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Series Preface

Tumor immunology has been a conflicting area of investigation for several decades, and has been
characterized by a succession of excitements and disappointments. However, three major
discoveries have been instrumental in causing a resurgence of interest in the field. First, the
understanding of molecular steps of antigen recognition, processing and presentation for both
HLA classes I and II restricted antigens; second, the milestone event of cloning genes encoding
the T-cell recognized human melanoma antigens; and third, the identification of stimulatory and
now inhibitory receptors of NK and T lymphocytes. Furthermore, the availability of vectors that
allow the genetic engineering of most immune cells and of tumor cells significantly widened the
possibility of understanding mechanisms of immune recognition and of manipulating, for
therapeutic purposes, the immune system of tumor-bearing individuals. But also previous
reagents, like monoclonal antibodies, apparently inefficient as a magic bullet in early therapeutic
approaches, have now found new applications and remain the focus of intensive research in tumor
immunology.

Tumor immunology is therefore, once again, enjoying a remarkable popularity and could lead
to future successes in the immunotherapy of cancer, though several crucial questions need to be
answered that require a concomitant effort of both pre-clinical and clinical investigators. We are
not only continuing our quest for molecules that make tumor cells diverse from normal
counterparts and foreign to the body but we have now to face the unexpected finding and
understand how normal proteins and peptides can be recognized by the immune system and
whether they can serve as targets of the immune response against growing neoplastic cells.

This new series of books in tumor immunology reflects the increased interest in this area which
requires a multidisciplinary approach. It will attract the attention of molecular biologists,
immunologists, gene therapists, and experimental and clinical oncologists. It intends to offer a
forum of discussion in tumor immunology covering the latest results in the field.

Giorgio Parmiani and Michael T.Lotze 
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Introduction
Giorgio Parmiani and Michael T.Lotze

The origin of modern tumor immunology dates back to the 1950s, when several groups of
investigators in the USA and Europe demonstrated a) that the immune system of inbred mice and
rats can recognize antigens expressed by tumor cells induced by chemical carcinogens; b) that
such recognition results in rejection of a subsequent challenge of the same tumor in previously
immunized animals; and c) that immune cells but not antibodies can mediate this reaction
(Baldwin, 1955; Prehn and Main, 1957; Klein et al., 1960; Old et al., 1962). In the classical papers by
Prehn, Klein and Old, most of the problems that pervaded the field in the following years (some of
which are still to be solved) were clearly identified, with the possible exception of the escape of
tumors from the immune response that became apparent later on, when tumor-infiltrating T
lymphocytes could be functionally studied in vitro (Whiteside et al., 1986).

The lack of quantitative in vitro techniques and the limited availability of molecular tools,
however, prevented testing of the different hypotheses put forward to explain the nature of
tumor antigens, the antigenic heterogeneity, the difficulty in triggering antitumor immunity, etc.
The only available in vitro techniques were based on antibody reactions and, as such, were of
limited use for the understanding of the lymphocyte-mediated mechanisms of antitumor activity.
Therefore, most of these early tumor immunology studies were carried out on mouse models—at
that time, inbred mouse strains became available thanks to the work of several pioneers of mouse
genetics. Tumors could be induced in such animals by chemical carcinogens, radiation or viruses
and transplanted from one genetically identical individual to another, an enormous step forward
in the history of cancer research. These in vivo transplantation studies paved the way to
understanding certain immunological aspects of the tumor-host interaction, as transplanted
tumors have a predictable behavior in a given mouse strain in terms of growth, progression and
induction of immune response.

The work of Prehn and subsequently of North showed that during tumor growth an eclipse
occurs in the specific antitumor immunity which can be passively transferred by the host’s
lymphocytes. In addition, these in vivo studies made it clear that more than one antigen can be
expressed by a single neoplasm, and that there is heterogeneity in the expression of tumor
antigens both quantitatively and qualitatively, not only among different tumors induced by the
same carcinogen and in the same strain of inbred mice, but also within a single neoplasm, as first
shown by Prehn (1970). Meanwhile, serological techniques were already sophisticated enough to
allow the study of the sera of mice that were either tumor bearing or immunized by a variety of
procedures. However, antibodies with a clear and reproducible specificity against antigens
different from those of endogenous mouse retroviruses of syngeneic tumors could not be detected



in the overwhelming majority of cases and an effective antitumor immunity could not be
transferred by antibodies.

Thus almost 10 years elapsed before in vitro systems were devised that could measure in
quantitative terms the cytotoxic and proliferating activity of lymphocytes against syngeneic
tumors (Brunner et al., 1968). These techniques, which were essentially based on the ability to
label target tumor cells with chromium 51 or other isotopes and lymphocytes with tritiated
thymidine, allowed exploration of the reactions of the cellular arm of the immune system against
different types of tumors in humans as such (Hellstrom and Hellstrom, 1969). Technology
without new hypotheses, however, cannot solve scientific problems. It was the discovery of the
mechanism of recognition by T cells in 1974, i.e. the MHC restriction for which Doherty and
Zinkernagel won the Nobel prize, that led to the understanding of some of the fundamental
mechanisms by which tumor cells can be specifically recognized and destroyed by the immune
system. In fact, it was soon realized that tumor antigens can also be recognized by T cells in an
MHC-restricted fashion (Trinchieri et al., 1976). The rapid development of basic immunology,
thanks to the introduction of molecular techniques, subsequently made it possible to define
mechanisms by which antigens are presented as peptides to either T helper or T cytotoxic
lymphocytes and to understand the function of antigen presenting cells (APC).

