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This scientific report summarizes one of the best years of our center, if not the best
one.

In February, following 50 years in which we were located in an old pharmacy
building, we moved to a new brand facility. In our new location, the offices of all the
Pls are located next to one another, enabling close interactions. Our new labs are
modern and fully equipped. We have a new and large student room where students
from different labs can comfortably eat and socialize with one another. Furthermore,
we now have a departmental equipment room which contains numerous state-of-the-
art instruments. This move was made possible because of our American friends and |
would like to take this opportunity and give special thanks to two of them: Michael
Kurtz and Derek Alpert from the Concern Foundation. We celebrated our move by
holding a scientific symposium where former members of our center, which are now
independent researchers in various universities in Israel and abroad, gave scientific
talks. This celebratory day ended with a gala dinner which included students and
researchers from the center, alumi of the center, friends of the center, our American
friends, and the president of the Hebrew University: Prof. Asher Cohen.

Memories and photos of this event and others can be found at our new website:
https://lautenbergcenter.org/

| would like to thank Moriah Sapir who is responsible for almost everything mentioned
above: our move, the symposium event, the new site, new logo and all other
improvements she made in our new facility.

The format of this report was also changed. We now provide a shorter, more
comprehensive report which mainly contains lay English summary of each of the
researchers’ achievements. Additional details can be found at our new website:
https://lautenbergcenter.org/.

Our center combines basic and applicable research performed on two major areas:
tumor biology and immunology. We are especially proud this year because two anti-
cancer medicines that were developed by two members of our center are currently in
advanced stages of development. One medicine, aimed at treatment of solid cancer
was licensed to Northern Biologics and another medicine for the treatment of AML is
in the process of FDA approval.

Additional achievements can be seen in each individual report.

Best wishes,

Ofer Mandelboim

Head of the Concern Foundation Laboratories at Lautenberg Center for Immunology
and



ROLE OF TUMOR SUPPRESSOR
GENE PRODUCTS OF COMMON
FRAGILE SITES IN HUMAN DISEASES

Rami Ageilan

Lay language summary

Common fragile sites (CFSs) are large genomic regions that are prone to breakage
in cells subjected to DNA replication stress. Impairment of CFSs has been shown to
be common in cancer. Our work aims to study the consequences of DNA replication
stress and how does this impact genes residing in CFSs. Recent observations from
our lab clearly suggest that gene products of CFSs play important roles in cancer.
Furthermore, accumulating evidence links some of these genes with metabolic
diseases and neuropathy. The ultimate goal of our research is hence to discover the
genes and to elucidate the pathways that represent targets for the development of
rational, specific and effective therapeutic approaches.
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MYELOID DERIVED SUPPRESSOR
CELLS AS INTRUDERS AND TARGETS:
CLINICAL IMPLICATIONS

IN CANCER THERAPY

Michal Baniyash Ed

Lay language summary

In pathologies characterized by chronic inflammation such as cancer, inflammatory
bowel disease (IBD), rheumatoid arthritis and diabetes, an imbalanced immune
system is evident as reflected by the appearance of abnormal populations of immune
cells, which suppress the patients’ immune functions. During chronic inflammation
there is an accumulation of uniqgue immune cells, termed myeloid suppressor cells
(MDSCs), which are highly suppressive cells. MDSCs migrate from the bone marrow
to the periphery and site of inflammation, where they impair the functions of a variety
of immune cells and thus, are major obstacles in the success of a variety of therapies
especially those depending on a functional immune system as those that are
currently used in various types of cancers. Moreover, MDSCs have the ability to
support tumor growth and metastases. When reaching new environments, which
exhibit a different array of inflammatory factors, MDSCs sense and adapt to the
altered micro-environment by virtue of acquiring different features that involve
changing their cell fate, surface receptors, metabolism and intracellular as well as
secreted molecules. For example, we recently discovered that MDSCs, which are
generated in the bone marrow, can change their features under inflammatory
conditions when are in touch with the bone and become osteoclasts (bone destroying
cells) thus, inducing bone loss. Indeed, bone loss is evident in many chronic
inflammatory diseases such as cancer, rheumatoid arthritis, IBD and diabetes.
Moreover, we also show that during chronic inflammation of the gut in IBD cases,
MDSCs migrate from the periphery to the damaged intestine, interact with the
modified bacteria and perpetuate the disease towards the development of colorectal
cancer. Based on the plasticity and biological diversity of MDSCs, they have a dual
use: 1) As biomarkers for the evaluation of the hosts’ immune status; while low
levels of MDSC indicate a functional immune system, elevated MDSC levels, point at
an immunosuppressed system. MDSC as biomarkers could be used as well for the
prediction of success rates of immune based therapies; if the patients’ immune
system is functional, immune based therapies are expected to succeed, and 2) As



