifying points of convergence will
lead to important insights into ASD
etiology and will yield high-value tar-
gets for pursuing therapies.

ANKSI1B haploinsufficiency in a
novel brain disorder
Neurodevelopmental  disorders
(NDDs) are highly prevalent brain
diseases with enormous social and
economic impacts. Due to their high
heritability, numerous efforts are un-
derway to identify causative genetic
signatures. Genome-wide association
studies and the advent and use of
genetic screening in clinical settings
have enabled rapid progress in iden-
tifying genes and other chromosomal
loci linked to NDDs. However, these
studies have revealed a highly hetero-
geneous genetic landscape consisting
mainly of variants with statistically
minor contributions to disease risk,
and with unclear or minor effects on
protein function. These uncertain-
ties hinder attempts to infer causative
molecular mechanisms. On the other

hand, structural variants with major
effects on single gene function are
particularly useful as they establish a
stronger link between one gene and
a set of cellular and behavioral out-
comes. We recently identified indi-
viduals in Israel, Australia, France,
England, Ireland and the USA with
heterozygous and monogenic copy
number variations in the ANKSIB
gene. Clinical evaluations reveal
that patients exhibit a spectrum of
NDDs, including ADHD, motor
impairments, speech apraxia, and
autism, which is present in >50% of
patients. Whole-genome and exome
sequencing analyses of patient sam-
ples identify no other confounding
genetic variations potentially associ-
ated with disease. Our findings cor-
roborate previous genome-wide and
genetic studies implicating ANKS1B
in brain disorders and formalize a link
between ANKS1B haploinsufficien-
cy and a previously uncharacterized
NDD that we term ANKS1B haplo-
insufficiency syndrome (AnkSyd).
We have generated induced plurip-
otent stem cells (iPSCs), neurons, and
brain organoids from patients and un-
affected family members to elucidate
cellular and molecular mechanisms
underlying AnkSyd. We have also
generated transgenic mouse models
that display behavioral correlates of
patient phenotypes (Carbonell et al.
2019). We find that neurons derived
from patients show reduced expres-
sion of AIDA-1, the protein encoded
by ANKS1B. AIDA-1 is one of the
most abundant proteins at neuronal
synapses and is enriched in hippo-
campal and cerebellar regions (Jor-
dan et al. 2007, Jacob et al. 2010).
AIDA-1 is specifically localized at
postsynaptic densities (PSDs) where
it binds to N-methyl-D-aspartate re-
ceptors (NMDARs) and the scaffold-
ing protein PSD95, and shuttles to
the nucleus in response to NMDAR
stimulation (Jordan et al. 2007).
Forebrain-specific Ankslb knock-
out mice show reduced synaptic ex-
pression of the NMDAR subunit
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GIuN2B and impaired hippocampal
NMDA-dependent synaptic plastici-
ty (Tindi et al. 2015). The long-term
goal of this research project is to de-
fine the mechanisms underlying this
novel syndrome and to identify ther-
apeutic targets. ANKS1B encodes for
AIDA-1, a brain-specific protein that
we have shown is enriched at neuro-
nal synapses, and binds to and regu-
lates NMDAR subunit composition
and NMDAR-dependent synaptic
plasticity. Our objectives are to test
NMDAR function in patient neu-
rons, elucidate mechanisms linking
AIDA-1 to NMDAR function, and
identify ~disease-relevant molecular
pathways using discovery-based and
reductionist approaches.
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The goal of our laboratory is to un-
derstand the role of the cerebellum
and basal ganglia in motor function
and in movement disorders. Of par-
ticular interest to us is not only to un-
derstand the role of each structure in
motor control, but also the manner
in which they communicate to coor-
dinate and complement each other.
We approach these questions from
both basic science and clinical per-
spectives. We use a combination of
techniques, from behavioral studies
to imaging and two photon micros-
copy and electrophysiology (both in
vitro and in vivo). Our studies take
advantage of normal and transgenic
animal models.
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Our laboratory studies the neural cir-
cuits that underlie visual perception,
a general issue that we approach from

several directions. For instance, we
study how the responsivity and tun-
ing of cortical neurons is altered by
recent stimulus history. This form
of rapid plasticitcy—termed adapta-
tion—has strong perceptual effects,
allowing us to explore the neuro-
physiological underpinnings of per-
ceptual phenomena. In addition, we
are interested in understanding the
functional benefit of adaptation and
in learning how adaptation early in
the visual system affects subsequent
stages of processing. We hope that by
understanding the principles of adap-
tation we will also gain insight into
other forms of plasticity such as per-
ceptual learning and recovery from
injury. We also study how popula-
tions of neurons function together to
encode information about the visual
world. We record from small popu-
lations of neurons simultaneously
and measure the correlation of their
responses. In particular, we explore
how correlation depends on stimulus
parameters, recent stimulus history,
and cortical location. The primary
techniques of the lab are neurophys-
iological recordings, computation-
al modeling, and psychophysics. We
hope that employing a range of ex-
perimental techniques will help us
understand the computations carried
out by the visual system and the cir-
cuits that perform them.
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Studying synaptic development
and function using C. elegans

Defects in the proper development
and function of synapses lead to neu-
rodevelopmental disorders such as
Autism and Intellectual Disability,
however the molecular mechanisms
underlying these processes are still
largely unknown. We use the nem-
atode C. elegans, which has a simple
and stereotyped nervous system and
whose connectome has been fully
mapped out, to investigate the con-
served molecular mechanisms of syn-
apse development. In particular, we
study how presynaptic components
including cell adhesion molecules,
active zone scaffold proteins, calcium
channels and synaptic vesicles arrive
at the synapse and form a mature and
fully functional presynaptic com-
partment. We combine the power of
worm genetics with high resolution
imaging and optical physiology read-



outs to elucidate the role of key mol-
ecules. These approaches have led to
discoveries suggesting that the role of
synaptic cell adhesion molecules such
as Neurexin may be different than ini-
tially hypothesized, as we have shown
that its role in presynaptic develop-
ment is independent of extracellular
activation and downstream of other
initiating factors.
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Selected Publications

Synaptogenic pathways. Kurshan PT
Shen K. Curr Opin Neurobiol. 2019
Apr 12;57:156-162. doi: 10.1016/j.
conb.2019.03.005. [Epub ahead of
print] Review.

y-Neurexin and Frizzled Mediate
Parallel Synapse Assembly Pathways
Antagonized by Receptor Endocytosis.
Kurshan PT, Merrill SA, Dong Y, Ding

C, Hammarlund M, Bai J, Jorgensen
EM, Shen K. Neuron. 2018 Oct
10;100(1):150-166.¢4. doi: 10.1016/j.
neuron.2018.09.007.

Clarinet (CLA-1), a novel active
zone protein required for synaptic
vesicle clustering and release. Xuan Z,
Manning L, Nelson J, Richmond JE,
Colén-Ramos DA, Shen K, Kurshan
PT. Elife. 2017 Nov 21;6. pii: €29276.
doi: 10.7554/eLife.29276. Free PMC
Article.

All 302 neurons that make up the C. elegans nervous system are individually recognizable

using color-coded markers such as this one. Combined with a fully-mapped synaptic connec-

tome, the optical and genetic accessibility of this organism together make it a great model
system to study the molecular mechanisms of synapse formation and the synaptic defects
associated with human neurodevelopmental disorders.
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Schizophrenia (SZ) is a common psy-
chiatric disorder affecting ~1% of hu-
manity, leading to a lifetime of dis-
ability for a majority of patients. Twin
studies show a high level of heritabil-
ity (~-80%). However, lack of com-
plete concordance in monozygotic
twins suggests that environmental
and epigenetic factors might play a
substantial role in disease pathogene-
sis. A significant obstacle in studying
the molecular basis of SZ and other
neuropsychiatric disorders is the inac-
cessibility of the human brain, which
has restricted molecular studies, such
as gene expression profiling and epi-
genetic analysis, to autopsy samples.
While some interesting findings have
been made using postmortem brain,
interpreting the data is associated
with numerous confounding factors.
In addition, since SZ is believed to be
a developmental disorder, studying
molecular events in postmortem sam-
ples is limiting. The discovery of in-
duced pluripotent stem cells (iPSCs)
provides an opportunity to create pa-
tient-specific neurons iz vitro. The
Lachman lab has been developing iP-
SCs cells from controls and patients
with SZ, including a subset that car-
ries a well characterized 22q11.2 del
found in ~1% of patients. Neurons
derived from both are being subject-
ed to gene expression profiling us-
ing RNA-seq and epigenetic analysis



to identify patient vs control differ-
ences. We are particularly interested
in characterizing miRNAs and long
non-coding RNAs in this system. It
should be noted that one of the genes
in the 22q11.2 deleted region is
DGCRS, which is involved in miR-
NA processing. In addition, we are
using a gene knockdown approach to
identify downstream targets of genes
that code for transcription factors im-
plicated in the development of sub-
groups of SZ. The ultimate goal is
to identify molecular pathways that
could be targets for developing novel
drug therapies.
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e Intraoperative neurophysiologic
monitoring.