Serology has also played an important role in the brief history of tumor immunology. In fact,
the search for antitumor antibodies was the major focus of the early studies aimed at assessing the
in vivo response of animals bearing different types of neoplasms or deliberately immunized
against syngeneic tumors. However, with few but important exceptions, the antibody response to
tumors was usually restricted to proteins encoded by retroviruses commensal to mouse tumors or
to differentiation antigens expressed by normal tissues as well. The important exception was the
mouse tumor MethA whose individual antigen(s) could be biochemically defined after painstaking
experiments thanks to the use of an antibody. Likewise, the outstanding work carried out by
Old’s group, aimed at evaluating the presence of tumor-specific antibodies in sera of hundreds of
patients with different types of cancers, resulted in the identification and molecular
characterization of only a handful of tumor-specific antigens, particularly in melanomas, due to
the low frequency of such antibodies and their relatively low affinity. The availability of
monoclonal antibody technology did not solve the problem. In fact, a plethora of monoclonal
antibodies were raised against different human tumors but all of them only recognized
differentiation molecules expressed in normal tissues too, albeit with a lower density. This effort,
however, provided a wealth of data on the biological function of molecules associated with the
differentiation pathway and/or with the neoplastic state, information that proved to be of great
value in the subsequent investigations into the biology of human malignancies. During the last
few years, however, serology has made a comeback thanks to phage display technology and the use
of patient immune sera in the SEREX approach (see below). 

Three major issues can be identified that have played a key role in the history of tumor
immunology during the following years: 1) the expression and the molecular nature of tumor-
specific antigens recognized by T cells on “spontaneous” mouse and human neoplasms; 2) the
type of immune response (if any) that cancer patients can raise against growing autologous
tumors; 3) the possible clinical application of the knowledge gained in the preclinical models of
tumor immunology.

In the early 1980s the fundamental issue of tumor immunology still remained the existence and
molecular nature of tumor antigens in cancers not deliberately induced in the laboratory under

2 TUMOR IMMUNOLOGY



artificial conditions such as administration of high doses of carcinogens or radiation. However,
thanks again to molecular techniques and to the cumbersome and skillful work of Thierry Boon’s
group, the first gene coding for a tumor antigen of a chemically induced murine tumor was
cloned and the antigen characterized (De Plaen et al., 1988). It took three more years before the
genetic approach devised by Boon resulted in the cloning of the first gene encoding a human
melanoma antigen (MAGE-1) recognized by HLA class I-restricted T cells (van der Bruggen et al.,
1991). This was a major achievement since it provided the basis for the establishment of tumor
immunology as a discipline, although still more biologically than clinically oriented.

In the last few years many more human tumor antigens have been molecularly characterized by
different groups in the United States and Europe. Surprisingly, however, the majority of human
melanoma antigens (but also several mouse tumor antigens) recognized by T cells, particularly by
cytotoxic T lymphocytes (CTL), turned out to be normal proteins expressed either by normal
melanocytes (differentiation or lineage-related antigens) (Anichini et al., 1993) or by tumors of
different histologic origin and by a few normal cells present in specific tissues such as testis and
placenta (see Boon and van der Bruggen, 1996). More recently, using a novel serological approach
called SEREX (serological analysis of antigens by recombinant expression cloning with patient
antibodies), it was found that such antigens could also be recognized by patient antibodies (Sahin
et al., 1995); this would imply a convergent recognition of identical antigens by the B and T cell
systems, the difference being that B cells recognize proteins while T cells can only see protein
fragments in the form of short peptides sitting in the groove of the MHC molecules of the plasma
membrane.

Meanwhile, some antigens of unique type, namely those known to be usually involved in
rejection of mouse tumors, were molecularly defined and found to be composed of different
proteins bearing a point mutation that resulted in the generation of new peptide sequences
recognized by CTL as “foreign epitopes” expressed by cancer cells. Only in the last few years
have unique antigens been described in human tumors too; these antigens are also due to point
mutations of biologically relevant proteins including β-catenin and CDK4 in melanoma, HLA in
renal carcinoma, and also oncogenic proteins such as p53 or RAS in other epithelial tumors
(review by Boon and van der Bruggen, 1996).