targets for treatments aimed at combating them or manipulating their suppressive
activity towards achieving a recuperation of a functional immune system and thus,
improving therapy success rates in various pathologies characterized by chronic
inflammation. We have already developed an optimized system to monitor the hosts’
immune status and currently we are in the process of discovering additional new
biomarkers for MDSC detection and novel MDSC specific molecules that could serve
as targets for treatment.
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NEW THERAPEUTICS TO
COMBAT ACUTE MYELOID LEUKEMIA

Yinon Ben-Neriah

Lay language summary

Acute myeloid leukemia is one of the most aggressive types of cancer and unlike for
many other cancer diseases, there have been no encouraging news to leukemia
patients over the past 40 years. Only this year some new therapies have emerged,
yet mainly in combination with chemotherapy developed 50-60 years ago and with no
cure offer. Following an intensive research and development effort our research team
succeeded in developing a biological drug, which was found to cure up to 50% of
model mice of poor risk human leukemia and eradicate human leukemia transplanted
to model mice.

Leukemia cells produce proteins which are barely made in normal blood cells,
working in concert to provide the leukemic cell growth advantage and death
protection even upon chemotherapy. Biological cancer drugs developed so far,
mostly attack a single leukemic protein and the leukemic cells quickly find a way to
avoid the drug effect through alternative proteins. Unlike most modern cancer drugs,
our newly developed drug works like a cluster bomb that attacks simultaneously
many leukemic proteins and thus makes it difficult for the leukemia to evade the
therapy. Another important advantage of the new drug is its capacity to eradicate
leukemia stem cells, which is a big challenge in cancer therapy and one of the main
reasons for failing to cure cancer. A US-based company, BioTheryX, bought from
the Hebrew University the rights to the drug and is working now with our research
team to apply for FDA approval for phase | clinical studies in the US.
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MAINTAINING THE IMMUNE
SYSTEM AT CHECK

Michael Berger

Lay language summary

The immune system major role is to defend the human body while maintaining
tolerance to self and preventing autoimmunity and immunopathology. A major goal in
immunology is to understand how the immune system is positively and negatively
regulated so to be able exploiting it for therapeutic purposes.

My research group is interested in understanding what are the processes and factors
that control immune response. Specifically we are focusing on three topics: 1)
Elucidating key molecular processes maintaining resting state (quiescence) of
immune cells. We unraveled a previously unknown functional connection between
the T cell quiescence factor, Slfn2, and ER homeostasis. In a follow up study we
could demonstrate that chronic ER stress in T cells with a loss-of-function mutation of
the T cell quiescence factor, Slfn2, leads to disrupted cholesterol and lipid
homeostasis due to increased de novo synthesis and higher levels of the enzyme
HMGCR. 2) Exploiting our findings to treat blood cancer. We demonstrated that
targeting SIfn2 leads to impaired survival of leukemia initiating cells, suggesting that
targeting lymphocytes quiescence could serve as a novel approach for treating
leukemia and other type of cancer. 3) Understanding of the bottlenecks and
boundaries of T cell hypoxia tolerance. We demonstrated that mitochondrial
respiratory-based ATP is not required for T cell activation. In addition, we dissected
the energetics of the mitochondrial matrix as a distinct compartment from the
cytoplasm. Finally, we pointed to mitochondrial substrate-based phosphorylation as
the central limiting mechanism for hypoxia tolerance in T cells.
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THE FUNCTION OF CELLULAR
DEAMINASES IN VIRUS INHIBITION
AND CANCER

Moshe Kotler

Lay Language Summary

Modern virology is aimed primarily to reveal strategies to defeat lethal and non-lethal

viral diseases mainly by three strategies: i. Search for new vaccines and
improvement of existing vaccination procedures. ii. Development of antiviral drugs
addressed directly against viral proteins, and iii. Enhancement of the innate

immunity, by which hosts protect themselves against viruses. Secondly, modern
virology is aimed to elucidate cellular factors essential for virus propagation, or
alternatively for virus restriction. Developing of virus based vectors for gene therapy
becomes an important challenge.

