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Scientific and technological cooperation at an
international level today is more important than
ever for preserving or achieving peace, for
improving people’s lives and for advancing sustain-
able development.The cooperation between the
Federal Republic of Germany and Israel in basic
and applied research, which has existed for around
40 years, is a particularly important aspect of
Germany’s bilateral relations. The Federal
Government supports and provides funding for this
cooperation.

An example is the cooperation research program
between the Deutsches Krebsforschungszentrum
(DKFZ) and the Israeli Ministry of Science (MOS).
The Federal Government has been providing the
DKFZ in Heidelberg with around DM 1 million per
year since 1976, and has funded a total of over 80
joint projects. In the first twenty years of the
cooperation 61 joint projects have been concluded
successfully. The work has led to globally-acclaimed
publications, indicative of the scientific quality of
the research results. Particularly notable progress
has been made in the study of the molecular
genetic basis of carcinogenesis. Important insights
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have also been gained into the interaction of cancer
cells with their surrounding cells, and their
mobility.

| am certain that these joint projects will continue
to produce excellent results important not only for
basic research but also for transfer into clinical
practice. | believe that the German-Israeli scientific
cooperation, which is characterized by a high
standard of specialist knowledge, will continue to
develop successfully in the coming years.

As a result of the cooperation over many years, a
network has developed which is supported by
numerous personal contacts beyond the specialist
level. These friendly relations help to increase
mutual understanding and to break down divisions
between the two cultures and nations. | believe
that this is just as important and as desirable as
the joint scientific successes.

Edelgard Bulmahn
Federal Minister of Education and Research
(Germany)
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For 25 years, beginning in 1973, the science minis-
tries of the State of Israel and the Federal Republic
of Germany have administered an extensive, multi-
field program of bilateral research cooperation. This
publication marks the twentieth anniversary of
ministry-sponsored cooperation in cancer research,
one of the most outstanding disciplinary programs
within the overall German-Israeli framework.

During the course of 20 years of cooperation in
cancer research, the Ministry of Education and
Research (BMBF) of the Federal Republic has
provided over DM 16 million in grants to Israeli
scientists taking part in more than 60 bilateral
projects. Additional funding for German and Israeli
researchers has been provided from its own budget
by the German Cancer Research Center (DKFZ),
which is responsible for implementation of the
cancer program on behalf of BMBF. The Ministry of
Science (MOS) is deeply grateful to its German
partner institutions for the crucial financial support.

German-Israeli scientific cooperation has developed
in the shadow and under the influence of the
murderous events of the Holocaust. Nonetheless, it
is an objectively observable fact that as time goes
by the emphasis in our scientific relations moves
more and more from one-sided support to a genui-
ne and mutually beneficial partnership. Thus, while
the historic roots of our cooperation must never be
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forgotten, | am confident that today the scientific
achievements realized to the benefit of both sides
fully justify the continuation and intensification of
our joint endeavours on the basis of professional
considerations alone.

The achievements of the DKFZ-MOS Cancer
Research Program are an outstanding example of
the mutual scientific benefits which German-Israeli
cooperation can bring. Over 500 published articles
based on DKFZ-MOS projects, including about 100
jointly authored Israeli-German papers, testify to
the extremely high scientific level achieved by the
scientists whose work has been supported by the
Program. Important breakthroughs have been made
in DKFZ-MOS research projects which will aid in
the development of effective measures for the
prevention and cure of cancer, thus contributing to
the health and welfare of all mankind.

| salute the many talented scientists and adminis-

trators whose efforts have made this Program such
a success. The Ministry of Science looks

forward to equally productive and mutually benefi-
cial results from the next two decades of German-
Israeli cooperation in cancer research.

Silvan Shalom
Minister of Science (Israel)
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In 1976 the Deutsches Krebsforschungszentrum
(DKFZ) signed the agreement on cooperation in
cancer research, at that time with the National
Council for Research and Development (NCRD) in
Israel. Over the last 20 years a most lively and
scientifically successful cooperation program has
developed out of this formal piece of paper. It is
based on the enthusiastic personal involvement of
all participants at the Deutsches Krebsforschungs-
zentrum, in the Israeli research establishments
concerned and in the Israeli Ministry of Science
(MOS) of today which administers the cooperation
program on Israeli side. The cooperation program
is funded through the budget of the DKFZ,
presently amounting to slightly over DM 1,2 million
per year.

The cooperation program is carried out by means of
joint scientific projects, consisting as a rule of one
Israeli and one DKFZ subproject and lasting for
three years. In occasional rare cases, upon invita-
tion, a particularly successful cooperation project
may be extended. The projects take life from the
many personal contacts between the Israeli and
German co-investigators involved. In this way an
intensive transfer of scientific know-how is ensured
lasting for the entire period of each project. The
most important means of exchange of experience
and knowledge is considered to be common bench
work in the laboratory during mutual visits in Israel
and in Germany. Furthermore, every three years a
common workshop takes place, a so-called status
seminar. On this occasion the results from ongoing
projects are presented and discussed critically by
the plenum of the members of the scientific pro-
gram committee and the scientists of the projects
involved. The seventh Workshop of the cooperation
program took place on March 17-20, 1997 in
Heidelberg combined with the twentieth Meeting of
the Program Committee. In the frame of these
activities the twentieth anniversary of the coopera-
tion program was honoured in a Festive
Anniversary Symposium held at the DKFZ.

Through the cooperation program the Deutsches
Krebsforschungszentrum has gained important new
insights in various different areas of cancer
research, for example, the generation of cancer
diseases, especially their molecular biological basis,
cancer immunobiology, the roles of growth and
transcription factors and of oncogenes and tumor
suppressor genes. Important results have also been
obtained on the interaction of cancer cells with
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their surrounding matrix and their motility. During
the last few years, using molecular biologic techni-
ques the cooperation program has contributed
especially to investigations of cancerogenesis by
chemical and viral risk factors. In this context, for
the first time, the basic paradigm of "somatic gene
mutation as the cause of cancerogenesis” postula-
ted by Karl Heinrich Bauer in 1928 was confirmed
experimentally at the molecular level and extended
in depth. The late Karl Heinrich Bauer, Chief
Surgeon of the University of Heidelberg, was one of
the principal promoters of the establishment of the
Deutsches Krebsforschungszentrum in 1964 in
Heidelberg. Out of the knowledge gained concern-
ing cancerogenesis at the molecular level numer-
ous new approaches for the prevention of cancer
diseases as well as for cancer therapy are
beginning to emerge.

The successes so far achieved by the cooperative
program have demonstrated that joint research on
the spot by talented workers of both nations,
through mutual stimulation of ideas and through
exchange of new technologies and recently devel-
oped scientific methods, permits the capabilities of
the individual scientist to be extended efficiently
and in friendly partnership. In this way high
ranking goals in the prevention, diagnosis and
therapy of one of the most awful diseases of
mankind may be reached. In 1997 the basic
success of the first 20 years of this cooperation
program was revealed independently by an inter-
national scientific evaluation, recommending
continuation and extension of the program. Shortly
thereafter, the structure of the future cooperative
program has begun to appear: presently 14 new
common projects are already in progress with the
last seven projects beginning their collaboration on
January 1, 1998. The next series begins on July 1,
1999.

Professor Dr. Erich Hecker
Coordinator and Vice-chairman of the Scientific
Program Committee

Professor Dr. Dr. h.c. mult. Harald zur Hausen
Chairman and Scientific Member of the
Management Board of the Deutsches
Krebsforschungszentrum

Dr. Josef Puchta

Administrative Member of the Management Board
of the Deutsches Krebsforschungszentrum
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Since its beginning in 1976, the DKFZ-MOS coop-
erative program in cancer research has continually
gathered momentum and has become one of the
most successful fields of German-Israeli coopera-
tion in scientific research in terms of genuine and
fruitful integration. In the twenty-year period
marked by this Anniversary Brochure, 61 joint pro-
jects have been completed. In the years since then,
a further 20 project proposals have been approved.
Scientists from five Israeli institutions have taken
part in the DKFZ-MOS program, from the Hebrew
University of Jerusalem, the Weizmann Institute of
Science, the Tel-Aviv University, the Ben-Gurion
University and the Technion, as well as of some of
their affiliated hospitals. The participating Israeli
scientists have collaborated with German partners
involved in virtually all the research areas covered
by the work of the DKFZ.

The DKFZ-MOS program is one component in the
overall BMBF-MOS program which encompasses
eight major fields of research. Contacts within the
BMBF-MOS framework, whose initial impetus came
from the moral and social spheres, have proven
themselves through the years to be highly produc-
tive from the scientific point of view, to the mutual
benefit of both sides. The field of cancer research
was and continues to be particularly appropriate as

a meeting ground for Israeli and German scientists.

In cancer research, a common dedication to the
preservation and prolongation of life and the
improvement of the quality of life find expression,
above and beyond any direct concern for the
economic return on investment in research and
development activities.

As judged by external reviewers, including the
international evaluation committee appointed by
the partner organisations, which reported in 1997,
the scientific quality of the projects carried out in
the DKFZ-MOS program has risen steadily through
the years. The state-of-the-art, international
standard of the research sponsored is evidenced by
numerous publications in prestigious professional
journals. Many of these publications were jointly
authored by Israeli and German partner investiga-
tors, as indicated in the bibliographic supplement
to this Brochure. Remarkable achievements,
discussed at length in the body of this booklet,
have been made in a number of centrally important
areas of cancer research.

Preface

As a small country which seeks to maintain top-
level standards in scientific research, Israel views
the promotion of international scientific cooperation
as an essential element in its research and develop-
ment policy. In keeping with this approach, the
Ministry of Science operates an extensive interna-
tional program, including bilateral activities with
some 25 partner countries and membership or
observer status in major international scientific
organizations and programs.

The DKFZ-MOS program provides noteworthy
confirmation of the correctness of the national and
ministerial emphasis on international scientific ties.
In the German-Israeli cooperation in cancer
research, mutual stimulation based on exchange of
new ideas, novel technologies and methodologies,
together with the pooling of human and material
resources, have enabled the partner researchers on
both sides to realize more ambitious goals to their
mutual benefit.

On the Israeli side, the program is widely acknowl-
edged as a most important and unique tool for the
promotion of advanced cancer research at an inter-
national scientific standard. On the German side,
the program is recognized as an especially effective
instrument for supplementing the DKFZ research
program through multidisciplinary collaboration
with competent partners abroad. It is our deep con-
viction that the achievements of the DKFZ-MOS
program, and the new opportunities for yet greater
advances in the future, justify the continuation and,
indeed, the strengthening and expansion of the
German-Israeli cooperation in cancer research. The
Ministry of Science looks forward to working
together with the DKFZ to serve the interests of
scientists and citizens in both Germany and Israel
and to bring improvements in health care to all
mankind.

