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Dr. Lloyd J. Old is internationally recognized as one of the founders
and standard-bearers of the field of tumor immunology. When Dr. Old began
his career in 1958, tumor immunology was in its infancy. However, pioneering
and systematic research has built the field to a point where there is now an
understanding of tumor immunology at the cellular and molecular level, and

cancer immunotherapies are emerging as potentially the most significant



advances in cancer therapy since the development of the first chemotherapies.
Many of the seminal findings in this field have been contributed by Dr. Old,
his colleagues and his students.

His research over a period of nearly fifty years - from demonstrating that
cancers in mice and humans are recognized by the immune system, to defin-
ing the antigenic targets that elicit this recognition - has directly enabled the
rational design and development of tumor-specific vaccines and targeted anti-
bodies. He has shown tireless dedication to developing a field rather than pur-
suing a single avenue of research, and he has been a devoted and selfless men-
tor to hundreds of young researchers for over four decades. Most importantly
for the benefit of mankind, his vision and leadership have brought basic and
clinical investigators together, across institutional and international borders, to
take tumor immunology from animal models into clinical research and the
development of promising new cancer therapies.

Dr. Old’s contributions to science extend far beyond his own research
interests. As Director of the international Ludwig Institute for Cancer Research
for 17 years, Scientific Director of the Cancer Research Institute (CRI) for 30
years, and his previous appointment as Associate Director of Research at
Memorial Sloan-Kettering Cancer Center for 10 years, Dr. Old has guided the
scientific vision of several institutions and the training and development of gen-
erations of young scientists in many fields. In particular, in his role as Scien-
tific Director of CRI, he was the driving force behind establishing research fel-
lowships for young investigators studying the fundamentals of tumor immunol-
ogy, and developing the internationally acclaimed CRI Symposium Series. Dr.
Old also forged the unique partnership between the Ludwig Institute and the
CRI to create the Cancer Vaccine Collaborative (CVC), a global effort to con-
struct effective cancer vaccines, Dr. Old is a member of multiple scientific and
medical societies, including the National Academy of Sciences, the Institute of
Medicine, and the American Academy of Arts and Sciences. He has been the
recipient of many honors and awards, including the Robert Koch Prize, the
New York Academy of Medicine Medal, the President’s Medal of Johns Hop-
kins University, the Harvey Lecture, the G.H.A. Clowes Memorial Lecture,
and Honorary Degrees from the Karolinska Institute, University of Lausanne,
and University College London.
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Curriculum vitae

Lloyd John Old
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Date of Birth: ~ September 23, 1933
Place of Birth:  San Francisco, CA
Nationality: United States of America

Office Address: Ludwig Institute for Cancer Research
605 Third Avenue
New York, NY 10158
Telephone: (212) 450-1510
Facsimile: (212) 450-1515
E-mail: lold@licr.org

Education:
1955 B. A. (Biology)
University of California
Berkeley, CA
1958 M.D.
University of California School of Medicine,
San Francisco, CA

Postdoctoral Tratning:
1958-59 Sloan-Kettering Institute for Cancer Research
Research Fellow
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DPositions and proiﬂtments:

1960-62
1962-65
1966-69
1969-81
1981-present

1959-60
1960-64
1964-67
1967-present

1973-83
1984-95
1972

1973-76
1976-83

1973-83
1983-present

Cornell University Graduate School of Medical Sciences
Research Associate in Biology

Assistant Professor of Biology

Associate Professor of Biology

Professor of Biology

Professor of Immunology

Sloan-Kettering Institute for Cancer Research
Research Associate

Associate

Associate Member

Member

Memorial Ho;Pifaf for Cancer and Allied Diseases
Associate Director of Research

Attending Immunologist

Acting Associate Director for Research Planning
Vice-President and Associate Director
Vice-President and Associate Director

for Scientific Development

Memeorial Sfaa?z—Kr:ifering Cancer Center
Associate Director of Research,
Member and Incumbent,

William E. Snee Chair of Cancer Immunology
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1971-86

