
D-flift 793 INUNOLOGY ESERCH IN ISRREL(U) OFFICE 
OF NAVL /

RESEARCH LONDON (ENGLAND) C E ZONZELY-NEURATH
1SI FE 14 NOV 95 ONRL-R-6-85 F665 M

sonCLSIIDFG6S



1 .01 56 *3 2 . 1.8.

11111.2 1111 .

MICROCOPY RESOLU TION TEST CHART 
W

NAIN L 8UE OSTNA1936 -

Ilile

I.. -

t"t

4-.

r;

I.

• -~~~ ~~~~~~ . - . .. . . . . . • . . -. . . . . , , , . . . . . . . . . . .. . . ..- - - . .- - .. . , . --.. .. . -, ;
-"i . - " "- -"'" "": " ". " . -. - --"-"' ..- "- " - . . .'. .' . "-.c "- .- ".e4 . -. zL -J-/ -" " -". "-- ,-"



0 JT Of

LO OONRL Report

Immunology Research in Israel

Claire E. Zomzely-Neurath

14 November 1985

~.DEC 2 M

A

Approved for public release-, distribution unlimited

U.S Office of Naval Research, London

- ,* *.* %



SECJRITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE 7 7
la REPORT SECuR TY CLASSIFICATION lb RESTRICTIVE MARKINGS

UNCLASSIFIED
2a SECI,RITY CLASSIFCATION AUTHORITY 3 DISTRIBUTION 'AVAILABILITY OF REPORT

______________________________________ Approved for public release;
2b DECLASSIFICATiON, DOWNGRADING SCHEDULE distribution unlimited

4 PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S)

R-6 -85

6a NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION

ITS Office of Naval Researcl. (If applicable)

Branch Office, London ONRL
6c AD)RESS (City, State, and ZIP Code) 7b ADDRESS (City, State, and ZIP Code)

Box 39
FPO, NY 09510

8a NAME OF FUtNDIG, SPONSORING 8 b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORCAVZATO% (if applicable)

8~c aDDPI SS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS

PROGRAM IPROJECT ITASK IWORK UNIT
ELEMENT NO NO NO ~ ACCESSION NO

7 1 Tj, (Include Security Classification)

Immunology Research in Israel

'2 ~ERSOA A, -HORi(S)

Claire E. Zomzely-Neurath
* 3a TYPE OF~ REPORT 1i3b TIME COVERED 114 DATE OF REPORT (Year, Monthi Day) 1is PAGE COUNT

Technical FROM TO I 14 November 1985 12
6 ~uP~MENARYNOTATION

7 (OSATI CODES 18 SUBjECT TERMS (Continue on reverse if necessary and identify by block number)
FIE__ 2}L LRU SUB GROUP_ Immunology
06 5 Israel

19 ABSTRACT (Continue on reverse if necessary and identify by block number)

Research in immunology has developed and flourished greatly in Israel. Initially,
research in this area was carried out primarily at the Weizmann Institute of Science,
Rehovot. In the late 1960s and 1970s, new academic centers were established for immuno-
logical research at universities in Tel-Aviv, Haifa, and Beer-Sheva. Important areas in
immnunology research being pursued by Israel.i scientists include investigation of irmuno-
globulin genes, structure-f unction analysis of antibodies and regulation of antibody
production and expansion; genetics of autoimmunity and cancer; lymphokines and comple-
ment; autoiminunity; tumor immunology; transplantation and tissue typing; clinical immu-
nology; infectious diseases; and applied immunology,

If DISTR BI)TION A\;AILABILirY OF ABS7RACT 121 ABSTRACT SECURITY CLASSIFICATION

WUNLASSIF,ED'NLiMITED EJ SAME AS RPT ODTIC USERS UNCLASSIFIED
22a NAME OF R~ESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) 22c OFFICE SYMBOL

T.~ f~ (44-1) 409-4340 i
-NO FORM 1473,84 MAR 83 APR edito may be used un'til exhaustedSEUIYCAIIATOOFT-SPG

All other editions are obsolete

UNCLASSIFIED

. . . . . . . . .. ....



IMMUNOLOGY RESEARCH IN ISRAEL crease their immunogenicity. By 1962,
this had led to the development of syn-

Research in immunology has develop- thetic antigens and their use for the
ed and flourished greatly in Israel. elucidation of many facets of Immunolog-
Initially, research in this area was ical phenomena, including the molecular

carried out primarily at the Weizmann basis of antigenicity and the establish-
Institute of Science, Rehovot. In the ment (in collaboration with H. McDevitt)
late 1960s and 1970s, new academic cen- of the determinant-specific genetic con-
ters were established for immunological trol of immune response and immunologi-
research at universities in Tel-Aviv, cal responsiveness.
Haifa, and Beer-Sheva. Today, Israeli The Weizmann groups also made model
industries use information from basic oligopeptides, which were used for pro-
research in immunology to produce kits bing the antigen-binding sites of anti-
for clinical assays and various re- bodies. R. Arnon, S. Fuchs, I. Schecht-
agents for medical and analytical re- er, and E. Mozes, students of Sela, were
sources, all involved in these early studies. In

Important areas in immunology re- the early 1970s, these oligopeptides led

search being pursued by Israeli scien- to the concept of synthetic vaccines
tists include: investigation of immuno- that had been first formulated by M.
globulin genes, structure-function anal- Sela and R. Arnon. D. Givol pioneered in
ysis of antibodies and regulation of Israeli studies of the chemical struc-
antibody production and expansion; ge- ture of the antibody molecule. I. Pecht
netics of autoimmunity and cancer; lym- was involved it. the thermodynamic and
phokines and complement; autoimmunity; kinetic analysis of antigen-antibody
tumor immunology; transplantation and interactions.
tissue typing; clinical immunology; in- At the same time, immunology on a
fectious diseases; and applied immunol- more cellular level, with special rele-

ogy. This report describes the various vance for cancer research, was already
facets of immunology research that have being studied extensively by M. Feldman

been studied in Israel and the scien- and his collaborators. N. Haran-Chera
tists who are responsible for it. made a major contribution in the area of

leukemogenesis, and N. Trainin discover-
Background ed the thymic humoral factor. At the