Dr. Yair Degani

MOS, Head, Life Sciences Division,

and Coordinator of the DKFZ-MOS Cooperation
Program

Dr. Neal Sherman
MOS, Head, Division for International Scientific
Relations
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Close personal contact between scientists of both
countries is a distinctive feature of the German-
Israeli Cooperative Program in Cancer Research and
the best guarantee of its success. In 1976 the
Deutsches Krebsforschungszentrum (DKFZ) in
Heidelberg and the Israeli National Council for
Research and Development (NCRD) signed the
agreement establishing this collaboration. It has
funded 61 joint cancer research projects through
1996. In the years since then, a further 20 project
proposals have been approved.

Each project is composed of complementary
German-Israeli subprojects which (together) re-
ceive an annual allocation of about DM 130,000 for
three years. Research visits between participating
laboratories, joint workshops, annual subproject
progress reports and joint project final reports are
all standard procedure. A Program Committee
composed of four Israeli and four German or
European scientists annually selects six to eight
new projects for funding and periodically reviews
research progress.

The program is funded by the German Federal
Ministry of Education and Research (BMBF), within
the framework of its Research Program in Medicine:
Subdivision Cancer. By the end of 1995, the BMBF
had allocated more than DM 13 million to the
DKFZ, which acts as the Ministry’s authorized
agent to transfer these funds to the administrators
of the joint DKFZ-MOS Cooperative Program in
Cancer Research. This cooperative program is part
of a broader BMBF-MOS agreement which covers
German-Israel cooperative research programs in
seven areas of science and technology. Most Israeli
partners of the program Cancer Research have
come primarily from the Weizmann Institute
(Rehovot), Hebrew University (Jerusalem) and Tel
Aviv University. Researchers at Ben-Gurion
University (Beersheva) and the Technion (Haifa)
also participated. Most German-Israeli cancer
projects represent basic biomedical research,
whose research priorities conform to those of the
DKFZ and MOS.

Scientifically, this program has been exceptionally
successful. Over the past twenty years, the
research findings of participating scientists have
been published in close to 600 papers in internatio-
nally recognized scientific journals. Many such
articles were published jointly by the German and
Israeli collaborators. In 1997 an international com-

Summary

mission for evaluation of the first twenty years
recommended continuation of the program (see
Appendix). The other great success of the German-
Israeli Cooperative Program in Cancer Research has
been in the many close friendships and bridges
between the two nations it has initiated. While it
cannot be expressed in numbers, this success is no
less important.
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“Between the Government of Israel ... and the
Deutsches Krebsforschungszentrum ...”: The official
beginning of the Cooperation Program in November
1976
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The Deutsches Krebsforschungszentrum

Cancer research has developed rapidly over the last
few years. Advances in molecular biology and gene
technology open the possibilities of completely new
therapeutic approaches to repairing the fatal gene-
tic defects which cause tumorigenesis. The Deut-
sches Krebsforschungszentrum (DKFZ) was among
the first to include such new approaches in its
research program and it has actively contributed to
their development.

The Deutsches Krebsforschungszentrum in Heidelberg,
national research center for cancer research

The DKFZ was founded in 1964 as a public founda-
tion. Since 1975 it has been one of Germany’s
Major Research Centers (Grol3forschungseinrich-
tung). It is financed, as are Germany’s fifteen other
Major Research Centers, by both the Federal
Government (90 per cent) and by the State (Land)
in which it is located (10 per cent). In the early
1990s, the Center’s Management Board and
Scientific Council, in collaboration with the DKFZ
Board of Trustees, which supervises its affairs,
modified the Center’s rigid structure in order to
promote more flexible research programs.
Programs are now limited to six years duration,
although these can be extended in the light of the
scientific results obtained.

The DKFZ now has more than 45 scientific divi-
sions, project and working groups, which are divi-
ded between eight multidisciplinary research
priorities:

Carcinogenesis and Differentiation

Tumor Cell Regulation

Cancer Risk Factors and Prevention

The Partner Organizations

Diagnostics and Experimental Therapy
Radiological Diagnostics and Therapy
Applied Tumor Virology

Tumor Immunology

Bioinformatics

The Center’s Bioinformatics program was enlarged
in 1996 to include genome research that is closely
linked to the international efforts to systematically
investigate man’s genetic material.

The DKFZ regularly evaluates the quality and orig-
inality of its scientific work with the help of both
internal experts and external scientists. It is the
declared objective of the Center to make its
research results available as quickly as possible, to
enhance the prevention, diagnosis and therapy of
malignant diseases. Thus the DKFZ is an active
member of the Heidelberg/Mannheim Tumor
Center, which is a close cooperating union of the
DKFZ, the Faculty of Medicine of the University of
Heidelberg, the University Hospitals and the
Heidelberg Thorax Clinic. DKFZ experimental
results can be put into clinical practice by joint
teams of scientists and physicians cooperating
within the framework of the DKFZ’s five clinical
cooperation units. The first two of these units,
which are part of the Center both thematically and
financially, were founded in 1993/94 in conjunction
with the Pediatric University Clinic as well as the
Medical and Outpatient Clinic of the University of
Heidelberg in the fields of hematology and pedia-
tric oncology, respectively. The clinical cooperation
units for Dermato-Oncology, Radiotherapeutical
Oncology and Nuclear Medicine have meanwile
been added. The Center also seeks to improve clini-
cally oriented cancer research outside the universi-
ty framework. It has now established a Clinical-
Bio-medical Research Unit (Verbund Klinisch-Bio-
medizinische Forschung) together with appropriate
major research institutes.

The complexity of cancer research requires the
constant collaboration and exchange of ideas and
experience between scientists in many professional
disciplines, from both within and outside of the
Center. Internally, the DKFZ currently has 1,600
employees, including 650 scientists in a wide
variety of disciplines. Externally, it maintains
numerous national contacts and cooperates with
researchers from 30 foreign countries, including
Israel. The DKFZ’s Cancer Information Service,
founded in 1986, provides professional information
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to citizens over the telephone. Everyone can recei-
ve information, anonymously and free of charge,
regarding all questions related to cancer by dialing
06221-410121. Since spring 1999 the Cancer
Information Service can be found in the Internet.
The entry is: http://www.krebsinformation.de

The Israeli Ministry of Science (MOS)

The Ministry of Science was founded in 1982 as the
Ministry of Science and Development. Subsequent
name changes - the Ministry of Science and
Technology (1989), the Ministry of Science and the
Arts (1992), the Ministry of Science (MOS, 1996) -
have not changed its primary function, that of pro-
moting strategic research that facilitates linkages
between Israel’s basic and industrial research com-
munities. The National Council for Research and
Development (NCRD), the MOS’s predecessor, now
serves as a broadly based national advisory com-
mittee. NCRD also helps the MOS formulate strate-
gies for long-term national science and technology

policy.
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| FEEL SURE THAT SCIENCE WILL BRING TO THIS LAND BOTH PEACE
LMD ~OF ITS YOUTH CREATHNG HERE THE SPRINGS
OF A SPIRITUAL AND MATERML LIFE AND HERE | SPEAK OF
SCIEMCE FOR ITS OWN SAKE AND OF APPLIED SCIENCE
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The promotion of science, of technological infrastructure
and of international scientific cooperation have always
been major features of Israel’s Government policy - as
envisioned 1946 by Chaim Weizmann, the famous
chemist and President af the State of Israel

Science in Israel is comparatively decentralized,
with specialized research and technology initiatives
conducted under the Offices of the Chief Scientists
of various ministries. In particular, industrial
research is promoted by the Ministry of Industry
and Trade. Funds for basic scientific research,
which in Israel is largely (80 per cent) academic
research, are provided by the Israel Science
Foundation as well as by U.S.-Israeli (BSF) and
German-Israeli (GIF) binational science founda-
tions. The MOS concentrates its efforts on the
missing link between the two, “strategic research”,
research too targeted to be called basic, yet still too
far from immediate application to warrant industri-
al investment.

The MOS also coordinates various interministerial
research committees; collects, analyzes and distrib-
utes information regarding Israeli research and
development; and administers several active
research grants programs (about 10 per cent of all
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Israeli research). Since 1995, MOS has emphasized
research in five priority areas: Advanced Materials
Research, Biotechnology, Electrooptics, Microelec-
tronics and Information Technology. A new
program in the Biomedical Sciences is also under
development. There is a marked trend towards
supporting large strategic research and scientific
infrastructure projects, rather than many smaller,
untargeted research projects. This trend should
provide the critical mass and strategic orientation
required to further reduce the gap between basic
and applied research.

The MOS maintains international scientific relations
with over 30 countries and international organiza-
tions. German-Israeli scientific cooperation has
flourished for decades, first under the NCRD and
then under the MOS framework. The MOS Division
for International Scientific Relations (MOS/ISR)
helped found the semi-independent German-Israeli
Foundation for Scientific Research (GIF) and main-
tains close contact with the activities of the
Minerva Foundation Ltd., which is supported by the
Max-Planck Society.

In 1976 the (then) BMFT and NCRD concluded an
agreement to establish the German-Israeli Coop-
erative Program in Science and Technology. This
multifaceted program is now jointly administered
by MOS and the German Federal Ministry of Educa-
tion and Research (BMBF, formerly the BMFT). This
program’s research projects in the natural and
technical sciences are closely linked to special pro-
grams (Fachprogramme) and funding areas of the
BMBF and to MOS scientific priorities. The coopera-
tive research programs in each scientific area, e.g.,
in Biotechnology or Materials Research are admin-
istratively linked, on the German side, to national
research centers (Grol3forschungseinrichtungen).
The MOS/ISR acts as the Israeli administrative
partner in all areas.

In the framework of the German-Israeli Program in
Medical Research the DKFZ and NCRD signed an
agreement in 1976 which initiated the current
German-Israeli Cooperative Program in Cancer
Research. This agreement sets down rules regard-
ing the supervision, follow-up and financing of joint
projects implemented by DKFZ scientists with part-
ners from Israeli research institutes.

Israeli Research Institutes

Israel has seven major institutions of higher educa-
tion, most of which are actively involved in state-
of-the-art scientific research. Their student body,
faculty and major interests are described below.
Research at Israeli universities is partly financed by
the Israel Government, through the Planning and
Budgeting Committee (VATAT) of the Israel Council
for Higher Education, and student fees. Research
funds are also provided by MOS, the Israel Science
Foundation and other grant programs. Scientific
cooperation with foreign countries plays an impor-
tant role in financing research and transferring
knowledge.

The Israel Academic Community:
Major Research Institutions

Institution  Faculty Students Degree Areas

Bar-llan 1300 17,000 BMP LPS
University
Ramat Gan

Ben Gurion 795 9,400 BMPD EHLPS
University
Beersheva

Hebrew

University

Jerusalem 2100 23,000 BMPD HLPS
Rehovot

(‘Agric.) 120

Technion 700 10,600 BMPD EHLP
Haifa

Tel Aviv 1800 25,000 BMPD EHLPS
University
Ramat Aviv

University 800 10,000 BMP LS
of Haifa

Weizmann 420 750 MP LP
Institute
Rehovot

B = Bachelor, M = Master,

P = Ph.D, D = Medical Doctor (M.D.),

E = Engineering, H = Health/Medicine,

L = Life Sciences, P = Physical Sciences,
S = Social Sciences, Humanities, Law, etc.
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The following paragraphs briefly describe the five
main Israeli institutions which have participated,
thus far, in the German-Israel Program in Cancer
Research.