*> Topographic analysis of evoked
potentials and identification of
evoked potential generators.

o> Studies of seizures and EEG
spikes recorded during longterm
monitoring in patients with epi-
lepsy.
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My major research interest is in the
application of quantitative function-
al and structural imaging techniques
to the delineation of brain substrates
of cognitive and behavioral impair-
ment, with focus on the effects of
mild traumatic brain injury (mTBI).
An important pathologic and clinical
feature of mTBI is the fact that the
full severity of injury seems to evolve
during the post-injury period; both
initial injury and secondary host re-
sponses are likely required for full ex-
pression of mTBI lesions. It follows
that a therapeutic window of oppor-
tunity may exist following injury,
during which silencing host respons-
es to injury could abort the evolu-
tion of mTBI pathology and improve
outcomes. However, we also know
that most patients recover following
mTBI and only a minority proceed
to long-term impairment and disabil-
ity. Thus, understanding the tempo-
ral evolution of injury AND identi-
fying the subgroup of patients likely
to suffer adverse outcomes are both
important research priorities. My
laboratory utilizes high-resolution
diffusion tensor MRI, detailed cog-
nitive assessments and genetic assays
in a longitudinal design. To date we
have demonstrated, both at the time
of injury and in chronic cognitive-
ly impaired patients, multifocal low
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fractional anisotropy (FA) in a pat-
tern consistent with the distribution
of axonal pathology in diffuse axonal
injury. Measures derived from diffu-
sion tensor imaging (DTI), such as
FA, allow us to infer the relative or-
ganization of white matter structure
at the cellular and subcellular levels.
Although such DTI “lesions” are
touted as evidence of disruption of
microscopic white matter structure,
an intuitive “fit” for the expected axo-
nal pathology of mTBI, it is not clear
that these “lesions” in fact reflect im-
portant axonal injury. No robust an-
imal model of cognitive dysfunction
following mTBI exists and it is un-
likely that pathologic correlation will
ever be achievable in humans. Thus,
correlation of DTI with functional
measures is needed to validate its pre-
dictive value. To this end, we have re-
ported correlation of the magnitude
of decline in FA in dorsolateral pre-
frontal cortex with performance on
specific aspects of executive function
that depend on the integrity of this
brain region (Lipton, et al. 2009).
Furthermore, the laboratory is amass-
ing a growing body of longitudinal
data which demonstrates change in
white matter anisotropy that parallels
changes in cognitive performance,
suggesting that the imaging measures
may in fact differentiate progressive
and recovering loci of injury in TBL
These first structure-function con-
nections in the setting of impairment
due to mTBI set the stage for our
ongoing studies addressing potential
approaches to forecast long-term im-
pairment and monitor progression/
repair of injury in follow-up. In par-
allel with my study of human TBI,
we are implementing parallel animal
experiments to better validate the im-
aging measures as proxy markers for
injury. We will also begin to exam-
ine molecular mechanisms of injury
evolution using MRI-detectable mo-
lecular probes and transgenic animal
strains. These approaches will also al-
low us to evaluate novel therapeutic
approaches to minimize the expres-



sion of mTBI pathology.
Selected Publications

Fay ], Milch H, Gutman, Marda-
khaev E, Law A, Lipton ML, MR.
Implant: Rapid evidence-based determi-
nation of implant safety status, Magnetic
Resonance Imaging, 2018 pii: S1546—
1440(18)30260-6. doi: 10.1016/j.
jacr.2018.02.029.

Stewart WE, Kim N, Ifrah C, Sliwins-
ki M, Zimmerman ME, Kim M, Lipton
RB, Lipton ML, Heading Frequency
Is More Strongly Related to Cognitive
Performance Than Unintentional Head
Impacts in Amateur Soccer Players,
Frontiers in Neurology, 2018, 9:240, doi:
10.3389/fneur.2018.00240.

Hunter LE, Lipton ML, Soccer head-
ing and concussions: neurobiology and
translational perspectives, Neurobiology
of Disease in press.

Levitch CF, Zimmerman ME, Lubin
N, Kim N, Lipton RB, Stewart WE,
Kim M, Lipton ML, Recent and Long-
Term Soccer Heading Exposure Is Dif-
ferentially Associated With Neuropsy-
chological Function in Amateur Players,
Journal of the International Neuropsycho-
logical Association 2017 23:1-9

Fleysher R, Lipton ML, Noskin
O, Rundek T, Lipton RB, Derby CA,
White matter structural integrity and
trans-cranial Doppler blood flow pulsa-
tility in normal aging, Magnetic Reso-
nance Imaging, 2018 47:97-102. doi:
10.1016/j.mri.2017.11.003.

Lipton ML, Ifrah C, Stewart WE
Fleysher R, Sliwinski MJ, Kim M, Lip-
ton RB, Validation of HeadCount-2w
for estimation of two-week heading:
Comparison to daily reporting in
adult amateur player, J Sci Med Sport
(2017) 21(4):363-7. doi: 10.1016/j.
jsams.2017.08.008.

Catenaccio E, Mu W, Kaplan A,
Fleysher R, Kim N, Bachrach T,
Zughaft Sears M, Jaspan O, Cac-
cese J, Kim M, Wagshul M, Stewart
WE, Lipton RB, Lipton ML. Char-
acterization of Neck Strength in
Healthy Young Adults. PMe&R 2017,
pii:S1934-1482(17)30132-6.

Stewart WE, Kim N, Ifrah CS,
Lipton RB, Bachrach TA, Zimmerman

ME, Kim M, Lipton ML. Symptoms
from repeated intentional and uninten-
tional head impact in soccer players.
Neurology 2017, 88(9):901-908.

Mu W, Catenaccio E, Lipton ML.
Neuroimaging in Blast-Related Mild
Traumatic Brain Injury. 7he Journal
of Head Trauma Rehabilitation 2017,
32(1):55-69.

Zammit AR, Fzzati A, Zimmerman
ME, Lipton RB, Lipton ML, Katz M]J.
Roles of hippocampal subfields in verbal
and visual episodic memory. Behavioural
Brain Research 2017, 317:157-162.

\
Mark F. Mehler, M.D.
Professor, The Saul R. Korey
Department of Neurology
Professor, Dominick P. Purpura
Department of Neuroscience
Professor, Department of
Psychiatry and Behavioral
Sciences
Alpern Family Foundation Chair
in Cerebral Palsy Research
Chair, The Saul R. Korey
Department of Neurology
Director, Institute for Brain
Disorders and Neural
Regeneration

The primary focus of our laborato-
ry is on defining the regional local-
ization and the biological properties
of neural stem cells during embryon-
ic and postnatal development and in
the mature and the aging mammali-
an brain. We are also using stem cells
as “biological probes” to elucidate the
pathogenesis of a spectrum of com-
plex and poorly understood acquired
and genetic nervous system disorders.
In these prototypical disorders, dis-
tinct profiles of regional stem cells
or their more lineage restricted neu-
ronal or glial progeny undergo irre-
versible injury and death in response
to acute or more chronic injury sig-
nals. Further, we are attempting to
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use the knowledge gained from these
multi-disciplinary studies to design
innovative epigenetic- and stem cell-
based regenerative therapies.

We are in the process of defining
the dynamic roles of environmen-
tal factors, cell-cell signaling path-
ways and cell autonomous cues in
promoting stem cell activation, ex-
pansion, lineage restriction, lineage
commitment, cell cycle progression
and terminal differentiation. We have
identified specific transcription fac-
tor and epigenetic codes that endow
the progeny of specific stem cell sub-
populations with their unique cel-
lular properties. These insights have
already allowed us to “reprogram”
different regional stem and progeni-
tor cells both i vitro and in vive to
acquire the cellular properties of spe-
cific neuronal and glial subtypes that
are lost in different classes of neuro-
logical diseases. We have also utilized
embryonic stem cells, both to define
initial stages of neural induction and
patterning of the neural tube that
have previously been difficult to ex-
amine experimentally, and as thera-
peutic reagents for those diseases of
the nervous system in which multiple
regional neuronal and glial subtypes
are targeted.

A Dbetter understanding of the
pathogenesis of individual neurolog-
ical disorders will allow us to more ef-
fectively employ our emerging neural
regenerative strategies. For example,
we are investigating the novel and ex-
citing possibility that early develop-
mental abnormalities are important
in the etiology of disorders of the ag-
ing brain, namely neurodegenerative
diseases such as Alzheimer’s, Hun-
tington’s and Parkinson’s Diseases as
well as amyotrophic lateral sclerosis
(ALS, Lou Gehrig’s disease). We are
also examining the hypothesis that
primary brain tumors are caused by
two distinct types of gene mutations:
i. Mutations in selected genes that
promote progressive stages of neuro-
nal and glial maturation from neural
stem cells, and ii. Mutations in dif-



ferent classes of genes that normally
prevent mature glial cells from un-
dergoing ectopic cell cycle reentry
and dedifferentiation. Further, we are
attempting to define the individual
profiles of abortive endogenous stem
and progenitor cell responses to those
injury signals found in acute stroke
and in demyelinating diseases such as
multiple sclerosis.

The ultimate aim of these studies
is to identify innovative approaches
to brain repair by activation of latent
neural stem cell pools throughout the
neuraxis to engage in selective regen-
eration of those cell types and neu-
ral network connections that have
been compromised in specific disease
states. We are utilizing advanced epi-
genetic reprogramming strategies, in-
cluding the deployment of multiple
novel classes of non-coding RNAs
to modulate the dynamic expression
profiles of individual genes and in-
tegrated functional gene networks
through genome-wide targeting of
specific DNA motifs/stereoisomers,
histone, nucleosome and higher-or-
der chromatin codes and complexes,
RNA/DNA editing, and RNA intra-/
inter-cellular trafficking. The ability
to activate and recruit these latent de-
velopmental programs to participate
in selective neural regenerative re-
sponses will help to reestablish func-
tional neural networks that preserve
the integrity of previously acquired
informational traces.