1988-present
1988-2005
1989-present
1995-2004
2001 - present
2001 — present

2005
2006~-present

1990-present

2004

2004

Ludwig Institute for Cancer Research, Inc.
Member and Scientific Director,

Emeritus Scientific Committee

Member and Chairman, Scientific Committee
Director

Member, Board of Directors

Chief Executive Officer

Trustee, LICR Charitable Trust

Trustee, Virginia & D.K. Ludwig Fund for Cancer
Research

Vice Chairman, Board of Directors

Chairman, Board of Directors
Ludung Institute for Cancer Research,
Neaw York Branch at Memortal Sfoan—Kefﬁering Cancer Center

Director

Columbia Universtty, New York
Adjunct Professor of Medicine

New York University, New York
Adjunct Professor of Medicine
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Scientific and Medical Socteties:

1962  American Association for Cancer Research

1962  New York Academy of Sciences

1963  Reticuloendothelial Society

1963  Society of Experimental Biology and Medicine

1969  American Association for the Advancement of Science

1971  American Association of Immunologists

Honors and Awards:
1955  Phi Beta Kappa
1955  Sigma Xi
1957  Roche Award
1958  Alpha Omega Alpha
1962  Alfred P. Sloan Award in Cancer Research
1970 Lucy Wortham James Award, James Ewing Society
1972 Lecturer, Harvey Society
1972  Louis Gross Award
1974  Member, Institute of Medicine, National Academy of Sciences
1975  Founder of Tumor Immunology Award, Cancer Research Institute
1976 ~ Member, American Academy of Arts and Sciences
1976  Rabbi Shai Shacknai Memorial Award
1978  Member, National Academy of Sciences
1978  Research Recognition Award, Noble Foundation
1980 G.H.A. Clowes Memorial Lecturer
1981  Robert Roesler de Villiers Award
1985  New York Academy of Medicine Medal
1986  Honorary member, Japanese Cancer Association
1990  Robert Koch Prize, Robert Koch Foundation
1994  Honorary Doctor of Medicine, Karolinska Institute
1995  Honorary Doctor of Medicine, University of Lausanne
1997  Honorary Doctor of Science (Medicine),
University College London,
2004  President’s Medal, Johns Hopkins University
2004  Dean’s Award, Stanford University School of Medicine
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Other Activities:

General Motors Cancer Research Foundation Visiting Professor of Clini-
cal Investigation, Dana-Farber Cancer Institute, and Visiting Professor of
Pathology, Harvard Medical School, 1986

Foreign Adjunct Professor, Faculty of Medicine, Karolinska Institute,
1994-present

National Cancer Institute, National Institutes of Health Consultant, 1967-
70

Member, Developmental Research Working Group, 1969

Member, Special Virus Cancer Program, Immunology Group, 1970
Member, Virus Cancer Program Advisory Committee, 1975-78

Member, Board of Scientific Counselors, Division of Cancer Cause and
Prevention, 1978-81

Cancer Research Institute

1970 Associate Medical Director
1971-74 Medical Director
1974-present  Director, Scientific Advisory Council

Leukemia Soctety of America

1970-73 Member, Board of Trustees,
1970-73 Member, Medical and Scientific Advisory Board,

Jane Cgﬁ?.n Childs Memorial Fund for Medical Research

1970-75 Member, Scientific Advisory Board,

Public Health Research Institute of the City of New York

1977-80 Member, Research Council,
1979-89 Member, Board of Directors, ;
1984-89 Vice-Chairman, Executive Committee,

American Ajsoa'affaﬂﬁar Cancer Research

1980-83 Member, Board of Directors
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Editorial Activities

Editorial Advisory Board, Cancer Research, 1967-70

Editorial Advisory Board, Cancer, 1968-71

Advisory Editor, The Journal of Experimental Medicine,
1971-76; 1990-95

Editorial Board, Recent Results in Cancer Research, 1972
Advisory Editor, Progress in Surface and Membrane Science, 1972-74
Associate Editor, Virology, 1972-74

Editor, Immunobiology, 1987-present

Section Editor, Current Opinion in Immunology, 1991-present
Editorial Advisory Board, Oncology Research, 1992-present
Editor, Cancer Immunity, 2001 - present
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Contributions
to the Field of