The Hebrew University

The rise of the Jewish national movement at the
end of the last century increased the appreciation
of the need for a Jewish university which would
synthesize general learning and Jewish studies.
The matter was raised by Dr. Chaim Weizmann in
1901 at the Fifth Zionist Congress. In 1902 Dr.
Weizmann, Dr. Martin Buber and Dr. Berthold
Feiwel published a pamphlet entitled ”Eine
Judische Hochschule” (A Jewish University) in
which they laid the plans for such a university. The
cornerstone of the Hebrew University (HU) was laid
in 1918, and the University was officially opened in
1925. The HU'’s first Board of Governors, chaired
by Dr. Chaim Weizmann, included Martin Buber,
Sigmund Freud, Edmund Landau, Felix Warburg
and Albert Einstein (who chaired the Academic
Committee).

In the wake of Israel’s War of Independence in
1948, the original Mount Scopus campus became
inaccessible. After many years of provisional ar-
rangements, the University built a new campus in
Givat Ram near the center of town. This campus
currently houses the HU Faculty of Mathematics
and Natural Sciences, while the original Mount
Scopus campus, accessible since 1967, now houses
the Faculties of the Humanities, Social Sciences and
Law. The Hebrew University-Hadassah Medical
School (HUHMS), the first of Israel’s four medical
schools, was established jointly by the HU and the
Hadassah Womens Zionist Organization of America
in 1949, in provisional quarters. In 1965, it
relocated to new facilities at Ein Kerem, on the
outskirts of Jerusalem.

The two Hadassah teaching hospitals, at Ein Kerem
and (since 1967) Mt. Scopus, are now part of the
Hadassah Medical Organization (HMO). In addition
to providing state-of-the-art medical care, the HMO
is actively involved in medical education and
research. Clinical and basic cancer research is pur-
sued at many research centers within the HU and
its affiliated hospitals. Typical topics include:

Molecular control and signaling pathways during
normal differentiation and in carcinogenesis
(including demethylation)

The function and regulation of oncogenes and
suppressor genes. Molecular genetic changes in
various cancer cells

Interaction of cancer cells with the extracellular
matrix and the control of angiogenesis during
tumor growth

Tyrphostins (selective tyrosine kinase inhibitors)
as inhibitors of cancer cell growth

Liposomes for drug delivery

Immunological control of cancer growth and
spread

Immunobiology of bone-marrow transplantation
in cancer

Induction of programmed cell death (apoptosis) in
cancer cells

The HU is actively engaged in world-class research
in almost all areas of the natural sciences. It grad-
uates about 28 per cent of all Israeli Ph.D.’s and
carries out over a third of all civilian basic research
in Israel.

The HU Faculty of Agriculture, which is Israel’s
only Faculty of Agriculture, occupies an impressive
campus in Rehovot. One of their department deals
with cancer in farm animals.

The Technion

The Technion - Israel Institute of Technology is
located in Haifa, a major Israeli port on the
Mediterranean. Formally inaugurated in 1924, its
original building had been erected in 1912. Thus,
like the Weizmann Institute of Science (Rehovot)
and the Hebrew University (Jerusalem), the
Technion was established before the State of Israel,
dramatic testimony to the emphasis placed on
science by Israel’s original settlers and founders.

The Technion is Israel’s premier engineering

school. The source of most of Israel’s engineers, its
students (30 per cent graduate students) also
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pursue a wide variety of subjects in the natural
sciences, technology, and medicine. Clinically orien-
ted cancer research is undertaken at the Rambam
Medical Center and the Bnei Zion Medical Center,
both affiliated with the Technion Faculty of
Medicine.Two major foci of cancer research at the
Technion are studies of:

The ubiquitin proteolytic system which plays a
major role in modulating the activities of proteins
like proto-oncogenes, tumor suppressors and
cyclins.

Vascular endothelial growth factors (VEGF),
which are highly specific mitogens for vascular
endothelial cells and are important angiogenic
factors.

The first class in drafting: Technion 1925

The ubiquitin system was first discovered at the
Technion, and has been subsequently implicated in
the degradation of several oncoproteins and wild-
type p53 protein, both in vivo and in vitro. VEGF
are produced by both normal and malignant cells
and appear to play a major role in tumor angio-
genesis (the formation of new blood vessels). Anti-
bodies directed against VEGF can inhibit the
growth of a variety of VEGF-producing tumors.

The Weizmann Institute

The idea of founding a world-class scientific
research institute in (then) Palestine was raised in
talks between Albert Einstein and Richard
Willstatter in the 1920s. The institute was to be
unique, in that it would be self-administered and
bound only by the standard of its scientific quality.

This concept was later
discussed with Fritz
Haber. The famous
chemist and Zionist
leader, Dr. Chaim
Weizmann, took up this
idea, which was first
realized in Germany
with the founding of
the Kaiser-Wilhelm
Institutes (later the
Max-Planck Institutes).
In Israel, this goal has
been realized in the
current Weizmann
Institute of Science
(WI) which is a full-
time research institute,
rather than a tradition-
al university. Founded
in 1946, the WI grew
out of the far more
practically oriented Daniel-Sieff-Institute.
Established in 1934 by British philanthropists, the
Sieff Institute’s original interests were industrial
bacteriology and pharmaceutical and agricultural
chemistry. (Chaim Weizmann was, himself, the first
Director). The institute’s name was changed in
1949, and Dr. Weizmann simultaneously served as
Director of the Institute and President of the State
of Israel for some time.

NI

VI

WETZMANN
INSTTITUTE

Today the W1 is a well-known, world-class scientific
research center. More than half the scientific work
in the Institute’s Faculties of Biology, Biochemistry,
Chemistry, Physics and Mathematical Sciences is, in
some way, connected with cancer research.

WI cancer researchers have, over the years, made
many outstanding contributions to cancer research.
Among their more recent contributions is the
demonstration that disrupting the genes that pro-
duce vinculin and a-actin increases cancer cell
motility and tumorigenesis, while increasing the
production of these proteins suppresses tumorige-
nicity. Other Weizmann Institute scientists are stu-
dying how rearrangments of the ALL-1 oncogene,
and its newly discovered ALR analog, can lead to
acute lymphatic leukemia. Another study elucidates
the complex, orderly signaling network formed by
the Erb B family of transmembrane growth factor
receptors. Three levels of signal diversification per-
mit the stringent control of mitogenic and differen-
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tiation signals. Another researcher has shown how
heparan-sulfate proteoglycans serve as obligatory
accessory receptors for growth factors such as FGF
and tightly regulate cell growth and fate.

Defects in the p53 gene are found in over 60 per
cent of all human tumors. Pioneering WI research
on this gene is particularly well-known. It is now
thought that normal p53 halts cell replication dur-
ing the cell’s "resting phase” to permit correction
of DNA errors prior to cell division. The researchers
have shown that the C-terminus end of the p53
protein senses damaged DNA and triggers repair
mechanisms. When errors in the DNA are too
numerous to fix, p53 initiates programmed cell
death (apoptosis). Five novel genes and a known
protease were shown to play a part in interferon-
induced apoptotic pathways. These Death Associ-
ated Protein (DAP) genes were discovered using
anti-sense inactivation techniques.

Other WI researchers have identified tumor-asso-
ciated antigen (TAA) peptides, studied their role in
metastasis and successfully tested a TAA-based,
anti-metastatic vaccine in mice. Others are using
MRS (magnetic resonance spectroscopy) microscopy
to study the formation of the new blood vessels
(angiogenesis) that are essential to tumor growth,
and to develop diagnostic tests to distinguish be-
tween benign and malignant breast lesions.

In his autobiography, "Trial and Error”, Weizmann
comments on the Institute’s deliberate concern for
esthetic beauty. "When the Institute was built it
looked as if we were going to sink into a sea of
sand ... After two or three years of care, the whole
was transformed into a garden which delights the
eye and every visitor and worker feels the effect.”
Today the Institute’s forty buildings are spread out
over a subtropical green campus more than a
square kilometer in size.

The Tel Aviv University

In 1956 three smaller Tel Aviv-based research
institutes were combined to form the Tel Aviv
University (TAU). The TAU Faculty of Medicine was
founded in 1964 on the Ramat Aviv campus with
the participation of major local hospitals, such as
Ichilov Hospital (part of the Elias Sourasky Tel Aviv
Medical Center) and the Chaim Sheba Medical
Center (Tel Hashomer), Israel’s largest medical

center. During the next decade many new faculties
were established (at present it has 9 faculties and
90 departments). TAU is now Israel’s largest
research and teaching center.

TAU has one of Israel’s largest concentrations of
basic scientists and clinicians engaged in cancer
research, including almost 100 scientists and
physicians from the George S. Wise Faculty of Life
Sciences and the Sackler Faculty of Medicine. They
perform clinical, preclinical and basic research on
biological, molecular, genetic, immunological, virol-
ogical and environmental aspects of the disease.

In order to promote multidisciplinary cooperation
TAU has established a Cancer Biology Research
Center. The Center uses proceeds from its cancer
research endowments to fund “starter grants”. The
Center holds an annual conference which provides
a forum for the exchange of information and data
from 200-250 researchers from laboratories, uni-
versity-affiliated hospitals, large medical centers
and small community health services, fostering the
cross-fertilization to which the Center is dedicated.
These annual meetings are supported in part by
the Israel Cancer Society.

TAU also operates two academic cancer research
institutes: the Ela Kodesz Institute for Research on
Cancer Development and Prevention, in the Faculty
of Life Sciences, and the Stanley Steyer Institute
for Cancer Epidemiology, in the Faculty of Medicine.
In addition, the University holds an annual Otto
Herz Lecture Series in Cancer Research, which
brings distinguished scientists from abroad to pres-
ent lectures and seminars. In 1992 an Internation-
al Symposium was held to mark the tenth
anniversary of this series.

The Ben-Gurion University of the Negev

The Ben-Gurion University of the Negev (BGU),
Israel’s youngest university (founded 1969), is loca-
ted in Beer-Sheba, a town just north of the Negev
Desert. The development of arid lands agriculture
and other desert related topics were among the
university’s original research priorities. Another
important priority is health-related research to
benefit the population of south Israel. This research
is carried out at the university’s Medical School
(founded 1973). The university has grown rapidly,
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and is now active in almost all areas of modern
science.

BGU has established a broadly based interdiscipli-
nary Cancer Research Center which lists more than
70 scientists and research clinicians as active mem -
bers. Members of the Center include the: Institute
of Clinical Oncology, Institute of Pathology, Division
of Basic Sciences, Division of Surgery and the
Departments of Chemistry and Physics. Research
teams pursue priority topics in both basic and clini-
cal oncology, including: molecular oncology, metas-
tasis, tumor immunology and immunotherapy,
modifiers of cancer therapy, multiple drug resist-
ance, oncological virology, signal transduction, cell
cycle regulation and apoptosis, the enzymology of
DNA repair, early detection, epidemiology and
radiation and chemical hazards.

