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Annual Meeting
Ma’ale Hachamisha, January 30,2014
Program Outline
08:00 - 09:20

Registration and coffee

09:20 - 10:40

Morning Sessions 1
A+B+C

10:40 - 11:10

Coffee break

11:10 - 12:30

Morning Sessions 2
D+E +F

12:30 - 13:30

Lunch

13:30 – 14:00

Active Poster Session (3 min of 10 oral
presentations of selected posters)

14:00 – 14:50

Poster Session

14:50 - 15:50

Magnes Plenary Lecture (General Assembly)

15:50 – 16:00

Coffee break and business meeting

16.00 – 17:00

Afternoon Sessions:
G+H

17:00

Concluding Remarks and Students' Awards
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Program
09:20-10:40

Morning Sessions 1

Session A (Shaked 1):

Drug Targets for the Cardiovascular System
Chairs:

Asher Shainberg Bar Ilan University
Yoram Etzion Ben-Gurion University

09:20-09:40 Kobi George Kaplan Hospital
Endothelial progenitor cells in cardiovascular medicine
09:40-10:00 Bernard Atali Tel-Aviv University
Ca2+-activated K+ channels, SK4, is a critical player in cardiac
pacemaker derived from human embryonic stem cells
10:00-10:20 Michael Arad Shiba Medical Center
Diabetic cardiomyopathy – does it exist?
10:20-10:40 Talia Wolak Ben-Gurion University
N-terminal osteopontin, rather than the full-length protein or the Cterminal fragment, associates with carotid plaque inflammation in
hypertensive patients
Session B (Shaked 2):

Dopamine in Health and Disease
Chairs:

John Finberg Technion
Dorit Ben-Shachar Technion

09:20-09:40 John Finberg Technion
Uptake and metabolism of dopamine formed from L-dopa in
Parkinsonian striatum; a major role for the low-affinity amine transporter
(OCT-3)
09:40-10:00 Daniel Offen Tel-Aviv University
Replacing dopaminergic cells in Parkinson’s disease
10:00-10:20 Dorit Ben-Shachar Technion
Dopamine-mitochondria interaction in schizophrenia
10:20-10:40 Elad Lax Bar-Ilan University
Lateral-Habenula - Ventral-Tegmental-Area circuit as a new target
to interfere with reward related psychiatric diseases
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Session C (Shaked 3)

Physiological Aspects of a Circuit underlying Behavior
Chairs:

Kobi Rosenblum University of Haifa
Asya Rolls Technion

09:20-09:40 Genela Morris University of Haifa
The role of dopamine in shaping the hippocampal cognitive map
09:40-10:00 Avi Avital Technion
Mapping the developmental trajectory of stress effects: Implication of
animal model for psychopathology
10:00-10:20 Yuval Nir Tel-Aviv University
Local aspects of sleep, sleepiness, and sleep regulation
10:20-10:40 Inna Slusky Tel-Aviv University
IGF-1 receptor function: From lifespan to synaptic transmission
10:40-11:10

Coffee Break

11:10-12:30 Morning Sessions 2
Session D (Shaked 2):

Skeletal biology and medicine
Chairs:

Itai Bab Hebrew University of Jerusalem
Ari Elson Weizmann Institute of Science

11:10-11:30 Joseph Foldes Hebrew University-Hadassah Medical Center
Osteoporosis Drug Therapy: present and future
11:30-11:50 Drorit Neumann Tel Aviv University
Erythropoietin - unexpected roles in osteoimmunology
11:50-12:10 Ari Elson Weizmann Institute of Science
Regulation of osteoclast adhesion and activity by protein tyrosine
phosphatases Epsilon and Alpha
12:10-12:30 Yankel Gabet Tel Aviv University
Statins stimulate tendon healing by mechanism involving PGE2
signaling in tenocytes
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Session E (Shaked 1):

Stem cell and regenerative medicine
Chairs:

Tamir Ben-Hur Hadassah – Hebrew University Medical Center
Yaacov (Kobi) Nahmias Hebrew University of Jerusalem

11:10-11:30 Yaacov (Kobi) Nahmias Hebrew University of Jerusalem
Metabolic regulation of Histone acetylation and pluripotency in
embryonic Stem Cells
11:30-11:50 Lior Gepstein Technion
iPS cells – implications for cardiovascular research
11:50-12:10 Benjamin Reubinoff Hadassah – Hebrew University Medical Center
Human Embryonic Stem Cells – from bench to bedside
12:10-12:30 Tamir Ben-Hur Hadassah – Hebrew University Medical Center
Challenges in the translation of cell therapy for multiple sclerosis

Session F (Shaked 3):

Pharmacology meets epigenetics: challenges for personalized medicine
Chairs:

Gal Yadid Bar Ilan University
Izhak Haviv Faculty of medicine in the Galilee, Bar Ilan University

11:10-11:30 Yehudit Bergman Hebrew University of Jerusalem
Epigenetic regulation of cell fate decisions in health and disease
11:30-11:50 Tal Birnberg Teva Pharmaceutical Industries LTD.
Personalized Medicine and Pharmacogenomics – the value and
challenge to drug R&D
11:50-12:10 Izak Haviv Faculty of medicine in the Galilee, Bar Ilan University.
Pharmacodynamic insight of HDAC inhibitors from maps of histone
acetylations
12:10-12:30 Royi Barnea Bar Ilan University
Trajectories of epigenetic landscapes define progression to cocaine
addiction

12:30–13:30 Lunch
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13:30 –14:00

Active Poster Session
(3 min of 10 oral presentations of selected posters)

Chair:

Alexander Binshtok Hebrew University of Jerusalem

Adi Lahiani Hebrew University of Jerusalem
Neuroprotection conferred by human PLacental eXpanded (PLX) mesenchymal
stromal cell to rat PC12 sympathetic neurons exposed to oxygen-glucosedeprivation (OGD)
Adriana Katz Weizmann Institute of Science
Digoxin derivatives with selectivity for the 2 isoform of Na,K-ATPase efficiently
reduce intra-ocular pressure
Anastasia Hodes Hebrew University of Jerusalem
Involvement of Na+, K+-ATPase and Endogenous Cardiac Steroids in Manic
and Depressive Phases of Bipolar Disorder
Hagit I. Raizel Hebrew University of Jerusalem
Targeting charged cytotoxic compounds selectively into specific cells via TRP
channels
Iulia I. Nita Ben-Gurion University
Functional interplay between sodium channels and mitochondrial transporters,
MCU and NCLX, controls Ca2+ dynamics, Na+ signalling and metabolism of
pancreatic β cells
Laila Karra Hebrew University of Jerusalem
Lipoxin B4 promotes the resolution of experimental allergic rhinitis
Meital Ben-Ari Technion
From beat rate variability in induced pluripotent stem cell-derived pacemaker
cells to heart rate variability in human subjects
Moran Dvela-Levitt Hebrew University of Jerusalem
Reduction in maternal circulating ouabain impairs offspring growth and kidney
development
Robert Goldstein Hebrew University of Jerusalem
A novel method for electrical stimulation-driven ion imaging: a model for
studying DNA nano-devices, which can respond to transmitter release
Udi Nussinovitch Technion
Optogenetics for in vivo Cardiac Pacing and Resynchronization
14:00-14:50 Poster Session
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14:50 - 15:50 Magnes Plenary Lecture (General Assembly)
Chair:

Baruch Minke Hebrew University of Jerusalem

Prof. Peter Agre
2003 Nobel Prize Laureate in Chemistry
Johns Hopkins Malaria Research Institute, Department of Molecular
Microbiology and Immunology, Bloomberg School of Public Health,
The Johns Hopkins University, Baltimore, U.S.A.

Aquaporin water channels: from atomic structure to malaria
Aquaporin (AQP) water channel proteins enable high water permeability of
certain biological membranes. Discovered in human red cells but expressed in
multiple tissues, AQP1 has been thoroughly characterized and its atomic
structure is known. Expression patterns of the thirteen known human homologs
predict phenotype. Individuals lacking Colton blood group antigens have
mutations in AQP1. In people with no AQP1, lack of water causes defective
urine concentration and reduced fluid exchange between capillary and
interstitium in lung. Mutations in AQP0, expressed in lens fiber cells, result in
familial cataracts. Mutations in AQP2, expressed in renal collecting duct
principal cells, result in nephrogenic diabetes insipidus. AQP2 underexpression
is found in disorders with reduced urinary concentration, AQP2 overexpression
in those with fluid retention.
Mistargeting of AQP5, normally expressed in the apical membranes of salivary
and lacrimal gland acini, can occur in Sjogren’s syndrome. Aquaporins also are
implicated in brain edema and muscular dystrophy (AQP4), anhidrosis (AQP5),
renal tubular acidosis (AQP6), conversion of glycerol to glucose during
starvation (AQP7 and AQP9) and cystic fibrosis (several aquaporins).

*****************************
15:50-16:00 Coffee break and business meeting
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16:00-17:00 Afternoon Sessions
Session G (Shaked 2):

Water and Solute Transporters: Regulation and Roles
Chairs:

Michal Hershfinkel Ben-Gurion University
Menachem Moshelion Hebrew University of Jerusalem

16:00-16:20

Menachem Moshelion Hebrew University of Jerusalem
The role of plant aquaporins in the formation of new xylem vessels

16:20-16:40

Haim Garty Weizmann Institute of Science
Effects of FXYD proteins on Na+/K+ ATPase mediated ion transport
and on cell adhesion

16:40-17:00

Michal Hershfinkel Ben-Gurion University
ZnR: linking Zn2+ to ion transport and barrier function in the colon

Session H (Shaked 3):

Physiological aspects and treatments following Chemical Warfare
agents intoxication
Chairs:

Eugenia Shilderman Israel Institute for Biological Research
Yaacov Ashani Weizmann Institute of Science

16:00-16:20 Uri Nili Israel Institute for Biological Research
Prophylactic efficacy of low Caramiphen doses against
organophosphates nerve agents’ intoxication
16:20-16:40 Moshe Goldsmith Weizmann Institute of Science
Directed Evolution and Engineering of Enzymes as Nerve Agent
Antidotes
16:40-17:00 Eugenia Bloch-Shilderman Israel Institute for Biological
Research
Physiological Aspects following exposure to the Chemical
Warfare Agents VX in rats

17:00

Concluding Remarks and Students' Awards
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Invited Lectures
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Session A

Drug Targets for the Cardiovascular
System
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Endothelial progenitor cells in cardiovascular medicine
Jacob George
Heart institute, Kaplan Medical Center, Rehovot

Endothelial progenitors cells (EPC) are defined by their ability to transform to
endothelial cells in vitro and in vivo. However, methods to define this subpopulation
have been fraught with inconsistency and lack of standardization making interpretation
of the multiple studies, complex.
EPC have the capacity to promote post natal angiogenesis and vasculogenesis not only
by merely transforming to EC but also by their provision of a complex machinery of
proangiogenic cytokines.
One of the major breakthroughs in the field has been the identification of EPC within
the peripheral pool of white blood cells. These observations prompted a huge amount of
studies showing that these cells are increased in number in conditions associated with
tissue ischemia. The functional properties of EPC have also been assessed by
migration, proliferation and matrix adhesion, and these have been correlated with either
enhanced or educed reparative capacity.
The more exciting realm of research in the field relates to the potential of EPC to
promote myocardial and vascular healing. In this respect, results of clinical trials have
been somewhat disappointing owing to the marginal efficacy.
Future studies will focus on obtaining more potent cells or allowing improved survival
and functionality of delivered EPC

Page | 12

SK4 Ca 2+-activated K+ channel is a critical player in
cardiac pacemaker derived from human embryonic stem cells
David Weisbrod a, Asher Peretza, Anna Ziskind b, Nataly Menakera, Shimrit
Oza, Lili Barad b,c,e, Sivan Eliyahub, Joseph Itskovitz-Eldorb,d, Nathan
Dascala, Daniel Khananshvilia, Ofer Binahb,c,e and Bernard Attalia
a

Department of Physiology & Pharmacology, The Sackler Faculty of Medicine, Tel
Aviv University, bThe Sohnis Family Stem Cells Center and cThe Department of
Physiology of Ruth & Bruce Rappaport Faculty of Medicine, Technion - Israel Institute
of Technology, Haifa, Israel, dDepartment of Obstetrics and Gynecology, Rambam
Health Care Campus, Haifa, Israel and eThe Rappaport Family Institute for Research in
the Medical Sciences, Haifa, Israel.
battali@post.tau.ac.il
Proper expression and function of the cardiac pacemaker is a critical feature of heart
physiology. Two main mechanisms have been proposed: (1) The “voltage-clock”,
where the hyperpolarization-activated funny current If causes diastolic depolarization
that triggers action potential (AP) cycling; (2) The “Ca 2+ clock”, where cyclical release
of Ca2+ from Ca2+ stores depolarizes the membrane during diastole via activation of the
Na+-Ca2+ exchanger (NCX). Nonetheless, these mechanisms remain controversial.
Here, we used human embryonic stem cell-derived cardiomyocytes (hESC-CMs) to
study their autonomous beating mechanisms. Combined current- and voltage-clamp
recordings from the same cell showed the so-called “voltage and Ca2+ clock”
pacemaker mechanisms to operate in a mutually exclusive fashion in different cell
populations, but also to coexist in other cells. Blocking the “voltage or Ca 2+ clock”
produced a similar depolarization of the maximal diastolic potential (MDP) that
culminated by cessation of APs, suggesting that they converge to a common
pacemaker component. Using patch-clamp recording, real-time PCR, Western blotting
and immunocytochemistry, we identified a previously unrecognized Ca 2+-activated
intermediate K + conductance (IK Ca, KCa3.1 or SK4) in young and old stage-derived
hESC-CMs. IK Ca inhibition produced MDP depolarization and pacemaker suppression.
By shaping the MDP driving force and exquisitely balancing inward currents during
diastolic depolarization, IK Ca appears to play a crucial role in human embryonic
cardiac automaticity.
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Diabetic cardiomyopathy – does it exist?
Michael Arad and Yael Peled
Leviev Heart Center, Sheba Medical Center and Sackler School of Medicine,
Aviv University, Tel Aviv, Israel

Tel

Michael.arad@sheba.health.gov.il, Ph. 972-52-6669125 Fax. 972-3-5304540
Diabetes mellitus (DM) is associated with coronary atherosclerosis and with adverse
outcome in nearly all forms of cardiovascular diseases. Experimental evidence and clinical
observations suggest that DM may also cause an independent form of cardiac muscle
dysfunction. i.e. diabetic cardiomyopathy (DCMP). DCMP may be defined as a distinct entity
characterized by abnormal myocardial performance or structure, in the absence of epicardial
coronary artery disease, hypertension and significant valvular disease. We hereby review the
mechanisms and the evidence for existance of DCMP as an independent disease entity.
There are 4 principal metabolic derangements in the diabetic heart: increased myocardial fat content,
hyperglycemia, impaired glucose uptake and hyperinsulinemia. Animal models of diabetes manifest
impaired mitochondrial energetics, reduced contractile function and decreased tolerance to ischemia.
Left ventricular hypertrophy is characteristic to type II but not type I models of DM. It is the activity

of insulin through IGF-1 receptor to activate AKT1 which initially leads to compensatory and
then to maladaptive hypertrophy. Increased lipid uptake and accumulation, and the shift in
myocardial metabolism from glucose to fatty acids, lead to increased oxygen consumption,
lipotoxicity and eventually to mitochondrial dysfunction. Fatty acids inhibit glycolysis and
glucose oxidation diverting glucose to alternative pathways resulting in generation of reactive
oxygen species (ROS) and advanced glycosylation end-products (AGE). ROS tissue activity is
further potentiated by reduced expression of antioxidant genes. Collectively, the diabetic heart
is a "starved" heart, suffering from decreased PCr/ATP ratio even prior to developing overt
cardiomyopathic changes. The deficiency of glycolytic ATP specifically affects membrane
channels and Ca+2 pump activities.
Lipodystrophy is a rare genetic disorder characterized by loss of adipose tissue and low
leptin level. It causes metabolic abnormalities (severe dyslipidemia, insulin resistance, T2DM
and steatohepatitis) which respond to leptin therapy. Most patients with lypodystrophy develop left
ventricular hypertrophy associated with cardiac steatosis and only a minority have systolic dysfunction.
Likewise, the hallmark feature in patients with T2DM is increased wall thickness and diastolic
dysfunction. Energetic deficiency is reflected by a reduced contractile reserve on stress testing such as
exercise echocardiography. Van Heerebeek and co. investigated the molecular pathways leading to heart
failure in DM. They associated AGEs with systolic failure while increased cardiomyocyte resting
tension correlated with diastolic dusfunction in patients with preserved ejection fraction. One candidate
to determine the increased diastolic stiffness is the giant protein titin, which is the ruler connecting the Z
line to M band of the sarcomere. The resting tension may by altered by an N2B/N2BA isoform switch
and by phosphorylation, both affected by diabetes and by insulin.