In the 1920s and 1930s, several Hebrew University's Hadassah Medical
outstanding scientists were already ac- School, A.L. Olitzki, 0. Sultizeanu, and
tive in areas related to immunology at their colleagues made important contri-
the Hebrew University in Jerusalem. The butions to the cellular aspects of im-
parasitologists S. Adler and G. Mer, and munology. M. Schlesinger became a pio-
the bacteriologist N. Kliegler made con- neer in the field of histocompatability
tributlons that played a major role in antigens and was the first to show the
the complete eradication of malaria from theta antigen as a murine T-cell marker.
the endemic region of what was then In the late 1960s, D. Weiss (University

called Palestine. In 1934, Dr. Chaim of Calfornia, Berkeley) joined the
Weizmann founded the Daniel Sieff Re- Weizmann Institute to set up programs

search Institute. By 1947, this had in immunopotentiation and cancer re-
expanded into what is today the multi- search.

disciplinary Welzmann Institute of Sci- A new center for immunology re-
ence. It was here that F. Katzir-Kat- search was established at Tel-Aviv Lni-
chalskl prepared synthetic polyamino versity in the late 1960s. Some of the
acids and studied their properties as researchers making important contribu-
models for proteins. Sela and Katzir- tions at the Faculty of Science and the
Vatchalski showed that attaching cer- Medical School were I. Witz in tumor

tain synthetic peptides to proteins may immunology, S. Ben-Efraim in delayed
either decrease or significantly in- hypersensitivity, E. Pick in lumphokine
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. research, and J. Haimovich in immuno- equilibria, leading to the better bind-
" globulin structure and biosynthesis. ing conformation.

The longitudinal interactions among
Immunochemistry and Immunogenetics the Ig domains were first resolved

Understanding the primary structure through studies monitoring the circular-
-. of the immunoglobulin (Ig) polypeptide ly polarized fluorescence of intrinsic

chains was one of the main thrusts of tryptophan residues, a method developed
research in immunochemistry in Israel by I.Z. Steinberg and coworkers (Depart-

* during the 1960s and 1970s. D. Givol ment of Chemical Physics, Weizmann In-
contributed to the identification of the stitute). Pecht et al. then developed a
variable domains of Igs, and I. Schech- model system of the Tg light chain dimer
ter provided a detailed understanding of derived from the IgA secreted by the
the structure of antibody-binding sites MOPC 315 cell line. They found clear

and to the presence of the N-terminal evidence for such longitudinal interac-
(leader sequences) in the intracellular- tions--i.e., hapten binding at the vari-
ly located Ig chains. These studies able regions of the chains was marked by
paved the way, in the 1980s, to the changes at the constant domains.
investigation of the Ig genes, as well The expression and fine specificity
as detailed structure-function analysis of idiotypic determinants have been
of the antibodies and other immunologi- studied in several systems. Monoclonal
cally important molecules and the regu- antibodies specific for the synthetic
lation of antibody production and ex- polypeptide antigen (T, G)-A--L were
pression. produced by E. Mozes (Department of

Structure-Function Analysis of Im- Chemical Immunology, Weizmann Institute)
munoglobulin Molecules. R. Laskow and her associates. Their specificity
(Hebrew University, Hadassah Medical and idiotypic nature were compared to
School, Jerusalem) and J. Haimovich (De- conventional antibodies. The role of
partment of Human Microbiology, Tel-Aviv monoclonal anti-idiotypic antibodies in
University) have shown that the transi- T-cell regulation is currently being
tion from the expression of membrane Ig investigated.
to that of secretory Ig is due to a Monoclonal antibodies against the

* change in the transcription mode of the Torpedo acetylcholine receptor (AChR)
* messenger RNA (mRNA) of these two types have been produced and analyzed by S.

of Igs. Secretory IgM is produced in B- Fuchs and coworkers (Department of Chem-
cells but is expressed to only a limited ical Immunology, Weizmann Institute) in
extent due to its degradation. their studies on experimental autoimmune

I. Pecht (Department of Chemical myasthenia gravis (EAMG). These anti-
" Immunology, Weizmann Institute) and his bodies block AChR binding and sodium
* associates carried out the first mecha- transport, accelerate the receptor turn-

nistic analysis of homogeneous antibody- over, and modify single channel proper-
hapten reactions. They were able to do ties. They can be usei to follow anti-
a kinetic mapping of the antigen-binding genic changes in the AChR during muscle
site of the examined Ig and to resolve development and synaptogenesis. Anti-
the conformational transitions induced bodies to idiotypes on anti-AChR anti-
in the antibody upon hapten binding, bodies are being used to study the idio-
Through extensive studies of various typic repertoire of the immune response
homogeneous antibodies of different ape- to AChR and to assess the potential of
cificities, as well as heterologous anti-idiotypes for immune regulation of
chain recombinants of such molecules, EAMG.
they established a common mechanism. It A. Zlotnick and D. Eilat (Labora-
involves two different confirmatlonal tory for Autoimmune Diseases, Department
states of the combining site in each of of Internal Medicine, Hebrew University,
its free and hapten-bound forms. Hapten Hadassah Hospital) are studying the
binding causes a transition in these structure and antibody specificity of
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monoclonal antinuclear antibodies from antigen to these cells depends on the
SLE-prone mice and the immunochemical origin of MHC class II determinants of
properties of autoantibodies to human the antigen-presenting cells.
albumin in different clinical syn- The avidin-biotin complex is being
dromes. used by I. Cohen and A. Friedman (De-