The University’s Sede Boker campus, deep in the
Negev Desert, is the home of the Ben-Gurion
Research Institute and the Jacob Blaustein Institute
of Desert Research. David Ben-Gurion and his wife
are buried on a hill high above the university which
is named after him.
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“One Plus One Can Be More Than Two”

An interview with the coordinators

The following chapter is adapted from interviews
with Prof. Erich Hecker and Dr. Yair Degani, respec-
tively the German and Israeli Coordinators of the
German-Israeli Cooperative Program in Cancer
Research. Here they discuss the history and devel-
opment of the current program

e

Since the program’s be-
ginning in 1976, Profes-
sor Erich Hecker has ser-
ved as Vice Chairman of
the Program Committee
and as the program’s
Coordinator at the DKFZ.
He has served as Chair-
man of the DKFZ Board of
Directors (1970-1971)
and President of the
DKFZ Scientific Council
(1973-1977). He is now
Professor Emeritus in Biochemistry

\

In 1959 the Max Planck Society and the Weizmann
Institute initiated jointly the German-Israeli
scientific relations, mainly in physics and
chemistry. Who played a similar role in developing
German-Israeli collaboration in cancer research?

Hecker:

In 1974 the Weizmann Institute’s European repre-
sentatives in Zirich invited DKFZ representatives to
visit Israel. | was then the Chairman of the DKFZ
Scientific Council and Professor Klaus Munk the
Chairman of the DKFZ Management Board. Once
there, we visited many research centers, especially
the Weizmann Institute and the Hebrew Universi-
ty. One evening, over a glass of wine, we discussed
the problem of how to finance science in order to
further its development. In Israel, the concentration
of gifted researchers is particularly high and, of
course, it was desirable to help prevent such talent
from leaving the country to seek more lucrative
opportunities elsewhere.

Once back in Germany we felt obliged to examine
the possibility of collaborating with Israel. This
idea, however, fell outside most existing mecha-
nisms. The Max Planck Society was (then) not inter-
ested in cancer research, while the German
Research Society (DFG) was unable to assist us for

The Preliminaries

statutory reasons. The German Federal Minister for
Research expressed great interest; but he had no
available funds. When we informed our Israeli part-
ners of the situation, they succeeded in interesting
members of the Budget Committee of the Bundes-
tag, particularly the Deputy responsible for biomed-
ical research. The Budget Committee eventually
allocated DM 600,000
per year to the Minis-
try for Research to be
transferred to Israel
through the DKFZ for
scientific cooperation
in cancer research.
The subsequent coop-
erative agreement
became the framework
for our collaboration.

Dr. Yair Degani, a biochemist, is the Head of the
Division of Life Sciences at the Israeli Ministry of
Science. He was previously a Senior Scientist at the
Weizmann Institute (Rehovot)

What was Germany’s interest in this agreement?

Hecker:

One should look at this collaboration in the light of
German efforts to reach a reasonable relationship
with the Jewish people and the State of Israel after
World War Il. There was a readiness to do some-
thing for Israel and also recognition of the out-
standing research being done there. The agreement
states that the DKFZ would be receiving expert
knowledge, from Israel, thanks to the funds
supplied. Collaboration means that one and one is
really more than two, provided the collaboration is
successful. Science is particularly suited to bringing
people together, even if they have completely
different political views.

What was Israel’s interest in this agreement?

Degani:

As a small country which seeks to maintain its
scientific research activity at world-class standards,
Israel finds international scientific cooperation par-
ticularly vital in several respects. Joint research
programs and cost-sharing help stretch Israel’s
limited research budget. Constant interaction and
collaboration with scientists abroad provides
intellectual synergism with a large pool of interna-
tional talent and improves research performance.

73



In the absence of relations with her immediate geo-
graphical neighbors during the State’s first de-
cades, Israel’s most natural choice for collaboration
was the relatively close-by scientific community of
Europe, with which many Israelis shared a common
cultural and historical background. Germany has
always been a major scientific power in Europe.
German scientific research has expanded continu-
ously, thanks to the German Government’s heavy
investments in research. Germany also played a
central role in many international European organ-
izations which Israel sought to join. The willing-
ness of Germany to cooperate with Israel in science
and technology was welcomed by Israel’s National
Council for Research and Development (NCRD) and
other leaders of Israel’s scientific community. The
German-Israel Cooperative Program in Medical
Research, of which cancer research is a major part,
was of special significance to Israel. Medical
research expresses universal values, which touch
the life of every human being. Disease, illness and
death do not recognize national, political or geo-
graphical boundaries, and all nations seek to
improve the health of their citizens, so no other
area of scientific activity could be more fitting for
international cooperation.

How did the organization of the cooperation
develop?

Hecker:

Fruitful collaboration in a multidisciplinary field
such as cancer research can only be implemented
through individual projects in which scientists work
together on a one-to-one basis. The first six
projects were, so to speak, conjured up from
nowhere without any special infrastructure. The
agreement signed between the German Federal
Ministry of Reserch and Technology (now BMBF),
DKFZ and the Israeli National Council for Research
and Development (now MOS) in 1976 left to the
partners the task of elaborating the details of this
collaboration. As a member of the DKFZ Scientific
Council, I had long been interested in international
cooperation and was particularly fascinated by
Israel. | was quite willing to travel there to consult
with our Israeli partners on how to best implement
such cooperation. That was in 1978, by which time
I had already obtained valuable practical experience
from cooperative projects with Thailand and Egypt.

What happened at that time?

Hecker:

In our discussion, one could clearly sense the
reserve of the Israelis. One problem was that, since
superior research scientists from both sides were to
participate, it was necessary to lay down firm crite-
ria of quality. Israel is, however, a small country;
and Israeli scientists were reluctant to evaluate
their fellow colleagues who had made applications.

My own attitude during these talks, which could be
called the first meeting of the Program Committee,
was that cooperation could be implemented only if
both sides participated with complete equality of
rights and not if the side providing the funds came
with the motto: “the one who pays, makes the
rules.” When it became clear that we needed a
Program Committee, | proposed that it be com-
posed of equal numbers of Israeli and German (or
other European) scientists, including one Coordina-
tor from each side. The Program Committee would
meet once a year, alternately in Israel and in
Germany. The Chairman, elected from among the
members of the Committee, would serve for only
one year.

How did the Program’s structures develop?

Hecker:

Most structures developed over time, one by one.
At the next Program Committee meeting in
Germany, we drafted a paper outlining how to
generate and choose projects. The Israeli side felt
that such a cooperation should constantly develop.
That is why the paper is still called: “Temporary
Procedures to Generate Common Projects.” It took
us about ten years in order to fully develop these
“Temporary Procedures”. They were continuously
perfected, based on our experience.

Degani:

For example, at the beginning we didn’t have a
Joint Concluding Report, only the standard annual
reports for each partner. Later we decided to
request a formal Joint Concluding Report, co-auth-
ored and co-signed by the Israeli and German part-
ners, without fixing its format. That proved to be
insufficient and we eventually realized that it would
be useful to specify a special form for the report, to
ensure that it contained all the information re-
quired. The final format specifies exactly what
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should be written on which page, in which sections.
We extensively advise the investigators of both
partner organizations and, at an earlier stage, can
even help them find potential partners.

What has been the program’s recipe for success, on
both the personal and scientific level?

Hecker:

Friendship cannot be prescribed. We can only
remind the researchers that fruitful scientific co-
operation requires the personal exchange of ideas
and that it is important to undertake reciprocal
visits and joint experiments. The Program
Committee considers it essential to provide travel
funds for each subproject. Experience has repeat-
edly shown that the most fruitful ideas, ideas which
result in further experiments, often arise by
chance, over a casual cup of coffee or in the
evening after supper.

At least once during the three years of each pro-
ject, the project’s partners participate together in a
workshop. At these Status Seminars the research-
ers present joint reports regarding all active
projects to the Program Committee in the presence
of a selected audience of fellow scientists. Further-
more, the Program Committee is briefed on the
progress of each project at its annual meeting. One
year the Israeli partners report to the Committee
(when meeting in Israel); the next year the German
partners report to the Committee (when meeting in
Germany). Even so, the partners still do not always
collaborate as closely as we would like.

What sort of things can go wrong?

Degani:

For example, one project had no publications; and |
asked the investigator what had happened. There
was a problem with certain cells one partner was to
supply. They were not exactly the right type, some-
thing was wrong with them, and no publishable
results had been achieved. This can sometimes
happen; there is no 100 per cent guarantee for
success.

On a broader level, we once included several
epidemiological topics among our priority areas. We
eventually realized that epidemiological projects
are not well-suited for this kind of program. For

example, such projects often require far more than
three years in order to yield meaningful results,
whereas our projects are limited to three years
duration. This is a serious limitation since, accord-
ing to the “Temporary Procedures,” an Israeli
grantee cannot receive another grant before having
abstained for three years (this restriction does not
apply to German grantees).

However, these original epidemiology projects were
not necessarily failures. When we were updating
our lists of publications, both for the Program’s
twentieth anniversary in 1996 and for its interna-
tional evaluation in 1997, we found many new
publications arising from these projects, even five
years after their termination. Thus, in some cases,
the fruits of those original epidemiology projects
are merely ripening late.

What standing does this cooperation have?

Degani:

In Israel, the Cooperative Program is well-known
and highly regarded, both for its scientific results
and for its scientific management by the Program
Committee and its Coordinators. About five years
ago the Program’s budget was increased almost 40
per cent by additional contributions from the DKFZ
Management Board, over and above the BMBF’s
allocation. This itself reflects the widespread
recognition of the success of this program within
the DKFZ, especially at a time when research
budgets are becoming tighter and more restricted.

How does the Cancer Research Program compare
with other programs in the German-Israeli
Cooperation?

Degani:

In several respects, cooperation between scientists
in the Cancer Research Program is more developed
than in other areas of the overall BMBF-MOS
Cooperative Research Program. So are the struc-
ture, procedures and management of this program,
particularly the way it is supervised by the Program
Committee. One basic difference is that this pro-
gram also funds German scientists. In most other
BMBF-MOS subprograms, German scientists
receive only travel funds, which makes it more
difficult for the partners to work together. This is
changing now; and other subprograms are begin-

75



ning to fund the German side as well. This is a
good development, one which we have tried to
encourage for many years.

What aspects of the Cancer Program can serve as a
model for others?