The second central question of tumor immunology is: are tumor antigens recognized during in
vivo growth of the neoplasm and, if so, what is the kinetics of the host’s immune response and by
which component of the immune system is such a reaction activated (T cells, B cells, macrophages,
NK cells)? Numerous articles in the scientific literature have been devoted to this issue. However,
only now—thanks to molecular techniques—do we begin to understand the complex and
dynamic interplay of soluble factors, host cells and tumor cells that takes place during the process
of oncogenesis and subsequent tumor growth and progression. Evidence that the recognition and
destruction of early tumor cells by the host (immunosurveillance) may occur in certain conditions
has been accumulating during recent decades. This is based on the observation of a) spontaneous
cancer regression; b) increased cancer incidence in immunosuppressed, organ transplanted
patients; c) development of tumors in patients affected by primary immunodeficiency disorders
and, more recently, HIV infection. The many articles published on these topics, however, only
provide indirect evidence supporting the immunosurveillance hypothesis and, for some of the
most common malignancies (breast, colon and lung cancers), even such indirect evidence is
lacking.
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In fact, “spontaneous regression” of human tumors has been reported by different authors but
such regressions are usually difficult to document; in particular, it is almost impossible to reach
the conclusion that they can be attributed to the immune system since none of these patients has
been sufficiently studied from this point of view. Findings from “organ transplanted patients”
undergoing chronic immunosuppressive therapy to prevent transplant rejection are more
convincing and have been well documented and collected in specific registries thanks mainly to
the work of Israel Penn (1991). They indicate an increase in a subset of neoplasms, in particular B
cell-derived lymphomas, skin cancer, cervical cancer and Kaposi’s sarcoma (all of which have a
suspected viral origin), but not in other epithelial tumors including colon, lung and breast
carcinoma. The increased incidence of skin tumors is heavily dependent on sun exposure, which
is a well-known etiological agent. This may suggest that only tumors whose cells uniformly
express strong antigens (i.e. those encoded by oncogenic viruses), which may play an essential
role in maintaining the neoplastic condition, are efficiently dealt with by the immune system.
Conversely, epithelial cancers may express no antigens or weak antigens or antigens that can be
easily selected by the immune system without impairing the growth capacity of cancer cells. In a
subgroup of these patients who received immunosuppressive drugs (e.g. azathioprine) in the
early days of organ transplantation, however, it cannot be excluded that some tumors were
directly induced by these chemicals. Moreover, recent studies indicate that cyclosporin, a widely
used immunosuppressive drug, may in itself promote tumor growth.

Patients with primary (congenital) immunodeficiencies are another case in point, since some of
them now live long enough to allow tumor development. In some of these individuals the risk of
developing cancer is increased up to 100-fold, with approximately 10% of them being affected by
tumor growth. Also, this group develops neoplasms that mostly involve the lymphoid system,
including NHL, leukemias and Hodgkin’s lymphoma, while there is no increased incidence of
Kaposi’s sarcoma (KS). Gastric carcinoma is the most frequent epithelial cancer reported in these
patients, a finding that may imply a role of Helicobacter pylori in its genesis.

In HIV-infected individuals several types of malignancies may occur, but the predominant types
are B cell lymphomas (NHL) and KS. The incidence of both tumors is increased several fold,
particularly that of KS in males with advanced AIDS. It is hypothesized that NHL may develop
due to a chronic stimulation of B cells by the HIV proteins gp120 and gp41 and/or the presence of
B cell growth-stimulatory cytokines released into the blood of these patients. It is now known that
the most likely culprit of KS is a new herpes virus (HHV-8) that shares sequences with EBV and is
present also in KS of organ transplanted patients. The lack of T cell-mediated control of B cell
growth allows their chronic proliferation, thereby increasing the chance of neoplastic
transformation. However, a recent study of cancer deaths in HIV-infected individuals has shown
a significant increase also of lung cancer and, to a lesser extent, of melanoma.

Overall, the evidence gathered from immunosuppressed individuals indicates that the immune
system appears to be able to cope with incipient tumors that are likely to be induced by oncogenic
viruses such as HPV (skin and cervical cancer), HHV-8 (KS), EBV (Hodgkin’s lymphoma and
NHL), since they confer a strong immunogenicity on such neoplastic cells; NHL may also be
induced by an immunologically uncontrolled, polyclonal chronic stimulation of the B cell system.
However, the immune control over the most common neoplasms (particularly epithelial cancers,
with the possible exception of lung tumors) appears poor in such patients.

In recent years in vivo analysis of T cells was made possible by molecular techniques and
immunohistochemistry. Several investigations reported that, at least in a certain subset of patients,
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tumor-infiltrating or peripheral blood T cells bearing a TCR which specifically recognized antigens
of the autologous tumor in vitro could be isolated and characterized. In addition, melanoma
antigen-specific T lymphocytes with a memory phenotype were found to be expanded in a limited
proportion of melanoma patients both in the tumor lesions and in the blood (Romero et al., 1998,
Anichini et al., 1999). Furthermore, vaccination studies revealed that the immune system can
select antigen-negative tumor cells by destroying those cancer cells that show a high expression of
HLA/peptide complexes (Jager et al., 1996). Moreover, antibodies directed to oncoproteins (Her2-
neu) overexpressed by tumor cells were also found in a large fraction of breast cancer patients.
Taken together, these data indicate that in vivo recognition of tumor antigens occurs frequently,
possibly in the early stages of tumor growth, although the result of such recognition may often be
the selection of a subpopulation of antigen-negative melanoma cells rather than a complete
destruction of the neoplasm.