An important innovation in immuno- partment of Cell Biology) and C. Gitler
chemistry was the use of synthetic poly- (Department of Membrane Research) at the
peptides such as (T,G)-A--L to elucidate Weizmann Institute as a tool to study
the genetic regulation of specific im- the molecular mechanisms by which anti-
mune responses. This uie was pioneered gens under Ir gene control are processed
by M. Sela and collaborators (Department and presented to T lymphocytes. Differ-
of Immunology and President, Weizmann ences of the response in the Ir pheno-
Institute). For the first time, E. type to avidin could not be attributed
Mozes et al. showed with (Phe,G)-Pro--L to determinant selection by the antigen-
that antibody specificity was genetical- presenting cells (APC). Further studies
ly controlled in mice. They have re- support the conclusion that restriction
cently demonstrated with synthetic is due to the association between pro-
T-cell replacing factors that immune re- cessed antigen and an APC element con-
sponse (Ir) genes may be expressed in taining I-region products.
different cell populations. Genetics of Autoimmunity and Can-

One of the keys to the mechanism of cer. In I. Cohen's laboratory, the study
Ir gene function is the genetic restric- of the regulation of experimental auto-
tion of cell-to-cell interaction. In immune thyroiditis (EAT) by mouse H-2
this area, S. Ben-Sasson (Department of gene products led to the discovery of an
Tmmunology, Hebrew University, Hadassah H-2 mutation that influenced the EAT
Medical School, Jerusalem) and collabo- phenotype. R. Arnon and D. Teitlebaum
rators are studying the function and H-2 (Department of Chemical Immunology,
restriction of immortalized T-cell Weizmann Institute) have demonstrated
clones specific to ovalabumin by radia- that susceptibility to experimental al-
tion leukemia virus transformation. lergic encephalomyelitis (EAE) is genet-
Mozes et al. are studying interleukin- ically controlled, both in guinea pigs
2-dependent T-cell clones specific to and in mice. In the former, the sensi-
(T,G)-A--L. H-2 restriction of the in- tivity is inherited as a dominant trait
teraction of T-cell clones with macro- and is linked to the major histocompati-
phages has been demonstrated in both bility complex (MITC) of strain 1, but in
systems. In both laboratories, studies mice there is no linkage with the H-2
are in progress to elucidate the genetic locus.
control of T (or helper factor)-B inter- H-2 linked resistance genes against
actions for antibody production. leukemogenesis by four radiation leuke-

P. Lonai (Department of Chemical mia viruses (Rad LV) have been investi-
Immunology, Weizmann Institute) has gated by N. Haron-Ghera and P. Lonai
studied the Ta-associated antigen com- (Department of Chemical Immunology,
plexes that are released by macrophages Weizmann Institute). All are dominant
and that contain part of the antigen in and map in the I region, suggesting that
conjunction with Ia gene products. At the Ir gene-controlled immune respon-
present, the immunogenicity, binding siveness of the host may be responsible,
restrictions, and biochemical character- in part, for the preleukemic arrest of
istics of these "processed" antigens are leukemogenesis.
being studied. J. Puri, in the same Immunogenetics is important in the
department, has analyzed the "immunogen" development of metastases. R. Laskov,
which is bound to the T-cells responding (the Hebrew University, Hadassah Medical
to different species' insulin. He has School, Jerusalem), M. Feldman (De-
found that the binding of radioactive partment of Cell Biology, Weizmann
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Institute), and S. Segal (Faculty of of the genetic regulation of the immune
Sciences, Ben Gurion University, Beer- responses in humans. With the aid of
Sheva) have studied a sarcoma that orig- newly developed methods, including those
inated in (H-2bxH-2k) Fl mouse (the TIO of molecular biology, this field is
sarcoma). They found that tumor cells likely to promote progress toward
from local growth expressed only the treatment of human diseases in addition
H-2b halotypes, whereas cells from lung to understanding of the phenomona.
metastases expressed both halotypes.
Clones of the TIO sarcoma expressed Lymphokines and Complement
either H-2b halotypes or the two halo- E. Pick (Department of Human Micro-
types. Only the latter clones could biology, Tel-Aviv University) in the
metastasize. early 1970s established the first focus

The involvement of the K and I re- of lymphokine research. He studied the
gions of the H-2 complex in resistance mechanism of the action of the migration
to hemopoietic allografts is being stud- inhibitory factor (MIF) at the level of
ied by G. Drislik (Department of Chemi- the target macrophage. His laboratory
cal Immunology, Weizmann Institute). His was among the first to use sophisticated
results suggest that class I (K and D) cell biology techniques for understand-
and class II (I-A and I-E) MHC genes, ing lymphokine action. This led to the
rather than hypothetical Hh genes, con- demonstration of the involvement of cy-
trol hemopoietic resistance. clic nucleotides, calcium, and the cyto-

Human Ir Genes. Because genes in skeleton in the effects of MIF.
the human leukocytic antigen (HLA) sys- Although not commonly considered a
tern have a marked effect on susceptibil- lymphokine (i.e., nonantibody lymphocyte
itv to a number of diseases, it is im- products with potent biological activi-
portant to study HLA-linked Ir genes in ty), thymic humoral factor (THF) was
man. Using the synthetic polypeptide discovered and characterized by N.
antigens that helped to demonstrate Ir Trainin and his colleagues (Department
genes in mice and an in uEtro system for of Cell Biology, Weizmann Institute) in
T-cell activation, E. Mozes (Department the mid-1970s. His group has been active
of Chemical Immunology, Weizmann Insti- in basic and applied studies of thymic
tute), Z. Bentwich (Department of In- hormones. These studies have now reached
ternal Medicine, Kaplan Hospital, the level of clinical trials in Immuno-
Rehovot), C. Brautber (Hebrew Universi- deficiencies and malignancies that are
ty, Padessah Medical School, Jerusalem), being performed at the Beilinson Hospi-
and coworkers have demonstrated the tal in Petah-Tiqva (Tel-Aviv) and the
existence of immune response genes in Kaplan Hospital.
man. Family studies Indicated that the Antigen-specific T-cell helper fac-
ability to respond to these antigens is tors of both murine and human origin
inherited as an autosomal dominant trait represent the principal thrust of re-
linked to HLA. At least one of the genes search by the group headed by E. Mozes
controlling immune responsiveness to at the Weizmann Institute. Mozes estab-
(T,G)-A--L and (H,G)-A--L seems to map lished antigen-specific T-cell hybri-
between HLA-A and HLA-B. Patients with domas and IL-2 dependent T-cell lines to
systemic lupus erythematosus cannot reg- serve as a source for helper factors.
ulate their response to (T,G)-A--L; pa- Cloned helper T-cells specific for
tients with thyroid autoimmune diseases (T,G)-A--L were shown to secrete an
can. They respond to this antigen like antigen-specific factor that expresses
healthy people. Thus, different mecha- an idiotype cross-reactive with that
nisms of disregulation seem to operate detected on the antibody of the same
in different autoimmune diseases. specificity. Monoclonal antibodies to