Hecker:

The BMBF and MOS are setting up international
evaluation teams to analyze how well the coopera-
tive projects in all of their joint programs function.
In general, the individual Program Committees
decide how to structure and control the collabora-
tion. As a general rule, the intense interaction
found among the cancer researchers is not found in
the other BMBF-MOS cooperative programs. In the
DKFZ-MOS Cooperative Program in Cancer
Research, the Program Committee plays a very spe-
cial supervisory role.

llana Lowi (middle) was Deputy Director of the MOS
Division for International Scientific Relations (MOS/ISR)
until 1996. Nurit Topaz (right) heads the MOS/ISR
Section for Scientific Relations with Germany

Lowi:

MOS international research programs have adopted
a number of procedures which originated in the
Cancer Research Program. One example is the 2n
Selection procedure, in which the Program
Committee receives up to twice as many proposals
for final evaluation and selection as can be funded.

Topaz:

All of the BMBF-MOS subprograms have either a
Program Committee or an Advisory Committee.
The difference is that a Program Committee actual-
ly makes decisions, while the Advisory Committee
can only give advice, leaving final decisions to the
relevant ministries. The Cancer Research Program’s
strong Program Committee gives it a definite
advantage.

What is the primary motivation for this German-
Israeli undertaking? Increasing understanding bet-
ween the two nations?

Hecker:

From a political point of view that has, no doubt,
played an important role, particularly in motivating
financing. On the scientific level, however, collabo-
ration with Israel has been particularly effective in
demonstrating the multidisciplinary character of
the DKFZ’s scientific endeavors and making these
internationally known.

Degani:

The development of German-Israeli relations has
been a matter of great delicacy. In the early years
of the German-Israeli Cooperative Program, there
were some Israeli scientists who, for emotional
reasons, refused to take any part in the program,
either as applicants for research grants or as
reviewers of applications submitted by others. Over
the years such cases have become increasingly
rare. Many of us feel that the cooperative activities
of the program have greatly contributed to building
a bridge over that gulf of hatred and grief. From
the scientific point of view, the contacts created
through this program have proved, over the years,
to be highly productive and of mutual benefit to
both sides. This has laid a firm foundation for long-
term professional cooperation.

Does one notice in the cooperation that the relation
between the two countries is a special one?

Hecker:

Not any more. Emotionally speaking relations are
now very close to normal. At the program’s begin-
ning in 1976, the Israelis were extremely reserved,
but this should not be understood primarily as a
reserve towards German researchers. It was largely
a more general reserve towards the kind of collabo-
ration represented by this program. The program
demanded real cooperation rather than the
separate development of similar, but parallel,
projects. It demanded considerable personal
contact and an special forthcoming personality. In
the beginning collaboration with German scientists
was doubtless a special component, but it really
does not seem so today.
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Flexible Routines

The "Temporary Procedure to Generate Common
Projects” are always open to changes

Before each new Call-for-Proposals in priority
topics, the DKFZ Scientific Council first discusses
its proposed priorities with the Management Board
of the DKFZ and then proposes them to the Israeli
side. MOS and the Israeli members of the Program
Committee discuss the proposed research priorities,
and may introduce their own proposals, in the light
of Israel’s cancer research priorities.

A final decision is made jointly, after joint discus-
sion, at the annual Program Committee meeting.
Priorities are announced about one year before the
planned beginning of the research. The Call-for-
Proposals is circulated in the DKFZ and in Israeli
research institutes. The Israeli Ministry of Science
also distributes information regarding the DKFZ
and its activities throughout Israel. This includes
reports on DKFZ research and description of
available DKFZ publications.

The three priority topics chosen for the most recent
call-for-proposals (research to begin on January 1,
1998) are the:

Regulation of cell proliferation and differentiation
in normal and neoplastic cells.

Role of viruses in the control of malignancy in
human cells.

Mechanisms of increased and/or selective toxicity
for cancer cells through apoptosis (programmed
cell death).

In response to the Call-for-Proposals, a great num-
ber of scientists submit applications for projects.
Every proposed project must consist of complemen-
tary German and Israeli subprojects. The re-
searchers often know each other from international
scientific conferences they attended or through
mutual colleagues. If this is not the case, the Pro-
gram Coordinators, with their vast experience, can
assist in the search for potential scientific partners.
About 25 to 30 project proposals are submitted
each year by Israeli investigators. These are then
forwarded to expert referees for external peer
review, both in Israel and abroad (mostly in Europe
and the U.S.A.). On the basis of the written

The Program

evaluations submitted by the reviewers, the Israeli
members of the Program Committee choose twice
as many project proposals as can be financed (the
so-called 2n selection procedure approach). The
corresponding German subproject proposals are
evaluated by the DKFZ Scientific Council.

The Program Committee discusses and evaluates
these 2n proposals - usually 12 to 14 proposals at a
time - and ranks them using a point system which
takes several criteria into account. One of the most
important criteria for the choice is the probability
of fruitful collaboration. Other criteria are originali-
ty, scientific quality, and significance to advancing
cancer research, adequacy of the proposed method-
ology and the project’s cost/benefit ratio. About six
to seven projects (“N”) are finally chosen for three-
year support.

The Program’s Coordinators:
Erich Hecker (left) and Yair Degani
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Despite their high degree of diversity, the 61
research projects supported by the DKFZ-MOS
Cooperative Program in Cancer Research over the
last two decades fall within six broad areas
corresponding, to a large extent, to the research
priorities of the DKFZ. These are described below.

Cell on Cell

Thirteen projects in the area of
”Cell Differentiation and Carcinogenesis”

Differentiation is the process by which cells special-
ize, so they can perform specific tasks. Cancer cells
often no longer perform the specialized tasks which
characterized their healthy precursors. Carcinogen-
esis begins with changes in the genetic material,
DNA. Such mutations can be induced by external
agents or can arise spontaneously. Such mutations
can activate some cancer-associated genes (onco-
genes) at the wrong time or, alternatively, they can
inactivate important control (regulatory) genes,
including tumor suppressor genes.

Scientists can now use advanced cell biology and
genetic engineering methods to find out where
such genes are located on the chromosomes, the
biochemical signals they switch on or off and the
mechanisms by which they interrupt the finely
balanced genetic mechanisms controlling cell
growth. Researchers can also analyze the proteins
whose structural information is coded in these
genes, and search for their occurrence in various
pathological and normal cell types. Most cells are
organized in large associations called tissues. In the
case of cancer cells, however, the carefully regul-
ated contact points which usually connect the cells
to each other and to their environment are often
changed or damaged. That is why cancer cells can
break out from their tissue of origin, migrate to
other sites in the body and there create secondary
tumors (metastases).

A project concluded in 1993 by Professor Werner
Franke, Head of the DKFZ Division for Cell Biology,
and Professor Benjamin Geiger, Department for
Chemical Immunology at the Weizmann Institute of
Science, has enhanced our knowledge of the mol-
ecular components of the important structures that
maintain cell-cell contact and the changes that
accompany cancer and metastasis. Their joint pro-
ject was entitled: “Structure-Function Relationships

The Research Areas

in Adhering Cell Junctions of Normal and Trans-
formed Cells.” The researchers discovered, among
other things, a new type of intercellular contact
molecules (complex adherents) in endothelial cells
which line the blood and lymph vessels.

Professor Eli Keshet of the Department of Molecular
Biology at the Hebrew University-Hadassah Medical
School has examined the role of endothelial cells in
developing the structures needed to supply blood
to a growing tumor. His scientific partner in this
project on the “Regulation of Proteases and their
Respective Inhibitors Mediating Cell Invasiveness
During Angiogenesis and Metastasis,” successfully
completed in mid-1996, was Professor Eberhard
Spiess, Head of the DKFZ Study Group on Bio-
medical Structure Research. Spiess, using confocal
laser scanning and conventional light microscopy,
examined cancer cells of the lung which penetrated
neighbouring collagen structures, their first step
towards escaping from their original tumor. Spiess
succeeded in visualizing, for the first time, the
“weapons” of the cancer cells, their protein diges-
ting enzymes (proteases), during their invasion.
Using the visualization techniques of the Heidel-
berg laboratory, Keshet demonstrated the key role
of specific protease activators and their conjugate
inhibitors in the control of blood vessel invasion
into expanding tumors.

The Switch of Life

Eleven projects in the area of
”Tumor Cell Regulation”

Many genetic changes which lead to cancer hamper
the communication between cells, tissues and the
entire organism. Communication is necessary for
maintaining the proper functioning of that finely
balanced division of responsibilities that character-
ize the body. Cellular communication is based
mainly on the exchange of chemical signals such as
hormones, growth factors, neurotransmitters,
cytokines and other mediators. The target cell has
to notice and respond to the chemical signal it
receives on its surface, where each chemical signal
binds to a specific (exactly fitting) receptor
molecule. The signal, once detected, must be
transferred to the inside of the cell (often in quite a
different form); there the secondary message is
interpreted and used to trigger an appropriate
response. The signal can, for example, switch off or
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on biocatalysts or genes, modulate the cytoskele-
ton, alter the permeability of the cell membranes
and boost or block the replication of cells.

A central role in processing such signals is played
by enzymes which transfer phosphate groups to
proteins (kinases) or which split off phosphate
groups from proteins (phosphatases). Disruptions in
this universal biochemical switch can have fatal
results for the cells. Many proto-oncogenes, the
undamaged precursors of cancer genes, contain the
structural information required to produce specific
kinases. The manifold modes of signal transduction
are interlinked with each other and feedback-
coupled, since a healthy cell has to switch signals
off again.

Excessive phosphorylation of an important regula-
tory protein can explain why transformed keratino-
cytes (skin-tumor cells), no longer respond to a
chemical “stop signal” (TGF-b) and multiply with-
out control. This was observed by Professor Adi
Kimchi of the Weizmann Institute of Science and
Professor Norbert Fusenig, Head of the DKFZ
Division of Differentiation and Carcinogenesis In
Vitro. Their project “Negative-regulating Growth
Factors and the Significance of their Abrogation in
Carcinogenesis” was concluded in 1996. Knowledge
of how molecular mechanisms can alter a cancer
cell’s reactions to chemical signals, may eventually
permit influencing the development of tumors.

Early Detection and Prevention

Four projects in the area of
”Cancer Risk Factors and Prevention”

External factors play a causative role in most forms
of cancer. According to recent risk estimates,
smoking and improper diet each cause about one-
third of all cancers. Up to eight percent are related
to harmful influences in the workplace; two per-
cent, to harmful environmental factors such as
ultraviolet light from the sun.

A high vitamin C supply, for example by fruit and vege-
tables, diminishes the risk of stomach cancer

Cancer prevention includes both the exclusion or
reduction of risk factors (primary prevention) and
the early detection and interruption of disease de-
velopment. This requires an awareness of risk fac-
tors, their potential dangers and their mechanisms
of action. Information on how environmental influ-
ences can affect the frequency of cancer is derived
from epidemiological studies. These studies uncov-
er differences in the incidence of various forms of
cancer between populations differing in their loca-
tion, time, gender, occupations, habits and ethnic
origin. Scientists can thus estimate the cancer risks
of particular substances or groups of substances to
which people are exposed in their professions or
lifestyles. The latter include the effects of smoking
and diet.

