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From Modest Beginnings to a Vibrant State

Healing: Breathtaking

Medical and Life Science Breakthroughs

Origins of Medical R&D:

Medical and public health research was initiated prior to VWorld War | with
the founding of the Hebrew Health Station. It received a major boost when
the Institute of Microbiology and departments of biochemistry, bacteriology
and hygiene were instituted (mid-1920s) at the Hebrew University of
Jerusalem, which provided the basis for the Hadassah Medical Center, today
Israel’s most prominent medical research facility.

Profiles in Cancer Research:
Technion Professors Share Nobel Prize in Chemistry for 2004

Written by Avram Hershko and Aaron Ciechanover

ABOVE: Avram Hershko and Aaron Ciechanover.

WEB
RESOURCES:

Rappaport Faculty
of Medicine:
www.technion.ac.il/
technion/medicine

National Institute

for Biotechnology
in the Negev:
cmsprod.bgu.ac.il

Hebrew University
of Jerusalem
Faculty of Medicine:
www.md.huji.ac.il

The following press release from the Royal
Swedish Academy of Sciences describes Hershko’s
and Ciechanover’s work that resulted in them
receiving (along with Irwin Rose of U. of California,
Irvine) the Nobel Prize in Chemistry for 2004:

Proteins build up all living things: plants, animals and
therefore us humans. In the past few decades biochemistry
has come a long way towards explaining how the cell
produces all its various proteins. But as to the breaking down
of proteins, not so many researchers were interested. Aaron
Ciechanover, Avram Hershko and Irwin Rose went against
the stream and at the beginning of the 1980s discovered one
of the cell’'s most important cyclical processes, regulated
protein degradation. For this, they are being rewarded with
this year’s Nobel Prize in Chemistry.

Aaron Ciechanover, Avram Hershko and Irwin Rose have
brought us to realize that the cell functions as a highly-
efficient checking station where proteins are built up and
broken down at a furious rate. The degradation is not
indiscriminate but takes place through a process that is

controlled in detail so that the proteins to be broken down
>
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at any given moment are given a molecular label, a kiss of
death’, to be dramatic. The labeled proteins are then fed
into the cells’ “waste disposers”, the so called proteasomes,

where they are chopped into small pieces and destroyed.

The label consists of a molecule called ubiquitin. This
fastens to the protein to be destroyed, accompanies it to
the proteasome where it is recognized as the key in a lock,
and signals that a protein is on the way for disassembly.
Shortly before the protein is squeezed into the proteasome,

its ubiquitin label is disconnected for re-use.

Thanks to the work of the three Laureates it is now possible to
understand at molecular level how the cell controls a number
of central processes by breaking down certain proteins and
not others. Examples of processes governed by ubiquitin-
mediated protein degradation are cell division, DNA repair,
quality control of newly-produced proteins, and important
parts of the immune defense. When the degradation does not
work correctly, we fall ill. Cervical cancer and cystic fibrosis
are two examples. Knowledge of ubiquitin-mediated protein
degradation offers an opportunity to develop drugs against

these diseases and others.

Profiles:

Avram Hershko remains at the Israel Institute of
Technology where he is currently a Distinguished
Professor at the Rappaport Family Institute for Research
in Medical Sciences as well as an Adjunct Professor
of Pathology at New York University. In addition to
the Nobel Prize, he has received many other honors
throughout his distinguished career, including the 1987
Weizmann Prize for Sciences and the 1994 Israel Prize

in Biochemistry and Medicine.

Aaron Ciechanover completed his doctorate in science
(D.Sc.) in the Technion, after which he did a postdoctoral
fellowship with Harvey F. Lodish in the Department of
Biology and the Whitehead Institute at M.I'T. He then
joined the Faculty of Medicine at the Technion, where he
is currently a Distinguished Professor in the Cancer and
Vascular Biology Research Center of the Rappaport Institute,
and a Visiting Professor in the Department of Medicine in
the Feinberg Medical School at Northwestern University in
Chicago and the Department of Pediatrics at Washington
University School of Medicine in St. Louis. In addition to the
Nobel Prize, Ciechanover received the Israel Prize for Biology

in 2003, among many other honors and awards. ¢

Cell Therapy

Blossoming in the Holy Land

Weritten by Dr. Yael Margolin, Marjie Hadad
and Dr. Arik Hasson

The young and promising medical field, cell therapy, came
into existence in the very late 1960’s. Even by the mid -80s,
research initiatives were limited and those that existed were at
the earliest of stages. Advanced development of therapeutic
cell products remained at best, many years away. Cell therapy
indeed had enormous potential, but the net results that could
ultimately make a significant medical impact remained
elusive. A tremendous amount of hard work and along term
commitment of both time and dedication would be required

before cell therapy as a discipline would blossom.