There is an ample epidemiological evidence linking DM to congestive heart failure (HF).
DM is observed in 15% to 25% of HF patients in major clinical trials. Furthermore, every 1%
increase in the baseline HbA1C translates into a 15% increase in risk of developing HF. Among
all patients hospitalized for HF, 25% to 30% patients have DM as a co-morbid condition. In
large-scale HF mortality trials, DM independently increased the risk of death by ~ 50%. Yet,
medical treatment of DM did not translate into preventing HF development or reduction in
cardiovascular outcomes. Strict glucose control may even be detrimental, in particular with

certain types of drugs and in patients with advanced heart failure. Other approaches such as
metabolic modulation or mitochondrial protection shall thus be pursued to protect the diabetic
heart.
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N-terminal osteopontin, rather than the full-length protein or the Cterminal fragment, associates with carotid plaque inflammation in
hypertensive patients
1
Talya Wolak , Neta Sion-Vardi2, Victor Novack3, Georg Greenberg4,
Gabriel Szendro 4, Tanya Tarnovscki5, Ori Nov5, Ilan Shelef6, Esther Paran1
and Assaf Rudich5
1

Hypertension Unit, 2 Department of Pathology, 3 Clinical Research Center, 4 Department
of Vascular Surgery, 5 Department of Clinical Biochemistry and Pharmacology and the
National Institute of Biotechnology in the Negev, 6 Department of Radiology Soroka
University Medical Center and Faculty of Health Sciences, Ben-Gurion University of
the Negev, Israel.
Background: Hypertensive patients develop carotid atherosclerotic plaques with
enhanced inflammation. Osteopontin full length (OPN-FL), a multifunctional protein
whose levels are elevated in association with atherosclerosis, is cleaved by thrombin
and matrix metalloproteinases to form a C-terminal and a putatively biologically-active
N-terminal fragment (OPN-C, OPN-N, respectively). The aim of the current study was
to examine if plaque inflammation corresponds to the expression OPN and/or its
cleaved forms in hypertensive patients.
Methods: 42 carotid plaques were collected from 41 consecutive hypertensive patients
during carotid endarterectomy. Plaque tissue was used to measure MMP-12 and OPN
proteins and for histological and immunohistochemical evaluation, classifying plaques
as low-versus high-inflammatory.
Results: Fifteen highly-inflamed plaques and 27 plaques with low inflammatory
characteristics were collected. Moderate/heavy staining for OPN characterized 87% of
the high-inflammatory plaques, but only 44% of low-inflammation plaques,
corresponding to the percent of heavily-stained plaques for the macrophage marker
CD68 (93% versus 26%, respectively, P<.01). Western blot analysis showed that the
abundance of OPN-FL and OPN-C was comparable. However, the abundance of OPNN was significantly higher in the highly-inflamed plaques [median 3.8 (range 0.8–7.3)
vs. median 0.9 (range 0.2–1.5), P=.017, respectively]. The abundance of matrix
metalloproteinases -12 (MMP-12) was significantly higher in the highly- vs. low plaque
inflammation groups [4.8 (range 1.9–8.8) vs. 1.1 (range 0.3–1.4), respectively, P=.03).
Conclusions: OPN-N, rather than OPN-FL or OPN-C, associates with carotid plaque
inflammation in hypertensive patients. Future studies should assess if targeting OPN
cleavage could present a new approach to prevent high-risk carotid plaques.
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Session B

Dopamine in Health and Disease
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Uptake and metabolism of dopamine formed from L-dopa in
Parkinsonian striatum; a major role for the low-affinity amine
transporter (OCT-3)
John Finberg, Ola Sader-Mazbar, Yelena Loboda
Dept of Molecular Pharmacology, Rappaport Faculty of Medicine, Technion, Haifa,
Israel
Background:
Despite the introduction of dopamine agonists and other drugs to the therapeutic
armamentarium for Parkinson’s disease, L-dopa remains a central drug therapy,
because of its high efficacy. L-dopa is still effective in reversing akinesia in the
advanced disease state, but higher doses are needed, and after several years problems
such as dyskinesia develop. In the intact striatum, dopamine is produced from L-dopa
mainly in dopaminergic neurons of the nigro-striatal pathway, and following exocytotic
release, synaptic dopamine is inactivated by reuptake via the high affinity dopamine
transporter (DAT) and metabolism by monoamine oxidase (MAO) within the
dopaminergic axon terminals. In the parkinsonian striatum, however, DAT is absent,
and newly-released DA must be metabolized at an alternate location.
Methods and Results
Using microdialysis, we have found that in rat striatum devoid of DA innervation,
inhibition of the low affinity monoamine transporter OCT (Organic Cation Transporter)
by decynium 22 (D-22), causes an increase in extracellular DA levels and a decrease in
oxidized DA metabolites following administration of L-dopa, which points to the
importance of this transporter in inactivation of DA released from L-dopa. Using
immunocytochemical localization of DA in the striatum, we have observed localization
of DA within striatal medium spiny neurons in normal striatum, which disappears
following lesion of the ipsilateral nigro-striatal pathway. Administration of L-dopa (100
mg/kg) together with the peripheral decarboxylase inhibitor semicarbazide (15 mg/kg)
was effective in restoring immunoreactive DA within the post-synaptic neurons in
striatum following dopaminergic lesion.
Conclusion
In normal striatum, both low affinity (post-synaptic) and high affinity (pre-synaptic)
transporters are effective in uptake of synaptic DA. In the Parkinsonian striatum, the
low affinity transporter plays an important role in uptake, storage and inactivation of Ldopa-derived DA.
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Replacing dopaminergic cells in Parkinson’s disease
Daniel Offen
Felsenstein Medical Research, Sackler School of Medicine, Tel-Aviv University, Israel
Cell replacement therapy has shown to hold a tremendous potential of modeling and
improving several pathological symptoms observed in Parkinson’s disease (PD).
Clinical trials provided proof of principle that dopaminergic cell replacement can
accomplish significant, long-lasting improvement of motor function. The excitement
generated by the early open-label trials was diminished by the subsequent placebocontrolled, double-blind trials. Nevertheless, accumulated data and several fascinating
break-throughs in stem cell research, created opportunities for better and safer
treatments. In our studies we exposed bone marrow and oral mucosa derived cells to a
novel dopaminergic differentiation medium.
morphology,

upregulation

The cells demonstrated neuronal-like

of prototypical dopaminergic

markers

and

significant

increase in the regulated dopamine secretion. Moreover, transplantation of DA-induced
cells into the striatum of hemi-Parkinsonian animals resulted in improvement of their
behavioral deficits, as determined by motor asymmetry and motor coordination tests.
These improvements were positively correlated with elevated levels of DA found at the
transplanted hemispheres. These results and other studies that demonstrate symptomatic
relief in PD models after cell transplantation are cheering, however many more studies
are needed for successful translation of the generated knowledge into safer clinical
applications.
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Dopamine-mitochondria interaction in schizophrenia
Brenner-Lavie H., Robiscek O., Karry R. and Ben-Shachar D.
Laboratory of Psychobiology, Department of Psychiatry, Rambam Medical Center
and B. Rappaport Faculty of Medicine, Technion, Haifa, Israel.
email: shachar@tx.technion.ac.il
Mitochondria are responsible for many essential processes in development and in
normal function of the organism, including energy production, intracellular calcium
buffering, apoptosis, and generation of reactive oxygen species. It is therefore not
surprising that mitochondrial dysfunction plays a role in a wide variety of complex
diseases including schizophrenia. Schizophrenia is a severe chronic mental disorder
with a world-wild life prevalence of 1% and is characterized by cognitive, emotional
and behavioral anomalies. Several independent lines of evidence indicate
mitochondrial dysfunction in schizophrenia, including mitochondrial deformation,
dysfunction of the oxidative phosphorylation system (OXPHOS) and altered
mitochondrial related gene expression. Our studies have focused on the first complex
of the OXPHOS demonstrating schizophrenia specific and disease state dependent
alterations in the activity of complex I in blood cells of schizophrenic patients. A
further support for the role of complex I in the pathology of schizophrenia is the
schizophrenia specific abnormal pattern of expression of three of complex I subunits in
postmortem brain specimens, in lymphocytes and in neurons differentiated from
induced pluripotent stem cells (iPSCs). Dopamine is regarded as the predominant
etiological factor in schizophrenia. We observed impaired mitochondrial respiration,
depolarized mitochondrial membrane potential and reduced intracellular ATP
production following dopamine treatment of neuroblastoma cells. This probably is due
to the ability of dopamine to inhibit complex I activity. In schizophrenia, mitochondrial
function is twice as much susceptible to dopamine inhibition than healthy controls and
patients with affective disorders. We suggest that dopamine interaction with
mitochondria can be one mechanism that regulates neuronal transmission, which under
pathological conditions may lead to impairment of optimal functioning of critical
neuronal circuits necessary for normal cognitive, emotional and behavioral functions,
all implicated in schizophrenia. We further suggest that dopamine-mitochondria
interaction may become a biomarker for the disorder and may reveal an additional
target for novel treatments in schizophrenia.
Acknowledgment: This study was supported by grants from the CSIMH, NARSA and
The Stanley Foundation.
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Lateral-Habenula - Ventral-Tegmental-Area circuit as a new target to
interfere with reward related psychiatric diseases
Elad Lax , Gal Yadid
The Mina & Everard Goodman Faculty of Life Sciences, Bar-Ilan University, Ramat-Gan,
Israel and The Leslie & Susan Gonda (Goldschmied) Multidisciplinary Brain Research Center,
Bar-Ilan University, Ramat-Gan, Israel.
Background: The ventral tegmental area (VTA) is a heterogeneous brain structure that serves a
central role in motivation and reward processing. Abnormalities in the function of VTA
dopamine (DA) neurons and the targets they influence are implicated in several prominent
neuropsychiatric disorders including addiction and depression. The lateral habenula (LHb), a
region recently demonstrated to encode negatively valence events, is emerging as a crucial
structure capable of conveying rewarding and aversive information. Here, we consider whether
interfering with the habenula (Hb) electrophysiological activity by Deep Brain Stimulation
(DBS), may modulate the attribution of incentive salience to a neutral cue predicting a reward
(cocaine) or trauma (electrical shock) event.
Results: We found that LHb electrical stimulation can reduce cocaine intake, facilitate
extinction and attenuate drug-induced relapse in rats trained in the cocaine self-administration
paradigm. These behavioral results were supported by restoration of the cocaine-induced
abnormal glutamatergic receptors subunits repertoire in the ventral tegmental area. Further, we
demonstrate a lack of DBS effect in subjects that presented a cocaine- induced
neurodegeneration of fasciculus retroflexus (FR), the LHb main efferent fiber, as confirmed by
histochemical and diffusion tensor imaging (DTI) approaches. In another study, we discovered
that LHb DBS can reduce freezing behavior in cued-fear conditioning. LHb DBS elevated c-fos
expression significantly in the VTA compared to sham-operated controls.
Conclusion: Changes in Hb activity could contribute to the aberrant pursuit of debilitating
goals or avolition. Our results highlight the LHb as a potential target for future intervention in
reward related mood disorder especially in cases where conventional therapies failed.
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Session C

Physiological Aspects of a Circuit
underlying Behavior
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The role of dopamine in shaping the hippocampal cognitive map
Genela Morris
Dept. of Neurobiology, University of Haifa
gmorris@sci.haifa.ac.il

Since the seminal discovery of place cells by O’Keefe and Dostrovsky, models of
hippocampal activity have referred to the hippocampus as a cognitive map. This term
dates back to Tolman, who used it to describe the internal model of the environment
that animals use to mediate inputs to outputs. An important advantage of using an
internal model is that it may represent a subset of inputs important for adaptive
behavior, thus optimizing efficiency. This is a critical asset, because in our highly
multidimensional environment most facets of the input are irrelevant to obtaining
rewards. To learn efficiently, one should attend to and learn about only the sparse taskrelevant information, generalizing over the rest.
We recorded the activity of hippocampal primary neurons in a specially devised
olfactory space, in which rats foraged for reward based solely on olfactory cues and
studied the dependence of the activity of these neurons on the ‘state’ assumed by the
animal, as derived from behavioral parameters. We show that classical place-cells
perform superb encoding of olfactory space, when this is the only reference frame that
is relevant for reward collection. Furthermore, the same cells shifted their firing fields
from room coordinates to olfactory coordinates as animals learned to rely on them in
order to obtain reward. Since in the hippocampus, long term synaptic plasticity is
modulated by dopamine, we suggest that dopaminergic projections from the VTA serve
to mold the internal model to represent adaptive (reward-relevant) dimensions of the
sensory input, much in the same way as it serves to tune cortico-striatal connections to
behaviorally adaptive action. To support this suggestion, we show that locally blocking
of D1 dopamine receptors in the hippocampus prevents learning of a new reference
frame by animals.
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Mapping The Developmental Trajectory of Stress Effects:
Implication of Animal Model For Psychopathology
Adi Cymerblit-Sabba, Edward Ram, Salman Zubedat, Shani Raphaeli,
Shlomit Aga-Mizrachi and Avi Avital
Rappaport Faculty of Medicine, Technion-Israel Institute of Technology, Haifa
Background/objectives:
Increased vulnerability to psychiatric disorders, such as schizophrenia, has been
associated with early-life stress. However, there is no consistent mapping of a
suggested stress-sensitive period. Thus, first we aim to map the long-term effects of
stress applied at different developmental time-points. Secondly, we aim to examine
the effects of chronic stress and ketamine administration as a model for
schizophrenia symptomatology.
Methods (if applicable):
We applied an equivalent three days acute stress protocol for all groups (at 11
different time points) and tested its long-term consequences on behavior and
corticosterone serum level. In the second experiment, rats were exposed to chronic
stress and ketamine, both during the sensitive developmental time window. Various
behavioral tests were conducted in order to encompass schizophrenia-like
symptoms.
Results:
We found a significant reduction in the overall activity of the rats exposed to acute
stress during pubescent (i.e. PND35, 45 and 55 groups). The same groups have
demonstrated elevated startle reactivity and the highest corticosterone level.
In the second experiment we found that the combination of chronic stress and
ketamine has yielded hyperactivity, anhedonia, poor performance in the radial maze
and in the object recognition task, and impaired pre-pulse inhibition.
Conclusion:
Our results demonstrate the hypersensitivity of pubescent (PND 35-55) to adverse
experience, with long-term behavioral and physiological changes. Moreover, the
exposure to chronic stress and ketamine, during this sensitive time window, may
serve
as
a
valid
animal model for schizophrenia-like symptoms.
Together, these findings further reinforce the notion that the childhood-adulthood
transition is a sensitive developmental period.
Acknowledgments:
NIPI 203-09-2010
ARO W911NF-07-R-0001-2012
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Local aspects of sleep, sleepiness, and sleep regulation
Yuval Nir
Department of Physiology and Pharmacology, Sackler School of Medicine, and Sagol
School of Neuroscience, Tel Aviv University, Tel Aviv 69978, Israel
ynir@post.tau.ac.il
Slow waves and sleep spindles are the two fundamental brain oscillations of NREM
sleep, yet they have been mostly studied in vitro, under anesthesia, within few brain
regions or with scalp EEG recordings. Recently, we examined intracranial depth EEG
and single-unit activity recorded simultaneously in up to 12 brain regions in epilepsy
patients to better characterize regional diversity in these sleep oscillations. We revealed
that slow waves (and the underlying active and silent neuronal states) as well as sleep
spindles occur mostly locally. Next, we confirmed that in freely behaving rats, slow
waves and silent periods in sleep likewise occur predominantly locally. Moreover, after
a long period of being awake, while both EEG and behavior indicate wakefulness, local
populations of neurons go offline, exhibiting "local sleep". Furthermore, in awake
people who are sleep deprived such local sleep-like activity may lead to cognitive
consequences such as lapses of attention. Finally, we are now using optogenetics
(Stable Step-Function Opsins, SSFOs) and pharmacogenetics (Designer Receptors
Exclusively Activated by Designer Drugs, DREADDs) in mice to induce local, longlasting tonic depolarization in genetically-defined cortical neuronal populations during
anesthesia and natural sleep. Neuronal circuits that are kept in a “wake-like” mode
when other regions “sleep” may exhibit rebound in slow wave activity during
subsequent recovery sleep, supporting the notion that sleep regulation occurs at the
level of local neuronal populations.
Acknowledgements: Research supported by the Human Frontier Science Program Organization
(HFSPO) long-term fellowship, and the I-CORE Program of the Planning and Budgeting Committee and
The Israel Science Foundation (grant No. 51/11).
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IGF-1 receptor function: From lifespan to synaptic transmission
Neta Gazit1,2 and Inna Slutsky1,2
1

Department of Physiology and Pharmacology, Sackler Faculty of Medicine, 2 Sagol
School of Neuroscience, Tel Aviv University, 69978 Tel Aviv, Israel.

Insulin-like growth factor 1 receptor (IGF-1R) controls longevity in a wide range of
species. Although IGF-1Rs are widely expressed in various brain regions, its role in
synaptic and cognitive function remains controversial. On the one hand, reduction in
the IGF-IR expression level has been shown to prevent synapse loss and memory
decline in Alzheimer's disease (AD) model mice. On the other hand, IGF-1 injections
have been proposed to improve cognitive function. In order to understand physiological
mechanisms underlying regulation of synaptic function by IGF-IR, we utilized FMbased imaging of synaptic vesicle recycling, electrophysiology and FRET spectroscopy
in cultured hippocampal neurons and in CA3-CA1 connections of acute hippocampal
slices. Our results show that pharmacological inhibition of endogenous IGF-1R activity
strongly reduces synaptic release probability and basal excitatory synaptic transmission,
resulting in increased short-term synaptic facilitation. These results indicate that
endogenous

activation

of IGF-1Rs

is

involved

in

physiological regulation of

presynaptic activity in hippocampal neurons. Based on our recent data, we hypothesize
that increased basal IGF1-R activity reduces the ability of synapses to transfer spike
bursts in an AD mouse model, initiating dysfunction of hippocampal circuits at the
earliest AD stages.
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Osteoporosis Drug Therapy: Present and Future
A. Joseph Foldes, MD
Osteoporosis Center, Hadassah-Hebrew University Medical Center Jerusalem
josephfo@ekmd.huji.ac.il
Osteoporosis is a condition of increased skeletal fragility due to a combination of
reduced mass, impaired microstructure and qualitative changes of bone tissue. The aim
of the medical intervention is to reduce the incidence of fragility (low-impact) fractures.
This goal is achieved by pharmacologically manipulating the activity of bone cells,
since imbalance between osteoclastic and osteoblastic activity at the remodelling sites
(i.e. resorption exceeding foramtion) is the main process underlying the development of
osteoporosis.
Most osteoporosis medications, including bisphosphonates, estrogens and their
analogues (e.g. SERMs), calcitonin and denosumab (an anti-RANKL), act primarily by
inhibiting bone resorption. Due to the coupling process, there is a subsequent reduction
in bone formation. Thus, while anti-resorbing therapy may inhibit further deterioration
of bone mass and structure, it can compromise the normal process of bone remodeling,
including the replacement of dead osteocytes. Therefore, long-term antiresorbing
therapy may lead to accumulation of microdamage, as well as hypermineralization of
bone tissue, resulting in brittle bones.
The only approved anabolic approach for osteoporosis is pulse-PTH therapy; its main
effect is the direct stimulation of bone formation (not through the physiologic coupling
mechanism), and to a lesser extent bone resorption. Pulse-PTH therapy may partially
restore bone microstructure, and because it activates bone remodelling, material
properties of the bone tissue and the number of functional osteocytes may improve.
Unfortunately, the use of PTH analogues is limited for two years, due to safety
concerns.
Several new agents are under clinical investigation. Two classes deserve specific
attention: The cathepsin K inhibitors have been shown to reduce the activity, but not
survival of osteoclasts. This enables continuation of the cross-talk between osteoclasts
and osteoblasts, thereby maintaining bone formation activity. The sclerostin antibodies
appear to be very potent stimulators of bone formation.
The decision when to initiate osteoporosis therapy, which drug(s) to use, how to
monitor treatment and how long to treat are all controversial issues, affected by both the
paucity of good evidence, as well as by financial restrictions. Compared to other
countries, the Health Basket in Israel provides a relatively generous coverage for
osteoporosis management.