Using molecular biological, toxicological and patho-
logical methods, scientists study the development
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of externally caused tumors, which must be detec-
ted above the background of malignancies caused
by endogenous influences. Errors in the hereditary
material DNA can be introduced during normal
DNA-replication which precedes cell division, and
they can be inherited as a genetic predisposition for
cancer. More information on the early stages of
cancer and the mechanisms of carcinogenesis is
required to develop better and more effective can-
cer therapies.

Benefit for Patients

Five projects in the area of
”Diagnostics and Experimental Therapy”

“It will remain the laborious but not hopeless task
of experimental therapy to continually discover, for
practical purposes, new types of effective substan-
ces.” So wrote Paul Ehrlich at the beginning of the
century. Although he had developed a chemothera-
peutic treatment against syphilis through system-
atic scientific experiments, the search for new
therapeutic procedures for cancer proved to be far
more complex.

A tumor develops from changed body cells which
multiply in a disorderly and unhampered fashion; it
is thus not a tissue foreign to the body. Depending
on which body cells transform into tumor cells,
quite different cancerous diseases develop. These
take different courses and present different possi-
bilities for treatment.

Many small steps forward - and close cooperation
between basic research and clinical medicine - are
necessary in order to use the new knowledge
gained in the laboratory to benefit the patient. In
projects of the DKFZ-MOS joint program on
“Diagnostic and Experimental Therapy,” cancer
scientists and physicians have worked together on
concepts related to adjuvant radio-, chemo- and
immuno-therapy. They have studied the biological
activity of certain immune complexes in breast
cancer patients, and they have sensitized immune
cells to enable them to resist cancer. Others, such
as molecular biologists Manfred Schwab and Moshe
Oren (see page 86), have started clarifying the
mode of action of the cancer-suppressing gene p53.
The results of the Schwab-Oren collaboration could
eventually be useful for improving radiation
therapy.

Metastasis, of Jorg Druhl

Borrowed Life

Eleven projects in the area of
”Applied Tumor Virology”

The scientific world had long considered the re-
search of the American pathologist Peyton Rous on
poultry viruses as a biological curiosity without
great significance. Rous had, in 1911, drawn
attention to the possible role of viruses in the
development of tumors in domestic fowl. In 1966
he was awarded the Nobel Prize in Medicine for his
pioneering experimental results.

At present four groups of viruses are known to con-
tribute to the development of specific malignant
diseases in humans. These include the hepatitis B
virus, a herpes virus (Epstein Barr virus), two
Papilloma viruses (which induce cancer of the
uterine cervix) and several retroviruses.

A virus particle, which is only about one ten thou-
sandth of a millimeter long, consists of genetic
material (DNA or RNA) encapsulated in a protein
envelope. Since it does not have its own metabolic
machinery, it can multiply only in living cells,
where it makes its unwitting host provide the raw
materials and “technology” for making more copies
of its uninvited guest. In many cases the host cell is
not damaged; however, when the virus incorporates
its genetic information into the host cell’s genome,
cancer can result. The ways in which some viral
genes disturb the growth control of their host cells
so seriously that they become cancerous are varied.
As a general rule, infection with a tumor virus does
not suffice to cause carcinogenesis. Usually there
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must be a secondary “trigger,” such as carcinogenic
chemicals, radiation or special genetic structures in
the host cell. A joint project successfully completed
in 1994 by a team of German and Israeli virolo-
gists, Rolf Fligel and Mordechai Aboud, has clari-
fied how such additional factors affect the develop-
ment of virus-induced cancer (see page 84).

The identification of viral cancer risk factors con-
tributes to the search for new diagnostic and thera-
peutic processes. It is already possible to prevent
liver cancer by immunization with hepatitis virus
and there is a hope of extending this success to
other virus-induced tumors. Cancer viruses are also
useful in basic research on how normal cells are
converted to cancerous ones. Scientists further
hope to utilize the ability of viruses to insert for-
eign genes into the genome of human cells for
gene therapy.

Harnessing Defense Mechanisms

Seventeen projects in the area of
Tumor Immunology

The cancer cell culture “melted like butter in the
sun” reported Lloyd Old, an American immunolo-
gist in 1975. He had added a small, naturally oc-
curring (endogenous) protein to his culture and the
results had been amazing. He named this now
world famous protein “tumor necrosis factor (TNF)”
from the Greek word necrosis, “to die off”. Biolo-
gists and physicians have shown that the observed
destruction of tumor cells in vitro cannot be easily
replicated in man. In man, TNF’s modes of action
and signaling pathways are much more complex,
even somewhat contradictory. The joint DKFZ-MOS
project: “Mechanisms Controlling the Response to
Tumor Necrosis Factor” has contributed considera-
bly to a detailed molecular analysis of how cells
respond to TNF. The three scientists involved
worked together in close cooperation during 1989-
1991. The team consisted of David Wallach of the
Weizmann Institute of Science (Rehovot), Daniela
Mannel of the DKFZ Division of Immunochemistry
and Helmut Holtmann of the Medical College of
Hannover. Holtmann’s participation was somewhat
unusual, as he was a non-DKFZ German partner.

Tumor cells differ from their healthy counterpart in
many different ways, and they hide from the
“watchdogs” of the body’s immune system in many

different ways. Accordingly the points of departure
are different. Over the last decade immunologists
discovered that some of the immune system’s
defense cells do not simply produce antibodies
which mark the foreign body in ways that attract
other cellular “soldiers” of the immune system. In
addition, these defense cells can release hormones
and other chemical messengers which direct the
subsequent immunoreaction and related cell
functions in a very complex manner.

Scientists now understand some routes by which
the immune system’s “police” cells recognize and
destroy cancerous cells. This defense system is,
however, often overtaxed in the case of an advan-
ced tumor. The immune system seems better able
to combat smaller numbers of isolated cancer cells.
That is why some new immuno-therapies concen-
trate on fighting metastases, small secondary tu-
mors which develop from roving free cancer cells.

Our basic knowledge of how immune cells from the
bloodstream can penetrate other tissues was great-
ly enhanced by the joint DKFZ-MOS project of
Israel Vlodavsky and Volker Schirrmacher in the
mid-1980s (see the following page).
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The Scientific Program Committee chose seven
“highlight projects” of the cooperation program out
of 61 joint projects (1976 - 1996). The awards for
the projects Ca 24, Ca 41, Ca 49, Ca 50, Ca 51, Ca
58 and Ca 59 (see Appendix) were handed over to
the investigators in March 1997 when the 20th
anniversary of the cooperation program was
celebrated, in conjunction with the seventh work-
shop of the cooperation program. Three of these
highlight projects are illustrated below.

Making the Invasion Visible

Project Ca 24 showed for the first time how
metastasing cells leave the blood vessels

In 1972 DKFZ biochemist Volker Schirrmacher
traveled to Israel to attend a Summer School
course at the Weizmann Institute of Science in
Rehovot. These memorable weeks were the start of
a continuous tie between Professor Schirrmacher
and lIsrael, both the country and its people. Further
visits and contacts with Israel’s “pragmatic and
innovative researchers” followed. With the initiation
of the DKFZ-MOS Cooperative Program in Cancer
Research in 1976, Schirrmacher, by then Head of
the DKFZ Division of Cellular Immunology, became
“a permanent visitor” in Israel.

Since that time Schirrmacher has participated in,
and successfully completed, six joint projects. One
of these was Project Ca 24, undertaken with
Professor Israel Vlodavsky. The collaboration, which
began on January 1, 1983, was a landmark,
pioneering investigation of metastasis, the process
by which tumor cells leave their original tumor, tra-
vel through the bloodstream and invade and colon-
ize new tissues. Such metastasis results in new
tumors “beyond” (Greek, meta) the site of the
original tumor.

The original tumor can, in many cases, be removed
surgically or treated by chemotherapy or radiation.
In contrast, metastases in other organs are usually
only detected after they are too numerous and
widespread to permit a cure. New knowledge about
how metastases form may provide important new
points of departure for the development of improv-
ed cancer therapies. The results of this successful
collaborative project have greatly increased our
knowledge of how cancer cells succeed in leaving
blood vessels to invade healthy tissue.

Research Results

Israel Vlodavski, Hadassah Medical School, with a
student

The story of Project Ca 24 begins with Vlodavsky’s
return to Israel in 1980, after a three-year post-
doctoral appointment in the U.S.. Back in Jerusa-
lem he set up a tumor biology research laboratory
at the Hadassah-Hebrew University Hospital.
Vlodavsky was an expert in endothelial cells that
line the inside of blood vessels and he asked his
Israeli mentor, Zvi Fuks, to suggest someone knowl-
edgeable in tumor cell invasion and metastasis.
Fuks referred him to Schirrmacher, who had deve-
loped a unique experimental system consisting of
highly metastasizing lymphoma tumor cells and
their parental counterpart, cells that show little
urge to spread.

Vlodavsky recalls that “it was a good idea to adopt
Schirrmacher’s system and to include it in our
research”. Working together, the scientists obtained
exciting electron microscope pictures which showed
how tumor cells break the close contact between
endothelial cells and, then, by an extreme change
in form, squeeze in between them and eventually
escape the endothelial cell lining of blood vessels.
(see page 34)

Further laboratory studies on the cultures of aortic
endothelial cells cast light on the role of the sub-
endothelial extracellular matrix (ECM). The cells
divided in plastic culture dishes, until the bottom of
the dish was covered by a thin layer of cells. Under
the influence of a cocktail of specific growth-pro-
moting factors, these cells began producing, on
their underside, an ECM. The ECM, an impenetra-
ble net-like layer composed of macromolecules
such as collagen and complex saccharides, was
similar to that found in the vessel wall.
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Vlodavsky traveled for two weeks to Heidelberg at
the beginning of his DKFZ-MOS project in order to
learn more about Schirrmacher’s research on tu-
mor metastasis. This visit was followed by several
other visits of the principal investigators and other
members of their teams in the Israeli and German
laboratories. Both teams quickly realized the enor-
mous potential of this model system. They soon
found that cancer cells adhere much better to the
ECM than to the endothelial surface. This differ-
ence was more prominent when a slight shaking of
the culture dish was applied to imitate the passing
blood flow in the intact blood vessel, leaving more
time for the circulating defense cells to fight the
invading cancer cells.

How can a tumor cell pierce the ECM? To answer
this question Vlodavsky and Schirrmacher first
developed a radioactive labeling technique that is
still in use. They fed endothelial cells radioactive
substances, which they subsequently incorporated
into their ECM. The endothelial cells were then
washed off the underlying ECM using a detergent.
The researchers then added intact tumor cells or
tumor cell extracts and studied how these affected
the exposed ECM. Their experiments showed that
cancer cells “cut” their way through the ECM’s pro-
tective network in an enzymatic way.