The third central issue of modern tumor immunology is the clinical application of information
obtained from preclinical studies. Since the early days of tumor immunology attempts have been
made to translate the new information obtained in preclinical studies into the clinic. An
outstanding example is that of Coley, a surgeon who treated local tumors with extracts of bacteria
to cause an inflammatory reaction that would eventually induce a regression of the tumor mass,
albeit in only a few patients. This regression was due to the release of different cytokines at the
tumor site. This pioneering approach can be considered the precursor of the treatment with
recombinant cytokines used today. Then came the non-specific immunotherapy in the form of
vaccination (an inappropriate definition!) with BCG or other bacterial products; the enthusiasm for
the use of these products was generated by George Mathé, who reported cure or prevention of
relapse in leukemia patients given BCG by scarification. A plethora of studies followed, the
rationale of which was rather confused, although animal models of mice and Guinea pigs did
show that BCG could be effective in certain therapeutic settings (Zbar et al., 1972); however, these
results were clearly attributable to the strong immunogenicity of the transplanted tumors used in
these experiments, with BCG serving as an adjuvant. The extensive use of this product in man
was not justified at that time since no clear evidence existed that human tumors expressed
antigens similar to those of tumors induced in inbred animals. A randomized phase III
prospective clinical trial carried out at the National Tumor Institute of Milan by Veronesi and
coworkers definitely excluded that BCG may increase the survival of stage III melanoma patients
(Veronesi et al., 1982). Vaccinations were then resumed by several groups, in particular in
metastatic melanoma (stage III or stage IV) by using autologous or allogeneic irradiated
melanoma cells administered alone or admixed with adjuvants such as BCG, bacterial extracts or
haptens (see Mitchell et al., 1996). The rationale behind those studies was based on the evidence
that antibodies reacting specifically with melanoma cells can be found in a fraction of melanoma
patients, these reactions being directed against differentiation-type antigens such as mono-or di-
sialogangliosides (e.g. GM2, GD2, GD3). Given the lack of knowledge on the expression of tumor
antigens and how to detect them, however, these studies were flawed by ignorance of which
antigens were administered and whether any specific cell-mediated immune response was
generated. Despite the considerable effort made by several groups in performing such clinical
protocols, the information gained was negligible. In fact, the only immune response that could be
evaluated was antibody production against well-known differentiation antigens of melanoma and
other tumors, a reaction whose clinical significance remains to be established. Along these lines,
however, more recent data, obtained from melanoma patients vaccinated with well-defined
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gangliosides (e.g. GM2) conjugated to the T helper-inducing protein KLH and admixed with an
adjuvant, indicate a possible association with a better prognosis in patients who developed
antibodies to the vaccine (Livingston et al., 1994). This hypothesis is now under investigation in
appropriate phase III randomized trials. A turning point in the history of immunotherapy was the
advent of the recombinant form of the lymphocyte growth factor, interleukin-2 (IL-2) (Morgan et
al., 1976). In fact, IL-2 availability enabled the growth of lymphocytes in vitro. Thanks to the work
of Eva Klein and Farkas Vanky, it was thus possible to isolate T lymphocytes from neoplastic
lesions and keep them in vitro for a time sufficient to assess their antitumor activity (Klein et al.,
1976).

But IL-2 could also be administered in vivo to activate lymphocytes and promote their growth.
The possibility of keeping T and NK cells activated in vitro allowed the use of this cytokine to be
treated in cancer therapy. This approach was devised by Steven Rosenberg and Michael Lotze at
the Surgery Branch of the NCI in the mid-1980s. Several hundred patients, particularly those with
metastatic melanoma or kidney cancer, were treated either with a high dose of DL-2 alone (Lotze
et al., 1986) or with the combination of IL-2 and lymphokine-activated lymphocytes (LAK) or
tumor-infiltrating lymphocytes (TIL) (Rosenberg et al., 1994). Such treatment, which may be
associated with toxicity in different organs, resulted in partial or complete regressions even of
large tumor masses in visceral organs like the liver and lung and represented the first evidence
that manipulation of the immune system may result in the cure of metastatic disease, albeit in a
limited number of cases.

In recent years exciting new information has been obtained on how to devise new, more
promising approaches both in active and adoptive immunotherapy for cancer. New vaccines are
being constructed a) by genetic manipulation of tumor cells that are modified to increase their
immunogenicity, or b) by the use of patients’ own dendritic cells, the most potent APCs,
expressing well-defined antigens provided by virus vectors, by pulsing with proteins/peptides or
even in the form of nucleic acids (Tuting et al., 1998). Viral or non-viral (liposomes, bacteria)
vectors of genes encoding well-defined antigens are also being used to vaccinate patients affected
by different malignancies. Clinical trials aimed at assessing the immunogenicity and antitumor
activity of such vaccines are ongoing and at least some of them have already provided
encouraging results (Nestle et al., 1998; Rosenberg et al, 1998). For adoptive transfer, lymphocytes
can now be guided to target tumor cells either by bi-specific antibodies or by transfecting these
immune effectors with chimeric receptors that couple the targeting specificity of an antibody to a
given tumor antigen with the domain of the TCR necessary to trigger tumor cell killing by the
activated lymphocytes. It is also of note that, more than 20 years since their discovery (Koheler
and Milstein, 1973), monoclonal antibodies have found their place in the therapeutic setting,
particularly in colon and breast cancer and in B cell lymphomas. In fact, anti-Her2-neu and anti-
CD20 are now in phase III clinical trials after having shown a significant therapeutic effect in
phase II studies, while the 171A antibody has been tested in a phase III adjuvant trial (Riethmuller
et al., 1999). All these topics will be covered in the different chapters of this volume.