Page | 27

Erythropoietin - unexpected roles in osteoimmunology
Sahar Hiram-Bab1*, Naamit Deshet-Unger1*, Mor Gross 1, Tamar Liron2,
Moshe Mittelman3, Max Gassmann4, Yankel Gabet2 and Drorit Neumann1
Departments of 1 Cell and Developmental Biology, 2 Anatomy & Anthropology, Sackler Faculty
of Medicine, Tel-Aviv University, Israel, 3 Department of Medicine, Tel Aviv Sourasky Medical
Center, Tel Aviv, Sackler Faculty of Medicine, Tel-Aviv University, Israel, 4 Institute for
Veterinary Physiology, Vetsuisse Faculty and Zurich Center for Integrative Human Physiology
(ZIHP), University of Zurich, 8057 Zurich, Switzerland.
*

Equal contribution

Erythropoietin (Epo) is the major hormone that promotes erythropoiesis. The main
clinical indication of Epo is in anemic patients, secondary to chronic kidney failure,
cancer or in certain cancer patients undergoing chemotherapy. In that respect we have
found that Epo treatment for anemia in MM patients and mouse models was associated
with improved immunological functions and improved outcome. Epo has been
proposed to have a role in bone remodeling. However, its role on osteoblasts,
osteoclasts and/or chondrocytes is still controversial and not fully resolved. We thus set
to determine the mechanism of action of Epo on the immune and skeletal systems in
health and in the 5T33 MM mouse model. Epo administration in 5T33 MM mice led to
a 50% decrease in the levels of the pathological κ light chain and was associated with
improved immunological functions. Using micro-computed tomographic analysis in the
distal femur, we demonstrated a significant Epo associated bone loss in both healthy
and 5T33 MM mice. We thus propose that Epo acts as a double-edged sword, by
stimulating the immune response against MM on one hand, but also accelerating bone
resorption on the other.
This study was supported by a grant from the Multiple Myeloma Research Foundation to DN and by the
FP7 European commission grant; 282551 EpoCan to DN and MG.
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Regulation of osteoclast adhesion and activity by protein tyrosine
phosphatases Epsilon and Alpha
Ari Elson, Eynat Finkelshtein, Einat Levy-Apter and Esther Arman
Department of Molecular Genetics, The Weizmann Institute of Science, Rehovot
76100, Israel.

Protein tyrosine phosphatase Epsilon (PTPe) helps control osteoclast activity in vivo by
regulating osteoclast adhesion. Osteoclasts from female mice lacking PTPe (EKO mice)
do not adhere well to bone, resorb bone poorly, and exhibit severe defects in the
structure,

organization

and

dynamics

of their

podosomal adhesion

structures.

Molecularly, PTPe helps activate Src downstream of integrins, thus regulating the
properties of podosomes in response to physical contact of the cells with matix. Loss of
PTPe results in reduced Src activity, in podosomal dis-organization and in osteoclast
dysfunction. Interestingly, the bone structure in mice lacking the closely-related
tyrosine phosphatase Alpha (PTPa, AKO mice) is normal, and AKO osteoclasts
function well. Expression of exogenous PTPe, but not PTPa, in EKO osteoclasts can
rescue their podosmal dis-organization phenotype. Using the ability of various mutants
and hybrid constructs of PTPe and PTPa to rescue the EKO dis-organization phenotype
as a functional readout, we show that the 12 N-terminal residues of PTPe, which are
unique to this PTP and which contain several potential phosphorylation sites, are
required for PTPe to function in osteoclasts. We conclude that PTPe fulfills an essential
role in regulating osteoclast structure and function via regulating Src in adhesion
signaling, and that this role is not shared by its close structural relative PTPa.
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Statins stimulate tendon healing by mechanisms involving PGE2
signaling in tenocytes
Oleg Dolkart, Tamar Liron, Ofir Chechik, Dalia Somjen, Tamar Brosh,
Eran Maman, Yankel Gabet
Sourasky Tel-Aviv Medical Center and Sackler Faculty of Medicine, Tel-Aviv
University
Statins are lipid-lowering drugs with many beneficial pleiotropic effects, part of which
are associated with the stimulation of cyclooxygenase (COX)-2. On the other hand,
inhibitors of COX-2 are commonly prescribed in orthopedic patients. Here we
investigated whether postoperative Atorvastatin (ATV) administration improves tendon
healing by stimulating COX-2 and whether COX-2 inhibitors have a detrimental effect.
Following experimental rotator cuff (RC) tear and suturing, 48 Wistar rats were
randomly allocated into four groups: ATV 20 mg/kg, celecoxib (CEL, selective COX-2
inhibitor) 20 mg/kg, ATV+CEL or saline alone (S). Animals were sacrificed after 3
weeks and evaluated biomechanically by tension testing. Primary tenocytes were
obtained from the supraspinatus tendon under sterile conditions. Cells cultures were
treated with therapeutic dosage of ATV, CEL, ATV+CEL or prostaglandin E2 (PGE2). Cell migration (wound healing assay) and proliferation (thymidin incorporation)
were evaluated. Expression of the PGE-2 receptors (EP) was determined by RT-qPCR.
Significantly higher maximal load and stiffness were demonstrated in the ATV group
as compared to S (+35% and +74%, respectively; p<.001) and CEL group (+34% and
+50%, respectively; p<.005). Importantly, CEL alone did not affect tendon healing
(p=.88). Tenocytes treated with ATV demonstrated significantly higher proliferation
and migration rates whereas CEL alone had no effect. In line with the in vivo
biomechanical results, the mitogenic effect of ATV on tenocytes was abrogated by
CEL. However, PGE-2 treatment stimulated tenocyte proliferation even in the presence
of CEL. Among the four PGE-2 receptors, tenocytes mainly expressed EP-4.
Administration of a specific EP4 antagonist blocked the stimulatory effect of ATV, thus
indicating that this receptor mediates PGE-2 signaling in tenocytes. These results
demonstrate that statin administration enhances tendon repair in vivo while COX-2
inhibitors have an opposing effect. The statin-induced biomechanical strengthening of
the repaired tendon is likely due to the stimulation of tenocyte proliferation and
migration via increased COX-2 activity and auto/paracrine PGE-2 signaling via EP4.
Although chronic inflammation contributes to the development of tendinopathy, our
results advocate for a positive role of PGE-2 in tendon healing during the acute
inflammatory phase that follows tendon surgical repair. We therefore conclude that the
use of post-operative COX-2 inhibitors should be carefully considered while statin
administration may improve tendon healing.
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Metabolic Regulation of Histone Acetylation and Pluripotency in
Embryonic Stem Cells
Arieh Moussaieff1, Eran Meshorer1, Danny Kitsberg1, Joseph ItskovitzEldor2, Daniel Aberdam2, and Yaakov Nahmias 1,*
1. Silberman Institute of Life Sciences, The Hebrew University of Jerusalem,
Israel
2. Stem Cell Center, Technion-Israel Institute of Technology, Israel
3. INSERM, U898, Nice, France
Email: ynahmias@cs.huji.ac.il Phone: 054 610 4088

Loss of pluripotency is a gradual event, whose initiating factors are largely unknown.
Here, we sought to identify the earliest metabolic changes induced at the first hours of
differentiation. High-resolution NMR analysis identified 35 metabolites and a distinct,
gradual

transition

in

transcriptional analyses
pluripotent

cells,

differentiation.

metabolism
showed

and

an

during

differentiation.

Metabolic

the induction of glycolysis toward

increase

Importantly,

early

in
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cholesterol
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biosynthesis
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acetate in
during

pathway

early
delayed

differentiation in human and mouse embryonic stem cells. Acetate was found to delay
differentiation, blocking early histone de-acetylation caused by differentiation in a
dose-dependent

manner.

Glycolytic

inhibitors

upstream

of

acetate

caused

differentiation of pluripotent cells, while those downstream delayed differentiation. Our
data suggests that the rapid loss of glycolysis in early differentiation down-regulates
acetate production, causing a loss of histone acetylation and concomitant loss of
pluripotency. It highlights the important role metabolism plays in pluripotency and
early differentiation of stem cells.

Acknowledgments
This work was supported by the European Research Council Starting Grant (TMIHCV), Marie
Curie International Reintegration Grant (microStem), Agence Nationale pour la Recherche
GENOPAT, and a Très grandes infrastructures de recherché (CNRS -TGIR). Dr. Moussaieff
was also supported by INSERM postdoctoral fellowship.
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iPS Cells: Implications for Cardiovascular Research
Lior Gepstein
Rappaort Faculty of Medicine and Research Institute, Technion – Israel Institute of
Technology, Haifa, Israel

The ability to reprogram adult somatic cells into human induced pluripotent stem cells
(hiPSCs) that could later be coaxed to differentiate into a variety of cell-lineages
(including cardiomyocytes) opened new avenues for basic and translational cardiac
research. Here we describe recent efforts from our laboratory in establishing and
coaxing the cardiomyocyte differentiation of patient-specific hiPSCs lines derived from
patients with a variety of genetic (familial arrhythmogenic and cardiomyopathy
syndromes) and acquired (ischemic cardiomyopathy) cardiac disorders. The
implications of this technology for cardiovascular regenerative medicine, drug
discovery, disease modeling, and optimizing patient-specific therapies (personalized
medicine) will then be discussed. To exemplify the unique value of the hiPSCs
approach for modeling inherited cardiac disorders, we will present recent work from
our laboratory in establishing and studying hiPSCs-derived cardiomyocytes from
patients with a number of familial cardiac disorders. These include Pompe glycogen
storage disease (due to a homozygous mutation in the lysyomoal enzyme acid alphaglucosidase); the congenital long QT syndrome type II (due to a mutation in the
KCNH2 gene); cathecholaminergic polymorphic ventricular tachycardia (CPVT) (due
to mutations in the RyR2 gene); and arrhythmogenic right ventricular cardiomyopathy
(ARVC due to a mutation in the PKP-2 gene). The latter three disease states may lead
to the development of malignant ventricular arrhythmias and sudden cardiac death in
otherwise healthy individuals. The ability of the hiPSCs approach to recapitulate the in
vivo disease phenotype in the dish, to provide novel mechanistic insights into disease
pathogenesis, and to evaluate potential disease aggravators and novel customized
treatment options will be described and discussed. Finally, the potential applications of
the iPSCs derived cardiomyocyte technology for drug toxicity screening (QT
screening), for optimizing patient-specific therapy, and as a novel methodology for
drug discovery will be discussed.
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Human Embryonic Stem Cells – from bench to bedside
Benjamin Reubinoff M.D. PhD
The Department of Obstetrics and Gynecology,The Hadassah Human Embryonic Stem
Cell Research Center, Hadassah Medical Center, Jerusalem Israel
Human embryonic stem cells (hESCs) may serve as a renewable source of human cells
for basic research, the discovery of drugs and for transplantation therapy.
To allow the utilization of hESCs for transplantation therapy, there are few challenges
that need to be addressed.
Here we describe a road map for preclinical development of hESCs towards clinical
cell therapy in retinal disorders.
We report the development of new hESC lines that can be utilized to develop
differentiated progeny for transplantation therapy. We describe a novel approach to
derive, expand and induce the differentiation of hESCs in suspension, a significant step
towards the development of large-scale expansion of undifferentiated hESCs in
suspension as well as their controlled differentiation in bulk.
We show that hESCs may be induced to differentiate, under defined culture conditions,
into highly enriched cultures of neural precursors (NPs). The NPs can be further
directed to differentiate into retinal cells. We further show the utilization of the retinal
cells derived from hESCs for transplantation in animal models of retinal degeneration.
The beneficial therapeutic effect of transplanted hESC-derived progeny may be
mediated by multiple mechanisms including host protection, attenuation of
inflammatory processes and regeneration. We show evidence for potential regenerative
mechanism of transplanted cells. A key hazard in transplantation of hESC derived
progeny is teratoma tumor formation. We present quantitative in-vitro and in-vivo
assays for the analysis of potential contaminating by undifferentiated cells and tumor
formation.
This data demonstrates the potential of hESCs for regenerative therapy and our route
from bench research towards their use for cell transplantation therapy in patients.
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Challenges in the translation of cell therapy for multiple sclerosis
Tamir Ben-Hur, MD, PhD
Department of Neurology, The Agnes Ginges Center for Human Neurogenetics,
Hadassah - Hebrew University Medical Center, Jerusalem, Israel

Regenerative medicine for demyelinating disorders such as multiple sclerosis requires
the formation of new myelin sheaths. Remyelination can be achieved either by
endogenous progenitors that differentiate into myelinating oligodendrocytes, or by
introducing myelin forming cells into the CNS. In acquired, immune-mediated
demyelinating models in the adult CNS, transplantation approaches have resulted in
effective remyelination when performed in acute setting. However, it is not yet clear
whether transplanted cells can remyelinate clinical-relevant chronic models of multiple
sclerosis. Instead, our studies have shown that the beneficial effect of transplanted
neural stem and precursor cells in experimental autoimmune encephalomyelitis, the
animal model of MS, is mediated by their powerful immuno-modulatory properties.
Moreover, transplanted cell-mediated inhibition of the autoimmune inflammatory
process protected the CNS from the immune mediated injury. In addition, transplanted
stem cells exerted a trophic effect which induced the proliferation and differentiation of
endogenous progenitors, and facilitated remyelination by host brain cells. Therefore,
transplanted neural stem cells create a trophic microenvironment and enhance repair
mechanisms, in addition to their own regenerative properties. Also, central to their
therapeutic abilities is the targeted migration of cells towards inflamed white matter
tracts. Thus, the multiple therapeutic properties of neural stem cells as well as issues of
route of cell delivery, cell migration and cell survival make multiple sclerosis an
excellent candidate for cell therapy. Our recent studies have also highlighted the
limitations of this approach, since the immunologic and trophic therapeutic properties
of transplanted stem cells are limited in time. The stage is set for clinical testing. While
clinical grade neural precursor cells are not yet available, our initial experience with
intrathecal transplantation of autologous mesenchymal stem cells, which possess
similar immuno-modulatory and neuro-trophic properties is promising, and raises the
need for a larger scale clinical trial.
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Epigenetic regulation of cell fate decisions in health and disease
Yehudit Bergman
Department of Developmental Biology and Cancer Research, The Hebrew University
Medical School, IMRIC, Jerusalem, Israel
yehuditb@ekmd.huji.ac.il
Although most genes are expressed biallelically, a number of key genomic sites,
including immune and olfactory receptor regions, are controlled monoallelically in a
stochastic manner, with some cells expressing the maternal allele, and others the
paternal allele in the target tissue. Very little is known about how this phenomenon is
regulated and programmed during development.

Using the mouse immunoglobulin-

kappa locus as a model system, we demonstrate that although individual hematopoietic
stem cells are characterized by allelic plasticity, early lymphoid lineage cells become
committed to the choice of a single allele, and this decision is then stably maintained in
a clonal manner that predetermines monoallelic rearrangement in B cells.

This is

accompanied at the molecular level by underlying allelic changes in asynchronous
replication timing patterns at the immunoglobulin-kappa locus. These experiments may
serve to define a new concept of stem cell plasticity.
Misregulation of gene expression is a hallmark of cancer. Underlying mechanisms can
include

copy number variations,

single nucleotide polymorphisms (SNPs),

and

epigenetic modifications including DNA methylation. Furthermore, inflammation has
been linked to the pathogenesis of tumors in up to 15% of human cancers and as such is
an emerging hallmark of cancer. We are investigating the role of DNA methylation in
inflammation and cancer.
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Personalized Medicine and Pharmacogenomics – the value and
challenge to drug R&D
Tal Birnberg and Iris Grossman
Personalized Medicine and Pharmacogenomics, Global R&D, Teva Pharmaceutical
Industries
Tal.birnberg@teva.co.il
Scientists' ability to process biological and clinical information on a large scale has
dramatically improved over the last few years.

Moreover, the capabilities and

capacities to measure genomic biomarkers have exceeded all expectations. Capitalizing
on these advances, state-of-the-art biomarker strategies to globally improve patient care
are being implemented by Teva Pharmaceutical Industries: A Personalized Medicine
and Pharmacogenomics (PMP) unit has been established, aiming to tailor PMP
approaches for each R&D program, from early discovery stages to post marketing
pharmacovigilance.