The radioactively marked ECM fragments released
in this process were then separated by gel filtra-
tion, according to their sizes. The researchers
found that, unlike poorly metastasizing cancer cells,
the highly metastasizing variant produced smaller
fragments. These fragments resulted from the
action of a specific enzyme (heparanase) which cuts
into small pieces the long chain-like molecules of
the sugar heparan sulfate proteoglycan, an
important component of the ECM. Heparan sulfate
proteoglycans interact with various components of
the ECM and stabilize its network structure and
barrier properties. ECM degradation increased
when protein digesting enzymes, such as plasmino-
gen activator and plasmin were added to the
system. These proteases seemed to break open the
ECM, facilitating the entrance and action of
heparanase.

While Schirrmacher went on to study cancer cell
metastasis, immunobiology and immunotherapy,
Vlodavsky and his colleagues (Atzmon, Bar-Ner,
Ishai-Michaeli) continued to research the heparan-
ase. They followed two distinct strategies. First,

they designed and produced substances which
inhibit the enzyme, making it difficult for cancer
cells to colonize other tissues. Second, they tried to
purify and clone the heparanase protein and
studied the regulation of its expression and tissue
distribution. These lengthy experiments have
confirmed what Vladovsky and Schirrmacher’s
pioneering electron microscope studies revealed in
the eighties: cancer cells penetrate the vascular
wall the same way the body’s own defense cells
(i.e., white blood cells) leave the bloodstream to
search nearby tissues for foreign matter. Moreover,
heparin-like substances which inhibit the hepa-
ranase enzyme also inhibited lung colonization of
melanoma and breast carcinoma cells in experi-
mental animal models.

In subsequent studies performed in 1986 in collab-
oration with Profs. Folkman and Klagsburn
(Harvard Medical School), Vlodavsky identified a
new role for heparanase in tumor progression. A
growth factor is usually tightly connected to the
heparan sulphate molecules found in the ECM. This
factor can stimulate the growth of new blood
vessels (angiogenesis) which are needed to supply a
growing tumor with essential nutrients and oxygen.
However, the growth factor can best induce angio-
genesis when it is released from its storage in the
ECM as a complex with heparan sulphate. The
heparanase of metastatic cells can do just that.
Here again the cancer cells have learned how to
imitate - at the wrong time, the wrong place and to
the wrong extent - a natural activity (angiogenesis)
for their own purposes.

Vlodavsky is now considering a new German-Israeli
project. He would very much like to work again
with his old German scientific colleague, Schirrma-
cher. However, their research emphases over the
last eight years have drifted somewhat apart. Still,
“Cooperate with someone else?” asks the modest
Israeli scientist. He hesitates and then says, “The
chemistry must be right, otherwise | cannot work.”
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Loss of Control

How viral infections can induce the transformation
of cells: Project Ca 50

In Project Ca 50 two closely cooperating research
groups examined how viral infections can some-
times induce the transformation of normal cells
into cancer cells. Project Ca 50 has been marked
both by particularly successful science and parti-
cularly close friendship

“Whatever | needed, | knew that | could ask Rolf
and he would get it for me, no matter from where”,
Mordechai Aboud remarked. Professor Rolf Flugel, a
virologist, is Head of the DKFZ Division of Retro-
viral Gene Expression, and Mordechai Aboud is a
Professor at the Ben-Gurion University of the
Negev in Beer Sheva.

Generally BMBF-MOS researchers previously knew
each other from scientific conferences or via
common colleagues, before they applied for a joint
project. However, Aboud had “never heard any-
thing” about Flugel when he started, in 1991,
looking for a research partner. He simply looked
through the DKFZ’s most recent Scientific Report
for a biologist whose research work corresponded
to his own proposed investigation. Aboud sent his
project proposal to Fligel who immediately “had
good feelings” about it. He replied right away to
Aboud, who then was spending his “summer
vacation” working at the University of California in
Los Angeles (UCLA) School of Medicine.

The joint research project submitted by the two
virologists was accepted and funded for three
years. Harald zur Hausen, Chairman and Scientific
Member of the DKFZ Management Board estimates
that "about 15 per cent of all cancer diseases in the
world can be traced to viral infections”. Viruses
differ from their bacterial counterparts in that they
multiply only within living cells. However, only a
fraction of the persons infected with a tumor-caus-
ing virus ever develop cancer, and that often only
decades after their initial infection. The Israeli-
German research team was interested in learning
what contributing factors are required to produce
virus-induced cancer, and how such co-factors
function. These co-factors may include carcino-
genic chemicals, radiation or special genetic
elements.

sl o

Research Collegues and friends: the virologists Rolf
Flugel (second from left) of the Deutsches Krebsfor-
schungszentrum and Mordechai Aboud of the Ben-
Gurion-University of the Negev (second from right)

Aboud wanted to find out how a certain leukemia
virus (HTLV-I) could interfere with the genetic
mechanisms of the infected cells in a way that
upset their growth control. HTLV-1, human T-cell
leukemia virus type-I, appears mostly in Japan,
West Africa and the Caribbean. Flugel, on the other
hand, was studying the Spuma virus whose effects
on human health and carcinogenesis is still largely
unclear. Both types of viruses are retroviruses. That
is, they carry their genetic information in RNA
molecules. Once they get into a cell, these viruses
convert their genetic information into DNA molecu-
les, which are inserted directly into the genome of
the host cell. Thenceforth, the host cell persistently
carries these viral genes in addition to its own.

The victim notices nothing out of the ordinary until
these dormant “provirus” genes are somehow
activated. These viral DNA messages are then
transcribed into messenger-RNA molecules which
are, in turn, translated into viral protein molecules.
Soon the virus begins to exploit the cells’ genetic
and metabolic resources for its own purposes. More
and more viral proteins and viruses are made and
the infection spreads to neighboring cells.

Substances which damage the cellular DNA
(desoxyribonucleic acid) are known also to induce
the activation of the dormant “provirus.” The
AIDS virus (HIV), another retrovirus, acts in this
manner. Knowing the stimuli and signal pathways
which “wake up” dormant leukemia viruses (and
perhaps other retroviruses) might permit blocking
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the further development of the disease at its onset.
Most of the infected individuals would remain free
of any symptoms, but they would still have to take
care not to transfer the virus to others. HTLV-I, the
subject of Aboud’s study, resembles the AIDS virus
in that it can be transmitted through sexual rela-
tions, blood transfusions or from a mother to her
embryo.

Thanks to his cooperative project, Aboud was able
to use the established expertise of Fligel’s labora-
tory in his experiments. The Heidelberg group gave
Aboud a genetic construct, which included both the
LTR regulatory segment of the virus and the CAT
reporter-gene. Aboud introduced the construct into
healthy, virus-free cells, which he then exposed to
a DNA-damaging chemical (carcinogen), 3-methyl-
cholanthrene. This carcinogen was found to dam-
age the cellular DNA and to activate LTR-directed
expression of the CAT gene. The latter can easily
be measured in the cells.

The scientists largely attribute the transformation
of the blood cells caused by their leukemia virus to
the Tax-protein, which is the virus’ most important
activator product. This protein not only switches on
the viral genes, via the LTR segment, it also acti-
vates a number of host cell genes whose encoded
proteins, such as interleukin-2 and GM-CSF, are
involved in the regulation of cellular replication.
However, the researchers question where the Tax-
protein came from, since the Tax-protein is not
produced so long as the provirus remains in its
inactive dormant state. Aboud showed that Tax was
not necessary for the initial activation step. Even in
cells which did not contain Tax, he noted a remark-
able stimulation of CAT activity by 3-methylchol-
anthrene. This carcinogen, then, seems to activate
the expression of the viral genes by a different
mechanism, one which does not involve Tax-
protein.

Nirit Mor-Vaknin, Aboud’s doctoral student, studied
which genetic segments in the viral genome
influence this effect. Molecular biologists can
identify which DNA segments are critical for a
given function by selectively eliminating them one

after the other and seeing when the desired activity

is affected. Mor-Vaknin learned how to produce
such deletion mutants from Flugel’s collaborator,
Dr. Martin Lochelt, in Heidelberg. Léchelt, in turn,
benefited from the experiences of the Israeli
colleagues with Tax-protein in his studies of how

the Spuma virus is activated.

Spuma virus activation involves a protein called
Bel-1. Léchelt found a new Bel-1 binding site,
besides the one known to exist in the viral LTR. It
is located within the viral env gene. With this he
discovered a previously unknown regulatory
structure in retroviruses, an internal promoter.

A central role in virus replication is played by a
protein complex encoded in the viral gene called
pol. Fligel’s doctoral student, Donat Kigel, who
worked with Aboud in Beer Sheva for a few weeks
in 1994, was the first to detect the pol proteins in
virus-infected cells. The antibodies produced by
Kogel specifically recognize the individual protein
products of the pol-gene and are in much demand
by his colleagues who are also investigating the
pathogenic potential of the Spuma virus.

Not only did the professional capabilities of the two
experienced senior researchers, Rolf Fltigel and
Mordechai Aboud, complement each other nicely,
the two also became close friends. That was equally
true of their collaborators. The German investiga-
tors considers it “an honor that Mordechai always
stays with us at our home,” and the Israeli cell
biologist would “not even consider looking for a
hotel”.

The collaboration has resulted in eleven scientific
publications, nine of which are joint publications.
The other important success of the project, building
one more small bridge between the nations cannot,
however, be expressed in numbers. Rolf Fliigel and
Mordechai Aboud, who have already planned their
next three years of joint research, “profit each day”
from their cooperation. And in saying so, they refer
to far more than just the scientific part of it.
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Failure of the Guardian

Project Ca 51: How the tumor suppressing effects
of the p53 protein are eliminated in some
neuroblastoma patients

At the cutting-edge of current molecular-biological
research, Project Ca 51 has enlarged our under-
standing of the cancer-suppressing effect of the
p53 gene and resulted in a better picture of the
most frequent solid cancer in young children, neu-
roblastoma. The outcome of the project may be one
more element in eventually developing a more
effective cancer therapy

In 1993 the prestigious scientific journal Science
selected the p53 protein as their “molecule of the
year.” The tremendous interest of researchers in
this protein, named after its molecular weight of
53 kilodaltons, is based on its decisive role in pre-
venting cancer (suppressing tumors) when func-
tional and in allowing the formation of malignant
tumors when impaired. The DNA sequences that
encode the structural instructions for producing
protein p53 are defective (mutated) in many cancer
patients. For example, one finds p53 mutations
(“errors”) in more than seventy percent of all colon
tumor patients, half of all lung tumor patients, and
in thirty to forty percent of all breast tumor
patients. In some forms of cancer, however,
although biologists find almost no defects in the
p53 gene, the protective effect of p53 protein is
blocked. One such tumor is the neuroblastoma, a
nerve cell tumor which occurs mainly in small
children. In Germany about 150 persons develop
neuroblastomas every year, making them the most
frequent solid tumor in children.

Professor Manfred Schwab, Head of the DKFZ
Division of Cytogenetics, has studied the genetic
specifics of neuroblastomas for more than 15 years.
Under the DKFZ-MOS-Program in Cancer Research
he joined forces with p53 expert, Dr. Moshe Oren of
the Weizmann Institute of Science, whom he had
met while working in the U.S. in the eighties.
Successfully completed in 1994, their project

(Ca 51) set out to discover how the tumor suppres-
sing effects of p53 protein are eliminated in at least
some neuroblastoma patients. This knowledge
could one day increase the efficiency of therapy.