Studies in immunogentics that were the T-cells also react with the isolated
carried out in animals in the past are helper factor. Studies on human anti-
now being applied to the investigation gen-specific helper factors are being
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carried out by Mozes in collaboration mRNA-encoding IL-2 (and y-interferon) in
with Z. Bentwich at the Kaplan Hospital human lymphocytes and their expression
in Rehovot. Of special interest is the in Xenopus 7aevie oocytes. Kaemrfer's
use of T-cell factor production in re- group has also described two repression
sponse to (T,G)-A--L as an indicator of mechanisms Involved in the induced ex-

th- Immune status of patients with sys- pression of the human IL-2 gene. One of
temic or organ-specific autoimmune dis- the two repressors was activated by the
eases. interaction between helper and suppress-

S. Ben-Sasson, at the Hebrew Uni- or lymphocytes. At the more applied
versity, Hadassah Medical School, Jeru- level, E. Kedar, also at the Hadassah
salem, has also established antigen-spe- Medical School, is using IL-2 to propa-

cific T-cell clones in the mouse that gate T lymphocytes sensitized in vitro

act as helper cells in vitro and in against tumor cells. These cells are
'; o. The helper clones secrete an used for a combined immunotherapy in
antigen-specific helper factor capable vivo of poorly immunogenetic tumors.
of triggering B-cells. Monoclonal anti- Studies of interleukin I (IL-i) are
bodies recognize both the helper clone being carried out by A. Treves and co-
and its lymplokine product. workers at the Department of Oncology,

Interferons and Interleukins. Sci- Hebrew University, Hadessah Medical
entists at the Weizmann Institute have School, Jerusalem. They have developed
made major contributions in a-interferon several human macrophage cell lines by
research. D. Wallach is actively work- somatic hybridization (human-mouse) or
Ing on the role of y-interferon in modu- immortalization of myelomonoblastic
lating the expression of HLA antigens leukemia cells. Some of these cell
and as an enhancer of cytotoxin produc- lines produce IL-I, an IL-I inhibitor
tion. Wallach's laboratory is also in- and colony stimulating factors.
volved in research on human tumor ne- The study of lymphokines in Israel,

crosis factor that led to the develop- as elsewhere, is becoming more biochemi-
ment of monoclonal antibodies useful for cal. This is illustrated by studies of
the purification of the factor. Also at lymphokine synthesis at the DNA and mRNA
the Weizmann Institute, M. Rubinstein level, by the use of sophisticated lym-
and D. Fisher ate performing interesting phokine purification techniques, and by
studies on the molecular characteriza- investigations on the effect of lympho-
tion of human y-interferon and its role kines on target cell metabolism. This
as a monocyte-activating factor. last aspect has engendered close links

The clinical studies on y-inter- between lymphokine research and immuno-

feron in S. Levin's laboratory at the pharmacology. E. Pick, for example, at
Kaplan Hospital, Rehovot, cover aging, the Laboratory of Immunopharmacology,
IgE-type allergic diseases in children, Sackler School of Medicine, Tel-Aviv
immunodeficiences, and cancer. University, is studying the effect of

Israel was a latecomer to the ex- macrophage activating factor on enzymes

plosion in interleukin research. This involved in oxygen radical production
is rather surprising because Israeli and scavenging, and on arachidonic acid
scientists made pioneering contributions metabolism of macrophages. E. Razin, at
to the establishment of hemopoietic and the Hadassah Medical School in Jerusa-
lymphoid cells in long-term culture. lem, is investigating the biochemistry
Although interleukin 2 (IL-2) is widely of E-type mast cells. Razin has also
used as a growth factor in laboratories contributed to the characterization of
throughout Israel, the major Israeli interleukin 3.
contribution to interleukin research has Complement research is an important
been In the area of molecular biology, area of immunology that is well develop-
R. Kaempfer, at the Hebrew University, ed in the US, Germany, and the UK, but

Hadassah Medical School, Jerusalem, was that had not been emphasized in Israel.
the first to report the induction of However, Z. Fishelson at the Welzmann
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Institute is now focusing his interest metastatic tumor cells and lymphocytes
on a key enzyme of the alternative path- resulted in hybrids with metastatic pro-
way of complement, the C3/C5 convertase, perties.
that is being studied in fluid phase and The role ot macrophage cytotoxicity
on cell surfaces by a number of ap- in controlling tumors is being investi-
proaches. gated by two groups. R. Callily and

colleagues (Department of Microbiology,
Tumor Immunology Tel-Aviv University) have demonstrated

Controlling Tumor Growth and Pro- that Mycobactcrium orale induces in
gression. Mechanisms of leukemogenesis vitro macrophage-mediated cytolysis
and characterization of leukemic cells against various tumor cells. The degree
are being studied by N. Haron-Ghera (De- of malignancy was not correlated with
partment of Chemical Immunology, Weiz- susceptibility to cytotoxicity by acti-
mann Institute). He has observed the vated macrophages. Macrophage-mediated
appearance of leukemic cells prior to cytolysis was correlated in many experi-
overt leukemia and demonstrated that mental systems with the production of a
both leukemic and preleukemic cells cytotoxic factor that resembles tumor
express TL antigens. The host's immune necrosis factor. Another group at Tel-
response against preleukemic cells has a Aviv University, led by Y. Keisari,
part in establishing the latent period found that the susceptibility of tumor
prior to the appearance of tumors. Sus- cells to the cytotoxic effect of macro-
ceptibility to the induction of leuke- phages was increased by antineoplastic
mia-radiation-leukemia viruses is con- drugs.