Moreover, we are currently employ-
ing interdisciplinary approaches, in-
cluding the use of specialized human
patient-specific integrative organoid
models and gene editing and associat-
ed dynamic lineage tracing, single cell
and spatial transcriptomics, histone,
chromosomal and epigenomic and
additional multi-omics technologies,
to define the underlying molecular,
subcellular, cellular, mechano-signal-
ing and systems biological substrates
and network properties and critical
periods that orchestrate cell identity,
cell state transitions, and multifacet-
ed injury and inflammatory respons-
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Expression profiles of autophagic markers in neural developmental species derived from
embryonic mouse forebrain. Specific neural developmental species were co-stained for LC3, a
macroautophagy-related protein (top) or LAMP-2A, a CMA-related protein (bottom), and an-
tibodies for multipotent neural stem cells (MP: nestin), neuronal/oligodendrocyte progenitors
(N/O P: musashi 1), neuroblasts (NB: ?-tubulin), oligodendrocyte progenitors (OL Pros: O4),
myelinating oligodendrocytes (Myel OL: MBP), and astrocytes (AS: GFAP). (Scale bar: 10mm).
CMA-associated LAMP 2A and autophagosome marker LC3 suggest that while LAMP 2A
expression was seen in b-tubulin + neurons and GFAP+ astrocytes, nestin positive undifferen-
tiated multipotent neural stem cells (MP), more lineage restricted neuronal/oligodendrocyte
progenitors (N/OP) and mature myelin producing oligodendrocytes are enriched for autopha-
gosomes. LAMP 2A and LC3 are labeled with FITC conjugated secondary antibodies while all
other neural lineage markers were identified with TRITC. Nestin+ MP reveals the absence of
expression of basic helix loop helix transcription factors Olig2 and Mash1. However, Shh-me-
diated lineage restriction in vitro induces nuclear expression of these transcription factors

in N/O P cells labeled with another neural stem cell marker Musashi1 (Msh1). b-tubulin and
O4 label neuroblasts and oligodendrocyte progenitors, respectively. Finally, while MBP is ex-
pressed by mature myelin producing oligodendrocytes, GFAP expression identifies astrocytes.

es that govern emerging interrela-
tionships amongst neurodegenerative
diseases, organ fibroses, brain and
body-derived cancer subtypes, organ
metastases, prior tumor/metastatic
cell dormancy mediators and asso-
ciated regenerative programs. These
exciting new initiatives will deter-
mine cross-modulatory interactions
between these classical diseases of
aging, their developmental anteced-
ents, intervening homeostatic and
plasticity programs, regenerative pro-
cesses and plasticity and novel multi-
pronged therapeutic interventions to
forestall and/or prevent the onset and
progression of these intractable and
frequently overt and/or latent multi-
morbid conditions.

Selected Publications

Anand H, Ende V, Singh G, Qureshi

I, Duong TQ, Mehler ME Nervous

System-Systemic Crosstalk in SARS-
CoV-2/COVID-19: A Unique Dysho-
meostasis Syndrome. Front Neurosci.
2021 Aug 27;15:727060. PMID:
34512253

Qureshi IA, Mehler ME. Frontiers in
neuroepigenetics. Neurobiol Dis. 2021
Jun;153:105333. 2021 Mar 17. PMID:
33722613

Mehler ME Petronglo JR, Artea-
ga-Bracho EE, Gulinello ME, Win-
chester ML, Pichamoorthy N, Young
SK, DeJesus CD, Ishtiaq H, Gokhan
S, Molero AE Loss-of-Huntingtin in
Medial and Lateral Ganglionic Lin-
eages Differentially Disrupts Regional
Interneuron and Projection Neuron
Subtypes and Promotes Huntington's
Disease-Associated Behavioral, Cellular,
and Pathological Hallmarks. / Neurosci.
2019 Mar 6;39(10):1892-1909. 2019
Jan 9. PMID: 30626701



E12.5

E14.5

E15.5

Hdh-Q18 Hdh-Q111

E16.5

E17.5

E18.5

Impaired spatiotemporal profiles of striatal neurogenesis in Hdh-Q111 embryos. Birth-dating
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[ am interested in how the human
brain processes and integrates senso-
ry inputs to impact perception and
behavior, and the role of attention
therein. My work involves character-
izing these processes in healthy adults,
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charting their developmental course
over childhood, and translating these
findings to understand the neurobiol-
ogy of developmental disorders, with
an emphasis on autism. Non-invasive
high-density recordings of the electri-
cal activity of the brain, psychophys-
ics, and magnetic resonance imaging
are my primary tools of investigation.
The former allows precise tracking of
the temporal progression of cortical
information processing, and model-
ing of the underlying neuronal gen-
erators. Used in conjunction with
structural and functional neuroimag-
ing, precise anatomical localizations
of function can be achieved.

In addition to myself, the lab in-
cludes senior faculty (John Foxe and
Filipo De Sanctis), junior faculty (Lars
Ross and John Butler), post-doctoral
fellows, and students. I also direct the
Einstein Human Clinical Phenotyp-
ing Core, which recruits and char-
acterizes participants for studies and
maintains a large database of potential
research participants. This database is
composed largely of children, includ-
ing those with a diagnosis of dyslexia,
autism, and RETT syndrome, as well
as healthy controls.
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Since 1979, Dr. Moshé’s research has
focused on translational approaches
to understand the mechanisms un-
derlying the development of epilepsy
and its consequences in infants and
children. His laboratory has devel-
oped and patented an animal mod-
el that replicates human infantile
spasms. In collaboration with Dr
Aristea Galanopoulou, this model
is being used to identify novel treat-
ments of this devastating condition.
His work has identified an endog-
enous brain circuit that can control
the expression of seizures as a func-
tion of age and gender. In addition to
his laboratory research, he is actively
involved in several large, multi-center
studies examining the outcomes of
prolonged, febrile seizures (seizures



occurring with fever) and absence
epilepsy to identify predictive bio-
markers of the course and response
to treatment. In more than 20 years,
Dr. Moshé has mentored numerous
scientists and clinicians from around
the world in clinical epilepsy and ba-
sic science epilepsy-related research.

Dr. Moshé is active in numerous
professional societies and elected
President of the American Epilepsy
Society, the American Clinical Neu-
rophysiology Society, the Eastern
Association of Electroencephalogra-
phers, and past President of The In-
ternational League against Epilep-
sy. He is an elected member of the
American Neurological Association
and the American Pediatric Society.
Selected Publications

Pitkanen A, Buckmaster B, Gala-
nopoulou AS, Moshé SL Models of
seizures and epilepsy, Second Edition
Elsevier (2017).

Shandra O, Moshe SL, Galanopou-
lou AS. “Inflammation in epileptic
encephalopathies.” In Advances in Pro-
tein Chemistry and Structural Biology
108:59-84 (2017).

Galanopoulou AS, Mowrey W,

Liu W, Li Q, Shandra O, Moshe SL.
Preclinical screening for treatments for
infantile spasms in the multiple hit rat
model of infantile spasms: an update.
Neurochemical Research, 42:1949-61
(2017).

Nariai H, Beal J, Galanopoulou AS,
Mowrey W, Bickel S, Sogawa Y, Jehle
R, Shinnar S, Moshe SL. Scalp EEG
Ictal Gamma and Beta Activity during
Infantile Spasms: Evidence of Focality.
Epilepsia 58:882-892 (2017).

Gallentine W.B., Shinnar S, Hes-
dorffer D.C., Epstein L, Nordli D.R.,
Pellock J.M., Lewis D.V., Frank M,
Seinfeld S, Shinnar R.C., Cornett K,
Liu B, Moshe S.L., Sun S, FEBSTAT
Investigator Team. Plasma Cytokines
Associated with Febrile Status Epilepti-
cus in Children: A Potential Biomarker
for Acute Hippocampal Injury. Epilepsia
58:1102-1111(2017).

Robbins M.S., Haut S.R., Lipton
R.B., Milstein M.]., Ocava L.C., Bal-

laban-Gil K, Moshe S.L., Mehler M.E
A dedicated scholarly research program
in an adult and pediatric neurology
residency program. Neurology 88:1366—
1370 (2017).

Fisher R, Cross J, French ], Higurashi
N, Hirsch E, Jansen E Lagae L, Moshe
SL, Peltola J, Roulet-Perez E, Scheffer
I, Zuberi S. Operational Classification
of Seizure Types by the International
League Against Epilepsy. Epilepsia
58:522-530 (2017)

Fisher R, Cross J, D’Souza C, French
J, Haut S, Higurashi N, Hirsch E,
Jansen F, Lagae L, Moshe SL, Peltola
J, Roulet-Perez E, Scheffer I, Schul-
ze-Bonhage A, Somerville E, Sperling
M, Yacubian EM, Zuberi S. Instruction
manual for the ILAE 2017 Operational
Classification of seizures types. Epilepsia
58:531-542 (2017).

Scheffer IE, French J, Hirsch E, Jain
S, Mathern GW, Moshé SL, Perucca E,
Tomson T, Wiebe S, Zhang Y, Zuberi
SM. Classification of the epilepsies:
New concepts for discussion and debate.
Special Report of the ILAE Classifica-
tion Task Force of the Commission for
Classification and Terminology. Epilep-
sia 58:512-521 (2017).

Sauro KM, Wiebe S, Dunkley C,
Janszky J, Kumlien E, Moshé SL, Na-
kasato N, Pedley TA, Perucca E, Senties
H, Thomas SV, Wang Y, Wilmshurst
J, Jette N. The current state of epilepsy
guidelines: A systematic review. Epilepsia

57:13-23 (2016).