Fast forward to March 2008. A tremendous amount of
scientific progress has been achieved in cell therapy during
the last 20+ years. Cell therapy has become one of the
most promising and watched areas of science. Worldwide,
researchers attempt to unfold the mysteries of stem cells of
all classifications in an effort to develop medicines that will

help people and forever change the course of medicine.

In no other place is cellular therapy a more prominent
focus than in Israel, who this year celebrates her 60
birthday, and with it, her glorious history and the
many accomplishments of its citizens and industries.
Advancement in cell therapy stands prominently at the

top of this list of achievements.

ABOVE: Aaron

Ciechanover (3rd r) and
Avram Hershko (4th r) in

a meeting with Prime

Minister Ariel Sharon (r)

and Science Minister
llan Shalgi (left).

WEB
RESOURCES:

Biolsrael:
www.bioisrael.com

Israel Institute for

Biological Research:

www.iibr.gov.il

Hadassah Medical
Orgnization:
www.hadassah.org.il/
english

Shaare Zedek
Medical Center:
www.szmc.org.il/eng
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According to a study conducted by the Central Library
of the Research Center of Julich, Israel is the leading
publisher of stem cell research per capital in the world,
having published 113 articles per every one million
citizens between 2000 and 2004 (Israel published 204
articles per every one million citizens between 2000
and 2007). Sweden, Switzerland, the Netherlands and
Austria follow sequentially with the U.S. placing sixth.
The U.S., however, did rank first in terms of the total
amount of published articles, with 13,663 to its credit
in comparison with 690 to Israel (between 2000 and
2004). An Infobiodata search also shows that Israeli
biotech companies and academia hold the highest
amount of approved patents in cell therapy, including
stem cell and related areas, per 1 million citizens (33).
In addition, Israeli patents, alone, comprise 0.5% of
total world patents in these fields, while the Israeli
population consists of less than 0.1% of the current
world population (6.7 B). Moreover, Israel holds an even
greater portion, 3.5%, of the total patents in pending
in the cell therapy category. These statistics contribute
to the sense that Israeli participation in the field of cell

therapy is on the rise.

Also of considerable importance, we have witnessed
major progress by Israeli companies in bringing cell
products from bench to bedside and in the case of one
single cell therapy product, to market. In other words,
work that began slowly and modestly at hospital and
university laboratories, has now graduated to clinical
study status where products are now being tested in
humans and in the case of the single cell product,
adopted as a clinical protocol. Indeed, what once was
considered the wave of the future is now a present day,

tangible scientific practice.

What is Cell Therapy Anyway?

The aim of cell therapy is to replace, repair or enhance
the function of damaged tissues or organs. The cell
used may originate from the patient (autologous) or
from a donor (allogeneic). Hematopoietic (blood) stem
cell (HSC) transplantation has become the standard
treatment for hematological malignancies as, every
year, the survival outcome improves. New directions
in HSC transplantation, like umbilical cord blood
transplantation, are increasing in numbers yeatly. Stem
cells (SC), the most versatile form of cells, can transform

into the cell type needed by the host organ. In fact,

cells sometimes appear to be more effective than any
comparative chemical treatment. Cells have the ability
to secrete hormones (e.g. insulin), cytokines and/or
other therapeutic substances. Cells can modulate and
quiet the inflammatory process that causes much of
the harm. They can also form a connection with host
tissues. An example of this would be the formation of a
neuronal connection in the brain or a mixture of donor
and host cells in the blood vessels of the donated organs.
Moreover, cells can proliferate to replace injured tissue
and to provide structural support, like in the case of

musculoskeletal disorders.