Cancer Immunology

Lisyd J. Old, M.D.
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Lloyd Old’s first publication in Nature in 1959 with Baruj Benaceraaf
introduced BCG, the tuberculosis vaccine, into experimental cancer research as
a way to stimulate resistance to tumor growth (1). BCG today is a first line treat-
ment for in-situ bladder cancer. This early work inaugurated a 5 decade focus
by Dr. Old and his colleagues on the three dominant questions of cancer
immunology — 1. Does cancer elicit immune recognition in the host of origin?
2. If so,what are the antigenic targets of the immune response and, 3. How can
immune resistance to cancer be strengthened. In addition to pursuing the basis
for the BCG-mediated anti-tumor response, Old chose 2 experimental systems
in the mouse for detailed immunological analysis — chemically-induced sarco-
mas and mouse leukemia. The discoveries coming from these early studies in
the 1960’ and 1970 helped set the subsequent course of the field of tumor
immunology and established many of its principles and practices.

The demonstration of tumor-specific rejection antigens in methyl-
cholanthrene (MC)-induced sarcomas by Gross, Foley and Prehn and Mann in
the 1950 must be considered the foundation stone for contemporary cancer
immunology (2) , and Old and his long term collaborators E. A. Boyse, E. Car-
swell and E. Stockert initiated a broad survey of the immunogenicity of these
tumors, confirming the striking antigenic individuality of each tumor, showing
that lymphocytes (not serum) could transfer transplantation resistance, and dis-
covering the aberrant expression of mouse leukemia viruses (MuLV) and their
antigens in sarcomas, even in those arising in strains lacking evidence for MuLLV
(3-5). The first demonstration of p53 and its association with cancer was found
by analyzing the serum from mice immunized with MC-induced sarcomas (6),
and efforts to characterize the transplantation rejection antigens of MC-induced
sarcomas by P. Srivastava led to the discovery that these antigens were carried
by gp96, a heat-shock protein (HSP), opening up an understanding of the role
of HSPs in immune responses (7). The first cloning of a transplantation rejec-
tion antigen of MC-induced sarcomas by H. Shiku and his colleagues showed
it to be a mutant form of a signaling molecule (8).

The comprehensive serological analysis of mouse leukemia by Old,
Boyse, and Stockert, led to discoveries with impact far beyond tumor immunol-

ogy. In their work, the cytotoxic assay developed by Peter Gorer coupled with
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absorption analysis became a powerful analytical tool for dissecting the anti-
genic structure of the cell surface. Application of this approach to normal and
malignant mouse lymphoid cells led to the discovery of a range of cell surface
antigens, including lymphocyte-specific antigens (Ly-2/CD8), leukemia-spe-
cific antigens (TL), and MuLV-related antigens (GCSA/GIX), and to the
recognition that the cell surface was a highly differentiated structure, far more
complex than originally envisioned (9-14). These findings gave rise to the con-
cept of cell surface differentiation antigens, and the reagents generated in these
studies inaugurated the era of distinguishing cells by their surface phenotype.
With the introduction of the hybridoma technology for generating monoclonal
antibodies and the power of flow cytometric techniques, the use of cell surface
phenotyping has had a revolutionary impact in the laboratory and clinic, from
distinguishing cells by lineage, stage, and functional surface markers, to classi-
fying hematopoietic and other malignancies, to identifying targets for antibody
therapy.

These early studies of mouse leukemia also led to another finding with
implications far beyond this experimental system. Gorer, the founder of the
MHC field and Boyse’s mentor, had observed that inbred strains with a high
incidence of leukemia shared a common H-2 (now referred to as MHC) type,
and this prompted F. Lilly, Boyse and Old to investigate this association in a
formal genetic analysis and to discover the first linkage of MHC to a disease
state — mouse leukemia (15), a finding that sparked the intense focus of subse-
quent work on the central role of the MHC in immune responses, in suscep-
tibility to neoplastic and non-neoplastic diseases, and in other physiological
process such as olfaction.