B \N -
Saleem M. Nicola, Ph.D.
Associate Professor, Dominick
P. Purpura Department of
Neuroscience
Associate Professor, Department
of Psychiatry and Behavioral
Sciences

My lab focuses on understanding
the neural circuits underlying re-
ward-seeking and addictive behaviors.

34

We use a systems-level approach that
combines behavioral, pharmacologi-
cal, electrophysiological, optogenet-
ics and fiber photometry techniques
in awake, freely moving animals.

Our studies focus on the nucle-
us accumbens, a part of the ventral
striatum that projects to motor out-
put structures of the basal ganglia.
The accumbens receives input from
limbic structures that process stim-
uli that predict rewards. These lim-
bic structures include the basolateral
amygdala, which sends glutamater-
gic axons to the accumbens, and the
ventral tegmental area (VTA), which
sends a dopamine projection. We in-
vestigate how these projections to
the accumbens alter the activity of
accumbens neurons to influence re-
ward-seeking behavior.

The accumbens and associated cir-
cuitry is involved in drug addiction.
A secondary focus of the lab is to un-
derstand how drugs alter neurons in
these circuits to produce drug-seek-
ing behavior.
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Department of Neuroscience

The owl’s brain is a showcase in Sys-
tems Neuroscience for allowing the
analytical approach to how informa-
tion is processed and represented in
the brain. Owls exhibit a characteris-
tic orienting response towards sound
sources. This behavior is highly re-
producible, the variables involved in
triggering specific responses are well
characterized, and the system affords
progressively deeper levels of analysis.
Whereas spatial selectivity of neu-
rons in the owl’s auditory system is
initially broad and ambiguous, sharp
space-specificity emerges in high-or-
der neurons. In the midbrain, a map

of auditory space is computed based
on differences in time and intensity of
the acoustic signals that arrive at each
ear. These binaural cues are processed
in parallel pathways that converge
where the map emerges. We have
focused on regions of the brain that
are crucial for this synthetic process:
the neurons where the difference be-
tween the arrival times of the sound
to each ear is initially detected, and
the space-specific neurons that re-
spond to sounds coming from unique
directions. We found that well-de-
fined computations, which match
predictions made by studies of sound
localization in humans, underlie the
emergent response properties of these
neurons. Thus, the owl’s brain pro-
vides a system to test models of psy-
choacoustics at levels from single cells
to networks of neurons. Recently, we
have studied why owls make system-
atic errors when localizing in periph-
eral space. We could predict these
errors from looking at how space is
represented in the owl’s brain. In ad-
dition, we could show how making
errors in the periphery could help to
localize in the front. In the future, we
plan to study how information flows
in the sound localization pathway us-
ing in vitro electrophysiology as well
as the recording of neural activity in
behaving animals.
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Alberto E. Pereda, M.D.,
Ph.D.
Professor, Dominick P. Purpura
Department of Neuroscience

The laboratory investigates the
properties and dynamics of gap junc-
tion-mediated electrical transmission
in the vertebrate brain. While the
study of plasticity of chemical syn-
apses has long been an area of pri-
mary interest to neuroscientists, less
is known about the modifiability of
electrical synapses. We investigate
plastic properties of electrical syn-
apses in teleosts (goldfish and zebraf-
ish) and mammals. Lower vertebrates
have provided with advantageous
experimental models in which basic
properties of electrical transmission
can be more easily study. Audito-
ry “mixed” (electrical and chemical)
synaptic contacts on the teleost Mau-
thner cells offer the rare opportuni-
ty to correlate physiological proper-
ties with molecular composition and
specific ultrastructural features of
individual synapses. Electrical trans-
mission at these terminals undergo
activity-dependent potentiation and
is mediated by gap junctions formed
by fish homologs of connexin 36, a
neuronal gap junction protein wide-
ly distributed across the mammalian
brain. Our current work focuses on
the mechanisms underlying activi-
ty-dependent changes in electrical
synapses by investigating: i) Their
functional relationship with gluta-
mate receptors, ii) Their interaction
with the dopaminergic and endocan-
nabinoid systems, iii) The molecular
mechanisms responsible for changes
in the strength of electrical transmis-
sion, in particular the role of trafhick-
ing of gap junction channels and in-
teractions with connexin-associated
regulatory proteins, iv) Interactions

between intrinsic membrane proper-
ties and gap junctional conductance,
as a mechanism for the control of
synaptic strength at electrical synaps-
es. Thus, while focusing in the prop-
erties of electrical synapses, the re-
search of our laboratory explores the
complexity of synaptic transmission
and signaling mechanisms in general.
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(PRIME)

The Radulovic laboratory research-
es the neurobiological mechanisms
by which stressful experiences shape
memory circuits, and through these
actions contribute to the develop-
ment of anxiety, stress-related, and
dissociative disorders. Our main goal
is to dissect those mechanisms that
can serve as potential treatment tar-
gets. To this end, we have developed
several preclinical models for study-



ing disorder-relevant behavioral phe-
notypes, including stress-enhanced
fear conditioning, extinction-resis-
tant fear, state-dependent fear, and
overgeneralization of fear. These phe-
notypes are characterized by defen-
sive behavior typical of exaggerated
or persistent fear and anxiety, and, ac-
cording to our main hypothesis, they
are critically dependent on the acces-
sibility of stress-related memories to
retrieval.

At the circuit level, we focus on
the extended hippocampal system,
which plays a well-established role in
the representation and retrieval of ep-
isodic-like memories. By using circuit
tracing and circuit-specific manipula-
tions in genetically modified mice,
we are researching the role of individ-
ual hippocampal afferent and efferent
projections in these processes. These
manipulations include optogenetic,
chemogenetic, and pharmacogenet-
ics approaches (1,2). We also study,
using analyses of local field potentials
and neuronal oscillations, the role of
coordinated activity of hippocam-
pus-associated regions in the retrieval
of memories of stressful experiences
(3).

At the cellular level, we have pri-
marily focused on the excitatory neu-
rons of the dorsal hippocampus, es-
pecially the dentate gyrus and CA1l
neurons, but have currently expand-
ed our scope to individual interneu-
ronal populations (4,5). We use ro-
bust activity marking systems to label
and manipulate these neuronal popu-
lations and thereby interrogate their
role in memory-related defensive be-
havior.

At the molecular level we have tra-
ditionally focused on synaptic mech-
anisms, especially the different glu-
tamate receptor subunits and their
signaling partners. Recently, however,
our interest extended to nonsynaptic
mechanisms, such as tonic inhibi-
tion, neuroinflammation, and reor-
ganization of the extracellular matrix,
which we study in the context of sta-
bilization of long-term memory cir-

Laser-scanning confocal projection. Labeling for Cx35 (green) in a Mauthner cell of larval
zebrafish backfilled with tetramethylrhodamine-dextran (red). (from Yao et al, 2014).

Laser-scanning confocal projection of the lateral dendrite of a goldfish Mauthner cell
(unstained) illustrating saccular afferents (green) terminating as large myelinated Club
endings. Labeling for Cx35 (red) reveals the areas of contact between Club endings and
the dendrite. (from Flores et al., 2010)



cuits. In the framework of tonic inhi-

bition, we also study the role of micro

RNAs (6,7).
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All organisms need to adjust their be-
havior to adapt to a changing envi-
ronment. Feeding behaviors, for ex-
ample, depend upon both internal
states (i.e. hunger) and external real-
ities, (i.e. food availability). Stress in-
fluences food-based decision making
and metabolic outcomes, and fail-
ures in this behavioral regulation can
lead to disease states, such as anorexia
nervosa or obesity. Our translational
laboratory uses systems neuroscience
tools to better understand the patho-
physiology and biology that underlies
the behavior related to these diseases
in hopes of reducing the associated
stigma. We are focused on how neu-
ropeptides regulate specific circuits
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at the interface of stress and metab-
olism, with an interest in sex differ-
ences and behavior differences that
result in outcomes across the weight
spectrum related to psychiatric and
medical illness. We concentrate on
two neuropeptidergic systems: the
metabolism associated melanocort-
inergic system, and the stress-linked
PACAP system. In rodent models we
use a combination of behavior stud-
ies, electrophysiology, in vivo Ca*
imaging, pharmacologic, optogenet-
ic, and chemogenetic manipulations
to interrogate how these neuropep-
tides regulate neural circuits at the in-
terface of stress and metabolism. In
collaboration with clinical research-
ers, we work to apply our findings to
inform investigations into human be-
havior using molecular, genetic, and
qualitative approaches.

Current projects in the lab include:
¢ What is the role of the melano-

cortin-4 receptor in the medi-
al prefrontal cortex in cognitive
flexibility. Is it specific to food-re-
lated decision making?

¢ Does metabolic stress transmit a
PACAPergic signal, and how is
this different between males and
females? How does this affect the
reproductive axis?

e How does dietary manipulation
(e.g. early life food insecurity)
affect behavioral and metabolic
outcomes?
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Behavioral flexibility requires the
brain to constantly adapt to envi-
ronmental changes and physiologi-
cal state. In response to such external
and internal challenges, context-spe-
cific neuromodulators act on local
and long-range circuits to orchestrate

functionally and anatomically con-
nected brain regions that ultimately
control behavior. Due to its abun-
dant connections to other parts of the
brain, the cerebellum has emerged as
an important structure that regulates
diverse behaviors, including motor
function, cognitive processes, and
emotional state. Accordingly, dis-
ruption of normal cerebellar func-
tion is prevalent in psychiatric and
neurodevelopmental disorders, such
as schizophrenia and autism. Our
laboratory is using a combination of
electrophysiology, genetic approach-
es, imaging, and behavioral testing
to better understand the mechanisms
that allow the cerebellum to control
behavior under physiological and
pathophysiological conditions.
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el5312.
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20;91(2):312-9. Purkinje Cell Col-
laterals Enable Output Signals from
the Cerebellar Cortex to Feed Back to
Purkinje Cells and Interneurons. Newuron
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Cerebellar Cortex. Neuron. 2016 Sep
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Neurosci. 2015, 18(9):1334—41.