Thus, while some of PMP’s activities, such as advanced genomic

screening and pre-clinical biomarker experimentation begin as early as pre-clinical
investigations and first-time in human phases, other activities are meant to enhance the
performance of drugs that are in advanced development stages or already in the market.
This presentation will provide an overview of our global strategy, supported by review
of specific examples. To this end,

CNS/Oncology case studies will be discussed, in

which

characterizing responder populations,

biomarkers contribute to

optimal indications, capturing potential side effects, elucidating

identifying

the drug’s mode of

action and/or predicting a range of possible outcomes that may improve the
Risk/Benefit profile of Teva’s medications.
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Pharmacodynamic insight of HDAC inhibitors from maps of histone
acetylations
Aneta Balcerczyk, Haloom Rafehi, Sebastian Lunke, Antony Kaspi, Mark
Ziemann, Harikrishnan KN, Jun Okabe, Ishant Khurana, Jenny Ooi, Abdul
Waheed Khan, Xiao-Jun Du, Lisa Chang, Izhak Haviv, Tom C Karagiannis
and Assam El-Osta
Personalized medicine and genomic diagnostic lab & The cancer research center, at the
Faculty of medicine in the Galilee, Bar Ilan University. Department of Pathology,
School of Medicine at the University of Melbourne, Australia
Izhak.haviv@biu.ac.il and 050-2606554
Background/objectives: HDAC inhibitors are thought to regulate gene expression by
post-translational modification of histone as well as non-histone proteins. Often studied
at single loci, increased histone acetylation is the paradigmatic mechanism of action,
however, little is known of the extent of genome-wide changes of the mammalian
genome when stimulated by the hydroxamic acids, TSA and SAHA.
Methods: In primary human vascular endothelial cells we map the chromatin
modifications, histone H3 acetylation of lysine 9 and 14 (H3K9/14ac) using chromatin
immunoprecipitation (ChIP) coupled with massive parallel sequencing (ChIP-Seq).
Since acetylation mediated gene expression is often associated with modification of
other lysine residues we also examined H3K4m3 and H3K9m3 as well as changes in
CpG methylation (CpG-Seq).
Results: Genome-wide mRNA sequencing indicates the differential expression of
about 30% of genes, with almost equal numbers being up- and downregulated. We
observe dominant deacetylation conferred by TSA and SAHA that are associated with
decreased gene expression. Histone deacetylation is associated with the loss of
p300/CBP binding at gene promoters.
Conclusion: This study provides an important framework for HDAC inhibitor function
in vascular biology and a comprehensive description of genome-wide deacetylation.
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Trajectories of epigenetic landscapes define progression to cocaine
addiction
Royi Barnea2,3, Renaud Massart1,Yahav Dikshtein2,3*, Matthew
Suderman1,4, Oren Meir2,3, Michael Hallett4, Pamela Kennedy5, Eric J.
Nestler5, Moshe Szyf1,6,7 and Gal Yadid 2,3
1

Department of Pharmacology & Therapeutics, McGill University, Montreal, Quebec,
Canada. 2 The Leslie and Susan Gonda (Goldschmied) Multidisciplinary Brain Research
Center, Bar-Ilan University, Ramat Gan 52900, Israel. 3 The Mina and Everard
Goodman Faculty of Life Sciences, Bar-Ilan University, Ramat-Gan 52900, Israel.
4
McGill Centre for Bioinformatics, McGill University, 3649 Promenade Sir William
Osler, Montreal, Quebec, H3G 0B1, Canada. 5 Fishberg Department of Neuroscience
and Friedman Brain Institute, Mount Sinai School of Medicine, New York, New York,
USA. 6 Sackler Program for Epigenetics and Psychobiology, McGill University 7 Fellow
of the Canadian Institute for Advanced Research
Background: Cocaine addiction is characterized by a shift from drug intake to
compulsive uncontrollable drug consumption. After a few weeks of withdrawal,
associated with increasing cocaine craving, relapse can be elicited by a conditioned cue.
However, the molecular mechanisms that translate these exposures into an addictive
phenotype are unknown.
Results: Using a rat model of cocaine craving, we show that the different phases of
cocaine addiction are associated, in the nucleus accumbens (NAc), with broad dynamic
DNA methylation alterations, which are partly negatively correlated with gene
expression changes, particularly during the withdrawal period. DNA methylation is
functionally related to craving as intra-NAc injections of a DNA methyltransferase
inhibitor abolished cue-induced cocaine-seeking behavior while injections of a methyl
donor reinforced it. Our findings indicate that DNA methylation alterations evolve and
fluctuate throughout cocaine addiction stages.
Conclusions: Dynamic epigenetic alterations define progression to cocaine addiction.
These trajectories may orchestrate cellular mechanisms responsible for drug relapse
that are reversible by agents that target DNA methylation.
Funding : This study was funded by a grant from the Canadian Institute of Health Research to MSzyf
(MOP -42411 ) and the Israel anti drug Authority to GY.
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The role of plant aquaporins in the formation of new xylem vessels
Gadi Peleg, Arava Shatil-Cohen and Menachem Moshelion
The Robert H. Smith Faculty of Agriculture, Food and Environment, The Hebrew
University of Jerusalem, Rehovot 76100, Israel
menachem.moshelion@mail.huji.ac.il
In plants, the xylem is a pipe-like tissue responsible of transporting water and
minerals from roots to shoots using the negative hydraulic pressure produced by
transpiration. The xylem is made up of tracheid elements. New tracheid elements are
differentiated from specific procambium meristem cells (PMC) and connected to the
existing xylem, thereby extending the continuous network of pipes to any new organs
(e.g., leaves, lateral roots or emerging buds). PMC differentiation is initiated by a
mixture of apoplastic phytohormones. This stimulation is followed by cell elongation
and the construction of thick cell walls. Subsequent programmed cell death results in
dead tracheid elements. The manner in which the mixture of hormones accumulates in
the target cells to initiate differentiation is not well understood.
In this study, we detected expression of aquaporin (AQP) in the PMC at a very
early developmental stage, suggesting its role in the early differentiation pathway. This
early AQP expression profile fit the pattern of phytohormone distribution later observed
using specific reporter markers (TCS::Venus and DR5::YFP) and the final architecture
of the xylem elements. We monitored the movement of an apoplastic tracer (propidium
iodide) and found that the dye concentrated around the PMC. Blocking transpiration
resulted in differences in the distribution of the dye and the phytohormones that inhibit
xylem elongation.
The mechanism controlling the target canalization of phytohormones to PMC is
dependent upon A) the presence of phytohormones in the apoplast; B) negative
hydraulic pressure in the xylem vessels directed toward the meristematic zones at the
ends of those vessels, which provides the kinetic force needed to pump the apoplastic
solution and C) AQP activity in the target cells, which reduces the hydraulic resistance
of those cells to allow more apoplastic water flow. This AQP-mediated low-hydraulicresistance canalization theory describes a simple, yet effective mechanism that
harnesses the transpiration flow to direct phytohormones to target cells and may explain
the regeneration of parenchyma cells to form the new xylem formed as plants recover
from injuries (e.g., grafting).
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Effects of FXYD proteins on Na +/K+ ATPase mediated ion transport
and on cell adhesion
Irina Lubarski, Carol Asher and Haim Garty.
Dept. of Biological Chemistry, the Weizmann Institute of Science.
h.garty@weizmann.ac.il
FXYD proteins are a family of seven single-span transmembrane proteins, termed after
the invariant extracellular motif Phe-Xxx-Tyr-Asp. They all have been shown to
specifically interact with the Na+/K+ ATPase (the Na+ pump) and affect its kinetic
properties in different ways. As such, FXYD proteins are tissue specific regulators of
the Na+/K + ATPase whose role is to adjust its kinetics to the specific needs of the cell
or physiological state under which they are expressed without altering it elsewhere.
FXYD5 (dysadherin) is a unique member of the FXYD family whose extracellular
domain is much longer than those of all other family members. FXYD5 has been
identified as a cancer associated plasma membrane protein whose abundance in human
tumors correlates with their aggressiveness and low survival. Studies by our group have
demonstrated that FXYD5 is expressed also in normal epithelia such as kidney
collecting duct, lung alveoli and small intestine. It specifically interacts with the Na +/K+
ATPase and increases its Vmax by ~3 fold. Structure/function studies using
FXYD5/FXYD4 chimera have established that both the high affinity association with
the  subunit of the Na+/K + ATPase and the increase in Vmax are mediated by
transmembranal interactions.
In addition to its effect on the Na+/K+ ATPase kinetics, FXYD5 has been found to have
additional affects on cytoskeletal organization and cell adhesion, which may account
for its cancer promoting actions. Transfecting cultured kidney collecting ducts cells
with FXYD5 cDNA resulted in impairment of cell-cell contact measured as increased
paracellular permeability and redistribution of tight and adherence junction markers.
Alterations in cell adhesion and motility have been demonstrated in both normal and
cancer derived cell lines in which FXYD5 abundance has been increased by
transfection or decreased by knockdown. Mechanisms by which the interaction between
FXYD5 and the Na+/K+ ATPase affects cell-cell and cell-substrate interactions will be
discussed.
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ZnR: linking Zn2+ to ion transport and barrier function in the colon
Michal Hershfinkel
Department of Physiology and Cell Biology, Faculty of Health Sciences, Ben-Gurion
University of the Negev, Beer-Sheva.
hmichal@bgu.ac.il
Zinc has a prominent role in colon physiology, mild zinc deficiency results in
diarrhea and this metal ion is an effective anti-diarrheal supplement, which is
recommended by the World Health Organization (WHO). The mechanisms by which
zinc acts are not well understood. We identified a zinc sensing receptor, ZnR, that is a
G-protein coupled receptor. Apical application of Zn2+ to colonocytes activates the ZnR
and triggers cellular signaling pathways that regulate ion transport. We therefore asked
if the ZnR may provide the missing link between the therapeutic functions of zinc and
colonocytes function.
Using fluorescent ion imaging techniques, based on the NH4 Cl prepulse paradigm,
we have addressed the role of the ZnR in regulating Na + and Cl- transport in
colonocytes. Our results indicate that intracellular Ca 2+ release and phosphorylation of
ERK1/2 following ZnR activation upregulate Na+/H+ transport. The NHE1 transporter
is a major regulator of intracellular pH, while the NHE3 isoform is found on the apical
side of the cells and regulates Na+ transport. Our results show that ZnR-dependent
regulation of Na+ transport is mediated by NHE3 in colonocytes, thereby enhancing
Na+ uptake in the colon. Moreover, Zn2+-dependent activation of ERK1/2 via ZnR also
upregulates Cl- transport in colonocytes. Enhanced Cl- secretion via the CFTR is
induced by cholera toxin and results in secretory diarrhea. Basolateral Cl- transport, via
KCC, may reduce the intracellular Cl- and counteract the activity of the toxin. We
indeed show that ZnR activates KCC-dependent transport in colonocytes and enhances
Zn2+-dependent Cl- transport following treatment with cholera toxin. Furthermore,
protection from cholera toxin induced diarrhea is observed in WT mice compared to
ZnR knockdown mice.
Finally, breakdown of the epithelial barrier formed by tight junction proteins is
observed during digestive system diseases. Interestingly, ZnR signaling is also crucial
for enhancement of expression of the tight junction proteins. This results in enhanced
recovery from DSS-induced colitis in ZnR expressing mice compared to ZnR
knockouts.
Altogether our results support a major role for the ZnR in controling epithelial
barrier function and ion transport during health and disease.
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Prophylactic Efficacy of Low Caramiphen Doses against
Organophosphate Nerve Agents Intoxication
Nili U, Yacov G, Lazar S, Baranes S, Gutman H, Egoz I, Raveh L, BlochShilderman E.
Dept. of Pharmacology, Israel Institute for Biological Research, Ness-Ziona, 74100,
Contact: Uri Nili. E-mail: urin@iibr.gov.il. Tel: 08 9381663
Background: The toxicity of organophosphate (OP) nerve agents is induced by
inhibition of synaptic acetylcholinesterase (AChE), the enzyme in charge of ending
cholinergic neurotransmission by hydrolysis of acetylcholine. This leads to peripheral
and central cholinergic hyper stimulation, which triggers a rapid progression of toxic
effects. These include hyper secretions, tremor and seizure activity that may rapidly
progress to status epilepticus and profound brain damage, inhibition of the medullary
respiratory center and ultimately death. The current pretreatment approved for use in
Israel against OP nerve agents intoxication is repeated administration of
pyridostigmine, a reversible AChE inhibitor intended to shield a fraction of the enzyme
from irreversible inhibition by nerve agents. However, pyridostigmine pretreatment
alone affords little protection against nerve agent intoxication, and is mainly intended to
enhance the efficacy of antidotal treatment given post intoxication. The aim of the
present work was to evaluate the efficacy of combining pyridostigmine with low doses
of the anticholinergic caramiphen, as prophylaxis against OP nerve agent intoxication
(in this context, we define low doses of the drug as those significantly lower than the
minimal effect dose (MED) leading to substantial side effects, previously characterized
as 10 mg/kg when given i.m. in the rat).
Methods: We examined, in rats, the prophylactic efficacy of low doses of caramiphen
(5, 2.5 and 1.25 mg/kg, i.m.), combined with pyridostigmine, in preventing lethality
and CNS damage caused by the nerve agents sarin, soman and VX, and in enhancing
recovery of surviving animals following the intoxication. Protection against CNS
damage was evaluated by behavioral, biochemical and histological analyses.
Results: In combination with pyridostigmine, caramiphen doses of half the MED for
side effects (5 mg/kg) protected >80% of the animals against a minimal lethal dose
(LD100 , the minimal dose leading to death of all non-treated animals) of sarin and
soman. Caramiphen doses as low as 1/8 of the MED for side effects (1.25 mg/kg)
protected all animals against a lethal dose (~1.3 LD100 ) of VX. Additionally,
caramiphen doses as low as 1/8 of the MED for side effects provided significant
protection against CNS damage typical to the three nerve agents tested, and
significantly accelerated the recovery of surviving animals. This is compared to
pretreatment with pyridostigmine alone, which saved only 25% – 58% of the animals
(depending on the nerve agent tested), did not afford protection against CNS damage,
and led to slower recovery.
Conclusion: Low caramiphen doses that are free of significant side effects, combined
with pyridostigmine, are considerably more effective than pretreatment with
pyridostigmine alone, in protecting against OP nerve agents intoxication.
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Directed Evolution and Engineering of Enzymes as Nerve Agent
Antidotes
Moshe Goldsmith1, Yacov Ashani 1,4,, Izhack Cherny1, Tapesh Kumar
Tyagi1, Moshe Ben-David1, Haim Leader3, Israel Silman4, Joel L.
Sussman2 and Dan S. Tawfik1
1

Department
Department
3
Department
Israel
4
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2

of Biological chemistry, Weizmann Institute of Science, Rehovot, Israel
of Structural Biology, Weizmann Institute of Science, Rehovot, Israel
of Materials and Interfaces, Weizmann Institute of Science, Rehovot,
of Neurobiology, Weizmann Institute of Science, Rehovot, Israel

Chemical warfare nerve agents are extremely toxic organophosphates (OPs) that
present a threat as weapons of mass destruction. Currently available treatments of their
intoxications are limited since they are symptomatic and can’t prevent the agents from
reaching their target organs. The promiscuous nerve-agent hydrolyzing activities of
enzymes such as serum paraoxonase 1 (PON1) or phosphotriesterase (PTE) make them
prime candidates for the development of antidotes for prophylactic and post exposure
treatments of nerve-agent intoxications. However, efficient in-vivo detoxification using
low doses of enzymes (≤ 50mg/70kg), following exposure to toxic doses of nerve
agents, requires that their catalytic efficiencies towards the toxic nerve agent isomers
will be greater than 1x107 M-1 min-1 . Human PON1 exhibits very low catalytic
efficiency with the toxic isomers of all nerve agents. Previously, using directed
evolution, we obtained recombinant PON1 (rePON1) variants that efficiently hydrolyze
the toxic Sp isomers of all the major G-type nerve agents (1) and demonstrated the invivo prophylactic activity of an evolved variant in mice (2). Here we describe the
protection of guinea pigs from GF intoxication using an evolved PON1 variant and our
current efforts to generate rePON1 and PTE (3) variants that will efficiently hydrolyze
V-type agents.
1.

Goldsmith, M., Ashani, Y., Simo, Y., Ben-David, M., Leader, H., Silman, I.,
Sussman, J. L., and Tawfik, D. S. (2012) Evolved stereoselective hydrolases for
broad-spectrum G-type nerve agent detoxification. Chemistry & biology 19,
456-466

2.

Gupta, R. D., Goldsmith, M., Ashani, Y., Simo, Y., Mullokandov, G., Bar, H.,
Ben-David, M., Leader, H., Margalit, R., Silman, I., Sussman, J. L., and Tawfik,
D. S. (2011) Directed evolution of hydrolases for prevention of G-type nerve
agent intoxication. Nature chemical biology 7, 120-125

3.