The discovery of tumor necrosis factor (TINF) by Old, Carswell and their
colleagues in the 1970 came about during their continuing study of the anti-
tumor activity of BCG (16-17). The two cardinal characteristics of TNF —
hemorrhagic necrosis of mouse tumors and specific cytotoxic action on trans-
formed cells — provided insight into two well known phenomena in the history
of cancer research; the induction of tumor hemorrhage by bacterial liposac-
charides, and the beneficial effect of bacterial infection on the course of can-
cer, which William B. Coley developed into a therapeutic approach with bac-
terial vaccines (Coley’s Toxins). The TNF discovery also added to the growing
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realization that many of the body’s reactions to infectious agents were medi-
ated by a family of endogenous factors — cytokines and chemokines - that we
now know orchestrate the complex events involved in inflammation and immu-
nity. Although the currentbeneficiaries of therapies targeted at TNF are patients
with inflammatory diseases, such as rheumatoid arthritis rather than patients
with cancer, there is still hope that TNF or its inhibitors can be fashioned into
effective cancer therapies.

One of the most persistent ideas in cancer research is that the immune
system protects the body against emergence of mutant cells with the potential
of becoming a cancer. Paul Ehrlich argued that cancers would be far more fre-
quent if this were not the case, and L. Thomas and MF and Burnett in the
1950% developed this idea into the cancer immunosurveillance hypothesis.
Although very popular for a period, O. Stutman in an extensive series of exper-
iments with immunocompromised nu/nu mice found no evidence to support
the hypothesis. As a consequence, the idea of cancer immunosurveillance was
essentially abandoned. In experiments carried out to establish the role of TNF
in LPS-induced tumor hemorrhagic necrosis, Old and R. Schreiber unexpect-
edly found that antibody against interferon-y (IFN-y) completely abolished
tumor regressions following LPS treatment. This led them to examine the basis
for this action of IFN-y on transplantable tumors and then to the role of IFN-
¥ in the induction of MC-induced tumors. The results with IFN-y receptor
knock-out mice gave clear evidence for the existence of an IFN-y-dependent
surveillance system that protected mice against primary tumor development
(18). Extending these studies to RAG mice which lack functional T and B cells,
led to the same conclusion — mice with compromised immunity are more sus-
ceptible to tumor induction (19). In addition, tumors arising in immune defi-
clent mice are more immunogenic than wild-type tumors, indicating that the
immune system edits out the more antigenic tumor cells during tumorogene-
sis (immunoediting) (20). These results and comparable findings by M. Smyth
and his colleagues resurrected the immunosurveillance hypothesis, providing a
firm foundation for the field of tumor immunology and for therapies based on
immunological principles.

The first attempts by Old and his colleagues to extend their work to

human cancer was based on their extensive analysis of mouse leukemia viruses
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and mouse mammary tumor viruses and their definition of cell surface anti-
gens and structural components (envelope and group specific antigens) coded
for by these viruses. (21) Applying similar serological approaches to the analy-
sis of the Epstein-Barr virus that had been linked to Burkitt’s lymphoma led
to the unexpected finding that EBV was associated with nasopharyngeal car-
cinoma, a cancer common in China and areas of Africa. (22)

Old, and his other long-term collaborators, H. F. Oettgen, T. Takahashi,
and H. Shiku initiated their major commitment to the study of human cancer
in the early 1970%, and because of the experience gained from analyzing cell
surface antigens of the mouse, it was logical that the cell surface would be the
focus of their search for tumor-specific antigens in humans. Without the ben-
efit of inbred strains, Old and his group had to develop a test system that would
exclude alloantibodies and other naturally occurring antibodies that could
obscure the definition of tumor specificity. To do so, a system known as autol-
ogous typing was established in which the initial serological analysis focused
on tumor cells, serum, lymphocytes and normal cells (mainly fibroblasts)
obtained from the same patient. In this way, the genetic identity of normal and
tumor cells from each patient made possible a test system in humans that repro-
duced as closely as possible the in vitro systems in inbred mice that permitted
tumor specificity analysis. Establishing tumor cell lines was the first challenge,
and this restricted the analysis to tumor types that could be relatively easily
adapted to growth in vitro — melanoma, renal cancer and glioblastoma. As a
consequence of this effort, hundreds of tumor lines were established in Old’s
laboratory and these have found wide use in cancer research. The serological
assays used in this search for tumor-specific antigens were mixed hemadsorp-
tion and immune adherence, two powerful and underutilized techniques for
the analysis of surface antigens of cells that grow attached to a substrate. Absorp-
tion analysis with normal and malignant autologous and allogeneic cells pro-
vided exquisite specificity confirmation. A large series of patients were analyzed
by autologous typing over a period of 10 years (1972-1982), and three cate-
gories of cell surface antigens of human tumors were defined: Class I unique
to the autologous tumor, Class II shared with allogeneic tumors, and Class II1
expressed by both normal and malignant autologous and allogeneic cells (23).