Our laboratory is studying cellular deaminases, which impede the production of
infectious HIV-1 particles, restrict retrotransposition and prevent acquisition of foreign
genetic material. Members of this group of cellular deaminases play important roles
in antibodies production and in tumor genesis.
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NOVEL THERAPY TO COMBAT
INFLAMMATION, AUTOIMMUNITY
AND ALZHEIMER’S DISEASE

David Naor

Lay language summary

Could one drug effectively treat incurable inflammatory diseases such as Crohn’s
disease, ulcerative colitis, rheumatoid arthritis and multiple sclerosis as well as
neurodegenerative maladies such as Alzheimer’s disease? The answer is yes, but
only when all diseases share similar pathological proteins ,which can be recognized
and targeted by this drug. Indeed, all these diseases are associated with pathological
amyloid proteins (for example, serum amyloid A and Amyloid ) that could be
neutralized by the 5-mer peptide (called also pentamer).The pentamer is a synthetic
protein snippet that significantly reverses the damaging effects in animal models of
inflammatory diseases and Alzheimer's disease, where it restores the learning
potential. Once you control the inflammation, you can control the disease, so our
target is to reduce as much as possible the inflammatory activity, including in
autoimmune diseases.

Rheumatoid arthritis. We began by studying the pentamer effectiveness in
rheumatoid arthritis, which affects about one percent of the world population.
Currently, about $30 billion worth of biologic drugs (mostly anti-TNF) are sold each
year that effectively control, but cannot cure, rheumatoid arthritis and other
inflammatory diseases. Furthermore, these drugs don't work in one-third of
rheumatoid arthritis patients. Our experiments showed clear results. When mice with
collagen-induced arthritis were treated with the pentamer, the severely inflamed
tissues in their joints reverted to nearly normal. No harmful side effects were
observed.

Inflammatory Bowel Diseases (Crohn’s disease and Ulcerative Colitis).
Spherium Biomed our collaborators from Barcelona,Spain, assess the pentamer 5-
mer peptide in mouse models of inflammatory bowel diseases (IBD), which shares
the pathological serum amyloid A with rheumatoid arthritis. They showed it can
reduce the gut inflammation in IBD better than the currently prescribed biological
medication (for example anti-TNF), which is effective only in half of IBD patients.



Multiple sclerosis. Once the rheumatoid arthritis experiment was repeated
successfully in rheumatoid arthritis and IBD, we looked at a different chronic
inflammatory disease — multiple sclerosis. In multiple sclerosis the inflammation is not
in the joints or the gut, but in the brain, yet share with rheumatoid arthritis and 1BD
the same pathological amyloid protein-serum amyloid A. Multiple sclerosis (MS) is
the most widespread disabling neurological condition of young adults around the
world, usually striking between the ages of 20 and 50. There is no cure, but several
drugs reduce the frequency of relapses. Five days after MS-like disease was induced
in mice, 5-mer peptide injections caused a significant decrease in accumulation of
inflammatory cells in the central nervous system and significant reduction in limb
paralysis. The effects were weaker when the disease was more progressed, but
theoretically the peptide could be introduced during a remission phase of MS.
Recently, in collaboration with Prof. Haim Ovadia from Hadassah University Medical
Center we achieved another progress by delivering 5-mer peptide (or pentamer) via
mouth rather than by injections, with the same therapeutic effect. That means that we
may be able to produce pills for oral delivery rather than to provide the drug by
injection.

Alzheimer’s disease. After a quarter-century of failed efforts to develop a cure for
Alzheimer’s disease, investment money is dwindling. Yet the number of cases is
climbing rapidly along with related costs. About one in nine Americans over 65 has
this fatal degenerative neurological disorder affecting 44 million people worldwide. In
collaboration with Prof. Hanna Rosenmann from Hadassah, our lab studied the effect
of 5- mer peptide (pentamer) in mice with induced Alzheimer’'s disease. Cognitively
normal mice placed inside a watery maze learned quickly how to swim to a safe
platform and were able to find it faster with every subsequent attempt. But the
Alzheimer’s mice took longer finding the platform every time, due to memory/learning
difficulties. After treatment with 5-mer peptide, the Alzheimer's mice regained their
ability to learn the location of the platform as quickly as cognitively normal mice. The
5-mer peptide appears to prevent the accumulation of amyloid—beta in the brain.
Amyloid—beta clumps are believed to attract harmful inflammatory cells from the
immune system, thus enhancing Alzheimer’s disease.