While working in the U.S. in the Eighties, Schwab
demonstrated that in neuroblastomas a particular

Abnormal gene
amplifications in
tumor cells were
detected with
DNA fragments
which were
labeled with
fluorescent dye

oncogene (N-
myc) can be mul-
tiplied or ampli-
fied, between ten
and a hundred
times. The
presence of
multiple gene
copies was corre-
lated with a poor

: 2 clinical progno-
sis, and today worldwide children positive for
tumors with amplification are subjected to more
sophisticated therapies. In his DKFZ-MOS project
with Oren, Schwab used “reverse chromosomal in
situ hybridization” to search for further genetic
changes in this nerve cell cancer.

First he and Dr. Raffaela Corvi isolated, in their
laboratory in Heidelberg, the genetic material
(DNA) from neuroblastoma cells grown in culture
flasks. They then used special biological reagents
(restriction endonucleases) to cut the extracted
DNA molecules into small fragments which were
then bound to fluorescent (light-emitting) pig-
ments. The DNA fragments were then mixed with
the normal DNA readily obtained from normal
blood cells. The DNA molecules, all double helices,
were unwound in solution into two complementary
strands. Under such conditions, the DNA fragments
which were labeled with fluorescent dye became
attached to their mirror image counterparts.
Wherever the DNA of the cancer cells has repli-
cated itself into multiple copies, more fluorescently
labeled fragments will bind and that part of the
chromosome will emit more light.

Raffaela Corvi noticed such a brightly lit amplifica-
tion on chromosome 12 in three neuroblastoma cell
lines and in one tissue sample freshly isolated from
a neuroblastoma tumor. Comparison with a map of
known genes identified the glowing site as the
location of the cancer gene mdmz2. It has been
known since 1992 that multiple copies of this onco-
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gene can appear in tumors of the connective
tissues (sarcomas). Schwab found mdmz2 gene
amplification in the neuroblastoma lines only when
the N-myc gene was also amplified.

With mdmz2-specific antibodies put at their disposal
by Moshe Oren, the Heidelberg team showed the
Mdm2 protein is produced excessively in neurobla-
stoma cells. How does this over-production of
Mdm2 affect carcinogenesis? Mdmz2 protein is
known to form complexes with p53 protein. Using
antibodies which bind both Mdm2 and p53 proteins
(co-immunoprecipitation techniques), Schwab and
his collaborators proved that there were also such
complexes in nerve cell cancers.

Moshe Oren showed that the mdmz2 gene is itself a
target of the p53 protein. The Israeli molecular
biologist discovered a previously unknown
regulatory segment within the mdm2 gene (an
internal promoter) to which p53 attaches itself.
This interaction activates the mdm2 gene and
eventually results in production of Mdm2 protein.

Manfred Schwab notes that “in molecular biology
much depends on the credible interpretation of the
results.” Oren, his Israeli partner and a recognized
p53 expert, has now developed a model in which
“the activation of the mdmz2 gene serves, via the
p53 protein, as a negative feedback loop which ter-
minates the p53 signal.” This is important, because
there must exist mechanisms not only for switching
on signals in the cell, but also for switching them
off once no longer required. The finely balanced
growth control directed by p53 is only upset when,
due to mdm2 amplification, there is too much
Mdm2 in the cell. However, the Mdm2 protein is
not only sometimes harmful, it also is vital. “Knock-
out” mice, whose mdm2 gene has been artificially
silenced, die as tiny embryos because, Oren
presumes, the unrestricted activity of p53 drives
the cells to suicide.

The p53 protein controls two complementary
protective pathways. When DNA is damaged by
radiation or chemicals, the p53 protein stops cell
replication until repair enzymes can repair the
damage. If the damage is so extensive that repair is
impossible, p53 initiates the cell’s suicide, a proc-
ess known as programmed cell death or apoptosis.
Similar mechanisms are activated in severe sun-
burn, when layers of skin cells die and peel off. If,
however, a severely damaged cell were to survive,

its genetic defects might derail the cell’s normal,
carefully balanced growth control mechanisms, and
become cancerous. That is why the inactivation of
p53 proteins (e.g., by certain viral proteins) so
often has fatal consequences, as in human cervical
cancer.

Oren also wondered why there is usually no func-
tional p53 protein in most neuroblastoma cell-lines,
even when the p53 gene is undamaged, a question
he has been pursuing using Schwab’s neurobla-
stoma cell lines. The Israeli group hypothesized
that something may keep the p53 protein in the
cytoplasm where it is produced, preventing it from
reaching the DNA in the cell nucleus where it is
needed. They found this indeed to be the case in
neuroblastomas with mdm2 gene amplification,
although these are only a small fraction of all
neuroblastomas.

Oren’s findings may have clinical significance. If it
were possible to remove the p53 “blockade” before
radiation therapy, then p53 could enter the nucleus
of tumor cells and there, given the great DNA dam-
age deliberately inflicted by the radiation treat-
ment, it could initiate apoptosis and speed the
death of the targeted tumor cells. A similar
approach has been used in treating testicular can-
cer, using cell differentiation-promoting substances
to activate p53 before radiation therapy. Oren, the
p53 specialists and Schwab, the neuroblastoma
specialist, are now considering starting a new joint
project to examine this hypothesis in the more
complicated case of neuroblastoma cell lines.
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Cancer Research - Worldwide Challenge
for Biomedicine

As different as their clinical apprearance can be, all
cancers have in common that they will eventually
prove fatal - if not subjected to therapy. In
industrialized countries all over the world, with
increasing prevalence, cancer is the second most
common cause of death after cardio-vascular
diseases. Research on cancer diseases, aiming at
their prevention or at successful therapy, is given
high priority in the public health policy of all
civilized nations. In this difficult area, biomedical
research is particularly dependent on outstanding
scientific discoveries - milestones of scientific
knowledge. German scientists, including many of
Jewish descent, and Israeli scientists have taken an
active part in these achievements.

The progress of knowledge in cancer research was
and still is tightly connected with contemporary
innovations in methodological experimental
approaches within biomedical research. The
resultant new scientific knowledge finds immediate
use for the alleviation of the patients.

In the following text, only some key references will
be cited [bracketed]. Their complete citations may
be found in the Appendix of the brochure under
”Selected References”.

Cancerogenesis - Classical Paradigms

In about the middle of the last century, numerous
histopathological investigations on tissue material
from cancer patients led the German pathologist,
R. Virchow, to conclude that chronic inflammation
might be the common denominator of cancero-
genesis ("Reiztheorie”) [Virchow 1858]. Virchow
postulated, in contrast to quite different contem-
porary propositions, that cancer generally devolves
from predamaged cells which yield neoplasms of
unlimited proliferation. This classical paradigm of
Cancer Etiology - Cellular pathology (see box) -
indicated at first that - over and above the medical
point of view - scientific understanding of the
generation of cancer must be a problem of cell
biology. It is in this direction which basic research
on cancer diseases had to move in order to
recognize with Goethe’s Dr. Faustus "was die Welt
im Innersten zusammenhalt” (the force that binds
all Nature’s energies).

The Roots

Careful observations on workers afflicted with can-
cer - mainly by clinicians, such as P. Pott (1775), R.
von Volkmann (1875), L. Rehn (1895) and others -
showed that soot, coal tar or aniline were occupa-
tional causes of cancer of the skin or of the urinary
bladder - chemical cancer risk factors. Soon after
the introduction of X-rays into diagnostic medicine,
knowledge on chemical cancer risk factors had to
be extended by the first known, physical cancer risk
factor: occupational exposure over the years to this
otherwise useful irradiation induced in medical
employees or medical doctors the so-called ”X-ray
carcinoma” [Halberstadter 1923]. At about the
same time, the American pathologist F. P. Rous dis-
covered a filterable factor in chicken that caused
sarcoma in healthy animals [Rous 1911]. This was
the first biologically-induced cancer risk factor,
later identified as a tumor virus (Rous sarcoma
virus). For this discovery, Rous was awarded the
Nobel Prize in 1966 (together with C.B. Huggins,
for his discovery of hormone dependant tumors).
The discovery of many more chemical, physical and
biological factors in the human environment
increasing the risk of cancer, led to the paradigm of
the Environmental etiology of cancerogenesis (see
box).

After a first, somewhat problematic, experimental
generation of squamous cell carcinoma in the
forestomach of the rat [Fibiger 1912], Japanese
investigators unequivocally achieved experimental
cancerogenesis in the rabbit ear using coal tar

[K. Yamagiwa and K. Ichikawa 1914]. Fibiger was
awarded the Nobel Prize in 1926 for the first
experimental generation of cancer.

Paradigms of Cancer Etiology

Cellular pathology

Environmental etiology of cancerogenesis
Paradigms of Cell Biology

Chromosome mutation
Somatic gene mutation
Plasmagene mutation

Soon, it became possible to elicit experimentally
typical cancers by exposure to environmental risk
factors in nearly all multicellular animal species
and in nearly all of their tissues or organs - from
mammals to insects. Through these milestones of
cancer research (after the unintentional occupa-
tional exposure of people), experimental
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cancerogenesis in animal models became available.
They provided an appropriate means of investiga-
ting scientific questions on the causes of cancer
diseases of the organism.

The spectrum of contemporary experimental
methods in biology, biochemistry and toxicology
and their application to problems of cancerogen-
esis, was steadily extended and deepened in the
first half of the century. At its beginning, simple
cell biological observations, stimulated by the pre-
vious detection of the Mendelian laws, led T. Boveri
(1914) and K.H. Bauer [Bauer 1928], and later A.
Graffi (1939) and C.D. Darlington (1944), to three
somewhat different paradigms of cancerogenesis
(see box). These early paradigms had to remain
speculative for decades, since biology and biochem-
istry had no experimental approaches or methods
availabe until recently to test their molecular na-
ture at the cellular and subcellular level.

Paradigms of Biochemistry

Impairment of cellular respiration
Convergence of cytoplasmatic enzyme pattern
Deletion of enzymes or regulatory proteins

Much earlier methods available were the analytical
enzymologic methods of biochemistry, e.g.,
measurement of cellular respiration in Ehrlich
ascites tumor cells, for which O. Warburg (1926)
was awarded the Nobel Prize. These results may be
summarized in the paradigm of Impairment of
cellular respiration, a first biochemical paradigm of
cancerogenesis (see box). Following Warburg, the
biochemical-enzymologic techniques were extended
to numerous organs and tissues. These techniques
were, in turn, effectively supplemented and advan-
ced by the totally new possibility of radioactive
labeling of biomolecules. The combined techniques
led, especially given the results achieved by Green-
stein (1956), V.R. Potter (1964) and J.A. and E.C.
Miller (1947), to further milestones of knowledge
regarding the causes of cancer. They may be
expressed in the paradigms of 