Tumor Immunology is intended to provide a general introduction to the forthcoming volumes in
the series on Tumor Immunology and Immunotherapy that will be published by Taylor and
Francis and co-edited by ourselves. The present volume is designed for clinicians or scientists who
need a general update on the basic principles in this field. Non-oncological immunologists may
wish to extend their knowledge by reading one or more volumes of the series devoted to single
hot topics in tumor immunology.
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ABBREVIATIONS

APC Antigen-presenting cells
CLA Cutaneous lymphocyte-associated antigen
CTL Cytotoxic T lymphocytes
DTH Delayed type hypersensitivity
GM-CSF Granulocyte-monocyte colony-stimulating-factor
HPV Human papillomavirus
IFA Incomplete Freund’s adjuvant
IFN-γ Interferon gamma
IL-2,-12 Interleukin-2,-12
LAK Lymphokine activated killer
MC1R Melanocortin 1 receptor
PEL Peripheral blood lymphocytes
PBMC Peripheral blood mononuclear cells
PCR Polymerase chain reaction
RT-PCR Reverse transcriptase polymerase chain reaction
TAL Tumor associated lymphocytes
TCR(s) T cell receptor(s)
TIL Tumor-infiltrating lymphocytes
TNF-α Tumor necrosis factor alpha

 
 
 
 
 
 
 



Tumor antigens

1. Many tumor antigens are now molecularly characterized.
2. These antigens are expressed by histologically different human neoplasms.
3. Tumor antigens are recognized by T cells (either CD4 Th or CDS CTL) and by B

cells (antibodies).
4. According to tissue distribution, tumor antigens include: a) normal differentiation

proteins, b) normal proteins preferentially expressed by tumor cells (e.g. MAGE), c)
widely expressed normal antigens, d) unique antigens.

5. Tumor antigens are heterogeneously expressed among tumors and even within a
single neoplastic lesion.

6. Tumor antigen epitopes are presented as short (8–10 mers) or longer (13–23 mers)
peptides by MHC class I and II molecules respectively to naive T cells.

7. Tumor antigens have a different immunogenicity (often low) both in vitro and in
vivo.

8. Peptide/protein tumor antigens, either alone or in combination, are being used to
vaccinate cancer patients.

INTRODUCTION

Observations initially made in the early 1980s indicated that lymphoid cells activated with IL-2
(LAK) could lyse tumor cells and mediate tumor regression in mice. Human clinical trials
demonstrated tumor regression in 15–20% melanoma and renal cancer patients treated with IL-2
as well as LAK plus IL-2. Subsequent studies demonstrated that the in vitro stimulation of
lymphocytes from tumor-bearing hosts with specific tumor cells as well as the expansion of TIL in
the presence of IL-2 could result in the generation of tumor-reactive T cells. Cultured CD8+

lymphocytes could be isolated from patients with a variety of malignancies that recognized
autologous as well as allogeneic tumor cells expressing shared class I MHC restriction elements
(Darrow et al., 1989; Horn et al., 1991; loannides et al., 1991; Finke et al., 1992). These T cells
generally failed to recognize autologous or allogeneic normal cells, and thus appeared to recognize
specific tumor antigens in a conventional class I restricted manner, as previously demonstrated in
responses against viruses and other foreign antigens (Yewdell and Bennink, 1992). Tumor-
reactive T cells were found to release IFN-γ, TNF-α and GM-CSF in response to tumor stimulation
and mediated tumor cell lysis (Schwartzentruber et al., 1991). In addition, class II restricted CD4+

T cells were identified that released the same set of cytokines as well as IL-2 in response to specific
tumor stimulation. Although these cells were more effective than LAK cells at mediating tumor
regressions in human clinical trials, complete long-term cures were found in only a small
percentage of treated patients.

Over the past decade, efforts of a number of laboratories have focused on the identification of
the antigens recognized by tumor-reactive T cells, with the hope that this will lead to the
development of more effective antitumor therapies. A variety of methods   have been employed to
identify tumor antigen gene products (Table 1.1). The majority of tumor antigens have been
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isolated using a genetic approach (see Figure 1.1), which initially involves the generation of a
cDNA library from tumor cell mRNA in a eukaryotic expression vector. Pools of cDNAs,
generally containing between 100 and 200 individual cDNA clones, have been produced and
introduced into highly transferable cell lines expressing the appropriate class I MHC gene
product. Transfected cells have then been assayed for their ability to stimulate cytokine release
from tumor-reactive T cells. In another approach (see Figure 1.2), peptides have been eluted from
cell surface MHC molecules, fractionated using reversed phase HPLC columns, and used to
sensitize target cells for recognition by T cells. Positive pools of peptides have then been
successively fractionated, and individual peptides identified by mass spectrometry have then
been synthesized and tested for their ability to sensitize targets for recognition by specific T cells.
In another approach tissue-specific molecules, representing candidate antigen, have either been
tested for recognition by tumor-reactive T cells or used for T cell sensitizations. Use of sera from
cancer patients to screen bacterial expression libraries, a technique that   has been termed SEREX,

TABLE 1.1

Methods used to identify tumor antigens
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has resulted in the identification of a number of products that are also recognized by CD8+,
tumor-reactive T cells.