Coddington LT, Rudolph S, Vande
Lune P, Overstreet-Wadiche L, Wadiche
J1, Spillover Activation of Inhibition
Segregates Interneuronal Subpopula-
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2013, 78(6):1050-62.

Leuner K, Li W, Amaral MD,
Rudolph S, Calfa G, Schuwald AM,
Harteneck C, Inoue T, Pozzo-Miller L.
Hyperforin modulates dendritic spine
morphology in hippocampal pyramidal
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able TRPCG channels. Hippocampus
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Gary J. Schwartz, Ph.D.
Professor, Department of
Medicine (Endocrinology)
Professor, Dominick P. Purpura
Department of Neuroscience
Professor, Deparment of
Psychiatry and Behavioral
Sciences

Our research focuses on the sensory
neural controls of energy homeosta-
sis in health and disease. We use ro-
dent and non-human primate mod-
els to examine how food stimuli act at
oral and gastrointestinal sites to affect
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food intake, energy balance, and gas-
trointestinal physiology. We approach
this problem from multiple levels of
analysis including behavioral, physio-
logical, neurophysiological, and mo-
lecular-genetic. We have identified
the type of food stimuli that activate
vagal and splanchnic sensory fibers
supplying the gut, and have revealed
the extent to which these stimuli in-
fluence gut-brain communication.
Our most recent efforts involve the
analysis of gut-brain communication
in the control of energy homeostasis
in mouse models of obesity and dia-
betes. We have identified neurons in
the periphery, brainstem and hypo-
thalamus that integrate food-elicited
signals with peptide signals that have
profound effects food intake and me-
tabolism. Data from these studies re-
veal that central hypothalamic and
brainstem neuropeptides affect food
intake and body weight by modulat-
ing the neural potency of food stim-
ulated signals from the mouth and
gut. This novel, synthetic conceptual
framework is critical because it links
forebrain hypothalamic structures,
long known to be involved in the con-
trol of energy balance, to the sensory
and motor systems in the brainstem
that control ingestion, digestion, and
metabolic processing of food. Future
studies will use genetic mouse mod-
els of obesity and diabetes with tar-
geted conditional neuropeptide/ re-
ceptor knockdown or replacement to
determine how central neuropeptide
signaling affects the neural processing
of metabolic sensory signals critical to
energy homeostasis.
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Julie Secombe, Ph.D.

Associate Professor, Department

of Genetics

Associate Professor, Dominick

P. Purpura Department of

Neuroscience

One major research interest in my
lab focuses on understanding a sin-
gle protein—a transcriptional reg-
ulator called lysine demethylase 5
(KDMS5). In humans, mutations in
KDMS5 are found in patients with
intellectual disability, but how muta-
tions in KDM}5 affect neuronal devel-
opment and function remain largely
unknown.

We use two different neuronal con-
texts in the model organism Drosoph-
ila to understand KDMS5 function.
Both of these take advantage of our
ability to make fly strains that com-
pletely lack KDM5 in addition to
strains that harbor specific mutations
in KDM5 that are found in patients
with ID.

(1) Development and function of
mushroom body neurons. The
fly adult mushroom body is es-
sential for olfactory learning and
memory and is functionally anal-
ogous to the mammalian hippo-
campus. In a project pioneered by
MSTP student Hayden Hatch,
we have shown that KDMS5 is
required in early neuronal pro-
genitors for the formation of the
mushroom body. Potential RO-
TATION PROJECTS: What
genes does KDMS5 directly bind
to and regulate to mediate mush-
room body development? What
happens to chromatin? What are
the cognitive (learning and mem-
ory) consequences of mutations
in KDM5?

(2) Development and function of
the larval neuromuscular junc-



tion (NMJ). The second system
we use is the larval NM]J. This is a
glutamatergic synapse that serves
used as a model of mammalian
CNS excitatory synapses. This
model was established in my lab
by PhD student Helen Belalcazar,
who is about to start writing her
thesis. Using the NM]J as a model,
we have shown that KDMS5 acts
by multiple mechanisms to regu-
late the morphology and neuro-
transmission. Potential ROTA-
TION PROJECTS: What genes
does KDMS5 regulate specifical-
ly in motor neurons (using in
vivo transcriptomic techniques)?
KDMS5 affects evoked glutama-
tergic neurotransmission—how?
Mutations in KDM35 affect larval
movement but not by altering the
NMJ—why? How many ID-as-
sociated mutations alter NM]
morphology and function?
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David J. Sharp, Ph.D.
Professor, Department of
Physiology & Biophysics
Professor, Department of
Ophthalmology & Visual Sciences
Professor, Dominick P. Purpura
Department of Neuroscience

The life of a cell in multicellular or-
ganisms is complex and proceeds
through multiple stages, beginning
with its “birth” from the division of
preexisting cells, movement from its
“birth” site to a distal target, differ-
entiation into a form designed for a
specialized task and then, finally, its
death. All of these events are in one
way or another influenced by micro-
tubules, intrinsically dynamic and
structurally polar polymers of alpha/
beta-tubulin further organized into
higher order arrays that vary accord-
ing to the immediate needs of the cell.

While probably best known as direc-

tional railways for the motor driven
transport of intracellular cargos, mi-
crotubules also form the spindle ap-
paratus that separates chromosomes
and defines the site of cell cleav-
age during mitosis/meiosis, provide
structural support for the formation
of elongate cell shapes and regulate
the behaviors of other cytoskele-
tal networks, such as actin, through
mechanisms that remain poorly un-
derstood. The broad objective of my
research program is to identify the
fundamental molecular mechanisms
that goven the formation and func-
tion of the microtubule cytoskeleton
and determine how these contribute
to human health and disease.

Specific ongoing research projects
include:

1) Determining the mechanisms of
chromosome segregation. The mitotic
spindle is a self-organizing microtu-
bule-based machine that segregates
chromosomes into identical daughter
nuclei during cell division. Defects
in spindle assembly and the move-
ment of chromosomes on it give rise
to cells with too many or two few
chromosomes (aneuploidy) which is
a hallmark of tumorigenesis. Previous
work from my laboratory has shown
that the mitotic spindle moves chro-
mosomes by a Pacman-Flux mecha-
nism involving the coordinated activ-
ities of microtubule depolymerizing
and severing enzymes (e.g. Rogers et
al, Nature, 2004; Zhang et al, The
Journal of Cell Biology, 2007, Rath
and Sharp, Chromosome Research,
2011)

1) Determining the roles of micro-
tubules in cell motility. The ability of
cells to migrate from their sites of
origin to distal targets is fundamen-
tal to the development and mainte-
nance of multicellular organisms.
Defects in cell migration have also
been linked to numerous human pa-
thologies ranging from mental retar-
dation to cancer metastasis. Decades
of work have established that somatic
cell motility is driven by a polarized
actomyosin network that, among
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other things, promotes protrusion of
the membrane at the cell front (lead-
ing edge) and contractility at the
rear. Much less is understood about
the contributions of microtubules to
these processes. However, we recently
showed that the microtubule severing
enzyme, Katanin, localizes to the cell
cortex and netatively regulates cell
motility by suppressing actin-based
protrusions (Zhang et al, Nature Cell
Biology, 2011) We have since iden-
tified a number of additional micro-
tubule regulatory proteins (some of
which are entirely uncharacterized
in the literature) that control distinct
parameters of cell movement. Eluci-
dation of the specific functions and
mechanisms of action of these is a
major current thrust of my research
program.

III) Development of novel thera-
peutics. We have found that specific
microtubule regulatory proteins can
be targeted to alter various aspects
of human cell motility both in vitro
and in vivo. We are currently build-
ing on these findings to develop novel
therapies to enhance wound healing,
treat spinal cord injury and cardiovas-
cular disease, and prevent cancer me-
tastasis. We are working closely with
the Friedman, Nosanchuk and Zhou
labs to develop and test nanoparti-
cle-based approaches to manipulate
the activities of microtubule regula-
tory proteins in a clinical context.
Selected Publications
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Co-Director, Gruss-Lipper
Biophotonics Center

Co-Director, Integrated Imaging
Program

Our work is focused on the travels
of RNA within the cell: from the site
of its birth to its ultimate biological
destiny in the cytoplasm where it
makes proteins in specific locations.
All we have learned results from
the development of new technolo-
gy, known as in situ hybridization,
to visualize specific nucleic acid se-
quences within individual cells. Us-
ing our approach, synthetic nucleic
acid probes are labeled with a variety
of detectors such as fluorochromes
or antigens. Subsequently these mol-
ecules are hybridized to the cell and
detected using high resolution digi-
tal imaging microscopy. This enables
the detection of specific nucleic acid
molecules within the structural con-
text of the cell. We have developed
imaging methodologies and algo-
rithms capable of detecting a single
RNA molecule within a cell. As a re-
sult of this approach, we have found
that specific RNA sequences are lo-
cated in particular cellular compart-
ments. An example is the messenger
RNA for beta-actin, which is located
in the periphery of the cell where ac-
tin protein is needed for cell motility.
These transcripts are not free to dif-
fuse. The transcripts may be associat-
ed with a cellular matrix or skeleton
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from the moment of their synthesis
through translation. We are investi-
gating how this spatial information
is encoded within the gene and how
the RNA transcript is processed with-
in the nucleus and then transported
to its correct compartment in the cy-
toplasm resulting in asymmetric pro-
tein distribution. A reporter gene can
be “delivered” to a variety of cellular
compartments by using specific se-
quences, or “zipcodes”, from the mR-
NAs found in those compartments.
These “zipcodes” consist of short se-
quences in the 3’ untranslated region
of the mRNA. We have isolated and
cloned proteins, which bind to the
zipcode and decode this information.
Recently we have developed technol-
ogy that allows us to visualize RNA
movement in living neurons. Cur-
rently our efforts are to develop im-
aging methods to see fast movements
in order to characterize the motors
driving RNA.
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Assistant Professor, Psychiatry
Assistant Professor, Dominick
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Cortex-basal ganglia interactions
in drug addiction and motivated
behavior

Drug addiction and other neuro-
psychiatric conditions involve com-
plex interactions between brain areas
including the nucleus accumbens,
hippocampus, and prefrontal cortex.