There are three general types of stem cells: 1) Embryonic
SC (ESC), as their name implies, are derived from a pre-
implantation embryo at the blastocyst stage. A blastocyst
is a formation at an embryonic stage of about 70 cells,
essentially between the conception (zygote) and the
forming of the embryo. It contains an early cell mass that
eventually forms most of the cells in the embryo, a part of
the placental tissues. 2) Embryonic Germ Cells are those
which can be isolated from the primordial germ cells (the
cells involved with reproduction) of the fetus. And, 3)
Adult stem cells, also named ‘Somatic, Stem Cells (ASC),
are those which can be isolated from adult or fetal tissues,

organs, or from umbilical cord blood.

Because stem cells are so versatile, many consider them
the perfect source to help rebuild the systems in the body
that have suffered great deterioration or have been plagued
with disease. Applications include therapeutics to battle
diseases of the nervous system, cancer, autoimmune
diseases, cardiac disorders (myocardial infarction and
heart faﬂure), renal failure, diabetes mellitus, diseases
of the bones and joints, genetic disorders, and wounds

of the skin and soft tissues.

However, not everyone supports stem cell research.
The stem-cell debate largely revolves around the
ethical implications of two techniques that involve the
manipulation of human embryos: the derivation of
pluripotent hESC lines from surplus embryos created
for reproductive purposes, and the use of somatic cell
nuclear transfer (SCNT) to generate a blastocyst from
an enucleated egg and an adult somartic cell in order to
produce an hESC line that will be immunologically
compatible with the donor of the nucleus. Opponents
have reinforced their argument claiming that hESC

YAEL MARGOLIN

Dr. Yael Margolin,
President & CEO of
Gamida Cell Ltd., has
been serving on the
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of Gamida Cell since
2000. Prior to that,
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Ventures LLC, where
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in investments in
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ARIK HASSON

Dr. Arik Hasson,
Head of the Stem
Cell Consortium
Projects has |5 years
of experience in the
fields of Cellular
Neurobiology,
Biophysics,
Biotechnology and
Stem Cell Biology
and is the author

of many scientific
papers in these
fields. Dr. Hasson
has experience of
over 8 years in the
biotech sector. He

is also a co-author
of several U.S. and
Worldwide patents
in neuroscience,
biotech and stem
cell research. Dr.
Hasson is credited
with helping to
initiate the Israeli
industry-academia
consortium for stem
cell research funded
by the Israeli Ministry
of Industry, Trade and
Labor. Dr. Hasson
holds a Ph.D. in
Cellular Neurobiology
from the Hebrew
University of
Jerusalem.

ToP: A Gamida Cell
technician holds a
special cell culture bag
of cord blood stem cells
being cultured under
aseptic conditions in the
production of StemEx®.

research is unnecessary because adult stem cells (ASCs)

have the same therapeutic potential as hESCs while
advocates of hESC research counter that ASCs will
never be pluripotent (meaning they don't have the ability
to mature to any given cell type) or sufliciently able to
expand into enormous amounts of exactly the same
cells, which may be required for both basic and applied

research to develop cures.

In Israel, this controversy is a lesser issue. Judaism
places a high value on the religious obligation of treating
a serious illness even if it requires transgression of
religious commands such as the sanctity of Sabbath. The
obligation of saving life cannot obviously be done at the
expense of another life. According to Judaism, the “soul”
arrives much closer to the time of the actual birth and
for that reason a blastocyst (the cluster of cells between
conception (zygote) and the forming of the embryo) is
not considered a human being but a non-sacred cluster
of cells. According to this philosophy a still born does
not necessitate mourning and is not considered a death of
an offspring. These moral stances have been the basis for
authorizing IVF and related medical procedures, often
with religious consent and with moral consistency. In
Israel, derivation of Embryonic SCs from early stage
embryos is allowed. The Israeli Law however prohibits
the creation of a ‘complete human being’ by reproductive
cloning, yet does not rule out producing cloned cells
that will not be implanted into the uterus. Regarding
induced Pluripotent Stem cells (iPS, i.e., adult cells that
are engineered to become embryonic-like stem cells by
means of genetic manipulation of adult cells), since it is
not involved with the destruction of any embryos, and

since it is a procedure meant to help the treatment of

patients who suffer incurable diseases, it is allowed as
long as there is no attempt to make a fetus in the womb.
In addition, first steps towards the legislation of egg

donation in Israel were taken in 2007.