Cherny, I., Greisen, P., Jr., Ashani, Y., Khare, S. D., Oberdorfer, G., Leader, H.,
Baker, D., and Tawfik, D. S. (2013) Engineering v-type nerve agents
detoxifying enzymes using computationally focused libraries. ACS chemical
biology 8, 2394-2403
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Physiological Aspects following exposure to the Chemical Warfare
Agents VX in rats
Eugenia Bloch-Shilderman, Lazar, S., Katalan, S., Yaacov, G., Rabinovitz,
I., Egoz, I., Grauer E., Raveh L., Allon, N.
Department of Pharmacology, Israel Institute for Biological Research, P.O. Box 19, Ness
Ziona, 74100, Israel.
eugenias@iibr.gov.il; 0506234253

Background: The highly toxic organophosphorous compound VX may evaporate from
urban surfaces long after the initial insult. As a consequence, even the expected low
levels should be examined for their potential to induce functional impairments.
Methods: In the present study we evaluated VX effects in rats exposed to various doses
of VX (0.5-0.05 LD50/day) for one month via implanted mini osmotic pumps, using
physiological, biochemical and molecular approaches.
Results: The strong effect seen was the rapidly attained continuous and marked wholeblood cholinesterase inhibition following 0.05- 0.5 LD50 /day (~60-100%), that only
partially recovered 1 week post pump removal at the higher doses. Under these
conditions at 0.05-0.3 LD50 /day, body weight, blood count and chemistry, water maze
acquisition task, sensitivity to the muscarinic agonist oxotremorine, peripheral
benzodiazepine receptors density and brain morphology as demonstrated by routine
histopathology, remained unchanged. However, abnormal initial response in an Open
Field test, sleep disorders and ECoG spectral power transformations in the low
frequency brain waves theta and alpha were monitored. Using MAP2 cytoskeletal
protein immunolabeling demonstrated a decreased immunoreactivity in dendrites
processes and an increased immunoreactivity in pyramidal cells soma in the CA2 sub
region of the hippocampus, in the thalamus and in piriform cortex brain areas. GFAP
labeling for astrocytes revealed an activated astrocytes in all brain regions and up
regulation (~3 folds) in the expression of the exocytotic protein VAMP in hippocampal
neurons was detected. These changes could not be detected one month following
termination of exposure.
Conclusions: Our findings indicate that following prolonged exposure to the chemical
warfare agent VX some important processes might be considerably impaired. Yet, its
potential health ramifications at much lower doses should be addressed.
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Neuroprotection conferred by human PLacental eXpanded (PLX)
mesenchymal stromal cell to rat PC12 sympathetic neurons exposed to
oxygen-glucose-deprivation (OGD)
Lahiani A.1, Arien-Zakay H.1, Cohen G.1, Zahavi-Goldstein E.2, Abraham
E.2, Wadmany M.2, Netzer N.2, Grynspan F.2, Yavin E.3 and Lazarovici P.1*
1

School of Pharmacy Institute for Drug Research, The Hebrew University of Jerusalem,
Jerusalem; 2 Pluristem Therapeutics Ltd., Haifa; 3 Department of Neurobiology,
Weizmann Institute of Science, Rehovot

Stroke afflicts a large segment of population and is a leading cause of death in the
western world. Stroke develops when a part of the brain is deprived of oxygen and
glucose. Recently, mesenchymal stem cells have been suggested as a therapeutic
approach for stroke, due to their ability to secrete a large number of protective antiinflammatory cytokines and growth factors. Here we investigate the neuroprotective
effect of PLX cells (expressing mesenchymal markers but lacking expression of
hematopoietic, endothelial and trophoblastic-specific cell markers), on differentiated
pheochromocytoma PC12 cells, in an OGD ischemic model.
At first, we determined the optimal conditions for neuroprotection, by exposing
undifferentiated or nerve growth factor-differentiated PC12 cells to hypoglycemic and
hypoxic conditions followed by reoxygenation in a trans-well system with PLX cells.
Under optimal conditions, 2x105 PLX cells conferred 30% neuroprotection towards
PC12 cells exposed to ischemic insult. PC12 necrotic cell death, evaluated by lactate
dehydrogenase release, was reduced by PLX cells in a dose-dependent manner.
Interestingly, the neuroprotective effects of PLX cells was also promoted by
conditioning media of cells exposed to OGD insult and was similar to those achieved by
the antioxidant 4-Hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl. Since neuroprotection
is one of the prominent functions of the interleukin (IL)-6-type cytokine family and
VEGF is an angiogenic factor known to confer neuroprotection, we measured their
secretion from PLX cells under ischemic conditions. We found that IL-6 and VEGF
secretion was higher, compared to normoxia. Furthermore, exogenous supplementation
of human recombinant IL-6 and VEGF to ischemic PC12 cells conferred
neuroprotection, reminiscent of PLX cells neuroprotective effect.
Therefore, PLX induced-neuroprotection on PC12 neurons exposed to ischemic
conditions may partly be explained by IL-6 and VEGF secretion.
* PL holds the Jacob Gitlin Chair in Physiology at Hebrew University and is affiliated and acknowledges
the support by the David R. Bloom Center for Pharmacy, the Dr. Adolf and Klara Brettler Center for
Research in Molecular Pharmacology and Therapeutics at The Hebrew University of Jerusalem and the
Israeli Ministry of Industry and Trade, MAGNETON program for the fin ancial support.
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Digoxin derivatives with selectivity for the  2 isoform of Na,K-ATPase
efficiently reduce intra-ocular pressure
Adriana Katz*, Daniel M. Tal*, Dan Heller§, Bilal Rabah#, Yaniv Bar
Kana§, Arie Marcovich# and Steven J.D.Karlish*
#

*Dept. Biological Chemistry, Weizmann Institute of Science. Dept.of Ophthalmology,
Kaplan Hospital. §Dept. of Ophthalmology, Asaf Harofeh Hospital

A variety of topical drugs are the mainstay of current glaucoma therapy but there is
a need for new approaches. In the ciliary epithelium, the Na,K-ATPase is the motor for
production of aqueous humour. The ciliary epithelium consists of apical pigmented
cells, that express the 11 isoform of Na,K-ATPase, and baso-lateral non-pigmented
cells that express mainly the 23 isoform of Na,K-ATPase. In principle, an Na,KATPase inhibitor with selectivity for 2 that penetrates the cornea, could effectively
reduce intra-ocular pressure, with minimal systemic or local toxicity. Testing this
hypothesis is the major aim of this work. Previous experiments with recombinant
human 11, 21 and 31 isoforms showed that the classical inhibitor digoxin is
partially 2-selective and also that the tri-digitoxose moiety is responsible for isoformselectivity. This led to a prediction that selective modification of digoxin in the third
digitoxose might increase selectivity for 2. A series of perhydro-1,4-oxazepine
derivatives of digoxin have now being synthesized, by periodate oxidation of the third
digitoxose and reductive amination using a variety of R-NH2 susbtituents. Several
derivatives do show increased selectivity for 2 over 1, close to 8-fold in the best
case. Effects of topically applied cardiac glycosides on intra-ocular pressure in rabbits
have been assessed by their ability to prevent an acute pressure increase induced by 4aminopyridine or a selective agonist of the A3 adenosine receptor. Two relatively 2selective

digoxin

derivatives

efficiently

normalize

the

ocular

hypertension,

by

comparison with digoxin, digoxigenin or ouabain. This observation is consistent with a
major role of 2 in aqueous humour production and suggests that 2-selective digoxin
derivatives may be of interest as novel drug leads for treatment of glaucoma.
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Involvement of Na , K -ATPase and Endogenous Cardiac Steroids in
Manic and Depressive Phases of Bipolar Disorder
Anastasia Hodes 1, Inbal Goldstein1, Haim Rosen2, Haim Ovadia3, Tzuri
Lifschytz4, Joseph Deutsch5, Gal Yadid6 and David Lichtstein1
1

Department of Medical Neurobiology and 2 Department of Microbiology and
Molecular Genetics, Institute for Medical Research Israel-Canada, The Hebrew
University-Hadassah Jerusalem, Israel. 3 Deprtment of Neurology, and 4 Department of
Psychiatry, Hadassah Hospital, 5 Institute for Drug Research, School of Pharmacy, The
Hebrew University of Jerusalem, Israel. 6 The Mina and Everard Goodman Faculty of
Life Sciences, Leslie and Susan Gonda (Goldschmied) Multidisciplinary Brain
Research Center, Bar-Ilan University, Ramat Gan , Israel
Depressive disorders, including major depression, dysthymia and bipolar disorder
(BD), are a serious and devastating group of diseases, posing a growing public health
concern. BD, formerly known as manic-depressive illness, is characterized by cycling
mood changes: severe highs and lows, manic and depressive episodes. Studies in the
past decade have provided initial evidence for the involvement of endogenous cardiac
steroids (CS) and their only established receptor, the Na+, K +-ATPase, in the etiology of
depressive disorders and BD in particular. In the present study, we aimed to test the
effect of reduction or inhibition of endogenous CS on depressive-like and manic-like
behaviors in animal models. Reduction of endogenous brain CS level by
Intracerebroventricular administration of anti-ouabain antibodies caused a significant
anti-depressive effect in SD rats manifested by a decrease in the immobility time in the
forced swimming test (FST). Furthermore, this treatment abolished amphetamineinduced hyperlocomotion, an experimental model for manic-like behavior, in mice, as
tested in the open field test. These effects were reversed by the pre-incubation of the
anti-ouabain antibodies with ouabain. We also examined the effect of a synthetic
-nor androsterone derivative on animal behavior. This compound (termed
“Compound 16”, Deutsch, J., et al. J. Med. Chem. 49:600-606, 2006) resembles the CS
structure, but does not inhibit Na+, K +-ATPase ion transport activity, thus acting as a
functional antagonist of CS. “Compound 16” attenuated the amphetamine-induced
hyperlocomotion in mice and significantly reduced immobility time in the FST in rats.
Chronic (14 days) treatment of Flinders Sensitive Line rats, a genetic model for
depression, with the compound also showed a significant anti-depressive effect in the
FST. Taken together, our results strengthen the hypothesis that the Na +, K+-ATPase/CS
system is involved in both the depressive and the manic phases of BD, and suggest that
this system should be regarded as a new target for the development of drugs for the
treatment of this devastating disease.
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Targeting charged cytotoxic compounds selectively into specific cells
via TRP channels
Raizel HI. 1, Lev S. 1, Honigman A. 2, Binshtok AM. 1*
1

Dept. of Medical Neurobiology, Faculty of Medicine. The Hebrew Univ., Jerusalem,
Israel 2 Dept. of Virology Faculty of medicine, The Hebrew Univ., Jerusalem, Israel

Selective targeted delivery of effective agents to specific cell types is significantly
important in pathological conditions where the selective activation or disruption of cell
functions is crucial. We developed a method for targeting specific cells by applying a
compound that activates and opens large-pore cationic channels such as transient
receptor potential (TRP) channels and allows the entry of a positively-charged
compound which modulates intracellular processes. This facilitated entry of the
compound into the cell potentiates its effect and spares any other types of cells from the
achieved effects. Since TRP channels are expressed with increased levels in cancer
cells and their expression profile is different than other cell types, we assumed that by
using this strategy, chemotherapeutic agents will gain access into cancer cells through
TRP channels. We present proof of concept of the ability to target chemotherapeutic
agent Adriamycin into cancer cell-lines expressing TRP channels, which leads to
ablation of these cells. We previously demonstrated that mouse hepatocellular
carcinoma cells (BNL1ME cell line) express functional TRPV2 channels. Using
calcium imaging and fluorescence imaging we demonstrated that activation of TRP
channels by TRPV2 specific activators such as CBD together with Adriamycin resulted
in selective entry of this charged and fluorescent chemotherapeutic agent into BNL1ME
cells, which resulted in Adriamycin-induced cell death. We showed this same result
with the nonspecific activator 2-Aminoethoxydiphenyl borate (2-APB). We are now
exploring whether this effect in vitro is maintained also in-vivo, in mice that are
injected with BNL1ME cells. These results enable implementation of this platform on
neuronal populations, not only for ablating specific cells but also for modulation of
pathways, for basic research and in neuronal based pathologies.
Supported by Marie Curie Grant and Rosetrees Foundation
.
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Functional interplay between sodium channels and mitochondrial
transporters, MCU and NCLX, controls Ca 2+ dynamics, Na + signalling
and metabolism of pancreatic β cells
Iulia I. Nita1, Michal Hershfinkel1, Chase Kantor2, Guy A. Rutter2, Eli C.
Lewis 3 and Israel Sekler1
1

Department of Physiology and Cell Biology , 3 Pharmacology and genetics Faculty of
Health Sciences, Ben-Gurion University of the Negev, Beer-Sheva, Israel
Section of Cell Biology, Division of Diabetes, Endocrinology and Metabolism,
Department of Medicine, Faculty of Medicine, Imperial College London, London, U
contact Israel Sekler sekler@bgu.ac.il 0547231663

Na+ channels are abundantly expressed in pancreatic β cells and prone to prolong
activation. However, their role in regulating cellular Na + fluxes or mitochondrial Ca2+
transients, and thereby oxidative metabolism, has not been explored. Here, we
combined fluorescent Na+, Ca2+ and ATP imaging, electrophysiological analysis with
tetrodotoxin (TTX) dependent block of the Na + channel and molecular manipulation of
mitochondrial Ca2+ transporters to study the communication between Na + channels and
mitochondria

in

these

cells.

We

show

that

TTX

inhibits

glucose-dependent

depolarization, blocks cytosolic Na+ and Ca2+ responses and their propagation into
mitochondria.

TTX-sensitive mitochondrial Ca2+ influx was largely blocked

knockdown of the mitochondrial Ca
+

2+

mitochondrial Na /Ca

2+

exchanger

by

uniporter (MCU) expression. Knockdown of the
(NCLX)

and

Na+

dose response analysis

demonstrated that NCLX mediates the mitochondrial Na + influx and is tuned to sense
the TTX-sensitive cytosolic Na+ responses. Finally, the TTX-dependent mitochondrial
Ca2+ rise up regulated mitochondrial metabolism and enhanced ATP production. Taken
together, our results show that Na+ channels initiate cytosolic Na+ and Ca2+ signals that
are propagated by MCU and NCLX into mitochondria, thereby shaping both global
Ca2+ transients and metabolism in β cells.
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Lipoxin B4 promotes the resolution of experimental allergic rhinitis
Laila Karra†, Oliver Haworth*, Bruce D. Levy*, Francesca Levi-Schaffer†.
†

The Institute for Drug Research of the School of Pharmacy, Faculty of Medicine, The
Hebrew University of Jerusalem, Israel. * Pulmonary and Critical Care Medicine
Division, Department of Internal Medicine, Brigham and Women's Hospital, Harvard
Medical School, Boston, MA, USA. Lailak24@gmail.com, 02-6758745
Introduction: Allergic Rhinitis (AR) is an important clinical problem with excess
morbidity. Lipoxins (LXs) are endogenous counter-regulatory mediators that decrease
inflammation in the lower respiratory tract. Therefore, we determined whether LXs could
promote the resolution of AR.
Methods: To induce AR, Balb/c mice were sensitized to ovalbumin (OVA) by i.p
injection on day 0 and 7.From days 14-27, mice were challenged twice a day by OVA
intranasal instillation. To determine their impact on AR resolution, LXB4 (100ng),
dexamethasone (100ng) or vehicle were given i.v for 3 consecutive days and sacrificed
24hrs later. Inflammation was assessed in nasal mucosa (NM), cervical lymph nodes
(CLN) and serum. For mechanism-based assays of LXs on specific cell types, bone
marrow (BM) derived mast cells (MC) and eosinophils (Eos) were prepared for IgEdependent degranulation of MC and eotaxin-dependent chemotaxis of Eos, respectively.
Results: LXB4 significantly decreased total inflammatory cell numbers and mucus
secretion in NM of AR mice and stabilized mast cells degranulation compared to vehicle.
LXB4 also reduced total inflammation in the CLN, serum OVA-specific IgE levels and
pro-inflammatory cytokines. Notably, LXB4 was equipotent to dexamethasone in reducing
tissue inflammation and IgE levels. Relative to control, LXB4 and LXA4 significantly
reduced in vitro IgE-mediated degranulation of MC by 20-30% and eotaxin-dependent
chemotaxis of Eos by 50%.
Conclusions: Exogenous administration of LXB4

led

to

a faster resolution of

experimental AR and had direct actions to limit MC and Eos activation. LXB4 ’s proresolving

actions

for AR were even broader than the anti-inflammatory agent

dexamethasone, suggesting LXB4 or related pro-resolving mediators as a potential new
therapeutic approach for AR.
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From beat rate variability in induced pluripotent stem cell-derived
pacemaker cells to heart rate variability in human subjects
a, b, c,

*Meital Ben-Ari, BSc, a, b, c,*Revital Schick, BSc, a, b, c Lili Barad, BSc,
a, b, c
Atara Novak, MSc, dErez Ben-Ari, c, eAvraham Lorber, MD, a, c, fJoseph
Itskovitz-Eldor, MD, PhD, gMichael R Rosen, MD, c, f, #Amir Weissman,
MD, a, b, c,#Ofer Binah, PhD
a

The Sohnis Family Stem Cells Center, bThe Rappaport Institute, cRuth & Bruce
Rappaport Faculty of Medicine and dDepartment of Electrical Engineering, Technion,
Haifa, Israel. eDepartment of Pediatric Cardiology, Rambam Medical Center.
f
Department of Obstetrics and Gynecology, Rambam Medical Center, Haifa, Israel.
g
Department of Pharmacology, College of Physicians and Surgeons of Columbia
University, New York, USA.
Meital.benari@gmail.com. 0542-474-033, 04-8295263.
Background: Heart Rate Variability (HRV), a key property of human sinoatrial node
(SAN), exhibits fractal-like oscillations attributed to autonomic input. We previously
reported induced Pluripotent Stem Cell-derived cardiomyocytes (iPSC-CM), which
lack external inputs, manifest beat rate variability (BRV) resembling HRV in human
SAN. We now hypothesized the BRV-HRV continuum originates in pacemaker cells.
Methods and results: We measured BRV/HRV properties in single pacemaker cells,
contracting embryoid bodies (EBs) derived from iPSC, and electrocardiograms from
the same individual. Pronounced BRV/HRV and fractality were present at all three
levels. The standard deviation (STD) of inter-beat intervals (IBI) and the Poincaré plot
SD1 and SD2 in single cells were 20 times > EBs (P<0.05) and in situ heart (the latter
two were similar, P>0.05). We also compared BRV magnitude among single cells,
small EBs (~5-10 cells) and larger EBs (>10 cells): BRV indices progressively
increased (P<0.05) as cell number decreased. Disrupting intracellular Ca 2+ handling
markedly augmented BRV magnitude, revealing a unique bi-modal firing pattern,
suggesting intracellular mechanisms contribute to BRV/HRV and the fractal behavior
of heart rhythm.
Conclusions: The significant decrease in BRV magnitude in transitioning from single
cell to EB suggests HRV of hearts in situ originates from summation and integration of
multiple cell-based oscillators. Hence, complex interactions among multiple pacemaker
cells and intracellular Ca2+ handling determine HRV in humans and isolated
cardiomyocyte networks.
Acknowledgement: The authors wish to thank Dr. Lennart Bergfeldt for his critical reading of
the manuscript and for his valuable comments.
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Reduction in maternal circulating ouabain impairs offspring growth
and kidney development
Moran Dvela-Levitt1, Hagit Cohen-Ben Ami1, Haim Rosen2, Asher Ornoy1
Drorith Hochner-Celnikier3 and David Lichtstein1
1

