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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/

I 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,

Yinon Ben-Neriah

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



MOLECULAR BASIS OF
CARCINOGENESIS AND
TUMOR SUPPRESSION

Rami Ageilan

Lay language summary

Cancer is a genetic disease. Detailed analyses of several cancer types have led to the
identification of a heterogeneous repertoire of hundreds of cancer-causing genes
resulting from various underlying mutational processes. This include age-related
mutagenesis, DNA repair deficiency and enzymatic mutagenesis. These processes
could result in various genetic alterations leading to the unique mutational landscape
of each of the human cancer types. Our work aims to study the consequences of failed
DNA repair and how does this impact cancer-related genes, both oncogenes and
tumor suppressors, and the carcinogenesis process. The link between some of these
genes and metabolic diseases (type 2 diabetes) and neuropathies (epilepsy) has been
also a foucs of our lab in recent years. The ultimate goal of our research is hence to
discover the genes (coding and non-coding) and to elucidate the pathways that
represent targets for the development of rational, specific and effective therapeutic
approaches.
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Lay language summary

Inflammatory bowel diseases (IBD), comprising Crohn’s disease (CD) and ulcerative
colitis (UC), are chronic relapsing disorders associated with uncontrolled inflammation
within the gastrointestinal tract and if persist will develop to colorectal cancer (CRC).
These diseases are associated with a disrupted intestinal homeostasis and
modifications of the microbiota (gut bacteria) profile towards harmful bacterial species
that could invade the normal intestinal tissue thus confronting the local immune
system, and later the periphery. Our cumulative data using mouse models for IBD and
CRC demonstrate that in late stages of these diseases chronic inflammation induces
immunosuppression mediated by myeloid derived suppressor cells (MDSCs) that
changes the microbiota profile towards more aggressive strains. We also show that
when manipulating the immune system by MDSC depletion tumor regression and
recovery from the disease is achieved. Similar results are obtained when using a
specific cocktail of antibiotics that eliminates the harmful bacteria, generated during
intestinal inflammation. These results are strengthening our hypothesize that a
feedback loop from gut inflammation to MDSCs and microbiota profiles and/or vice
versa, plays a major role in advanced IBD and transition to CRC. We also demonstrate
that the harmful bacteria can directly interact with the MDSCs and activating them to
be more suppressive. Currently, we are in the process of identifying combined
modalities attacking the harmful immune cells and bacteria to tilt the balance towards
beneficial host immunity and intestinal homeostasis, thus blocking severe IBD
progression and CRC development. Our work has translational implications to be
implemented to IBD and CRC patients towards establishing optimal personalized
detection tools for disease staging and the development of novel treatment strategies.
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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, the standard care of this disease remains the same for
the past 50 years. Last year, for the first time in a half decade, four new drugs have
been introduced for AML therapy, but they are mostly added on to the old
chemotherapy and are prolonging life for only a few months 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 many 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 cell 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. Based on our preclinical studies at the Lautenberg Center and TOX study
performed by our partner, the US biotech company BioTheryX, we recently received
an FDA approval for Phase 1 clinical trial, which may initiate still this year at one of the
most important cancer centers 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
guiescence could serve as a novel approach for treating leukemia and other type of
cancer. 3) Understanding how cellular metabolism controls T cell function and fate. We
dissected the energetics of the mitochondrial matrix as a distinct compartment from
the cytosol and demonstrated that mitochondrial substrate-based phosphorylation is a
major limiting mechanism for hypoxia tolerance in T cells. Moreover, we used our
findings regarding T cell metabolism to design a new technology that improves
adoptive T cell transfer therapy for treating solid tumors.
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THE ROLE OF HUMAN APOBEC3G
PROTEIN IN PRESERVING
THE GENOME INTEGRITY

Moshe Kotler

Lay Language Summary

Genome integrity and its preservation are critical for the vitality of all organisms.
Environmental (irradiation and chemicals) and metabolic events cause DNA damage
(DD). DD if not repair or not repair properly, is dangerous to the cells; it may lead to
cell death or cancer, respectively. Therefore, several mechanisms, starting with DD
recognition to ligation of DNA fragments, have been developed across the evolution.
DD repair machinery includes chromatin remodeling complexes, histone-modifying
enzymes and a large battery of about 170 enzymes, which participate in several
genomic DNA repair pathways.