Although biochemical characterization of these antigens was limited, a num-
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ber of Class II antigens were subsequently identified as gangliosides. Of most
importance, this serological analysis provided the most compelling evidence at
the time for tumor-specific recognition of human cancers. With the discovery
of IL-2 and its use for growing human T cells in vitro, Knuth began to apply
the principles of autologous typing and the bank of reagents that had been col-
lected for this purpose to the analysis of T cell recognition of human cancer. In
the initial analysis of 14 melanoma patients, 2 patients were found with spe-
cific reactivity for autologous tumor cells, one of whom (AV') had an unusually
favorable course with metastatic melanoma (24). After Knuth returned to Ger-
many, he established the autologous typing system in his laboratory and con-
tinued to search for the rare patient with specific T cell reactivity for autolo-
gous tumor. He found one melanoma patient (MZ2) with advanced discase
with exceptionally strong tumor-specific reactivity who had experienced tumor
regression after immunization with autologous irradiated tumor cells. The next
step was to identify the targets recognized by AV and MZ2 T cells, and Old
suggested that Knuth contact T. Boon at the Brussels Branch of the Ludwig
Institute for Cancer Research. Boon and his group had developed molecular
cloning techniques to identify the antigenic targets of T cells in mouse tumor
systems, and were beginning to apply these techniques to the identification of
human tumor antigens. The collaboration of Boon and Knuth led to the cloning
and identification of the first T cell recognized tumor antigens in humans, rep-
resenting a major landmark in tumor immunology (25,26), and a notable
achievement for the autologous typing approach. Cloning of the antigens was
facilitated by a technique (TNF release assay) developed by Old and N. Ohta
for mouse systems in which release of TNF by T cells could be used to assess
specific T cell recognition.

Because many tumors could not be grown in vitro, autologous typing for
antibody and T cell reactivity was limited to a very restricted set of tumors. To
overcome this and also provide structural information about antigens detected
in autelogous typing, Pfreundschuh, who had previously worked on autologous
typing with Old in New York, developed an approach called SEREX that
involved the serological screening of recombinant DNA libraries of human
tumors with autologous sera (27). The method proved to be an enormously

powerful serological tool to define the specificity of human antibodies to intra-
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cellular antigens, a previously impenetrable forest for the cancer serologist. The
broad application of SEREX to human cancer, first by Pfreundschuh and his
group and then by Old and his colleagues Y. Chen, M. Scanlan, and Y. Obata
gave rise to knowledge about a rich array of antigens recognized by the humoral
immune system of cancer patients and to a classification system for SEREX
defined antigens (28-31). To deal with the avalanche of information coming
from SEREX analysis by groups around the world, Old and his colleague V.
Jongeneel developed the SEREX databank as a central repository to collect
information about SEREX defined antigens, their sequences, their tumor and
normal tissue expression, and their immunogenicity
(www.cancerimmunity.org/SEREX/).

Several categories of tumor antigens have been recognized by SEREX
analysis, including differentiation antigens, mutational antigens, viral antigens,
overexpressed antigens, and cancer-testis (CT) antigens (32). Among these,
the CT antigens have attracted the most interest because of their highly
restricted expression pattern in normal tissues - spermatogonia, oogonia and
trophoblast cells- and their frequent expression in a broad array of cancers, as
extensively analyzed by A. Jungbluth (33-35). The first CT antigens (MAGE,
BAGE, and GAGE) were discovered by Boon and his colleagues as targets of
T cells from Knuth's single remarkable patient MZ2. Pfreundschuh and his
colleagues discovered SSX-2,and SCP-1, and Chen, Scanlan, and A. Gure dis-
covered NY-ESO-1, CT7, CT10, SSX-1 and 4, among others. A CT data-
base was created by Scanlan (36),and the list of CT antigens continues to grow,
currently numbering 87 genes or gene families.