Our previous work has characterized
the role of interactions between hip-
pocampus and nucleus accumbens
in cocaine conditioned place prefer-
ence, finding evidence that selective
potentiation of specific hippocampal
inputs to accumbens stores informa-
tion linking certain spatial contexts
to drug use. This provides a possible
mechanistic substrate for the well-
known phenomenon by which re-
lapse is triggered by exposure to “peo-
ple, places, and things” previously
associated with drug use.

Our current work studies how in-
teractions between hippocampus and
accumbens influence prefrontal cor-
tex as a basis for both physiological
reward valuation and the pathologi-
cal overvaluation of drugs of abuse.
To this end, we combine carefully-de-
signed mouse behavioral paradigms
with a broad range of experimental
techniques including multisite Neu-
ropixels probe recordings, optotag-
ging and closed-loop optogenetic
manipulations, in vive two photon
and light field imaging, and in situ
RNA sequencing. A major theme of
this work is linking transcriptomical-
ly-defined cell classes to their func-
tional roles during behavior. We also
rely heavily on dimensionality reduc-
tion approaches, machine learning,
and computational modeling to char-
acterize and understand the popula-
tion-level coordination of neuronal
activity between brain regions during
decision making and drug self-ad-
ministration.

Developing novel translational
strategies for treating drug addic-
tion

Drug addiction represents a large
public health burden for which few
effective  biologically-based  treat-
ments exist. We aim to develop nov-
el gene-based tools and validate ana-
tomical targets for future translational
studies in human subjects. Our previ-
ous work in this area has focused on
using DREADDs to modulate nu-
cleus accumbens and suppress alco-
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hol consumption in a model of binge
drinking. We are currently expanding
this work by exploring different brain
targets and developing novel DRE-
ADD:-like receptors with properties
suitable for use in human subjects.
We have also developed several nov-
el molecular tools enabling manipu-
lation of synaptic transmission and
plasticity with greater precision than
previously possible.

Highlighted awards

Dr. Sjulson was the recipient of a
five-year, $2.5 million National In-
stitutes of Health Director's Pioneer
Award from the National Institute on
Drug Abuse (NIDA).

Sjulson Lab Website
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Frank Soldner, M.D.

Assistant Professor, Dominick

P. Purpura Department of
Neuroscience

The main goal of my research is to
apply functional genomic approach-
es in human cells to elucidating the
molecular and cellular mechanisms
of complex neurological disorders
such as Alzheimer’s and Parkinson’s
disease. One of the major challeng-
es of studying human complex dis-
eases is the lack of relevant model
systems that combine known genet-
ic elements with disease-associated
phenotypic readouts. This is particu-
larly problematic for many common
medical conditions including sporad-
ic neurodegenerative diseases, which
have no well-defined genetic etiol-
ogy and do not follow Mendelian
inheritance patterns. Epidemiology
and population genetics suggest that
such sporadic diseases result from a
complex interaction between multi-
ple genetic and non-genetic (lifestyle
and environmental) risk factors. And
although genome wide association
studies (GWASs) have identified se-
quence variants such as single nucle-

otide polymorphisms (SNPs), dele-
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tions and insertions associated with a
wide variety of neurological disease,
the vast majority of these risk vari-
ants have no established biological
relevance to disease or clinical utility
for prognosis or treatment. This com-
plexity and our limited knowledge of
the underlying genetic factors have
impeded our understanding of the
molecular mechanisms of many com-
plex diseases and, more importantly,
limited the development of effective
therapeutics.

Three major recent innovations
have fundamentally changed our
ability to study human neurological
diseases in a cell culture dish: (i) Re-
programming of somatic cells into
human induced pluripotent stem
cells (hiPSCs) to generate patient-de-
rived disease-relevant neuronal cells,
(ii) the development of genome en-
gineering technologies such as the
CRISPR/Cas9 system to modify the
genome in human cells and (iii) the
availability of tissue-type and dis-
ease-specific genome-scale genetic
and epigenetic information. Our pre-
vious work has demonstrated that in-
tegration of population genetic and
genome-wide epigenetic data com-
bined with hiPSC and gene editing
technologies now enables us to dis-
sect the functional effects of genetic
risk variants in order to study human
neurological disorders in a genetically
controlled and systematic manner.
My lab is applying this novel exper-
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imental framework to systematical-
ly link GWAS-identified sequence
variants to non-coding cis-regulato-
ry elements and establish functional
assays to connect diseases-associat-
ed risk alleles with the expression of
disease-relevant effector genes and
cellular phenotypes. Such disease-rel-
evant phenotypic readouts allow us
to perform unbiased chemical com-
pound and CRISPR/Cas9-based ge-
nome-scale genetic screens to identi-
fy novel disease modifiers in human
neuronal cells.

Furthermore, one of the emerg-
ing challenges in the human genetics
field is to understand how genetic
signals from multiple risk variants in-
teract and collectively contribute to
the development of diseases or confer
susceptibility to aging and addition-
al environmental factors. The gener-
ation of genetically defined human
cellular models carrying various risk
variants provide a human in vitro
model system to investigate how ge-
netic, epigenetic and environmental
factors are integrated to contribute to
disease development and progression.
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David C. Spray, Ph.D.
Professor, Dominick P. Purpura
Department of Neuroscience
Professor, Department of
Medicine (Cardiology)

Research of our laboratory is centered
on physiological and cell/molecular
biological studies of gap junctions,
the intercellular channels that allow
cells to directly exchange ions and
metabolites. In the nervous system,
gap junctions form electrotonic syn-
apses between neurons, permitting
synchronized excitation of coupled
cells, and they couple glia into a com-
plex interconnected network where
information is exchanged through
calcium waves and metabolically.
Major projects of the laboratory are
attempting to resolve (1) role of gap
junctions and extracellular signaling
between neurons and satellite glial

cells in a mouse model of orofacial
pain, (2) how connexin-protein in-
teractions (which result in a dynamic
complex that we term the “Nexus”)
deliver, assemble and modulate gap
junctions in various cell types, (3)
molecular complexes that function to
transduce mechanical information in
osteocytes (with the Biomedical En-
gineering Department, CCNY), and
(4) how forces on astrocyte endfeet
through glymphatic flow impact the
water distribution network involving
AQP4 water channels and gap junc-
tions. These studies utilize a variety
of preparations, including primary
cultures of cells from transgenic mice
with altered expression of connex-
in and other genes and transfection
of wildtype and mutated connexin
sequences into communication de-
ficient cell lines, where small high
resistance cells permit structure-func-
tion analysis at the single channel lev-
el. Techniques include patch clamp
electrophysiology,  photomanipula-
tion such as FRAD, optical monitor-
ing of intracellular ionic activities
(especially Ca?* and propagated Ca*
waves), confocal and superresolution
micrscopy, and standard molecular
biological and immunological meth-
ods such as RT-PCR and Western
blot analyses, and expression profil-
ing using microarrays.
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Sylvia O. Suadicani, Ph.D.
Associate Professor, Department
of Urology
Assistant Professor, Dominick
P. Purpura Department of
Neuroscience
Dr. Suadicani is an expert in the area
of intracellular and intercellular sig-
naling with a strong background in
Cellular Biology, Physiology and
Pharmacology. Her research currently
focuses on the investigation of mech-
anisms contributing to development
of benign bladder dysfunction, par-
ticularly the involvement of pannex-
in 1 (Panx1) channels and purinergic
signaling in the development of dia-
betic cystopathy, interstitial cystitis,
neurogenic bladder in Multiple Scle-
rosis and spinal cord injury, and in
mechanisms leading to development
of Urologic Chronic Pelvic Pain.