Strikingly, a family of cytosine deaminases (CD) — APOBEC3 (A3), which can modify
the genomic DNA, was discovered in invertebrates and all vertebrates. The A3s are
up regulated in several human cancers such as breast, ovary, head and neck and
others tumors. Modifying the tumor-cells DNA by the A3 leads to tumor promotion,
which is evolutionarily advantageous to the tumor, but is deleterious to the host. We
discovered that a member of this family, the CD-hA3G plays a pivotal role in DD repair
in irradiated cultured cells and in transgenic mice. We demonstrated that hA3G is
responsible for the resistance of cells to DD damages induced by irradiation and
chemotherapy treatments. We showed that hA3G promotes the repair of double strand
breaks induced by radiation and chemotherapies. Hence, our results indicate that
hA3G is a novel drug target for circumventing tumor resistance to chemo- and radio-
therapies. Our results thus potentially have two important implications: 1) Strategies
aimed at inhibiting A3G deaminase expression or its catalytic activity may improve the
efficacy of genotoxic therapies used to cure malignant tumors. 1) Promotion of hA3G
may contribute to the reduction of acute radiation syndrome in human exposed to IR
either accidentally or due to terror and war activities.
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NOVEL THERAPY TO COMBAT,
RHEUMATOID ARTHRITIS,
CROHN'S DISEASE, MULTIPLE
SCLEROSIS AND ALZHEIMER'’S
DISEASE.

David Naor

Lay language summary

More than a decade has been spent, researching a peptide of five amino acids (called
5-MER peptide), that neutralizes pathological amyloid proteins, associated with some
incurable inflammatory and neurodegenerative diseases, such as Rheumatoid
Arthritis, Crohn’s disease, Multiples Sclerosis and Alzheimer’s Disease. The
therapeutic effect of the 5-MER peptide was demonstrated in animal models of these
maladies, including an aggressive mouse model of Multiple Sclerosis, which could be
a representative of the more progressive phase of this pathology. The four disease
that have been explored in connection with 5-MER-peptide share pathological
amyloid proteins, which are targeted by this potential peptide drug. This IP-protected
peptide is being developed with the support of grants from the Hebrew University’s
Yissum technology-transfer company, the Israeli government, Spherium Biomed of
Spain and the National Multiple Sclerosis Society of the USA.

The two neurodegenerative diseases described here , Multiple Sclerosis and
Alzheimer disease, are not very attractive for some drug-developed companies,
because human studies are expensive, the potential market is competitive, or they
have a lower chance of ending with a successful product .Therefore, efforts must be
focused to independently progress toward medical translation of our findings in
human patients.

The most important finding, beyond those described in 2018 report, was the discovery
that the 5-MER peptide activates protective genes ,that induce resistance to chronic
inflammations such as Multiple Sclerosis and Crohn’s disease. This finding suggests
that the 5-MER peptide not only able to ameliorate the disease ,but it also displays a
potential curable element.

To those who are skeptical of our or similar research projects we say : “It is always
better to try than to do nothing; if we listen to skepticism rather than vision, medicine
could never make any progress.”
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DISSECTING THE COMPLEX
INTERACTIONS IN THE TUMOR
MICROENVIRONMENT AND MODIFYING
IMMUNE CELLS TO FIGHT CANCER

Oren Parnas

Lay language summary

Pancreatic ductal adenocarcinoma (PDAC) is a deadly cancer. The five year survival
rate is less than 10% with very little improvement over recent decades and only a short
delay in disease progression in response to available treatments. PDAC is believed to
develop in a gradual manner over many years however, early detection is challenging
and late diagnosis is one of the major reasons for the poor prognosis and high mortality
of PDAC patients. During the last year we have profiled, in the molecular level, the
progress of PDAC from early pre-malignant stage to tumor. Our profile both malignant
and non-malignant cells. The main finding includes: (i) unexpected epithelial cell
plasticity and heterogeneity, (ii) significant changes in non-malignant cells that may
give rise to pro-tumorigenic environment, (iii) novel potential interactions between
different cell types in the tumor microenvironment, (iv) set of markers that may be
useful for early detection.