The aberrant expression of gene products normally found only in germ
cells and trophoblasts raises the question of what role CT antigens play in can-
cer cells. In addition to shared expression of CT antigens, cancer cells and
gametic cells have many other characteristics in common, including immor-
tality, invasiveness, migratory behavior, immune evasion, and inducing angio-
genesis. Old has proposed that cancers acquire many of their malignant traits,
including the ability to metastasize, by reactivating the normally silent game-
togenic program (37), and Simpson, Old and their colleagues are developing
this idea that CT gene products play a central role in tumorgenesis and that

they are promising targets for therapeutic intervention (38).
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Because of their high degree of specificity for cancer, CT antigens rep-
resent ideal targets for cancer vaccine development. NY-ESO-1, the most
immunogenic CT antigen found to date (39-42), has been the focus of a major
vaccine effort organized and directed by Old as a partnership between the Lud-
wig Institute for Cancer Research and the Cancer Research Institute — the Can-
cer Vaccine Collaborative (CVC). The CVC represents a coordinated network
of laboratory and clinical scientists at 14 different academic centers around the
world with the objective of constructing maximally immunogenic NY-ESO-1
vaccines (43). Phase I trials of NY-ESO-1 peptides (44, 45), protein (46), DNA,
viral (47) and bacterial NY-ESO-1 vaccines are being conducted and analyzed
at the different sites in Australia, Japan, USA, England, Germany, Switzer-
land, France and China using standardized immunological monitoring
methodologies to assess the comparative immunogenicity of these different
vaccines (48). Once immunogenicity has been established, therapeutic end-
points can be rationally assessed, reflecting Old’s mantra that “to vaccinate you
need to know how to immunize, and to immunize you need to know how to
monitor.” Prime-boost strategies, polyvalent CT vaccines, and the use of
CTLA-4 antibody and other ways to modulate immune regulatory systems
that limit tumor immunity are being incorporated into future CVC activities.

With the advent of hybridoma technology and the generation of mon-
oclonal antibodies, the cancer serologist was given a grand oppertunity to
explore the surface antigenic structure of cancer cells. Old took full advantage
of this new technology, and he and his many colleagues conducted the most
extensive dissection to date of the cell surface of human cancer with the objec-
tive of finding antigens with sufficient tumor specificity to serve as targets for
antibody-based therapies. Detailed analysis of the thousands of antibodies gen-
erated in their studies led to the discovery of a vast array of new surface anti-
gens expressed by human cancer cells, as well as to antigens selectively expressed
on tumor stromal fibroblasts and tumor endothelium. However, even antigens
with the greatest specificity for cancer were found to be expressed on a subset
of normal cells (differentiation antigens) (49). The most tumor specific of all
the antibodies, 806, was directed against an epitope on the EGF receptor that
is exposed when the antigen is overexpressed (50, 51). From the large collec-

tion of antibodies generated by Old’s group, a panel of antibodies with the
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greatest cancer restricted specificity were purified for clinical testing, first in a
production facility Old established at Memorial Sloan-Kettering Institute and
then in a GMP facility established by A. Scott at the Ludwig Institute Branch
in Melbourne. The initial aim of these clinical trials was to define the in vivo
specificity of trace-labeled antibody, i.e. comparing uptake in tumor and nor-
mal tissues and to assess antibody pharmacokinetics and immunogenicity. Six
antibodies have now been analyzed in this way by S. Welt, C. Divgi, A.
Houghton, D. Scheinberg, E. Oosterwijk, S. Larson, K. Lloyd, G. Ritter, A.
Scott and their colleagues (52-60), and the information from these academic-
sponsored trials forms a secure and rational basis for the development of anti-
body-based therapies, eitherwith antibodies alone or using antibodies as a deliv-
ery system for cytotoxic agents. The Ludwig Institute’s antibody program devel-
oped by Old represents the largest academic effort directed at developing anti-
body-based therapies for cancer.

In a career spanning nearly five decades, Old has contributed to virtu-
ally every aspect of cancer immunology. With his many colleagues around the
world, Old has created a school of tumor immunology that has answered some
of the key questions of the field. In doing so, he has laid a firm foundation for
the century-long aspiration of tumor immunologists — controlling cancer by

harnessing the power of the immune system.
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