Dr. Suadicani’s general interest
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Panx1 controls DRG neuron maturation in culture. A: sensory neurons isolated from WT mice
extend long processes at 4 days of NGF treatment ; B: sensory neurons isolated from Panx1
KO mice extend short processes at 4 days of NGF treatment; C,D,E: Axon and dendrite
length and complexity are significantly lower in Panx1 KO mice; F: Soma diameter is signifi-
cantly larger in Panx1 KO mice; (N=5; *, P<0.05; **, P< 0.01) ; Images in A and B stained
with NF200 (Green) antibody and the nuclear marker DAPI (Blue)

and expertise in the pathophysiology
of cell signaling have also led to col-
laborations with faculty from other
departments at Einstein and abroad.
Examples of ongoing collaborations
are studies conducted with Dr. Kel-
vin P Davies (Department of Urol-
ogy, Einstein) to better understand
mechanisms that underlie develop-
ment of benign urologic conditions,
studies with Dr. David C. Spray (De-
partment of Neuroscience, Einstein)
focused on pelvic pain, studies with
Dr. Mia M. Thi (Department of Or-
thopaedic Surgery, Einstein) to inves-
tigate the effects of diabetes on bone
cell mechanosensing and transduc-
tion, and studies with Drs. David J.
Sharp (Department of Physiology &
Biophysics, Einstein) and Kelvin Da-
vies to identify new targets to treat
acute spinal cord injury and associat-
ed bladder and erectile dysfunction.
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Elyse S. Sussman, Ph.D.
Professor, Dominick P. Purpura
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Professor, Otorhinolaryngology—
Head and Neck Surgery

My research is in the field of Cogni-
tive Neuroscience and is focused on
understanding the neural bases of
memory and attention in children
and adults. Our laboratory inves-
tigates effects of typical and atypi-

cal neural development on sensory

perception, memory, and attention
across the lifespan. We use a combi-
nation of non-invasive recordings of
human brain activity, in conjunc-
tion with perceptual measures to link
markers of brain function with per-
formance measures and specify the
processes and brain structures that
contribute to the organization, stor-
age and perception of the stimulus
environment.
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Vytautas Verselis, Ph.D.
Professor, Dominick P. Purpura
Department of Neuroscience

Connexins and Syndromic Sensori-
neural Deafness

Our work is focused on investigat-
ing the mechanistic basis of cochle-
ar dysfunction in syndromic deafness
caused by missense mutations in the
GJB2 gene that encodes the human
connexin 26 (Cx26) gap junction
(GJ) protein. Mutations in GJB2 are
one of the most common causes of
inherited, non-syndromic deafness
in the human population. A subset
of Cx mutations leads to syndromes
in which deafness is accompanied by
a heterogeneous array of cutaneous
manifestations.  Keratitis-Ichthyo-
sis-Deafness (KID) syndrome is one
of the more severe syndromes asso-
ciated with GJB2 mutations and is
characterized by profound, pre-lin-



gual sensorineural hearing loss, vascu-
larizing keratitis, skin lesions that can
be fatal due to uncontrollable sepsis
and predisposition to squamous cell
carcinomas. GJs, which are formed
by the docking of two, so-called he-
michannels (HCs), one from each of
two contacting cells, are abundant
between keratinocytes and between
cochlear support cells and serve as
pathways for direct intercellular elec-
trical and chemical signaling. How-
ever, it is now evident that undocked
Cx26 HCs can function, thereby
providing a signaling role across the
plasma membrane. Our principal hy-
pothesis is that the pathogenesis of
KID syndrome is the result of a new
type of channelopathy, specifically
mediated by Cx26 HCs that function
aberrantly leading to cell dysfunction
and even cell death. We use a combi-
nation of molecular, biophysical and
imaging approaches to investigate the
mechanisms by which hemichannels
are dysfunctional in KID syndrome.
We have identified a number of aber-
rant HC properties including altered
permeability, impaired regulation by
extracellular Ca** and pH and shift-
ed voltage-dependent gating. Our
current focus is on altered permeabil-
ity to Ca** and ATD, two important
signaling molecules in cochlea and
skin. To that end we are examining
the effects of expressing hCx26 mu-
tants in exogenous expression sys-
tems and in support cells of the Or-
gan of Corti using cochlear tissue
explants. Parallel efforts are aimed at
developing a mouse model for KID
syndrome using a proof-of-princi-
ple 2-plasmid, Tet-On inducible ex-
pression system in cochlea developed
to express mutant GJB2 transgenes
in keratinocytes. Finally we plan to
screen for selective blockers of Cx26
HCs, initially using a small library of
compounds enriched in known ion
channel pharmacophores. Lead com-
pounds will be followed-up through
medicinal chemistry approaches to
increase affinity and selectivity.
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neuronal asymmetry in C. elegans. Cell
129: 787—99. PMID: 17512411
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Training in Comparative Medicine
and Neuroscience provided the basis
for my career interests in neurogenet-
ic disease, particularly those disor-
ders impacting neuronal homeostatic
mechanisms and resulting in intel-
lectual disability and related neuro-
behavioral abnormalities. My lab has
published extensively in the area of
pathogenic cascade analysis in lyso-
somal disease, defining key changes
in neuronal structure and function
as a consequence of lysosomal com-
promise. Current studies include: (i)
the causes and consequences of ecto-
pic dendritogenesis and neuroaxonal
dystrophy, (ii) altered synaptic func-
tion underlying intellectual compro-
mise, (iii) involvement of mTOR and
TFEB/TFE3 in homeostatic dysreg-
ulation following lysosomal compro-
mise and its impact on endosomal
and autophagasomal function, and
(iv) the importance of metabolite sal-
vage in lysosomal processing.
Diseases of current focus include



the lysosomal diseases Niemann-Pick
types A and C, mucolipidosis IV, cys-
tinosis, GM1 and GM2 gangliosido-
sis, Sanfilippo type A (MPS IIIA),
Batten disorders (CLN2 and CLN3)
and a newly discovered endosomal
disorder known as Christianson syn-
drome.

My lab is also significantly involved
in therapy development for genet-
ic brain disease. We were the first to
show essentially complete correction
of CNS disease in the lysosomal dis-
order known as alpha-mannosido-
sis through the use of bone marrow
transplantation and this treatment
approach is now the standard of care
for children diagnosed with this rare
disorder. A disease of current focus
toward therapy is Niemann-Pick type
C (NPC), a fatal cholesterol-glyco-
sphingolipid lysosomal storage disor-
der of children. Based on our studies
of glycosphingolipid processing ab-
normalities in NPC disease we de-
veloped the first and presently only
approved (by EMEA; FDA pending)
therapy for this disorder. This is the
imino sugar known as N-butylde-
oxynojirimycin, or miglustat, which
is a partial inhibitor of glycosphingo-
lipid synthesis.

More recently we discovered that
the FDA-approved excipient known
as hydroxypropyl beta-cyclodextrin is
efficacious in limiting intraneuronal
accumulation of both unesterified
cholesterol and glycosphingolipids,
and dramatically extends the lifes-
pan in animal models of NPC dis-
ease. Research and clinical trial de-
velopment was subsequently pursued
through a unique scientist/clinician/
parent consortium known as SOAR
(Support Of Accelerated Research)
for NPC disease (SOAR-NPC) and
through collaboration with TRND
(Therapeutics for Rare and Neglect-
ed Diseases) and NCATS (National
Center for Advancing Translational
Sciences) at NIH. Phase 1 trials of
this compound in NPC patients be-
gan in February, 2013, followed by
the Phase 2/3 trial, with outcome

analysis now in progress. To see a
short video related to the trial devel-
opment, go to:

https://www.youtube.com/
watch?v=EE9kh60OTTSY&fea-
ture=youtu.be&app=desktop
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“Cerebellum of a mouse modeling the lysosomal disease late-infantile neuronal ceroid

lipofuscinosis (CLN2 disease). Purkinje cells are labeled red, nuclei are blue, and aberrant
aggregates of the protein p62/Sgstm1 are green.” (Matt Micsenyi and Steve Walkley)

Duncan W. Wilson, Ph.D.
Professor, Department of
Developmental and Molecular
Biology

Professor, Dominick P. Purpura
Department of Neuroscience

Viruses and the nervous system
Humans are infected by at least eight

different species of herpes viruses.
These pathogens cause several forms
of cancer, severe birth defects or mis-
carriage, and are a leading cause of
organ transplant rejection. Our in-
terests are focused on the neurotropic
herpes viruses, including herpes sim-

plex (HSV).

HSV: a pathogen of the nervous
system

Herpes simplex virus (HSV) is a
leading cause of blindness, fetal mor-
tality and severe neurodevelopmental

and other birth defects. These diseas-

es are a direct result of the ability of

the virus to invade, manipulate and
traffic within the human nervous sys-
tem. Our laboratory is dissecting the
molecular machinery that HSV uses
to achieve assembly and transport
within neurons (Fig. 1).

Once in the cell cytoplasm HSV
capsids dock with, and become en-
veloped by, cytoplasmic organelles to
assemble the mature infectious virus.
These then traffic along neuronal mi-
crotubules to travel within the ner-
vous system (Fig. 2).

The events of virus assembly, and the
detailed molecular structure of as-
sembly and trafficking intermediates
are very poorly understood. In col-
laboration with the analytical imag-
ing facility (AIF) here at the Albert
Einstein College of Medicine we have
pioneered the application of Correl-
ative Light and Electron Microscopy
to the study of HSV assembly in the
neuronal cell body (Fig. 3).
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org/10.1371/journal.ppat.1008597
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Yunlei Yang, M.D., Ph.D.
Professor, Department of
Medicine (Endocrinology)
Associate Professor, Dominick
P. Purpura Department of
Neuroscience
Obesity and its associated complica-
tions impose a huge burden to our
society. However, the mechanisms
underlying this disorder and its re-
lated pathologies remain unclear, and
effective treatments are still lacking.
At its core, obesity results from an
imbalance between energy intake and
energy expenditure. Most work has
focused on neural regulation of en-
ergy balance, however, an important
but poorly understood element is the
roles played by astrocytes in the regu-
lation of energy states although they
play crucial functions in regulating
synaptic strength and neural activity.