Department of Medical Neurobiology, 2 Departments of Microbiology and Molecular
Genetics, Institute for Medical Research Israel-Canada, 3 Department of Obstetrics and
Gynecology, The Hebrew University-Hadassah Medical School, Jerusalem, Israel
Moran Dvela-Levitt, email: dvelamo@gmail.com, Phone: 052-3961481
Ouabain, a steroid present in the circulation and in various tissues, was shown to affect
the growth and viability of various cells in culture. However, the involvement of the
steroid in the regulation of fetal development was scarcely investigated.
In order to study the involvement of maternal circulating ouabain in fetal growth and
organs development we reduced the steroid levels during the second phase of mice
pregnancy. To this end, mice, at the second half of pregnancy (days 9-18), were treated
daily (i.p) with anti-ouabain antibodies (10mg/kg) or with nonspecific IgG (10mg/kg)
as control. This anti-ouabain antibodies treatment produced a 80% reduction in
maternal circulating ouabain.
Reduction in the steroid level in the circulation of pregnant mice caused a decrease in
offspring body weight which was accompanied by enlargement of the heart and
inhibition of kidney and liver growth. The kidney growth inhibition was manifested by
a decrease in the size and number of the nephrons. The reduction in maternal
circulating ouabain also induced alterations in the kidney's proteins expression. The
expression of cyclin D1 was reduced and an increase in the expression of the α1
isoform of the Na+, K +-ATPase was observed. In addition, the activation of ERK1/2, p90 RSK and Akt signaling molecules was detected. During human pregnancy,
circulating maternal ouabain level was found to be increased and the highest
concentration of the steroid was found in the placenta. Furthermore, circulating ouabain
levels in women with small (for gestational age) neonates were significantly lower
when compared to the levels in women with normal for gestation newborns.
These results support the notion that ouabain is a growth factor and suggest that a
reduction in the hormone's concentration during pregnancy may increase the risk of
impaired growth and kidney development.
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A novel method for electrical stimulation-driven ion imaging: a model
for studying DNA nano-devices, which can respond to transmitter
release
Goldstein R.1,3, Katz B.1,3, Barkai O.1,3, Minke B. 1,3, Bachelet I.2 and
Binshtok A.1,3*
1

Department of Medical Neurobiology, Institute of Medical research Israel-Canada,
The Hebrew University Faculty of Medicine. 2 The Mina and Everard Goodman Faculty
of Life Science, Bar -Ilan University. 3 The Edmond and Lily Safra Center for Brain
Sciences, The Hebrew University
Recently, DNA based nano-devices, termed “DNA nanorobots”, capable of exposing
biologically functional peptides in response to specific cellular signals, were fabricated.
These nano-devices are constructed from a capsule and aptamer locks. The aptamer
locks are designed to displace when binding to a molecule of choice, resulting in the
opening of the capsule and exposure of its content. Hence, these devices can be used as
"logically-gated" drug delivery systems.
It has been demonstrated that DNA
nanorobots can detect specific surface epitopes, enabling the recognition and targeting
of specific cell types within a heterogeneous population. In the present study we sought
to explore whether DNA-nanorobots can respond to secreted biological signals. As a
first step towards this goal, we have designed a dopamine sensing DNA nanorobots
loaded with L-type calcium channel blocker. In order to test our design, we used PC12
cells, known to release dopamine in response to depolarization and subsequent Ca 2+
entry through voltage gated L-type calcium channels. We have developed a novel
approach, allowing us to simultaneously depolarize the cells and monitor changes in
intracellular Ca2+ concentration. We plated PC12 cells on a transparent and conductive
Iodine Tin Oxide (ITO) coated glass and loaded the cells with Fura2-AM. We then
applied calibrated biphasic electrical stimulation via the ITO glass and demonstrated
that electrical stimulation of PC12 cells induced a transient intracellular Ca 2+ increase.
Moreover, Nimodipine, a blocker of L-type calcium channels, inhibited the transient
increase in intracellular Ca2+, demonstrating that L-type Ca2+ channels are responsible
for the electrical stimulation induced increase in intracellular Ca2+. This novel
technique allows activation of a population of dissociated excitable cells, while
monitoring the desired biological activity using physiological and optical methods
under condition, which do not permit perfusion or change of bath solutions.
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Optogenetics for in vivo Cardiac Pacing and Resynchronization
Udi Nussinovitch, MD, Rami Shinnawi, B.Sc., Lior Gepstein, MD, PhD
Bruce Rappaport Faculty of Medicine and Technion Institute of Technology, Haifa,
Israel.
Dr. Nussinovitch Udi, email: enussi@yahoo.com. Tel: 053-5268535
Prof. Lior Gepstein, email: mdlior@tx.technion.ac.il.. Tel.: 04-8295303
Background: Optogenetics approaches, utilizing light-sensitive proteins, have emerged
as unique experimental paradigms to modulate neuronal excitability. Surprisingly, the
use of optogenetics tools outside the brain has not been explored until recently. Initial
proof-of-concept studies demonstrated the ability to affect cardiac excitability with
Channelrhodopsin-2 (ChR2) in transgenic mice, zebra-fish and in cell cultures.
Nevertheless, there are currently no reports on in-vivo cardiac pacing in non-transgenic
mammals using optogenetics technology. We aimed to test the hypothesis that similar
strategies can be used to develop optogenetics-based approaches for cardiac pacing and
resynchronization in the in-vivo rat heart.
Methods: Fisher 344 rats were injected intra-myocardialy with AAV encoding for
ChR2 protein (at single or multiple ventricular sites). Two weeks later, the ability to
optogentically pace the animals was evaluated either in the in-vivo setting (using a midsternotomy open-chest approach) or using the isolated Langendorff-perfused rat heart
model. Focused illumination was performed using a monochromic light at different
flashing frequencies. Optical mapping technique was used to analyze the activation
pattern and time by construction of isochronal activation maps.
Results: Illumination to the site of gene delivery resulted in pacing of the heart in both
the open-chest setting and in the Langendorff configuration. We were able to vary the
beating rate to rates as high as 500 bpm, and to continuously pace the heart for several
hours without pacing failure. Optical mapping confirmed that during illumination the
location of the pacing site shifted to the site of ChR2 transgene delivery. Importantly,
diffuse illumination of hearts, in which the transgene was delivered to a number of
sites, resulted in simultaneous activation of the ventricle from these multiple-sites and
eventually leading to significant shortening of the ventricular total activation time (from
28.4±2.8ms to 16.9±2.3ms ;p=0.002 ;n=8).
Conclusions: This is the first report on light-based in-vivo cardiac pacing in nontransgenic mammals. The results of this proof-of-concept study highlight the unique
potential of optogenetics for future biological cardiac pacemaking and
resynchronization therapy applications.
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TVP1022: a Novel Cardio-protective Drug for the Treatment of Acute
Coronary Syndrome (ACS)
*Assaf Malka1,2, *David Meerkin3, *Yaron D. Barac 4, Eytan Malits, Noa
Bachner-Hinenzon5, Shemy Carasso 6, Offir Ertracht7, Itzchak Angel8,
Rona Shofti2, Moussa Youdim9, Zaid Abassi1,2, Ofer Binah1,2
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Tikva. 5 Analyze IT research institute, Tuval. 6 Department of Cardiology, Rambam
Health Care Campus, Haifa. 7 Eliachar Research Laboratory, Western Galilee Hospital,
Nahariya. 8 Angel Pharmaceutical Consulting & Technologies Ltd., Nes Ziona. 9 Abital
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*Equal contribution Contact: Assaf Malka: massaf@tx.technion.ac.il. 050-2792001
Background: The current cornerstone treatment of myocardial infarction (MI) is
restoration of the coronary blood flow with the use of thrombolytic therapy or primary
percutaneous coronary intervention (PCI). However, reperfusion of ischemic cardiac
tissue can actually provoke myocardial damage leading to cell death, characterizing
"ischemia-reperfusion (I/R) injury". TVP1022 is the S-isomer of rasagiline (Azilect®),
FDA-approved anti-Parkinson drug. TVP1022 was found to exert cardioprotective
activities against various cardiac insults such as chronic heart failure and Ischemiareperfusion (I/R) in rat models. Hence, we tested the hypothesis that TVP1022 will
provide cardioprotection against I/R injury and post-MI remodeling in a pig model.
Methods: For inducing a MI we utilized an I/R model of mid left anterior descending
artery occlusion for 90 minutes followed by reperfusion and follow up period of 8
weeks in 18 farm pigs, (n=9 in each group). Five minutes prior to reperfusion TVP1022
(or saline) was administrated IV. A second dose was given 4 hours later (IV); a third
dose was given 24 hours post-MI (IV) and then daily administrations per os.
Echocardiographic measurements were performed and scar size was calculated using
histopathological methods. For fibrosis evaluation we measured the interstitial collagen
volume fraction (CVF) in the remote non-infarcted tissue.
Results: TVP1022 administration markedly decreased scar size by 36% (P<0.005 vs.
vehicle), attenuated both left ventricular end diastolic diameter and area enlargement by
22% and 48% respectively (P<0.05 vs. vehicle) and maintained cardiac function
assessed by segmental circumferential strain analysis. Furthermore, TVP1022 reduced
tissue fibrosis in the non-infarcted area by ~23% (from 6.7±0.5% to 5.1±0.4%) (P<0.05
vs. vehicle) 8 weeks post-MI.
Conclusion: The ability of TVP1022 to attenuate cardiac damage induced by MI
renders this molecule a potential cardio-protective drug for acute coronary syndrome
patients.
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The involvement of Ca 2+ in the neuroprotective effect of weak static
magnetic fields in primary cortical neurons
Ben-Yakir Blumkin M., Loboda Y., Schächter L. *, Finberg, J.P.M.
Dept of Molecular Pharmacology, Rappaport Faculty of Medicine, Technion, Haifa.
*Faculty of Electrical Engineering, Technion, Haifa
Background:
Weak static magnetic fields (SMFs) interact with various biological tissues, thereby
affecting key biological processes. In the CNS, magnetic fields regulate cell fate by
influencing

gene

expression,

cell

proliferation

and

differentiation.

The

plasma

membrane (PM) has been postulated as the primary interaction site of SMFs with cells,
preceding a sequence of events affecting the movement of charged particles, such as
Ca2+, near the PM. The objective of this study is to examine the role of Ca 2+ in the prosurvival pathways activated by SMF-exposure in primary cortical neurons.
Results:
Our findings point to a dual protective effect induced by SMFs in primary cortical
neurons, manifested by a decrease in apoptosis and enhancement of neurogenesis.
SMFs reduce etoposide-induced apoptosis in cortical neurons in a dose dependent
manner, attaining a maximal reduction of 57.1 ± 6.3% at 50 G intensity, abolished
upon treatment with the selective L-type voltage-gated calcium channels (VGCC)
inhibitor nifedipine. Additionally, SMF-exposure elicits alterations in Ca2+ influx
correlated with enhanced expression of the L-type VGCC Cav 1.2 and Cav 1.3 mRNA
and protein. Using the Ca2+ sensitive dye Indo-1, we further show that antagonizing
KCl-induced Ca2+ influx by nifedipine results in a 2.5-fold increase in the inhibition of
Ca2+ influx in SMF-exposed cultures. Furthermore, SMF-exposure enhances the
expression of pro-neural basic helix-loop-helix (bHLH) genes, such as Ngn1 (4-fold),
Math1 (3-fold), NeuroD2 (7-fold) and Mash1 (1.7-fold), transcription of which is
affected by Ca2+ influx through L-type VGCC.
Conclusions:
In

light

of

the

involvement

of

apoptosis

in

neuronal

death

characterizing

neurodegenerative diseases, both the enhancement of neurogenesis and the protection
against apoptotic cell death provided by SMFs action in cortical neurons, have
implications for treating neurodegenerative disorders.
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TRPV1 dependent neurotoxicity involves the mitochondrial Na+/Ca2+
exchanger in nociceptors
1
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*co-corresponding authors
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Background: Previous studies have demonstrated that prolonged activation of the nonselective cationic channel TRPV1 leads to a rise in mitochondrial calcium levels,
followed

by

a depolarization of trans-mitochondrial potential.
+

2+

mitochondrial potential leads to a change in the Na /Ca

This change in

exchanger activity, from

forward to reverse mode, which further increases the levels of mitochondrial calcium.
This increase in mitochondrial calcium could underlie the well described effect of
chronically activated TRPV1 channels on cell vitality. However, a causal link between
the change in mode of the exchanger and cell death under prolonged TRPV1 activity
has yet to be established. Here we sought to investigate the contribution of
mitochondrial Na+/Ca2+exchanger activity to cell death. To this end, we used HEK
expressing TRPV1 cells and nociceptive neurons that inherently express TRPV1
channels. We compared the levels of mitochondrial calcium, mitochondrial membrane
potential and cell vitality in naïve cells and in cells transfected with small interfering
RNA for modulating expression of the Na+/Ca2+ mitochondrial exchanger.
Results: Capsaicin induced a steep and transient rise in intracellular and mitochondrial
Ca2+. The rapid and significant accumulation of Ca2+ in the mitochondria caused a
change

in

mitochondrial

potential,

and

reversal

of

the

mitochondrial

Na+/Ca2+exchanger. Knockdown of the mitochondrial Na +/Ca2+exchanger leads to a
decrease in the number of dead HEK cells expressing TRPV1 compared to the control.
Conclusion: These results suggest that the change in mode of the exchanger leads to
calcium accumulation and hence calcium based toxicity. Therefore, under conditions of
constant TRPV1 activity, down regulation of the exchange is beneficial and leads to
decreased cell death.
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Oral delivery of polymeric nanomicelles as a platform for improving
bioavailability of poorly soluble drugs
Eva Abramov, Mara Shapero, Ofra Benny
Institute for Drug Research, School of Pharmacy, Faculty of Medicine, The Hebrew
University of Jerusalem, Jerusalem, Israel, 91120
ofrab@ekmd.huji.ac.il, Tel: 02-6757268
Oral administration is the preferable route of drug delivery, especially for
chronic administration. However, poorly soluble drugs present a significant challenge
in oral drug delivery development as the gastrointestinal track, with its wide range of
pH and enzymatic activity, acts as a significant physiological barrier.
Our previous studies demonstrated that the conjugation of lipophilic drugs to the
short polymer monomethoxy poly lactic acid polyethylene glycol (mPEG-PLA)
improved drug solubility, stability and oral availability. In this structure, the drug is
located in the core of the micelle and protected from the harsh gastrointestinal
environment. In spite of the promising results, the use of chemical conjugation is
limited by the availability of appropriate functional groups in a drug, and, in many
cases, the drug loses activity upon conjugation. Therefore, we are now focused on
developing a platform oral drug delivery system based on encapsulation without
conjugation.
The mPEG-PLA di-block copolymer is known to form ~20nm nanomicelles
through self-assembly in aqueous solution. To investigate the intestinal absorption of
such solid nanomicelles, we employed the cellular model of caco-2 permeability assay.
Caco-2 is a line of human epithelial colorectal adenocarcinoma cells that is used as a
standard model for studying the oral availability of drugs. In order to elucidate the
molecular mechanism of mPEG-PLA nanomicelle endocytosis in these caco-2 cells,
specific inhibitors of clathrin, caveolae and lipid raft mediated endocytosis were used.
The results showed fluorescent labeled mPEG-PLA nanomicelles in caco-2
cells as early as 15 min post incubation and kinetics studies showed that the apical to
basolateral apparent permeability coefficient (Papp) was 3.8 x10-6 cm/s after 2 hours
and 5x10-6 cm/s after 4 hours, indicating good intestinal absorption. Biochemical
inhibition of endocytosis, along with transmission electron microscopy images of
nanomicelles packaged inside intracellular vesicles, suggested that endocytosis is
mediated by clathrin in an energy-dependent manner.
Our results indicate that mPEG-PLA nanomicelles permeate intestinal
epithelial cells in a clathrin-mediated manner. Their penetration potential across the
caco-2 monolayer supports their use as a platform technology for the oral delivery of
poorly absorbed drugs. Our findings broaden the possibilities of oral drug delivery and
carry significant clinical relevance, particularly for long-term therapy of chronic
diseases.
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The involvement of the allergic inflammatory system in the
development of autism spectrum disorders during prenatal life
Sheli Friedman1,2, Karen Meir3, David Mankuta2 and Francesca LeviSchaffer1.
1. Department of Pharmacology and Experimental Therapeutics, Institute for Drug
Research, Faculty of Medicine, The Hebrew University of Jerusalem. Jerusalem, Israel.
2. Department of Obstetrics and Gynecology, Hadassah - Hebrew University Medical
Center .Jerusalem, Israel.
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Israel.
Email of presenter: Sheli0910@gmail.com
Introduction: Autism spectrum disorders (ASD) represent a variety of
neurodevelopmental conditions with high prevalence and recurrence rate of 10-20%.
ASD can be the result of both genetic and environmental interplay during pre and early
post-natal period. Accumulating evidence support dysfunction of the immune system in
children affected with ASD. Many ASD patients suffer from different forms of allergy
or allergic-like symptoms, in which mast cells are the key effector cells in an IgEdependent or non-dependent response.
Objective: To characterize the involvement of prenatal allergic and allergic-like
inflammation in the etiology of ASD in human high risk subjects.
Methods: Mast cells and their associated surface receptors and mediators were
evaluated both at the protein and mRNA level in fetal and maternal derived tissues and
cord blood from high risk and normal controls deliveries.
Results: Our preliminary results include three high risk deliveries and 15 controls. In
high risk placentas, embryonic membranes and umbilical cord, we found more
activated mast cells. Chronic villitis was detected in one high risk parenchyma. Both
activating receptor CD48 and inhibitory receptor CD300a mRNA were found to be
decreased in high risk placenta and membranes. Their expression on cord blood derived
mast cells was found to be decreased at initial maturation stage (5 weeks), a trend that
was later changed regarding CD48. Cannabinoid receptors mRNA expression was
increased in high risk placenta. IL-6 was elevated in high risk umbilical cord blood
plasma.
Significance and summary: The results from this study may provide a starting point
for an in depth understanding of the mechanism underlying the possible correlation
between intrauterine allergic to ASD. By studying the prenatal MC expression and
function, we might be able to delineate novel biomarker(s) and targets. In turn, it may
be possible to attain an earlier diagnosis and begin medical interventions to reduce the
risk or the severity of ASD, at least in a subgroup of high risk newborns and ASD
children.
Acknowledgments: This work was supported by the Aimwell Trust Foundation and The National Institute
for Psychobiology in Israel (NIPI). Sheli Friedman was supported by The Harry and Sylvia Hoffman
Leadership and Responsibility Program.
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Near infrared imaging of EGF receptors down-regulation during
NGF-induced PC12 cells differentiation
Cohen G., Momic T., Lahiani A. and Lazarovici P. ,*
1