Figure 1.1 Genetic approach to the identification of molecularly defined tumor antigens 
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Figure 1.2 Biochemical approach to the identification of molecularly defined tumor antigens. 
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Identification of the peptide epitopes recognized by CD8+ tumor-reactive T cells has been
carried out through the use of peptide binding motifs. Analysis of the sequences of peptides that
have been independently identified in a variety of antigens, as well as the sequences of peptides
eluted from class I MHC molecules, have revealed that a limited number of amino acids are found
at particular positions, termed anchor residues, in these peptides. These anchor residues are
critically important for binding to class I MHC molecules, and consensus sequences have been
identified for a large number of class I molecules (Rammensee et al., 1995). These findings have
allowed the generation of algorithms that can be used to predict potential class I MHC binding
peptides (Parker et al., 1995), which can then be synthesized and directly tested for their ability to
bind to the appropriate class I MHC molecules. Peptides can then be screened for their ability to
sensitize targets for recognition by tumor-reactive T cells.

TABLE 1.2
Class I HLA-restricted cancer/testis antigens

As a result of these studies, a variety of antigens restricted by MHC class I have been identified
in human cancers, primarily in melanoma. These antigens can be grouped in a number of
categories, based upon their patterns of expression in tumor and normal tissues (Tables 1.2–1.5).
In addition, a number of antigens have been identified in mouse tumors, providing a basis for the
evaluation of tumor therapies in mouse model systems. The efficacy of specific tumor antigen
immunization is now being evaluated in a variety of  clinical protocols. Peptides that have been
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identified from tumor antigens have been administered either singly or as peptide mixtures. In
addition, a variety of recombinant viral constructs encoding these antigens, including vaccinia,
fowlpox and adenovirus, have been administered to cancer patients. As discussed below,
modified peptides with increased binding to MHC class I alleles are also being evaluated in
clinical vaccine trials. These studies, which have begun to provide some insight into the nature of
immune responses, should hopefully lead to the development of effective cancer vaccines that are
capable of mediating tumor regression in the majority of cancer patients.

CANCER-TESTIS ANTIGENS

The first human tumor antigen was identified using T cells from patient MZ2, who had been
immunized with multiple injections of autologous irradiated tumor (van der Bruggen et al., 1991).
This gene, termed MAGE-1, was isolated following the screening of cells that were stable
transfected with an autologous melanoma genomic library with a T cell clone     from this patient.
This gene was found to belong to a multi-gene family containing at least 12 genes (De Plaen et al.,
1994). Members of this gene family have been found to be expressed in male germ cells in the
testis, which lack expression of class I and class II gene products, but not other normal tissues
(Takahashi et al., 1995). Expression of six members of the MAGE gene family, MAGE-1, 2, 3, 4, 6
and 12, has been seen in tumors derived from a variety of additional tissue including
neuroblastoma, glioblastoma, prostate, mammary, ovarian, colorectal and esophageal carcinomas
(Van den Eynde and van der Bruggen, 1997). The MAGE-3 gene appears to be expressed in a higher
percentage of tumors than other members of the gene family, being found in about two-thirds of
all melanomas and about half of head and neck squamous carcinomas (Gaugler et al., 1994). The
BAGE (Boel et al., 1995) and GAGE (Van den Eynde et al., 1995) genes, which appear to be
representatives of multi-gene families with a similar expression pattern to the genes of the MAGE
family, were isolated by screening a cDNA library from patient MZ2 with autologous T cell clones
(see Table 1.2).

A single peptide was identified from MAGE-1 that was recognized in the context of HLA-A1
(Traversari et al., 1992). The HLA-A1 restricted MAGE-3 epitope was found to be encoded by the
same region encoding the MAGE-1 HLA-A1 epitope, differing at 2 of the 9 amino acid residues
within the epitope (Gaugler et al., 1994). Both of the peptides conformed to the consensus for
binding to HLA-A1 (D or E at position 3, Y at position 9). A CTL clone has also been found to
recognize a peptide from MAGE-1 in the context of HLA-Cw16 (van der Bruggen et al., 1994b).

A number of attempts have been made to identify epitopes from MAGE family genes that are
recognized in the context of additional HLA alleles (Table 1.2). Candidate peptides from MAGE-1
and-3, identified using consensus HLA binding motifs in conjunction with HLA binding assays,
have been used to carry out PBL stimulations. Using this approach, T cells that recognize peptides
from MAGE-3 in the context of HLA-A2 (van der Bruggen et al., 1994a), HLA-B44 (Fleischhauer et
al., 1996), and HLA-A24 (Tanaka et al., 1997) have been generated. Additional studies may be
required to verify that T cells generated using these peptides can recognize endogenously
processed epitopes from this gene product.