Scientists in Israel are proud to be among the wotld's leaders
in scientific advancement. Much has been accomplished in
the last few decades and the possibilities are endless as we
look ahead. History is in the making right now. That is
why the industry is so very exciting and that is why it is so
exciting to be a part of the initiatives originating from Israel.
It is indeed something to appreciate as we celebrate Israel’s
60th birthday and look ahead to the next 60 years. ¢

GAMIDA CELL LTD.

Gamida Cell Ltd. is the world leader in stem
cell expansion technologies and products.
The company has four expansion technologies
and a long product pipeline to its credit.
Gamida Cell is the only company with an
allogeneic product at the advanced clinical
stage of development and is likely to be

the first to bring such a product to market,

in all probability by 2010. Gamida Cell’s
flagship product, called StemEx®), is being
developed for the treatment of blood cancers
such as leukemia and lymphoma by a joint
venture equally owned by Gamida Cell and
Teva Pharmaceutical Industries. The FDA
pivotal registration study, called ExCell, is
now enrolling patients at various centers

in the U.S. and will begin enrollment later
this year in Europe and Israel as well (http://
stemexstudy.com/). It is a fact that umbilical
cord blood stem cells offer an effective
alternative to bone marrow transplants. The
key is to make sure there are enough stem
cells for an engraftment. And there lies the
beauty of Gamida Cell’s technologies; they
grow populations of adult stem cells to create
a therapeutic dose to treat adolescents and
adults. In addition to StemEx, the technologies
are actively being applied to products in
development such as CardioCure® for
cardiac disease and another product for
metabolic disorders. Both will soon be tested
in clinical trials. Other indications in focus
include peripheral vascular disease (PVD) and
neurological disorders.
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THE VICTOR CENTER FOR JEWISH GENETIC DISEASES AT ALBERT EINSTEIN HEALTHCARE NETWORK

In 1866, the Jewish Hospital |5
was founded in Philadelphia
in response to the needs

of the Jewish community.
By the 1950’s the Jewish
Hospital System had grown
substantially, consolidated,
and was renamed Albert
Einstein Healthcare Network
in honor of the brilliant
scientist and advocate for
Jews throughout the world.
More than 140 years later, Albert Einstein Healthcare Network

remains committed to advancing the health of the Jewish

prevent Jewish genetic diseases.

are offered at little or no cost.

Albert Einstein
Healthcare Network

Einstein

community as exemplified by our national leadership in helping

Ashkenazi Jewish
Genetic Disease
Screening Program

Carrier testing is available at
the Victor Center for all of
these conditions which have
a higher carrier rate in the
Ashkenazi Jewish population:

* Bloom Syndrome

* Canavan Disease

* Cystic Fibrosis

* Familial Dysautonomia

* Fanconi Anemia

* Gaucher Disease

* Mucolipidosis IV

* Niemann-Pick Disease

. Tay—Sachs Disease

The mission of the Victor Center is to prevent these diseases by providing young adults with genetic disease
education, screening and counseling. Many screening programs take place on college campuses, and screenings

The work of eradicating Jewish genetic diseases and ensuring the birth of healthy babies from one generation to

the next, is in keeping with the mission of Albert Einstein Healthcare Network — to care for as many as we can reach.

For more information,
call 215-456-8722, 1-800-EINSTEIN
or visit www.victorcenter.org

The Victor Center originated in 2002 at Albert Einstein Medical Center in Philadelphia, and has expanded to the
Floating Hospital for Children at Tufts Medical Center in Boston, and to the University of Miami's Miller School of Medicine.

© 2008 AEHN
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Teva

The Origins of Israel’s Pharmaceutical Industry

Written by Joseph Morgenstern

Teva (Hebrew for “nature”) was founded in 1935 by Elsa
Kuver and Dr. Gunter Friedlander in Jerusalem. Prior
to World War II, Germany was the center of the global
pharmaceutical industry. Many immigrants from that
country brought with them pharmaceutical expertise that
provided a firm foundation upon which the Israeli drug
industry was built. Notwithstanding the ongoing violence
of the Middle East, Teva enjoyecl some advantages over its
competitors around the world. For one, Israel attracted a
high concentration of scientists — more per capita than any
nation in the world. Furthermore, the Israeli government
granted Teva tax subsidies to encourage the development and
production of new drugs. It was in this environment that Teva

grew, going public in 1951 on the Tel Aviv Stock Exchange.