School of Pharmacy Institute for Drug Research, Hebrew University of Jerusalem,

Nerve growth factor (NGF), a neuronal differentiation factor, causes a very
significant down-regulation process of mitogenic epidermal growth factor (EGF)
receptors during the differentiation of sympathetic neurons. This process occurs also in
brain cholinergic neurons during prenatal development and in vitro during NGFinduced PC12 cell culture differentiation. The role of EGF receptors down-regulation,
upon differentiation of the prenatal towards post-mitotic neuron, is to prevent the reentry of the mature neuron into the cell cycle, a situation which may be catastrophic for
the neuron since it can cause apoptotic cell death. Bio-imaging technologies are not
available today to visualize this process in vitro and in vivo.
To achieve this bio-imaging goal, we took advantage of a EGF probe conjugated
with near infrared (NIR) dye (EGF-NIR ,IRDye800CW) and demonstrated its specific
and selective pharmacological properties by measuring its receptor binding activities in
vitro, using NIR imaging with two lasers Odyssey® infrared imager. Using PC12
cultures differentiated for one week by 50 ng/ml NGF, we demonstrated a significant
85% reduction in EGF-NIR specific binding to the cells indicative of a significant
down regulation of EGF receptors. These findings were confirms by binding
experiments with 125 I-EGF and western blotting of EGF receptors.
EGF-NIR is a useful molecular imaging agent to evaluate its receptors level in the
developing brain during prenatal development and in vitro during differentiation of
neuronal cells in culture.

* PL holds the Jacob Gitlin Chair in Physiology at Hebrew University and is affiliated and
acknowledges the support by the David R. Bloom Center for Pharmacy and the Dr. Adolf and Klara
Brettler Center for Research in Molecular Pharmacology and Therapeutics at The Hebrew University of
Jerusalem, Israel. Cohen G is supported by “Eshkol” fellowship from the Israeli Ministry of Science and
Technology.
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Neuronal TREK-1 (K2P2.1) channels activity is regulated by
membrane cholesterol
Blecher Galit, Amihai Karniel, Einav Blanche Sara Dadon and Noam
Zilberberg
Department of Life Sciences, Ben-Gurion University of the Negev, Beer-Sheva,Israel

Background: Potassium leak channels (K 2P ) play a central role in setting the
membrane resting potential and their activity is regulated by physical and chemical
effectors

such

as

temperature,

pH,

mechanical

stretch

and

phosphorylation.

Cholesterol is an essential structural component of mammalian cell membranes and is a
main

component

of lipid

rafts,

which

are

cholesterol/sphingomyeline enriched

microdomains in the membrane. It was found that membrane cholesterol regulates the
activity of several membrane proteins. In this study, we describe the mechanism by
which membrane cholesterol levels affects K 2P channel's activity.
Results: We studied the influence of membrane cholesterol levels on several members
of the K 2P family: human K 2P 2.1, K 2P 3.1, K 2P 5.1 and K 2P 9.1 channels as well as K 2P 0
channels from Drosophila melanogaster, all expressed in Xenopus laevis oocytes and
studied using the two electrode voltage clamp technique (TEVC). Depletion of
membrane cholesterol using MβCD altered the activity of most tested channels.
Application of 1-5mM MβCD reduced K 2P 2.1 currents by 80% and increased K 2P 0
currents 7-fold. Other channels displayed milder responses. In accordance with these
results, sphingomyelin hydrolysis by sphingomyelinase had effects similar to those of
MβCD on K 2P 2.1 channels. Unlike most cholesterol sensitive channels, K 2P 2.1
channels are not expressed within lipid rafts and are not affected by the elimination of
consensus cholesterol binding domains. While mutant K 2P 2.1 and K 2P 0 channels, that
are insensitive to phosphorylation, were not affected by cholesterol depletion, Gprotein activity blockade had no effect.
Conclusion: The activity of members of the K 2P potassium channels is regulated by
membrane cholesterol. We speculate that K2P 2.1 channel's activity is regulated via
alteration of kinase activity.
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Neurotherapeutic effect of cord blood derived CD45 + hematopoietic
cells in mice brain after trauma
Arien-Zakay H.1, Gincberg G.1, Nagler A.2, Cohen G.1, Liraz-Zaltsman
S.1, Trembovler V.1, Alexandrovich A.G. 1, Galski H.2, Shohami E.1 and
Lazarovici P.1*
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Traumatic brain injury (TBI) causes disability and death. Cell therapy by human
umbilical cord blood (HUCB) transplantation has shown promising results in animal
models of TBI and is under evaluation in several clinical trials. HUCB contains
different stem cell populations, but only mesenchymal stem cells were evaluated for
therapy of TBI. Here we confirm and further extend the characterization of the
neurotherapeutic effect of HUCB-derived mononuclear cells and demonstrate for the
first time, that HUCB-derived CD45 positive (CD45+) cell subset reduced the
neurobehavioral deficits which typically occur in a mouse model of closed head injury.
Using magnetic sorting, a CD45+ cell population was obtained which was characterized
by expression of CD45 and CD11b (96-99%). Intravenous transplantation of these cells
1 day post-trauma resulted with a significant therapeutic effect observed up to 35 days
as evaluated by neurological score reflecting neurobehavioral improvement. This
therapeutic effect was in a direct correlation with the decreased lesion volume.
Treatment of the cells with anti-CD45 antibody decreased the beneficial
neurotherapeutic effect of the cells. CD45+ cells were detected by
immunohistochemistry at the site of brain injury 1.5-2 h after transplantation.
Preliminary experiments suggest attenuation of astrogliosis and microglia activation by
decreased immunoreactivity of glial fibrillary acidic protein (GFAP) and allograft
inflammatory factor 1 (AIF1/Iba1), at the site of brain injury, 20 days after CD45 + cells
transplantation. These findings indicate the neurotherapeutic potential of HUCBderived CD45+ cell population in a mice model of brain trauma and propose their use in
new clinical settings.

*

* PL holds the Jacob Gitlin Chair in Physiology at Hebrew University and is affiliated and
acknowledges the support by the David R. Bloom Center for Pharmacy, the Dr. Adolf and Klara Brettler
Center for Research in Molecular Pharmacology and Therapeutics at The Hebrew University of
Jerusalem and the Israel Ministry of Science and Technology, Israel; First two authors equally
contributed.
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Detection of neuronal sprouting during the development of
neuropathic pain.
Shlomo Tsuriel, Hodaya Leibovich, Liat Peretz and Alexander M
Binshtok*
Department of Medical Neurobiology, Institute For Medical Research Israel Canada,
Faculty of Medicine and Edmond and Lily Safra Center for Brain Sciences, The Hebrew
University, Jerusalem, Israel

Neuropathic pain which results from a lesion or disease of the somatosensory system.
In an attempt to understand the mechanism underlying neuropathic pain, several models
have been developed and among the more useful is the Spared Nerve Injury (SNI)
model. In this model the nerves innervating the middle paw area are dissected, while
the nerves innervating the paw on both ends remain intact. This partial nerve lesion
results in paw allodynia ( pain due to a stimulus which does not normally induce pain)
and hyperalgesia (increased sensitivity to painful stimuli) even in the denervated areas.
Although SNI-mediated pain has been widely studied, the nerve rearrangement pattern
which parallels with the developing pain has remained unexplored.
The objective of this study is to anatomically characterize the peripheral nerve
rearrangements that follows nerve injury and correlate them with the developing pain.
To this end, we used a new technique which allows us to anatomically characterize the
cell population that innervates specific areas in the rat’s paw under normal conditions,
and to describe the nerve rearrangement process after the nerve lesion with the
developing pain. A comprehensive description and analysis of this process will give
profound understanding of the mechanisms involved in development of neuropathic
pain in conjunction to neuronal rearrangements of nociceptive and other types of
sensory neurons. This will ultimately lead to advances in development of treatments
towards this as of now an untreatable debilitating condition.
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OVEREXPRESSION OF OTX2 LEADS TO SPONTANEOUS
FLUCTUATIONS IN MANIC- AND DEPRESSIVE-LIKE
BEHAVIOUR
1

Marin Jukic, 1Ayelet Avin, 1Michal Bar, 1Tal Baron, 1Vukasin Jovanovic
1
Ksenija Zega, 1Orna Novikov, 1Ariel Tarasiuk, 2Galila Agam 3Ora
Kofman, and 1Claude Brodski
1

Department of Physiology and Cell Biology, Faculty of Medicine, Ben-Gurion
University of the Negev, Be’er Sheva, Israel
2
Department of Clinical Biochemistry and Pharmacology, Faculty of Medicine, BenGurion University of the Negev, Be’er Sheva, Israel
3
Department of Psychology, Ben-Gurion University of the Negev, Be’er Sheva, Israel

The

molecular

mechanism

underlying

mood

instability,

uncorrelated

to

apparent external events, is poorly understood. Fluctuations in manic and depressive
behaviors, often independent of obvious exogenous triggers, play a critical role in
bipolar disorder symptomatology. The major obstacle preventing progress in our
understanding of this phenomenon has been the lack of appropriate animal models.
Previously, we demonstrated that the transcription factor Otx2, also suggested
as a susceptibility gene for bipolar disorder; orchestrates the development of
monoaminergic neurons. Here, we use mouse mutants overexpressing Otx2 to study
endogenous fluctuations in manic- and depressive-like behavior. We found that Otx2
mutants show spontaneously alternating periods of hyperactivity and reduced activity
in their home cage. Repeated measurements in the open field demonstrated increased
intra-individual fluctuations over time in locomotor activity, habituation and different
risk-taking behavioural parameters in Otx2 mutants. Otx2 mutants showed increased
intra-individual changes in sweet preference in the sugar preference test, used as a
measure for hedonic-like behavior. Lithium, carbamazepine and olanzapine, which are
used in the treatment of bipolar disorder, reverse behavioural alterations.
We conclude that Otx2 is critical to maintain intra-individual behavioural
stability. In addition we suggest that a dysfunction of Otx2 is involved in intraindividual behavioural fluctuations found in bipolar disorder by altering normal
monoaminergic neurotransmission.
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PKA and membrane potential converge on a common regulatory site
of mitochondrial Na+/Ca2+ exchanger, NCLX
Marko Kostić , Israel Sekler
Department of Physiology and Cell Biology, Faculty of Health Sciences, Ben-Gurion
University of the Negev, Israel

Mitochondrial Ca2+ transport is primarily mediated by two major transporters; the
Ca2+ uniporter (MCU) that mediates mitochondrial Ca2+ uptake and the Na+/Ca2+
exchanger (NCLX) that subsequently extrudes mitochondrial Ca2+. By releasing
mitochondrial Ca2+, NCLX plays an important role in shaping the intracellular Ca2+
signals.
Using live cell fluorescent Ca2+ imaging, we found that NCLX is regulated by PKAdependent pathway via phosphorylation of serine residue 258 located in the hydrophilic
loop of the exchanger. It was shown that the activity of phosphorylation-mimicking
mutant, S258D, is significantly higher than the corresponding alanine mutant, S258A,
where putative phosphorylation by PKA was prevented. In addition, mutation of this
site abolished the responsiveness of the exchanger to PKA activator-forskolin observed
in endogenous NCLX.
To determine the physiological role of this regulation pathway of NCLX, we focused
on PINK1 mutation, genetically linked to Parkinson disease. Consistent with previous
studies we found that PINK1 deficiency in SH-SY5Y cell lines inhibited mitochondrial
Ca2+ efflux.
Remarkably, Ca2+ efflux was rescued by activation of PKA or
expression of the constitutively activated NCLX mutant, S258D. We further found that
NCLX is down regulated by the partial depolarization triggered by PINK1 deficiency
and that NCLX mutant S258D overcomes this inhibitory effect.
Our results identify a novel mode of NCLX regulation based on mitochondrial
membrane potential and PKA. Such mechanism has pathophysiological importance
because Parkinson disease, as well as other neurological syndromes, share
mitochondrial depolarization as a hallmark event which causes NCLX inactivation and
mitochondrial Ca2+ overload.
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The role of mitochondrial dysfunction in determining the cell fate
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Background: Mitochondria are known to be involved in Ca2+ homeostasis and
signaling as well as in cell death, aging and diseases.
In the mitochondria , Ca2+ enters into this organelle via mitochondria uniporter (MCU)
driven by the proton electrochemical gradient, and Ca2+ efflux is mainly mediated by
Na+/ Ca2+ exchanger (NCLX), thus leading to continues Ca2+ recycling across the
mitochondrial membrane, and constant change in Ca2+ levels in the cytosol and the
mitochondria.
Mitochondria have a quality control mechanism in which damaged mitochondria are
selectively eliminated by a basic catabolic mechanism process called autophagy, which
is important for cellular homeostasis and cell survival.
It was shown that silencing the NCLX will cause excessive Ca2+ accumulation in
mitochondria, and we wanted to see if this can trigger autophagy.
Results: In order to explore the role of the NCLX in mediating autophagy flux, we
examined the changes in autophagy markers p62 and LC3, in HEK-T cells with NCLX
knock-down and control, that where under starvation or treated with autophagy
inhibitor BafA1. The changes in p62 and LC3 levels were than measured by
immunofluorescence and Western Blot tests.
The results have shown an increase in p62 levels but not in LC3 in cells with NCLX
knock-down.
Moreover failure to regulate p62 levels can cause oxidative stress. In order to establish
that thought we examined changes in Reactive oxygen species (ROS) by cell live
imaging, in control cells and cells with NCLX knock-down. We saw significantly
higher levels of ROS in cell with NCLX knock-down.
Conclusions: This result might indicate low levels of autophagic flux, and may infer
that in condition of mitochondrial stress the cell prefer to perform cell death via ROSmediated apoptosis, instead to go through survival path via autophagy.
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Adrenergically-induced arrhythmias in induced Pluripotent Stem Cell-derived
cardiomyocytes generated from CPVT patients carrying mutations in the
Ryanodine or Calsequestrin genes
a,b,c
a,b,c
Atara Novak*, Lili Barad*, dAvraham Lorber, eLiron Eldor, a,c,fJoseph ItskovitzEldor, gMichael Eldar, gMichael Arad, abcOfer Binah
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The Sohnis Family Stem Cells Center, bThe Rappaport Family Institute for Research in
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Institute of Technology, Haifa, Israel. dDepartment of Pediatric Cardiology, Rambam
Health Care Campus. eDepartment of Plastic Surgery, Rambam Health Care Campus,
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Catecholaminergic polymorphic ventricular tachycardia (CPVT) is a familial
arrhythmogenic disorder characterized by episodic syncope and sudden death occurring
during exercise or acute emotion in individuals without structural cardiac abnormalities.
The disease is caused by abnormal Ca2+ handling resulting from mutations in the RYR2
or the CASQ2 genes. The present study had two aims: (1) to investigate for the first
time cardiomyocytes derived from induced Pluripotent Stem Cells (iPSC-CM)
generated from dermal fibroblasts obtained from CPVT patients caring the
heterozygous R420Q mutation in the RYR2 gene (CPVT-RYR2R420Q-CM). (2) To
compare isoproterenol-induced functional derangement of CPVT-RYR2R420Q-CM and
iPSC-CM generated from patients carrying the D307H mutation in the CASQ2 gene
(CPVT-CASQ2D307H-CM). Our major findings were: (1) while in healthy iPSC-CM βadrenergic stimulation with isoproterenol only increased the spontaneous firing rate, in
CPVT-RYR2R420Q-CM isoproterenol caused delayed afterdepolarizations (DADs) and
triggered activity blocked by the β-blocker Bisoprolol. (2) In both CPVT mutations, in
the age range of 20-70 day-old embryoid bodies (EBs), the arrhythmogenic phenotype
was age-dependent, being more pronounced in cardiomyocytes > 50 day old. We
propose that these age-dependent isoproterenol-induced arrhythmias were due do
maturational changes in sarcoplasmic reticulum function and in its Ca 2+ storage/release
capacity. (3) Compared to healthy iPSC-CM, caffeine releases more Ca2+ in CPVTCASQ2D307H-CM and less Ca2+ in CPVT-RYR2R420Q-CM. Additionally, while healthy
iPSC-CM and CPVT-RYR2R420Q-CM demonstrated prompt recovery after caffeineinduced SR Ca2+ release, the CPVT-CASQ2D307H-CMs demonstrated slower recovery.
These findings may result from one or more of the following options: (1) Different
Ca2+-storing capacity of the mutated iPSC-CM; (2) CPVT-CASQ2D307H-CM have
unstable RyR2 channel due to non-functional CASQ2 which causes uncontrollable Ca 2+
release; (3) The two mutations have different responsiveness to caffeine. Our results
show that the mutated cardiomyocytes can be used to study the electrophysiological
mechanisms and the differences between the mutations in RYR2 and CASQ2
underlying CPVT.
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Muscarinic acetylcholine receptors M1 and M2 modulate the
expression of cyclooxygenase-2
Amani Odeh and Liza Barki-Harrington
Department of Human Biology, Faculty of Natural Sciences,University of Haifa, Mt
Carmel, Haifa 31905
Background: Cyclooxygenase -2 (COX-2) is the rate limiting enzyme in the catalysis
of prostanoids. It expression is upregulated in inflammation and many types of cancer
(e.g. colorectal, gastric, esophageal, pancreas, lung, breast and genitourinary). While
many studies explore the mechanisms that cause COX-2 upregulation, little is known
about pathways that mediate its degradation. Previous results in our lab indicate that
the G-protein coupled receptor prostaglandin E1 downregulates COX-2 expression in a
pathway that does not involve classical downstream signaling. Instead EP1 was found
to increase the degradation of COX-2 via the proteasome by increasing its
ubiquitination. The purpose of this study was to test the effect of two acetylcholine
receptors M1 and M2 on COX-2.
Methods: HEK 293 cells that do not express COX-2, were transfected with COX-2 in
the absence or presence of M1 or M2 receptor. The effect on COX-2 expression was
evaluated using western blot and flow cyctometry analyses. Ubiquitination levels of
COX-2 were assessed by immunoprecipitation and probing with anti-ubiquitin
antibodies.
Results: Expression of COX-2 was affected differentially in the presence of the two
actylcholine receptors. M1 caused a marked reduction in COX-2 expression while M2
caused an increase in expression. Both receptors were found to interact with COX-2 by
co-immunoprecipitation experiments but their effect on COX-2 ubiquitination were
different. M1 caused an increase in ubiquitination while M2 did not.
Conclusion: The results indicate that despite the fact that both receptors belong to the
same family of acetylcholine receptors, they have a different effect on COX-2 that
probably does not depend on classical signaling pathways. The mechanism for this
differential effect involves different levels of receptor-mediated ubiquitination. The
mechanisms for this effect is currently under investigation.
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Angiotensin II type 1 receptor facilitates degradation of
cyclooxygenase-2 via a mechanism that does not require receptor
activation
Rapita Sood 1, Waleed Minzel1, Gilad Rimon2, Sharon Tal1, Liza BarkiHarrington1
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Department of Human Biology, Faculty of Natural Sciences, University of Haifa,
Haifa, Israel
2
Department of Clinical Biochemistry and Pharmacology, Faculty of Health Sciences,
Ben-Gurion University of the Negev, Be'er-Sheva, Israel
The enzyme cyclooxygenase-2 (COX-2) is rapidly and transiently upregulated by a
large variety of signals, and implicated in pathologies such as inflammation and
tumorigenesis. While many signals cause COX-2 upregulation, much less is known
about mechanisms that actively downregulate its expression. Here we show that the
Angiotensin II type 1 (AT1 ) receptor reduces the expression of COX-2 but not COX-1,
in a concentration-dependent manner through a mechanism that does not involve
classical downstream signaling of AT1 . AT1 -mediated reduction in COX-2 protein
levels involves a direct interaction between the two proteins and occurs due to
enhancement of COX-2 ubiquitination and subsequent proteolysis via the proteasome.
Inhibition of proteasomal activity results in degradation of the receptor and a parallel
recovery in the expression of COX-2, suggesting that AT1 may scaffold an unknown E3
ligase that ubiquitinates COX-2. The effect of AT1 on COX-2 is mediated by elements
in its cytosolic carboxyl terminal tail, since a truncated AT1 that is terminated at residue
325 does loses its ability to downregulate COX-2 expression. These findings propose a
new role for the AT1 receptor in controlling COX-2 expression without the need for
second-messenger-mediated