Another approach that has been used to identify T cell epitopes has been to immunize
transgenic mice expressing the human HLA-A2 class I molecule with candidate peptides from the
human MAGE-2 gene. Two out of three HLA-A2-binding MAGE-2 peptides that elicited peptide-
specific CTL in HLA-A2 transgenic mice also appeared to generate T cells that recognized tumor
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cells expressing HLA-A2 and MAGE-3 (Visseren et al., 1997). Although the results indicated that
these epitopes are endogenously processed and presented in tumor cell lines, it is not clear that
these peptides can induce immune responses in human cancer patients. To identify CTL epitopes
that are naturally processed and can be found on tumor cells, DC were infected with a
recombinant canary poxvirus (ALVA C) containing the entire MAGE-A1 gene. These DC were
used to stimulate donors’ PBL, which were then cloned using autologous cells transduced with a
retrovirus coding for MAGE-A1. This strategy led to generation of cloned CTL that recognized
several new MAGE-A1 epitopes on MAGE-A1-positive target cells (Caux et al., 1999). Additional
epitopes of the MAGE family (MAGE-2,-3,-4,-6 and-10) have also recently been identified
(Table 1.2) (Duffour et al., 1999; Huang et al., 1999; Oiso et al., 1999; Tahara et al., 1999; Zorn and
Hercend, 1999).

RAGE is an antigen that was first found to be expressed in a renal cancer but not in another 57
fresh renal cell carcinomas examined, while 37% of renal cell carcinoma lines tested positive

TABLE 1.3

Class I HLA-restricted melanocyte differentiation antigens
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(Gaugler et al., 1996). Several other types of fresh tumors (bladder cancer, sarcoma), including a
small percentage of melanomas (8/177) and breast cancers (3/128), were positive. Once again,
RAGE was more frequently expressed in cultured lines. The only normal tissue that expressed
RAGE was retina, and thus RAGE appears to represent an antigen with a unique expression

TABLE 1.4

Class I HLA-restricted widely expressed antigens

* iCE, intestinal carboxyl esterase.

TABLE 1.5

Class I HLA-restricted tumor-specific antigens*

* Include both unique (CDK-4, MUM-1, MUM-2, β-catenin, HLA-A2-R170I, ELF2m, myosin-m, caspase-8,
KIAA0205, HSP70–2 m) and shared (CAMEL, TRP-2/INT2, GnT-V, G 250) antigens.
† Nonamer and decamer peptides are both recognized by CTLs.
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pattern (Gaugler et al., 1996). The use of this antigen in cancer vaccination, however, remains
questionable due to its limited expression in fresh tumors.

Additional members of the cancer/testis family of genes have been isolated through the
screening of bacterial expression libraries with serum from cancer patients (SEREX). A previously
unidentified gene termed NY-ESO-1 was recently isolated using the SEREX technique from a
patient with a squamous carcinoma of the head and neck (Chen et al., 1997). Expression of this
gene appeared to be limited in normal tissues to testis and ovary, but a wide variety of tumors
including melanomas, breast, prostate, ovarian and bladder cancers were found to express this
gene product. Approximately 10% of patients with melanoma, ovarian, breast and lung cancer
develop anti-ESO-1 antibodies (Stockert et al., 1998), indicating that this represented a highly
immunogenic protein. Expression of NY-ESO-1 has been found in 1/4 to 1/3 of all melanoma,
breast and ovarian cancers (Chen et al., 1997); thus, anti-NY-ESO-1 antibodies are present in about
one-third of the patients containing tumors that expressed this antigen.

Further studies revealed that a melanoma patient with a high titer of anti-NY-ESO-1 antibodies
also contained HLA-A2 restricted CTL that reacted with this antigen (Jager et al., 1998). When
peptides that fit the HLA-A2 binding motif were examined for their ability to be recognized by
the CTL line, it appeared that three partially overlapping peptides, SLLMWITQC,
SLLMWITQCFL and QLSLLMWIT, that loosely fit the HLA-A2 binding motif were found to be
recognized when pulsed on HLA-A2 expressing target cells. Several peptides containing these
non-consensus anchor residues have now been identified, primarily from tumor antigens.
Recognition of the NY-ESO-1 gene product has also been observed by several HLA-A31 restricted
T cell clones (Wang et al., 1998b). Certain CTL clones failed to recognize any peptides derived from
the normal NY-ESO-1 open reading frame; instead, these clones recognized peptides that were
translated from a novel product generated by the use of an alternative methionine start site. Use
of this start site would result in the translation of a short product in a different open reading
frame from the 180 amino acid open reading frame that is presumed to represent the normal NY-
ESO-1 protein product. Additional HLA-A31 restricted T cell clones recognized a peptide epitope
derived from the long NY-ESO-1 open reading frame. Analysis of T cell responses indicated that
products derived from both open reading frames were expressed in melanomas as well as breast
tumor cells (Wang et al., 1998b).

DIFFERENTIATION ANTIGENS

The finding that some melanoma reactive CTL recognized normal melanocytes suggested that
tissue-specific antigens might serve as the targets of tumor-reactive T cells (Anichini et al., 1993).
This was confirmed by the isolation of a gene that was termed MART-1 (Kawakami et al., 1994a)
or Melan-A (Coulie et al., 1994) following the screening of a cDNA library with HLA-A2 restricted
TIL or CTL clones, respectively. The MART-1 gene product was expressed in retinal tissue, which
contains melanocytes, as well as in normal skin melanocytes. This gene encodes a 108 amino acid
protein of unknown function, and contains a hydrophobic region between amino acids 27 and 47
that may represent a transmembrane region. Preliminary evidence also indicates that MART-1 is
expressed in melanosomes (Kawakami et al., 1997). 