* trolled by Ir genes. I.P. Witz and colleagues (Depart-
T. Umiel (Hematology Department, ment of Microbiology, Tel-Aviv Univer-

Beilinson Hospital, Petah-Tiqva) is sity) have demonstrated that the associ-
examining the occurrence of T,B and ation of immunoglobulins with tumors is
myloid-cell markers in acute childhood correlated with the occurrence of Fc
leukemia and lymphoma. Various subtypes receptors on nonlymphoid tumors. Pas-
of leukemia correspond to one or another sive administration of naturally tumor-
stage of lymphoid or mveloid cell dif- reactive monoclonal antibodies present
ferentiation pathways. Null cell leuke- during the precancerous period signifi-

mia expresses only early B-cell differ- cantly altered the carcinogenicity of
entiation antigens. A single clone of urethan.
cells from infant leukemia has been The study of the regulation of the
found to express both myeloid and B-cell immune response by neoplastic cells is
markers. These studies are helping in another research area being pursued in
the diagnosis, prognosis, and under- Israel. D. Naor's group, Hebrew Univer-
standing of normal T,B and myeloid dif- sity, Hadassah Medical School, Jerusa-
ferentiation pathways. lem, has found that tumor cells contain

Immunological aspects of the metas- immunogenic and suppressogenic mole-
tatic process are being studied by the cules, and efforts are being made to
groups of M. Feldman (Department of Cell isolate and characterize these entities.
Biology, Weizmann Institute) and S. G. Berke (Department of Cell Biology,
Segal (Faculty of Health Sciences, Ben Weizmann Institute) is studying the
Curlon University, Beer-Sheva. They structure and lytic functions of cyto-

* have found that the metastatic phenotype toxic T-cells, focusing on the analysis
of a neoplastic gene is controlled by of the recognition phase, as distinct
the relative expression of MHC genes from the lytic phase, .n the interaction
coding for the class I antigens and that between the lymphotes and target cells.
induced modulation of gene expression, Tumor Diagnosis. The identity of
Including gene transfection, changes the antigens in immune complexes in neoplas-
metastatic capability of neoplastic ia and the nature of a lymphocyte-deter-
cells. Somatic cell fusion between non- mined membrane antigen in Epstein-Barr

7 6
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Virus (EBV) transformed cells is being vided by findings showing potentiation
investigated by D. Sulitzeanu and of macrophage and T-cell function in the

coworkers (Department of Immunology, development of antibody response in
Hebrew University, Hadassah Medical vitro and prevention of suppression by

School, Jerusalem). Antoantigens were T-cell factor in vivo by D.W. Weiss and
found in immune complexes from breast S. Ben-Efralm (Department of Human Mi-
and ovarian cancer patients. A new gp40 crobiology, Tel-Aviv University).
antigen was found in immune complexes The interaction between the host's
from Burkitt lymphoma and nasopharyngeal antitumor immune response and chemother-
carcinoma patients. A'so, a new mem- apy is also being investigated by S.
brane component recognized by EBV-immune Ben-Efraim who has found that chemother-
T-cells was detected in EBV-transformed apeutic drugs can be classified as im-
cells. munomodulating and nonimmunomodulating.

Y. Gazit (Sheba Medical Center, This classification is lased on their

Tel-Hashomer) has detected a specific ability to promote development of the
gp7 0 antigen on B-cell leukemia cells host's antitumor response and their
usIng monoclonal antibodies that could selective effect on human and murine

be a useful diagnostic marker. The suppressor T-cells.
generation of monoclonal antibodies for Attempts to increase immunogenicit"
detection of other tumor-specific anti- of tumor cells have been made by modula-
gens is being extensively studied by Z. ting the membrane lipid composition of
Eshhar (Department of Chemical Immunol- tumor cells (M. Shinitzky, Membrane Re-
ogy, Weizmann Institute) and C. Moroz search Department, Weizmann Institute),

(the Rogoff-Wellcome Medical Research and clinical trials of immunotherapy
Institute, Beilinson Medical Center, with lipid enriched tumor cells have
Petah-Tiqva), who are studying the iden- begun. Thymus humoral factor (THF) Is
tification of ferritin-bearing lympho- beii.g studied by N. Trainin (Department
cytes in the circulation of breast can- of Cell Biology, Weizmann Institute),

cer and Hodgkins' disease patients. and progress has been made on the chemi-
Approaches to Therapy. There is cal characterization and synthesis of

more interest in adoptive tumor immuno- the active components of THF mechanisms
therapy, using T cytotoxic and/or T of potentiation of T-cell-dependent re-
helper cells sensitized c'n vitro to the sponses and the effect of exogenous THF
tumor and propagated in culture with in tumor-bearing animals.
IL-2. D.W. Weiss and 1. Kedar (Depart- Another line of research is site-
ment of Immunology, Hebrew University, directed chemotherapy with monoclonal
Hadassah Medical School, Jerusalem) have antibodies against tumor-cell components

observe( a synergistic therapeutic ef- conjugated to chemotherapeutic drugs (R.
fect in mice with advanced lung and mam- Arnon, E. Hurwitz, and M. Sela (Depart-
mary carcinoma, following conjoint ment of Chemical Immunology, Weizmann
treatment with subcurative chemotherapy. Institute). Adriamycin and other cyto-
I1-2 propagated lymphocytes and IL-2. A toxic drugs have been shown to have a

similar effect was observed in nude mice specific effect on neoplastic cells when
Implanted with human tumors. Preliminary employed in this way.
clinical trials have been conducted in Relative to its size, Israe l has
patients with melanoma and breast cancer many groups studying the cellular
by Injectinp autochthonous lymphold aspects of the immune response. Studies

cells that had been grown in IL-2 into cover a wide range of subjects, from the
discrete tumor foci. A large proportion development and maturation of immuno-

nf these patients have shown regression cytes, through functional and molecular
of tho treated foci following treatment, analysis of lymphoid cell subpopula-