This work shed light on the basic initial events that result in this deadly cancer. In
addition, we are exploring how the signals that produced by the tumors paralyze the
immune cells and restrict the immune cells ability to attack the tumors. Based on this
information, we apply genetic methods to find new ways to engineer different immune
cells to fight cancer.
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Eli Pikarsky

Lay language summary

The liver is the body's largest metabolic organ, strategically located between the
gastrointestinal system and the internal organs. Thus the liver is the first organ
exposed to all nutrients, drugs, toxins and chemicals that are introduced into the body
by ingestion. It is also the place were excess energy is stored in the form of glucose,
and upon stress also accumulated fatty acids.

In recent years we are studying a very common form of liver inflammation — formation
of immune cell aggregated termed Ectopic Lymphoid Like structures (ELSSs). It was
known that ELSs can for frontal command posts that fight tumors, but we discovered
that in specific settings, which are very common in certain diseases such as Hepatitis
C inflammation, ELSs can be protumorigenic. We are now deciphering the
mechanisms that underlie the transition from anti-tumor to pro-tumor immunity.

Accumulation of fatty acids in the liver is one of the most common causes of liver
inflammation and liver cancer: fatty liver disease. This has become an epidemic,
affecting nearly 25% of the population and is now also seen in obese adolescents and
even children. While fatty liver disease is indolent, it often progresses to a more severe
form denoted steatohepatitis — due to the appearance of an inflammatory component.
Yet the mechanisms that induce such progression are not known. We have discovered
that the tumor suppressor gene p53, which is highly important in liver cancer, has a
"moonlighting job" in the liver — it regulates multiple metabolic pathways. We are
identifying specific regions of p53 which regulate the transition from benign to
inflammatory fatty liver disease. This could identify drugs which will prevent fatty liver
disease progression.
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PREDICTION AND PREVENTION
OF CONGENITAL CMV DISEASE'
A MULTIFACETED APPROACH

Dana Wolf J r

, ""-.

Lay language summary

Human cytomegalovirus (HCMV) is the leading cause of congenital infections,
affecting ~1% of all newborns worldwide, and leading to hearing loss, brain anomalies,
and a wide range of neurodevelopmental disabilities. HCMV is also a major cause of
severe disease and death in the growing population of immunocompromised
individuals, including cancer patients and transplant recipients. Despite the immense
health burden associated with HCMV there is no vaccine available to prevent the
infection, and the use of currently-approved antiviral drugs has been limited by toxicity
and drug resistance. Our current understanding of the mechanisms modulating HCMV
immune protection has remained poor, largely due to the lack of relevant animal
models for this human-specific virus — thus hampering vaccine and drug development.

As a physician scientist, | employ a multi-faceted translational research approach to
facilitate the understanding and prevention of HCMV infection and disease. We have
established a unique ex vivo model of HCMV infection in native human placental
tissues maintained as integral 3D multi-cell-type organ cultures. Our studies have
uncovered the modes of viral infection and spread from the mother to the fetus, and
revealed new innate immune response pathways by which the human placenta
protects itself from the virus. We are currently combining these ex vivo studies with
development and analysis of new antibodies and antiviral drug interventions -
conducted within the frame of an EU consortium and in collaboration with leading
vaccine companies. Finally- on the clinical front- we have developed advanced
neonatal screening tools for the early identification of newborns with congenital HCMV
infection.
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NATURAL KILLER CELL FUNCTION'
IN PREGNANCY AND CANCER, i
AND DURING INFECTION WITH , %
FUNGI, VIRUSES AND BACTERIA f

Ofer Mandelboim

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 develops new, antibody-based treatment for cancer and another startup
company named BacoCure which develops bacteria-based therapy for cancer. In
addition, we studied the function of NK cells during preghancy. One of our major last
discovery was that NK cells in the uterus, remember first pregnancy and function better
in subsequent pregnancies to support baby growth.
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SLAMF6, A NOVEL TARGET
FOR CANCER IMMUNOTHERAPY

Michal Lotem

Lay language summary

SLAMF6 is a homotypic receptor of the Ig-superfamily whose exact role in immune
modulation has remained elusive. Its constitutive expression on resting and activated
T cells precludes it from being a bona fide exhaustion marker.