Having consolidated its domestic position, Teva began
to expand geographically in the early 1980s. Eli Hurvitz,
a kibbutznik who joined the company in a junior
management position after graduating in economics
and business administration from Hebrew University
in 1957, was destined to transform Teva into a global
pharmaceutical powerhouse. He perceived an opportunity
to penetrate the U.S. market when the federal Waxman-
Hatch Act passed Congress in 1984. This legislation
concerned generic drugs, treatments that have lost their
patent protection. Also known as multi-source or off-
patent medicines, generics are chemically identical to
branded prescription drugs, but they are priced 30 to 70

percent ICSS than patented versions.

Hurvitz used the generics segment as Teva's entree into the
U.S. pharmaceutical market. In 1985, the company forged
an agreement with chemical conglomerate W.R. Grace
to create TAG Pharmaceuticals, a 50-50 joint venture. In
1985, TAG acquired Lemmon Co., a Pennsylvania—based
company. Lemmon became the sales and distribution arm
for generics manufactured by Teva in Israel. Although
CEO Hurvitz later said that “an Israeli who's coming to the
States has a David and Goliath syndrome,” he reminded
himself that little David prevailed in that Biblical battle.
The potential Teva saw in Lemmon soon turned to profits;

the U.S. venture’s sales more than doubled from $17

million at the time of its acquisition to about $40 million

in 1987, by which time it was marketing seven generic

versions of branded drugs‘

The company’s first major new drug, known as Copaxone,
was originated more than two decades earlier in the
laboratories of Israel’s Weizmann Institute, where
doctoral student Dvora Teitelbaum was studying the use
of synthetic proteins to quell multiple sclerosis attacks
in animals. Together with Professors Michael Sela and
Ruth Arnon, Teitelbaum spent 15 years isolating and
researching the polymer COP-1 (later branded Copaxone),

TOP: Eli Hurvitz,
portrait by Daniel
Morgenstern.
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passing preliminary clinical trials in 1986. The treatment
reduced the relapse rate for people in the early stages of
relapsing-remitting MS by anywhere from 25 percent to
30 percent in clinical trials. At that time, the Weizmann
Institute teamed up with Teva to bring the drug to market.
Since Copaxone’s patent had expired during the long
development process, Teva requested and received orphan
drug status from the U.S. Food and Drug Administration.
About one-third of the 350,000 MS sufferers in the United

States stood to benefit from the treatment.

Initially launched in Israel, Copaxone earned FDA
approval in 1997. The roll out achieved several milestones,
both for Teva and for MS sufferers. Copaxone was the
first drug developed in Israel to achieve FDA approval for
distribution in the United States. Unlike its interferon-
based competitors, it was also the first drug developed
specifically to treat MS. Copaxone has been approved for

the treatment of relapsing—remitting multiple sclerosis.

In a two-year, randomized, double-blind, placebo-
controlled trial of 251 patients, Copaxone was shown to
reduce relapses by an average of 29 percent when compared

with placebo.

Multiple sclerosis is a chronic, often progressive disease of
the central nervous system (brain, spinal cord and optic
nerves), that affects 350,000 people in the United States
(approximately 10,000 people are diagnosed each year).

For Eli Hurvitz, the approval of Copaxone by the FDA
was one of the great moments in his life and ranks in

parallel with his being awarded the Israel Prize.

Under Hurvitz's leadership, Teva has become a
global pharmaceutical company specializing in the
development, production and marketing of generic and
proprietary branded pharmaceuticals, as well as active
pharmaceutical ingredients. It is among the top-20
pharmaceutical companies — and is the largest generic

pharmaceutical company — in the world.

Net income for 2007 reached $1.95 billion, a 5 percent
increase over 2006. Net sales for 2007 were $9.4 billion,
with global Copaxone sales of $1.71 billion.

Teva’s share price and net proﬁts rose thousands ofpercentage

points during Hurvitz's active leadership tenure.

Hurvitz served as Teva’s President and Chief Executive
Officer for over 25 years and recently completed over 40
years with Teva. Hurvitz has served as Chairman of the
Board of Teva since April 2002. Hurvitz received the Israel
Prize for Lifetime Achievement for a Unique Contribution
to the Society and to the State of Israel.

Hurvitz, 78, stepped down as CEQO in 2002 but continues

to serve as chairman.