Some Insight into the mechanisms of tions and their products, to understand-

activity of a particular Immunotherapeu- ing normal and pathological processes.
tic mycobacterlal MER fraction was pro- The subject of autoimmunity is being

.....................-..-. "-.-.
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actively pursued by Israeli scientists, tocompatability region of the species,

with the Weizmann Institute of Science as well as the specificity of B- and T-

contributing a large share of Israel's cells. Furthermore, it allowed a con-

efforts in autoimmunity. Another area ceptual approach to production of vac-

under intensive study at both basic and cines.

applied levels is that of transplanta- The development was based on the
tion and tissue-typing. Three major aca- initial finding that it is possible to
demic centers in Israel are involved in synthesize a peptide, corresponding to a
thI. research, and all have programs in protein fragment, that will lead to
kidney transplantation. These centers antibodies capable of recognizing a con-
are the Beilinson Medical Center In formation-dependent region of the native
Petab-Tiqva (Tel-Aviv), the Chaim Sheba protein--e.g., lysozyme. Further studies
Medical Center In Tel Hashomer, and the have shown that the same approach can be
hadassah University Hospital in Jerusa- applied to viruses, using synthetic
lem. fragments of the relative viral pro-

Clinical immunology has now been teins. The fact that totally synthetic
recognized as a distinct discipline by materials could serve for the induction
the Israel Medical Association and Min- of antiviral immunity is bei-g used as
istry of Health. Recognized centers for the basis for the production of synthet-
training programs in this discipline ic vaccines with built-in adjuvanticity.
have also been set up around the coun- Extensive investigations have been car-
try. The services provided by such cen- ried out throughout the world (including
ters are interdisciplinary, with special the Welzmann Institute) in a effort to
emphasis on allergic, rheumatic and im- chemically synthesize vaccines against
munodeficiency diseases. They usually infectious agents such as diphtheria,
p:ovide all routine immunologic workup. cholera, hepatitis B, foot and mouth

* Table I lists the variety of clinically disease, influenza, polio, and even
oriented immunological research pursued parasites such as malaria. These vac-
by Israeli scientists and the institu- cines that elicit neutralizing antibod-
tions involved. ies and in vivo protection against chal-

lenge may lead to multivalent cross-
Apelied Immunology strain protective vaccines in the fu-

Pioneering studies on synthetic ture, according to M. Sela.
antigens and vaccine were carried out in Biotechnological advances have also
the laboratory of M. Sela and R. Arnon been made in Israel in the production of
at the Weizmann Institute. The availa- commercial vaccines. The Israel Insti-
bllity of synthetic antigens has permit- tute for Biological Research, Rehovot,
ted a systematic elucidation of the mo- has developed several veterinary vac-
lecular basis of antigenicity, including cines and produces them In their biofer-
such variables as chemical composition, menters for the local pharmaceutical in-
size, shape, availability of certain dustry as well as for export. In addi-
areas within the antigenic molecules, tion, it is an established reference
electrical charge, and optical configur- laboratory for immunodiagnostics of
ation cf the component building blocks, problematic infections, such as rickett-
Also, it allowed a similar approach to sioses, Legionnaires disease, leptospi-
the study of other immunological phenom- rosis, and human mycoses.
ena such as tolerance, delayed hypersen- Today, 1O years after somatic cell

" sitivity, antigenic competition, etc. hybridization was established as a use-
The use of synthetic antigens, which are ful procedure for the generation of
antigenically simple, in studies in antibodies of predefined specificity, it
Inbred mice, which are genetically sim- has become the approach of choice for
ple, was particularly effective in es- the preparation of monoclonal antibodies
tablishing the genetic control of immune (mAbs) and is useful in almost every fa-
response and its link to the major his- cet of biological research. The relative
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Table I

Israeli Groups Active in Clinically Oriented Immunological Research

Subject Investigator Institution

DNA alterations and autoimmunity
in SLE D. Golan Technion Medical School

B-cell maturation and

immunodeficiency S. Pollack Technion Medical School
Human-human hybridomas R. Baer Technion Medical School
Drug-induced SLE A. Kajman Meir Hospital

J. Holoshitz Kfar Soba
Lymphoid cell lines L.A. Rozensjan Kfar Soba
Lymphoproliferative disorders:

autL, zmunity and allergy A. Pick Beilinson Medical Center
Human monoclonal antibodies Y. Shoenfeld Beilinson Medical Center
Markers of breast cancer C. Moroz Beilinson Medical Center
Immunodeficiency Y. Danon Beilinson Medical Center
Immunotherapy of breast cancer

and melanoma A. Adler Beilinson Medical Center
Immunomodulation B. Shohat Beilinson Medical Center
Lymphoid populations and use of THF R. Zaizov Beilinson Medical Center

T. Umiel Beilinson Medical Center
Human MHC E. Gazit Sheba Medical Center
Parasitic infection J. Passwell Sheba Medical Center
Lymphoproliferative disorders B. Ramot Sheba Medical Center
Autoimmune diseases and cryoglobulins Y. Yust Ichilov Medical Center