We attribute a negative effect to this receptor which takes effect in various situations
including high density cellular environments and vigorous activation of lymphocytes
which then revert into a suppressive state to terminates the immune response.

Since this role is undesirable in the cancer situation, we have generated mice that
reproduce a cancer-specific model to test the role of SLAMF6 in the anti-melanoma
response.

We generated donors for T cells lacking SLAMF6 which are cognate of melanoma.
Lymphocytes from these mice displayed improved polyfunctionality and strong tumor
cytolysis. T-bet was their dominant transcription factor, and upon activation, they
acquired a polarized hyperactive phenotype. Blocking LAG-3 improved the function of
SLAMF6 deficient T cells even further. Finally, adoptive transfer of SLAMF6 deficient,
melanoma specific T cells into melanoma-bearing mice resulted in lasting tumor
regression in contrast to temporary responses achieved with the intact receptor. These
results support the notion that SLAMF6 is an inhibitory immune receptor whose
absence enables powerful anti-tumor CD8 T cells to eradicate tumors.
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EPIGENETIC AND TOPOLOGICAL
DYSREGULATION AS A DRIVING FORCE
IN CANCER

Yotam Drier

Lay language summary

In recent years, extensive efforts reveled how changes in the DNA sequence of genes
drive cancer. However most of our DNA does not code for genes. One key function of
this "noncoding" DNA is to regulate DNA related processes such as replication of the
DNA, transcription (reading the DNA and producing RNA), and the 3-dimensional
structure of the DNA (chromosomal topology). Unlike genetic alterations of genes, we
still do not understand the role of alterations of the regulatory DNA elements in
cancer. Transcription is regulated by regulatory DNA elements known as promoters
(just upstream of the gene) and enhancers (that can be found away from the genes
they regulate). Chromosomal topology is governed by topological boundaries and
binding sites of a protein known as CTCF.

In addition to information encoded in the DNA sequence, there is an additional layer of
chemical modifications "on top" the DNA sequence, known as epigenetic information.
This includes mostly methylation of the DNA and chemical modifications of the tails of
the histones around which the DNA is wrapped. In addition to the genetic changes of
the DNA sequence in cancer, there are also many epigenetic changes that contribute
to the disease. The scope and function of epigenetic changes of regulatory DNA
is even less well understood.



| have joined the Lautenberg Center for Immunology and Cancer Research at the
Hebrew University in early 2019, after a postdoctoral research at the Harvard Medical
School, Massachusetts General Hospital and Broad Institute. In my postdoctoral
research | focused on epigenetic changes that drives cancer. | reveled that aberrant
DNA methylation of CTCF binding sites perturbs chromosomal topology in IDH-mutant
gliomas (Flavahan*, Drier* et al. Nature 2016) and SDH-deficient gastrointestinal
stromal tumors (Flavahan*, Drier* et al. Nature 2019). In these tumors, accumulation
of DNA methylation at the boundary between two topological domains inhibited CTCF
binding and disrupted the insulation between the domains. This led to aberrant
interactions between an oncogene in one domain and enhancers in the other, hence
promoting the overexpression of the oncogene. This groundbreaking model links
metabolic, epigenetic and topological alterations and demonstrates how they can drive
cancer. In additional studies we demonstrated how genetic alterations rewire enhancer
— promoter interactions to drive adenoid cystic carcinomas (Drier et al. Nature Genetics
2016) and B-cell lymphomas (Ryan*, Drier*, et al. Cancer Discovery 2015), and how
characterization of enhancer elements in pancreatic heuroendocrine tumors reveals
clinically relevant developmental subtypes (Cejas*, Drier*, et al. Nature Medicine
2019).

Based on these breakthroughs, | am establishing a laboratory and team at the
Lautenberg Center to systematically uncover how genetic and epigenetic changes of
regulatory DNA elements such as enhancers and CTCF binding sites are involved in
cancer initiation, progression and response to therapy. We combine cutting edge
experimental techniques to characterize epigenomes and topology of primary tumors,
advanced computational models to integrate these data and predict oncogenic events,
and experimental validation of these predictions in cancer models.
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