Dr. Yang is interested in dissecting
and manipulating central and periph-
eral signaling pathways that govern
energy balance and glucose metabo-
lism in normal and obese animals us-
ing genetic and systems neuroscience
methods that include cell-type-spe-
cific electrophysiology, optogenetics,
chemical-genetics, deep-brain mea-
surements of neurochemicals, imag-
ing, and behavior assays.
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Fig. 1: HSV makes a break for it. Left hand image: HSV initially assembles clusters of
capsids in the cell nucleus. These then fill with viral DNA, visible as a dense core (arrow at
right). They then traffic to, and bud into, the nuclear membranes (left hand arrow) to enter the
cytoplasm and cell body. Right hand image: Similar to left hand but at higher magnification,
showing a DNA-containing HSV capsid punching through the nuclear membranes.
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PMID:28279562.
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Fig. 2: HSV steals motors and traffics down
the axon. HSV particles (labeled with red
fluorescent protein fused to a viral structural
subunit) recruit molecular motors (kinesins)
then stream down the axon of neurons (white
arrow) to invade adjacent epithelia and
spread to the next host. (Image courtesy of
Jenna Barnes in our laboratory).
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Fig. 3: What to do when more light doesn’t help you see bett
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electron microscopy makes it possible to observe HSV assembly simultaneously by fluores-
cence microscopy and electron microscopy. Paired images A-B, C-D, E-F and G-H show HSV
capsids assembling onto cellular organelles in infected cells. For each pair a scanning elec-
tron microscopy image is shown on the right (e.g. B), and an alignment of the same structure
with its fluorescent light microscopic image is shown on the left (e.g. A). Red light is being
emitted by HSV capsids engineered to contain molecules of red fluorescent protein. Green
light is coming from organelle-bound forms of green fluorescent protein. Scale bars: 200nM.

- 4

Fig. 4: HSV goes for a walk. Using the same technology as in Fig. 3 we image viruses (red)

attached to microtubules (green). Boxed region in (A) is expanded in (B). Combining this
structural approach with genetically manipulated viruses and fluorescently-tagged kinesins
and dyneins enables us to dissect the mechanism of motor-recruitment by these viruses.

Deyou Zheng, Ph.D.

Professor, The Saul R. Korey
Department of Neurology
Professor, Department of
Genetics

Professor, Dominick P. Purpura
Department of Neuroscience

The research areas in our lab are com-

putational genomics and bioinfor-
matics, with a strong focus on mining
large-scale high-throughput genomic
data. We develop and apply compu-
tational techniques for integrating
data from comparative genomics,
functional genomics and epigenom-
ics to better understand structure,
transcription, regulation, and evolu-
tion of the human genome, and to in-
vestigate how these functions change
during developments, diseases and
cancers. While we apply similar bio-
informatics approaches to the devel-
opments of various tissues and or-
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gans, we especially focus on genomic
functions involved in the develop-
ment, specification, maturation, and
maintenance of human neural sys-
tem. Our goal is to better understand
the genetic base of neuronal devel-
opment, neuropsychiatric disorders,
and other brain diseases. We expect
to identify new therapeutic targets
such as specific genes whose regu-
lation is disrupted during the early
development of patient brains. Ap-
plying the same bioinformatics and
genomics strategies to mouse models,
we also have a strong research pro-
gram studying the genetic networks
and molecular base of cogenital heart
diseases, including single cell analysis.

In collaboration with other exper-
imentalist experts, we grow human
neurons in dish by induced plurip-
otent stem cell (iPSC) technology in
order to model human neuronal de-
velopment and differentiation. We
begin by developing iPSC lines from
both patients and matching con-
trols, differentiate them to neurons,
then use RNA-seq and other deep
sequencing technology to identify
differentially regulate genes by com-
paring the transcriptomes between
patient-derived neurons and controls.
By using advanced experimental tech-
nology and computational methods
like iPSC technology, deep sequenc-
ing (e.g, RNA-seq and ChIP-seq),
and systems biology approaches for
our research, we have identified many
novel long non-coding RNA genes
that are involved in embryonic neu-
rogenesis and potentially neuropsy-
chiatric disorders. We also find that
many genes show allele-biased gene
expression in different brain regions,
including some that have been impli-
cated in Schizophrenia and Autism
Spectrum Disorders, which may help
explain some aspects of parent-of-or-
igin effects, twin discordance and re-
duced penetrance.

For more details, please see our
website,

https://einsteinmed.org/labs/

deyou-zheng
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There are four major lines of ongo-
ing research in the Zukin lab. First,
we are studying the molecular and
cellular mechanisms that regulate
N-methyl-D-aspartate-type  gluta-
mate receptor (NMDA receptor) ex-
pression at synapses in the brain. We
discovered that the switch in NMDA
receptor phenotype at hippocampal
synapses during normal brain devel-
opment is regulated by epigenetics
in an experience-dependent manner.
In normal brain, the gene silencing
transcription factor REST is activat-
ed during a brief window of time in
differentiated neurons of the hippo-
campus, a brain center implicated
in learning and memory, and drives
the switch from immature to mature
NMDA receptors. Remarkably, de-
priving pups of maternal access for
brief periods of time during the first
postnatal week prevents activation of
REST and epigenetic modifications
essential to acquisition of mature
NMDA receptors and normal brain
development. These findings have
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striking implications for treatment
of anxiety, post-traumatic stress and
other disorders associated with early
maternal separation. New questions
are: What is the mechanism by which
REST is activated during brain de-
velopment? Do other forms of stress
regulate the switch in NMDA re-
ceptors? What are the consequences
of blocking the switch? Our interest
stems from the fact that NMDA re-
ceptors play a central role in cognitive
functions such as learning and mem-
ory, synaptic plasticity and formation
of neural circuitry. NMDA receptor
dysregulation is implicated in Alzhei-
mer’s disease, Huntington’s disease,
AIDS dementia, stroke and schizo-
phrenia.

Second, we are studying the mo-
lecular and cellular mechanisms that
underlie the neuronal death associat-
ed with stroke and epilepsy. We dis-
covered that neuronal insults activate
REST in selectively vulnerable adult
hippocampal neurons. Upon activa-
tion, REST orchestrates epigenetic
reprogramming of neuronal genes in
differentiated neurons. We further
showed that prolonged activation of
REST is causally related to neuronal
death in a clinically-relevant model of
ischemic stroke. A key downstream
target of REST in insulted CAI neu-
rons is the gene encoding the AMPA
receptor subunit GluA2. This is of
interest because the GluA2 subunit
governs calcium permeability, chan-
nel conductance and AMPA recep-
tor trafficking to and from synaptic
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sites. GluA2-lacking AMPA receptors
are highly permeable to calcium and
zinc, which rise to toxic levels in in-
sulted neurons. Objectives are: 1) to
understand how REST is activated in
insulted neurons; 2) to examine epig-
enome-wide dysregulation of REST
targets in stroke, Huntington’s dis-
ease and Alzheimer’s disease; and 3)
to identify novel strategies to protect
the human brain from neurodegen-
eration. Our interest stems from the
known role of AMPA receptors in
neuronal death arising in stroke, epi-
lepsy, ALS and spinal cord injury.

A third area of interest is that of
estrogen neuroprotection in animal
models of stroke, including glob-
al ischemia. Recently, we found that
long-term treatment with estrogen at
physiological levels ameliorates death
of hippocampal neurons and cog-
nitive deficits associated with glob-
al ischemia. We showed that isch-
emia and estrogen act synergistically
to activate the transcription factor
STAT3 and promote transcription
of survivin, an inhibitor of apopto-
sis protein and gene target of STAT3,
in insulted CA1 neurons. In experi-
ments in which we employ direct de-
livery of shRNA constructs into the
hippocampal CA1 of living animals,
we found that STAT3 and survivin
are essential to estrogen neuroprotec-
tion. These findings identify STAT3
and survivin as therapeutic targets in
a clinically-relevant model of stroke.
Objectives are to identify epigene-
tic mechanisms by which estrogen
rescues neurons. Our interest stems
from data that estrogen reduces the
risk of cardiac arrest and stroke in an-
imal models.

A fourth area of interest is that
of RNA trafficking and targeting to

REST ubiquitination REST expression

Histone
modifications

REST corepressor
complex

— Neuronal

o death

REST silencing
target genes

dendrites and local protein synthe-
sis in Fragile X syndrome. We found
that mTOR signaling is overactivated
in hippocampal neurons of Fragile X
mice and causally related to aberrant
synaptic plasticity. We also found that
targeting of AMPAR mRNAs to syn-
apses under basal conditions and in
response to mGluR signaling is dys-
regulated in Fragile X neurons. We
are using a combination of high res-
olution imaging of individual mRNA
molecules (in collaboration with the
Singer lab), molecular biology, and
electrophysiology to examine AM-
PAR mRNA trafficking, local trans-
lation, synaptic plasticity and spine
structure in Fragile X mice. Objec-
tives are to identify novel signaling
pathways that play a role in synaptic
dysfunction. We believe that under-
standing the mechanisms responsible
for abnormal function at the synapse
will advance novel therapeutic strate-
gies to ameliorate cognitive deficits in
Fragile X syndrome and unlock doors
for treating other autism spectrum
disorders.

Positions for graduate students and
post-doctoral fellows are available in
all four areas of the laboratory’s re-
search. Independent researchers and

From the Zukin lab

ideas are welcome, while well-defined
and achievable projects are waiting
for motivated, young investigators.
(From a total of 199 peer-reviewed papers
and 41 book chapters)
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