A. Tanai Ichilov Medical Center

Y. Levo Ichilov Medical Center
Lymphocyte maturation factors B. Sredni Bar-Ilan University
Tumor markers and leukotrienes A. Fink Kaplan Hospital
Genetic aspects of allergic diseases C. Geller-Bernstein Kaplan Hospital
AlPS Z. Handzel Kaplan Hospital
Antigen-specific T-cell factors Z. Weisman Kaplan Hospital
Interferons S. Levin Kaplan Hospital
Coeliac disease A. Ashkenazi Kaplan Hospital
Allergic disease A. Ben-Zvi Hadassah Medical Center

B. Sela Hadassah Medical Center
Neuroimmunology M. Quastel Seroka Medical Center
Viral immunity B. Razar Seroka Medical Center
Tumor immunity S. Sagal Seroka Medical Center

0. Kuperman Seroka Medical Center

ease of their production in large quan- industry. Also, these companies have
tities and the advantages manifested by established in-house units that further
their strict specificity and reproduci- develop and process the antibodies pre-
bility have made mAbs also a very lucra- pared in the research institutes and
tive product for clinical and industrial develop many new antibodies.
use. In Israel, almost every university At the Weizmann Institute, the lab-
and research institute fosters research oratory of Z. Eshhar was instrumental in
groups that specialize in the production the development of several mAbs, many of
of mAbs, many of which are already manu- which were prepared in collaboration
factured by the developing biotechnology with other institute members. In the

9



past years, nAbs have been prepared Moroz (1Feilinscn Hospital) has developed
against small haptens, synthetic anti- mAbs against oncotetal ferritin that
gens, steroid and peptide hormones, cell serve as a diagnostic tool in breast
surface antigens of normal and malignant cancer and Hodgklrs,' disease. A. Bartal
cells, receptors to hormones and growth (Rambam Hospital, f!aifa) has made vari-
factors, cytoskeletal elements, viruses, ous nAbs to breast cancers that help
bacteria, and parasites. During these define and stage the malignant tissue.
studies, efficient protocols have been The budding biotechnology industry
established for immunization with com- in Tsrael today is also actively invol-
plex mixtures that contain minute ved in research and development of new
amounts of the desired immunogen. Among mAbs. Some ,,Iready serve as end pro-

the mAbs that have been developed at the ducts, and some are incorporated into
Weiz-,inn I.stitute and are being manu- diagnostic kits. Thus, Bio-Yeda Ltd.,
factured by the high technology industry Rehovot, markets a broad range of mono-
(either in bulk or as immunodlagnostic clonal antibodies, including anti-immun-
kits) are antibodies against JgE, ste- oglobulin and antipeptide hormones.
reid hormones and their o-glucoronide Inter-Yeda Ltd., Rehovot, develops mAbs
derivatives, cytoskeletal elements such and kits against different steroid hor-
as the various elements ef the interme- mones, growth hormones and factors,
diate filaments, tumor-associated anti- anti-interferon mAb, and antiprekeratin
gens such as carclnoembrvonlc antigen mAb. International Diagnostic Labora-
(CEA), and human a-, P-, -interferons. tories Ltd. 4n Jerusalem develops anti-
At the Israel instiltute for Biological bodies to thyroid hormones and to micro-
Research, Rehovot, mAbs for several organisms associated with infectious
antigei, s such as CFA, virus, bacteria, diseases.
and ;irface markers of normal and acti- The most exciting research in the
-ated lymphocytes were developed and are field of mAbs is the development of
used as immunodiagncstic tools. technology f,:,r the generation of human

At the Hebrew University, Hadassah mAbs. The group of M. Steinitz at
Medical School, in Jerusalem, M. Schles- Hadassah Hospital, Jerusalem, is a
singer and associates have developed leader in the derivation of antigen-spe-
mAbs against surface markers of human cific human mAbs from B-cells trans-
T-cell subpopulations. D. Eliat, in a formed by Epstein-Barr virus. Among the
limited analysis of the antigenic deter-- antibodies produced are anti-D (Rh blood
minants that are immunogenic in autoim- group), antigroup A streptococcal carbo-
mu:;e disease, has generated mAbs specif- hydrate, and antirheumatoid factor. Y.
ic to various epitopes of nucleic acids Shoenfeld (Beilinson Medical Center, Tel
and nuclear proteins and studies their Aviv) has fused human lymphoid cell
role 4n autoimmune diseases. At Tel-Aviv lines with lymphocytes from lupus pa-
University, I. Witz and coworkers are tients to generate anti-DNA and antihis-
generating natural antitumor mAbs. E. tone mAbs. He also applies the same
Kedar has established hybridomas that technology for production of human-human
produce antibodies that recognize anti- hybridomas from patients with breast
ger'!.c deterninants on protein shared cancer. In the Biological Research In-
between mouse and human retrovirus that stitute, N. Epstein has produced human-
has been presumed to be associated with human hybrid lines secreting either lym-
breast cancer. Y. Haimovich is studying phokines (IL-2, BCGF) or specific anti-
the :,; ",'-c antitumor effect of mAbs bodies. In attempts to derive a better
prepared against idictopic determinants human fusion partner, H. Avraham and Z.
o! B-cell lymphomas. Eshhar at the Weizmann Institute have