“The dynamics of the generic industry are influenced by
the growing number of people going on pension, people
who are sicker and have less money for medicinals. As a
result, the outlook for generics has become more expansive.
When our generics are launched, in a few days we have
90 percent of the market and in a few weeks the whole

market,” says Hurvitz.

As a result, he points out Teva is able to post 20 percent
after-tax profit margins. In the western world, generics
are garnering 60 percent of the market. In Europe, the
development is slower due to the splitting up of industry

and an absence of drug chains.

“Teva, by far, is the world’s largest generic producer. It has
carved for itself market leadership and future strategy,”
says Hurvitz, Teva has about 160 drugs in the FDA
pipeline waiting approval. This sum is greater than that
of the next two largest companies in the field. Teva is

expected to double its sales in the next four to five years

and to maintain its profit margins. ¢

WEB
RESOURCES:

Teva:

www.tevapharm.com

Pharma Israel:
www.pharma-israel.org.il

“Teva ... has
carved for
itself market
leadership
and future
strategy.”

OPPOSITE: Ephraim
Katzir, portrait by
Daniel Morgerstern.

BOTTOM LEFT: Eli
Hurvitz at the Israel
Business Conference,
held at the David
Intercontinental Hotel
in Tel Aviv.

BOTTOMRIGHT: The
Weizman Institute
where the science

behind Teva’s first drugs
was developed.
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Professor Ephraim Katzir

Scientist, Educator and 4th President of Israel

Written by Joseph Morgenstern

Professor Ephraim Katzir (Katchalsky), the fourth
President of the State of Israel, and a distinguished scientist
of international repute, was born in 1916 in Kiev, Ukraine.
In 1925, when he was 9 years old, the famﬂy immigrated

to the Land of Israel and settled in Jerusalem.

He studied at the Hebrew University of Jerusalem, where
he received a Ph.D. After studying abroad, he returned to
Israel and became head of the Department of Biophysics
at the Weizmann Institute of Science in Rehovot. In
1966, he became Chief Scientist of the Israel Defense
Forces. Between 1966 and 1969, at the invitation of Prime
Minister Levi Eshkol, he was charged with advising the

government on organizing its scientific research. This led

to greater cooperation among
the government, academia,
industry and agriculture. This
also led to a dramatic increase
in government spending
both on applied research and
science-based activities in the
Israeli economy. One of the
conspicuous consequences
of this development was the
establishment of science-
based industries, with the
encouragement and support
of the Chief Scientist in the
Ministry of Industry and
Commerce. Katzir’s brother
Aharon, an internationally
renowned chemical physicist,
was murdered in 1972 during
the Lod Airport Massacre.
Harvard
University when Golda Meir

Katzir was at

contacted him about being the
President of Israel. He served as
the fourth President of Israel for
a five-year term, from 1973 until
1978. He changed his last name
to the Hebrew name Katzir in
1973, after being elected President by the Knesset.

At the end of his presidency, in May 1978, Katzir
resumed his scientific activity. He was not content
just to remain at the Weizmann Institute. Following
his initiative, a Department of Biotechnology was
inaugurated at Tel Aviv University, which he headed.
Following the recommendations of the governmental
committee, the government began to encourage
biotechnological industries (whose scale of imports
approaches $1 billion annually). He also served
as international President of the ORT vocational
school network, helped establish other colleges, and

continued to advise them.

JOSEPH
MORGENSTERN

Joseph Morgenstern
has been the publisher
of the Israel High Tech
and Investment Report
(Www.ishitech.co.il)
for 18 years.

At the age of 29 he
invented and produced
a “wonder material”
which employed

a novel chemical

fusing process. This
product revolutionized
one segment of
America’s garment
manufacturing.

After immigrating

to Israel in 1963,
Morgenstern served
as an executive in
industry and was the
representative of
Allied Chemicals in the
Middle East.
Morgenstern entered
the field of banking. As
an employee of a major
Israeli bank he spent a
decade in developing
the international
securities activities of
that institution...and
became an expert in
functioning of the local
(Israeli) financial scene.
As an expert,
Morgenstern became
known as a writer and
lecturer on money
affairs. The Jerusalem
Post offered him the
chance to initiate

the first ever English
language coverage of
Israel’s high-technology
industry in the

pages of its local and
international editions.
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