signaling.

Characterization

this

novel

mechanism

is

important for the development of novel therapeutic approaches designed to modulate
COX-2 protein levels in addition to inhibition of its enzymatic activity.
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The role of β2 adrenergic receptor ubiquitination in modulating the
expression of cyclooxygenase-2
Rima Abu Asaad, and Liza Barki-Harrington
Department of Human Biology, Faculty of Natural Sciences,
University of Haifa, Haifa, Israel
Background:
Cyclooxygenase 2 (COX-2) is an ER- and nuclear membrane- resident enzyme that
metabolizes the committed step in the conversion of arachidonic acid into
prostaglandins. Recently we have shown that the expression of COX-2 is
downregulated by the prostaglandin E1 receptor in a mechanism that involves EP1mediated elevation in COX-2 ubiquitination and subsequent degradation in the
) on
COX-2 and the role of its putative ubiquitination sites on this effect. We further
attempted to identify which ubiquitin E3 ligase mediates this effect.
Methods:
HEK 293 cells were co-transfected with either COX-2 alone, together with WT β2 AR
or a mutant of β2AR in which all 16 of the lysine residues are replaced with arginine
residues (β2 -OK).
2 ARs on COX-2 ubiquitination we
immunoprecipitated COX-2 in the absence and presence of the receptor and measured
ubiquitination using specific antibodies.
Results:
Flow cytometry and western blot techniques showed that only cells that were
transfected with COX-2 showed detectable COX-2 expression. Co expression of β2 AR
with COX-2 caused a marked, dose-dependent reduction in COX-2 expression. In
contrast, the β2OK did not cause a reduction in COX-2. Measurements of levels of
COX-2 ubiquitination showed an increase in the presence of wild type β 2 AR but not
with β2 OK.
Conclusions:
These results suggest that β2AR is involved in COX-2 down-regulation, in a
mechanism that involves enhanced ubiquitination and degradation in the 26S
proteasome. The role of lysine residues on b 2 AR-mediated reduction in COX-2
expression is under investigation.
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The Regulatory Role of Zinc on Ion Transport in Diarrhea
L. Sunuwar, M. Hershfinkel
Department of Physiology and Cell Biology, Ben Gurion University of the Negev.
Laxmisunuwar22@gmail.com
Background: The effectiveness of zinc, as a complement to oral rehydration, in
attenuation of the duration and severity of diarrhea is well established. In addition, a
role for zinc ions, Zn2+, activating a specific membrane receptor ZnR/GPR39 in the
colon has been demonstrated. The specific mechanisms by which Zn2+ affects diarrhea
are, however, not known.
Objectives: We aimed to examine if extracellular Zn2+, acting via ZnR/GPR39,
initiates signaling that regulate Cl- transport during health and cholera toxin (CT)
induced diarrhea and thereby restores solute and water balance.
Method: We conducted in vivo experiments on WT and ZnR/GPR39 KO mice in
which we induced cholera toxin (CT) dependent diarrhea and compared the length of
the intestine and fluid weight. We also conducted in vitro experiments on Caco-2 cells
and colon tissues from WT and ZnR/GPR39 KO mice to directly test if Zn2+ regulates
K + and Cl- ion transport via the K +/Cl- cotransporters, NKCC/KCC, applying the NH4 +
prepulse paradigm using fluorescence imaging.
Result: We show that ZnR/GPR39 KO mice had longer intestine with larger volume of
secretion after CT induced diarrhea compared to WT mice. To determine the
mechanism underlying the effect of Zn2+ we pretreated Caco-2 colonocytes with Zn2+
or chelated Zn2+ in colon tissue from WT and ZnR/GPR39 KO mice and monitored
NH4 + transport. These experiments indicated that ZnR/GPR39 activation upregulated
ion transport activity which was reversed by an inhibitor of the ZnR pathway.
Pretreating the cells with a KCC inhibitor, DIOA (100uM), attenuated the ion transport,
in contrast the NKCC inhibitor, bumetanide (1uM), did not reduce the Zn2+-dependent
effect.
Conclusion: Our results suggest that Zn2+, acting via ZnR/GPR39, upregulates KCC
transport in colonocytes. Moreover, ZnR/GPR39 KO mice developed enhanced
symptoms of diarrhea following CT exposure. Hence, my results suggest that upon
activation, the ZnR/GPR39 initiates signaling pathways that upregulate KCC-dependent
ion transport and reverse the impaired ionic transport occurring during diarrhea. Thus,
ZnR/GPR39 restores solute and water balance in WT but not KO mice.

Page | 77

Poster # 28

The Proinflammatory Agent Lipopolysaccharide Augments Calcium
Signaling from Astrocytes to Neurons
Arik Tzour, Alexander Binshtok, Yoel Yaari
Department of Medical Neurobiology; Institute for Medical Research Israel-Canada, The
Hebrew University-Hadassah School of Medicine

Brain inflammation is known to cause major changes in glial cells, particularly in
astrocytes and in microglia. However, the impact those changes have on signalling
between glial cells and neurons has not been explored in depth. Here we have
investigated the effects of the bacterial lipopolysaccharide (LPS), a proinflammatory
agent, on glia-neuron signaling in adult rat hippocampal slices. Application of LPS
caused an increase in Ca2+ levels in both astrocytes and PCs. This effect was present
when slices were preincubated with the microglia toxin minocycline, but was abolished
by preincubation of slices with the astrocytic toxin L-amino-adipic acid (L-AA).
However, L-AA application did not prevent Ca2+ elevations in PCs induced by caffeine
or by mGluR activation. The LPS-induced increase in astrocytic Ca2+ levels was due to
Ca2+ release from the endoplasmic reticulum (ER), as it was abolished by ER Ca2+
depletion. Blockade of metabotropic purinergic (P2Y) receptors by suramin prevented
the LPS-mediated Ca2+ increases, whereas application of the selective P2Y1 receptor
agonist ADPβS mimicked its effect. Interestingly, preincubation with L-AA prevented
the ADPβS-induced Ca2+ elevations in PCs. The ADPβS-induced Ca2+ elevations in
PCs, but not in astrocytes, were blocked by the mGluR antagonist MCPG, suggesting
that activated astrocytes communicate with neurons using glutamate as a
gliotransmitter. LPS also increased the amplitude of EPSPs recorded in PCs and
induced spontaneous firing of action potentials. Moreover, application of LPS lead to
reduction of rheobase and to increase in steepness of f-I curve in the PCs.
Our findings suggest that LPS, by acting primarily on astrocytes, causes an
increase in extracellular ATP, which, in turn, activates P2Y1 receptors in astrocytes,
causing glutamate secretion. The glutamate activates mGlu receptors in PCs, causing
the increase in intracellular Ca2+, as well as enhancement of their intrinsic excitability.

Supported by ERC (AB), ISF (YY), and the Henri J. and Erna D. Leir Chair for Research in
Neurodegenerative Diseases (YY).
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Static magnetic field (SMF) effect on anxiety and learning behavior in
young and old rats.
Uzan-Gueta R*, Loboda Y*, Klopstock N*, Schachter, L#, Finberg J.P.M*
* Department of Molecular Pharmacology, Rappaport Faculty of Medicine, and
#Faculty of Electrical Engineering, Technion, Haifa, Israel.
Background /Research objectives: There is much interest and scientific work on the
interaction between magnetic fields and biological function. A variety of beneficial
effects in various disease situations have been claimed. Little is known about magnetic
field’s effect on memory and anxiety behavior and related signaling cascades. The
research objectives are to characterize SMF’s effect on behavioral tests of anxiety and
learning/memory in rats and to examine the interaction of SMFs with key signaling
pathways which are involved in neurogenesis and cell survival.
Methods: Male rats weighing 250-300g (young) and weighing 500-700g (old) were
used. We performed a time course experiment exposing the rats to 1, 3, or 5 weeks of
SMF. A magnet was fixed to the rat's skull causing field strength of 40 Gauss in the
area of the hippocampal dentate gyrus. After SMF exposure, behavioral tests were
carried out (novel object recognition, elevated plus maze). At the end of the experiment
hippocampi were taken for gene expression analysis and protein alteration.
Results: Young rats exposed to 1 week of SMF spent more time near the new object in
the novel object recognition test, indicating improved learning/memory ability. Old
rats exposed to 1 week of SMF were found to spend longer time in the elevated plus
maze (EPM) open arms, which indicate decreased anxiety-like behavior. No significant
behavioral effects were seen after 3 or 5 weeks of SMF exposure in young or old rats.
Gene expression analysis showed a significant increase of NTF4 gene in young rats
after 1 week of SMF. Western blot analysis showed a significant increase of PKCε and
total ERK proteins in old rats after 1 week of SMF.
Conclusion: Exposure to a weak static magnetic field for 7 days exerts a beneficial
effect on learning in young rats, and an anxiolytic effect in old rats, accompanied by
alteration in expression of key proteins involved in neuroprotection and neurogenesis.
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Can pomegranate peels dietary supplementation diminish the
physiological and behavioral response following group mixing and
improve meat quality in Holstein bulls?
S. Weyl-Feinsteinª,b, A. Orlovª, M. Yishayª, R. Agmonª, M. Steenselsª, J.
Mironc, I. Izhakib, A. Shabtayª
ªDepartment of Ruminant Science, Institute of Animal Science, Newe Ya’ar Research
Center, Agricultural Research Organization, P.O. Box 1021, Ramat Yishay 30095,
b
Department of Evolutionary and Environmental Biology, Faculty of Sciences,
University of Haifa, 31905 Haifa,cDepartment of Ruminant Science, Institute of
Animal Science, Agricultural Research Organization, P.O. Box 6, 50250, Bet-Dagan,
* Corresponding author:
E-mail address: sarah@volcani.agri.gov.il Telephone: +972-4-9539525
The routine practice of un-familiar individual mixing prior to marketing in the beef
cattle industry is a stressful event impacting both the welfare of the cattle and meat
quality. The goal of the present study was to test whether the dietary addition of
pomegranate peels, which serves as a strong anti-oxidant agricultural by-product, may
alleviate these negative physiological and behavioral effects and even improve the meat
quality of Holstein calves. For the experiment, 22 calves were raised in triplets and
divided to control (n=9) and treatment (n=13) groups. Treatment calves received a
concentrated pomegranate peel (CPE) additive as cafeteria. The calves were mixed 34d
prior to marketing (at the age of 523±0.34 d ) and they were monitored for their daily
rumination and activity throughout 20 d before and 33 d after mixing, and for their
weight gain prior to mixing, 3 and 33 post mixing. The blood levels of anti-oxidative
capacity and non-esterified fatty acid (NEFA) concentrations were measured on the day
before mixing and 1 and 3 days later. In order to elaborate the behavioral impact
concentrations of testosterone were tested as well. Finally, meat characteristics were
recorded, and the levels of malondialdehyde in the meat were analyzed for lipid
oxidation evaluation. The mixing strongly affected the rumination and activity patterns,
daily weight gain, anti-oxidant capacity of serum and concentrations of circulating
NEFA in the plasma. The addition of dietary pomegranate peels seemed to generate
higher testosterone concentrations and elevated daily activity, as well as better antioxidative capacity tested by the chemilominesce-inducing cocktails method on the day
post-mixing. However, the treatment had no effect on the meat characteristics, pH
levels nor on the malondialdehyde concentrations.
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Can dietary pomegranates peels attenuate pre-weaning morbidity and
post-weaning oxidative stress expression in calves?
S. Weyl-Feinstein1, 2,*, S. Setter1, H. Eitam1, 2, A. Orlov1, M. Yishay1, R.
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Weaning stress in young calves is directly linked to reduced growth, animal welfare,
susceptibility to diseases and economic outcomes. The aim of the present study was to
test the anti-oxidative and anti-inflammatory properties of pomegranate peels and their
attenuating effects on pre-weaning morbidity and post-weaning oxidative stress
expression in nursing Holstein calves. The first experiment (exp.1; Nc=6, Nt=6)
examined the safe dietary supplementation of pomegranate peels powder (PPP)
containing 6.6% of polyphenols, when given to calves throughout nursing up to 60 days
post-weaning (DPW). The second study included 50 calves (exp. 2; Nc=25, Nt=25) and
tested the effect of a liquid concentrated pomegranate peels extract (CPE) containing
10% polyphenols when supplemented strictly up to weaning. Blood samples were
collected before weaning (D0) and 1, 2, 3, 7, 14, 28, 42, 60 DPW in exp. 1, and on D0
and 1, 2, 3 and 7 DPW in exp. 2. Oxidative stress was evaluated through the calves'
leukocytes heat shock proteins (HSPs) response, selected neutrophil-related gene
expression, oxidative stress LT-markers, haptoglobin and cortisol plasma
concentrations. In addition, the calves' behavioral response to stress stimuli was
evaluated by monitoring their drinking balance, suckling pace, weight gain and
morbidity events throughout the experiment period. The results of the first experiment
showed that both groups have higher hematocrit percentages following weaning, noted
on 2 DPW, as well as an increase in their granulocytes concentration 3 and 7 DPW. It
was further revealed that only control (C) calves have higher relative levels of the two
LT-marker products on D3 whereas for treatment (T) calves only levels of LThydroperoxide were raised on D7 PW. This experiment further demonstrated that only
the C group had an elevated quinone oxidoreductase-1 (NQO1) expression level
compared with D0 values in 3, 28, and 42 DPW. Then, using the two chemilominesceinducing cocktails method, the second experiment demonstrated a significant elevation
in anti-oxidative activity on day PW for the T group compared with the C group.
However, Hsp70 and β-glycan expression demonstrated only a tendency of the treatedcalves to have an advantage when coping with weaning stress. On the phenotype level,
those C calves had more difficulties when confronting disease and had a higher
recurrence rate of morbidity events. Although more research is needed, these initial
findings support the use of pomegranate as a health-promoting additive for calves.
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