SignIffcant research in antihuman established a new human myelomia cell
mAbs is being made by research and clin- line that serves for the generation of
ical 'aboratories affilated with various human-human hybridomas producing human
hoqpitals in Israel. For example, C. monoclonal antibodies.
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S. Margel (Weizmann Institute) has The role of cytokines, such as lym-
developed a new approach for the use of phokines, monokines, and interferons, in
both polyclonal and monoclonal antibod- the regulation of the immune response is
ies. The method employs agarose acro- one of the most actively explored as-
beads (polyacrolein microspberes encap- pects of immunology in the world today.
sulated in agarose matrix) that range in Tt is parcicularly active in Israel.
size from 0.2 pm to 0.8 mm. Due to their This research involves intense collabor-
high aldehyde contents, such micro- ation between the biotechnological in-
spheres can covalently bind, in a single dustry and basic science. L. Sachs and
step, various ligands aith primary amino colleagues at the Weizmann Institute
groups, including antibodies, thus be- have been studying soluble macromolecu-
coming very useful reagents. Bound with lar factors that stimulate cell growth
the appropriate antibodies, the micro- and differentiation. Recently, this
spheres with 0.2-pm diameter serve as an group has concentrated on the analysis
effective tool for labeling cell surface of the response of leukemic cells to
receptors on either human or mouse lym- these factors. They have observed two
phocytes. The agarose beads of 150- to important aspects of malignant transfor-
250-pm diameter serve for rapid and ef- mation which can be illuminated by the
fective cell fractionation, in which the study of cytokine functions: the uncoup-
viability of the cells is unaffected. ling of differentiation from growth con-
Larger agarose acrobeads of 0.5 to trol in the transformed cell, and ways
0.8 mm have provided the basis for in by which a normal pattern of differenti-
vitro hemoperfusion for specific direct ation can be imposed on transformed
removal of antigens or toxic materials cells, using differentiation-inducing
from blood. cytokines. Large-scale production of

Immunotargeting of drugs is another two of these stimulating factors, IL-3
applied research area being pursued ac- and GM-CSF, by recombinant DNA tech-
tively in Israel. Monoclonal antibodies nology is being developed by H. Aviv and
:ind specific polyclonal antibodies can colleagues at the Weizmann Institute in
be used as carriers of cytotoxic drugs collaboration with Biotechnology General

* or toxins for inmunotargeted chemother- Ltd. in Rehovot.
apy. The basic assumption is that anti- Growth and differentiation factors
bodies may specifically and exclusively that support the in v-tro culturing and

. react with particular antigens including maturation of lymphocytes are being
those present on tumor cells. This al- studied at Bar Ilan University, Ramat-
lows specific targeting of chemothera- Can (groups of L. Rosennszain and P.
peutic drugs which also eventually af- Sredni), and the Hebrew University,
fect normal cells when administered sys- Hadassah School of Medicine, Jerusalem
tematically. In appropriately designed (R. Kaempfer and A. Treves), both in
conjugates of drugs with specific anti- mouse and in human systems. Human IL-2
bodies, such antibodies can deliver and BCGF are being produced today on a
either radioisotopes (immunoimaging for large scale at the Israel Institute for
diagnostics) or toxic substances (for Biological Research, Rehovot, by H.
immunotherapy)to the tumor cells in a Rosenberg, Y. Gozes, N. Epstein, and D.
site-specific manner. R. Arnon and M. Kobiler. IL-2 is obtained from cultures
Sela (Weizmann Institute) are using of lectin-stimulated peripheral blood
cytotoxic drugs, such as daunomycin, leukocytes and BCGF from primary leuko-

. adriamycin, methotrexate, and platinum cytes cultures and cultures of human
compounds conjugated to appropriate T-cell hepridomas that produce it con-

. antibodies. This procedure has augmented stitutively.
the activity of these drugs and reduced Inter-Yeda Ltd. is collaborating
their general toxicity, thus indicating with the research group of D. Wallach
the high potential of this method for (Weizmann Institute) in applying recom-
therapeutic approaches. binant DNA technology for large-scale
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production of cytotoxins and exploring berg, A. Mizrahi, and A. Traub). Bovine

the use of these compounds in therapy. recombinant JFN-y is also produced at

This is particularly useful in conjunc- the Israel Institute for Biological Re-

tion with the interferons produced by search, Rehovot (ITBR) by A. Shafferman

Inter-Yeda and the use of mAbs to cyto- and colleagues. Therapeutic applications

toxins for establishing immunoassays for of the native TFN-b produced by Inter-
-n vivo formation of cytotoxins in dis- Yeda has been explored extensively, and

ease. it is already being applied successfully
The function of interferons (IFNs) in several medical centers in Israel for

has been studied extensively by several treating viral infections of the eye

research groups in Israel, particularly such as adenovirus epidemic keratocon-
at the Weizmann Institute by M. Revel's junctivitis, herpes-varicella zoster in
group. Most of the studies done also in immuno-depressed patients, as well as
Bar Ilan, University, Ramat-Gan, the for labial and genital herpetic skin
Hebrew University, Hadassah Medical Cen- lesions and condylomata accuminata.
ter, Jerusalem, and the Faculty of Agri- Native IFN-a produced by TIBR has proved
culture, Hebrew University, Rehovot, useful in treating acute viral hepatitis
have been concentrating on the antiviral and laryngeal papillomatosis in the
effects of interferon. Solid evidence treatment of hairy cell leukemia.
for the IFN's immunoregulatory function,

independent of its antiviral activity,
was first obtained by D. Wallach et al. Conclusion
They showed that IFN-y induces in cells Immunology research, both basic and
an increased synthesis of HLA antigens applied, is a major research emphasis in
at concentrations that are significantly Israel. Israeli scientists are contri-
lower than those necessary for induction buting significantly to our knowledge of
of the antiviral state. IFN a, B, and y the many facets of immunological phenom-
are being produced by large-scale recom- ena, including the molecular basis of
binant DNA technology by Inter-Yeda antigenicity, establishment of the de-
Ltd., Rehovot, using genes isolated by terminant-specific genetic controls of
the research group of M. Revel et al. immune response, and immunological unre-
This company also produces and markets sponsiveness. These scientists have
native IFN-6 induced in human foreskin achieved international recognition for
fibroblast cultures. Native IFN-y in- their research. Furthermore, collabora-
duced in cultures of peripheral blood tive projects between the academic world
leukocytes and of lymphoblastoid cells and the new biotechnological industries
is produced at the Israel Institute of have resulted in products for human use
Biological Research, Rehovot (H. Rosen- and for diagnostic methods.
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