The mechanism of action of the 5-mer peptide was proven on various harmful
amyloid proteins, using sophisticated imaging tools in the lab of Prof. Mary Cowman,
our collaborator from New York University. In general terms, we can inject 5-mer
peptide even after the disease has started, and it will work. We don’t yet know if there
is a point of no return when it would no longer work. Because the peptide was
derived from human material, it makes sense that it is going to work in humans at
least as well as in mice, but the final answer if this statement is correct or incorrect,
depends on clinical trials.
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SINGLE CELL ANALYSIS TO
FOR UNDERSTANDING
TUMOR MICROENVIRONMENT
AND IMMUNE CELL FUNCTION

Oren Parnas

Lay language summary

Our mission, is to explore how non-malignant cells in the tumor microenvironment
contribute to tumor development and find new ways to reprogram immune cells to
fight cancer.

The tumor microenvironment evolves to include diverse cell types that adopt a variety
of fates, which can dramatically influence disease progression. This heterogeneity
raise an urgent need in defining the precise cellular composition in order to
understand the roles of such different components in tumor disease and progression.
We study the compositional evolution of pancreatic adenocarcinoma (PDAC), among
the deadliest tumor types, for which there are no current effective therapies. The
disease can initiate from duct or acinar pancreatic cells, most often through Kras
activation, and progresses to malignancy through premalignant lesions of several
types, including pancreatic intraepithelial neoplasias (PanINs).

In the last year, we focused on exploring the early events that give raise to cellular
environment that support PDAC. We have used advance single cell RNA-seq
technologies and computational tools to profile premalignant lesions taking in several
time points after the induction of Kras activation. We are also using samples from
patients to verify the main results found based on our models.

We are currently using this data to investigate: (i) Which cells infiltrate PanINs, (i)
Which genes differentially expressed between cells that infiltrate PanINs and cells in
control samples, (iii) How neoplasia form following Kras activation, (iv) How different
cell types interact to form immunosuppressive environment.

We have profile the different stages of acinar cell transformation and found potential
new regulators of this process. In addition, we characterize the different
subpopulations of cells that give raise to premalignant lesions including
subpopulations of immune cells, endothelial cells and fibroblast.



Our team that includes, computational and experimental biologists, basic scientists
and clinicians, will shed light on the fundamental processes that leads to PDAC and
therefore will point on new targets for treatments.

In parallel effort, we are exploring the response of immune cells to suppressive
signals that dominate the tumor microenvironment and cause immune cells
dysfunction. We hypothesis that targeting the cellular factors that transfer the
suppressive signals, can block the effect of the suppressive signals and reverse the
dysfunctional phenotype of immune cells.

In the last year we expend the systematic search for genes that play a role in
immune response to suppressive signals and include additional immune cell types
and additional suppressive signals (cytokines and cancer cells).

The new panel of genes that will be found in these screens, can be targeted using
drugs or can be manipulate in immune cells ex-vivo before injecting back to the
patients. This strategy will result in prolong immune response to tumors and
potentially new therapies.
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CHARACTERIZING INFLAMMATORY
LINKS IN LIVER CANCER

Eli Pikarsky

Lay language summary

The past few years yielded an explosion of exciting clinical trials showing
remarkable benefit of inmune treatments in cancer patients. The link between
inflammation and cancer is now established, yet the underlying molecular
mechanisms are unresolved. As tumors progress, they modulate the
inflammatory cells towards a protumorigenic immunosuppressive phenotype.
We have shown that the inflammatory cells reciprocate by sculpting the
parenchymal epithelial cells. We hypothesize that these reciprocal interactions
lie at the heart of the link between inflammation and cancer. Liver cancer is
the second leading cause of cancer death worldwide and is a prototype of
inflammation induced cancer.

We employ several strategies to analyze the changes that occur in
inflammatory cells before and after liver tumor emergence, based on our
preliminary findings showing that changes in inflammatory cells precede
tumorigenesis. We are comprehensively mapping the changing inflammatory
microenvironment in mouse models of inflammation induced Hepatocellular
carcinoma (HCC) — the most common form of primary liver cancer. Using
genetic manipulation strategies, coupled to cell isolation techniques we are
delineating the molecular cues that mediate these changes and are analyzing
the functional role of key mediators of these processes in the malignant
process. Specifically we noted that: 1. T cell exhaustion often occurs in
conglomerates of immune cells termed ELSs. This T cell exhaustion
phenotype generates protumorigenic ELSs. Reverting T cell exhaustion with
immune-oncology drugs can generate anti tumorigenic ELSs. 2. We identified
a specific molecule, that is secreted by hepatocytes to invoke the formation of
ELSs in the liver. 3. We have dissected the composition of hepatic ELSs that
are associated with increased cancer risk and are delineating the role of
several specific cell types in mediating pro and anti tumor effects of the
immune system in the liver.
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MODELS TO STUDY INFECTION
WITH HUMAN VIRUSES

Dana Wolf
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Lay language summary

Dana Wolf is a physician scientist in clinical virology and infectious diseases. Her
research has focused on the challenge of human cytomegalovirus (HCMV) infection
and disease in pregnant women, congenitally-infected infants, and transplant
recipients. In view of the need for prenatal prevention of the severe disabilities
associated with congenital HCMV infection, she has developed a unigque ex vivo
model of HCMV infection in human placental tissues, uncovering for the first time the
early events of viral transmission from the mother to the fetus and the protective
innate immune responses, within the native human maternal-fetal interface. Her
studies, more recently expanded to reveal the different placental damage pathways
exploited by HCMV and Zika virus, pave the way to prenatal prediction and
prevention of congenital HCMV disease, and further inform the approach to a
growing range of viruses which can adversely impact fetal development.

Together with Ofer Mandelboim (with whom she has had a long-term and highly
productive collaboration) and Oren Parnas from the Lautenberg Center she is
currently studying how the diverse immune cells in the human placenta respond to
HCMV infection and how this critical first-line response protects the fetus from
congenital infection. To address the resistance and toxicities associated with the
currently available anti-HCMV drugs, she pioneered the discovery of drug resistance
mechanisms and the translation of these findings into genotypic diagnostic assays,
now routinely employed for patient monitoring and treatment. In line with the growing
need for new antiviral drugs with alternative modes of action, she has studied the
roles of an essential viral kinase and virus-supportive cellular pathways as new
antiviral drug targets. Her studies have recently led to the discovery of a novel
artemisinin derivative as a potent inhibitor of HCMV, which is now under
development for human clinical studies.
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MICRORNAS AS DIAGNOSTIC
AND THERAPEUTIC TOOLS
IN LEUKEMIA

Eitan Yefenof

Lay language summary

MicroRNAs(miRs) are a family of small, non-coding RNAs that regulate a wide array
of biological processes. They have been implicated in several diseases by virtue of
their ability to regulate gene expression. Evidence for miR involvement in Cancer has
been first generated by the study of Leukemia, where specific miRs are deregulated
due to chromosomal translocations and point mutations. Depending on their target
genes, miRs can function as pro-oncogenic (oncomirs) or as tumor suppressors. The
discovery that certain oncomirs are clustered in multi-cistrons that are regulated by
oncogenes, further illuminated their significance in cancer development and
progression. It appears that miR expression profiling provides accurate signatures for
different cancer types, which sometimes are superior to genomic profiling. It is
expected that specific miRs would become useful biomarkers and drugs in the
diagnosis and therapy of various cancers. We studied the role of miRs in the
apoptotic response of leukemic cells to glucocorticoid (GC) hormones. Deep-
sequencing analysis revealed that miR103 is up-regulated in GC-sensitive but not
resistant leukemias upon treatment with GC(Dexamethasone). Upon transfection,
mMiR-103 confers GC apoptotic sensitivity to otherwise GC-resistant cell. miR103
abrogates c-Myc expression and up-regulates Bim, a pro-apoptotic protein crucial for
GC-induced death. miR103 mediated, c-Myc ablation is followed by down-regulation
of the multi-cistron miR-17~92a (oncomirl), in particular miR18a and miR20a.
miR18a targets GR for degradation whereas miR20a targets Bim degradation.
Hence, miR103 acts, in concert with Bim and GR, as a "tumor suppressor" that leads
to reduced proliferation, cell-cycle arrest and cell death. Our studies indicate that
miR103 should be evaluated as a biomarker that predicts the response of leukemia
patients to GC based therapy. It may also become a therapeutic tool that sensitizes
resistant leukemic cells to GC-induced death.
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Lay language summary

Natural Killer (NK) cells belong to the innate immunity system. They were initially
described as cells able to kill cancer cells immediately without any prior activation.

Today we know that NK cells can kill many enemies which include not only cancer
cells but also viruses, fungi and bacteria and that NK cells also has a certain type of
memory. In the last years we studied the activity of NK cells against all of these
enemies. We discovered new mechanisms through which NK cells recognize and kill
cancer cells, viruses, fungi and bacteria and based on these discoveries we
developed new medicine against cancer. We established a new startup company
named NectinTx which translate our findings in the cancer field into the clinic. | am
happy to report that our first anti-cancer agent was recently licensed to Northern
Biologics for $85,000,000. In addition, we discovered in the last years that NK cells
which are present at very large numbers in the uterus during pregnancy remember
the first pregnancy and react better in subsequent pregnancies to better support baby
growth.
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