Twenty-three peptides within this sequence that fit the HLA-A2 binding motif were then
synthesized and tested for reactivity with MART-1 reactive TIL (Kawakami et al., 1994c). Ten out
of 10 MART-1 reactive TIL as well as a MART-1 reactive T cell clone all reacted with a single
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nanomer peptide, AAGIGILTV (MART-127–35), as well as decamer peptides that contain 1 amino
acid on the amino (EAAGIGILTV) and carboxy (AAGIGILTVI) terminus of MART-127–35. This
appears to represent a dominant T cell epitope in patients expressing this class I MHC haplotype,
since 22 out of 30 HLA-A2 restricted TIL recognized this peptide (Kawakami et al., 1999). Another
partially overlapping peptide, ILTVILGVL, was reported to be recognized by HLA-A2 restricted,
MART-1 reactive T cells (Castelli et al., 1995), but the majority of MART-1 reactive T cells do not
appear to react with this peptide (Valmori et al., 1998 ; Y.Kawakami, personal communication). A
melanoma reactive T cell has also been found to recognize MART-1 in the context of HLA-B45
(Schneider et al., 1998). Curiously, the optimal epitopes recognized by two HLA-B45 restricted
MART-1 reactive T cell clones, AEEAAGIGILT and AEEAAGIGIL, partially overlapped with the
MART-1 HLA-A2 epitope (Table 1.3).

Responses to MART-1 appear to be immunodominant in HLA-A2 individuals, and responses
can readily be elicited in HLA-A2+ normal as well as melanoma patients. One possible
explanation for these findings is that the MART-1 peptide represents an epitope mimic. In one
study, evidence was obtained indicating that MART-1 reactive T cells reacted with peptides
derived from a variety of sources, including viral proteins (Loftus et al., 1998). Thus, T cells
reactive with exogenous antigens such as viral epitopes may cross-react with the MART-1 epitope,
thereby leading to the relatively high precursor frequency of T cells reactive with this epitope.

Another interesting source of differentiation-like antigens is the melanocyte-stimulating
hormone receptor MC1R. In fact, this receptor is expressed on cells of melanocytic lineage and can
generate peptides which stimulate HLA-A2-restricted CTLs (Salazar-Onfray et al., 1997).

The gene encoding a 661 amino acid melanocyte differentiation antigen, gp100, was also
isolated by screening a cDNA expression library with a melanoma reactive CTL (Kawakami et al.,
1994b). This gene had previously been isolated and shown to encode a protein recognized by a
number of monoclonal anti-melanoma antibodies (Adema et al., 1993). The gp100 protein was
found to be expressed in the melanosomal matrix and was shown to represent an enzyme that is
involved in melanin synthesis (Lee et al., 1996).

The screening of candidate peptides from gp100 with 4 TIL resulted in the initial identification
of 3 nanomer peptides, gp100:154–162, 209–217 and 280–288 and 2 decamer peptides, gp 100:457–
466 and 476–485 as peptide epitopes (Kawakami et al., 1995). The gp100:280–288 peptide was also
identified by fractionating HLA-A2 binding peptides isolated from melanoma cells and testing for
reactivity with melanoma-reactive CTL lines (Cox et al., 1994). In this study, 5 out the 5 CTL lines
tested reacted with the gp 100:280–288 peptide. Responses against this epitope were not as
predominant in TIL, since approximately 20% of HLA-A2 restricted, melanoma-reactive TIL
reacted with each of the peptide epitopes gp100:154–162, 209–217, and 280–288 (Kawakami et al.,
1999).

Two additional gp100 epitopes have recently been shown to be recognized by HLA-A2
restricted melanoma-reactive T cells. One peptide, gp100:619–627, was recently found to be
recognized by an HLA-A2 restricted CTL clone, but was not recognized by a number of bulk,
uncloned TIL lines (Kawakami et al., 1998). A second gp100 epitope, gp100:639– 647 (RLPRIFCSC),
was unusual in that it contained 2 cysteine residues, one at position 7 and one at the C terminal
anchor position (Kawakami et al., 1998). In order to better understand the chemical nature of the
naturally processed epitopes, peptides were synthesized in which the cysteine residues were
replaced with α-aminobutyric acid, an amino acid that cannot be oxidized but that contains a side
chain similar in size to the cysteine side chain. Replacement of the cysteines at either position
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individually or at both positions with amino acids containing side chains of a similar length to
cysteine but lacking the sulfhydryl group appeared to significantly enhance T cell recognition.
These results may indicate that the formation of disulfide bonds, either with a second cysteine
residue or another sulfhydryl compound, may inhibit binding of the peptide to class I.
Interactions with amino acids in the HLA-A2 binding pocket may prevent modification of
cysteine residue side chains in this peptide; however, the data do not exclude the possibility that
cysteine residues present in the natural epitope may contain unknown modifications that interfere
with disulfide bond formation.

The intronic region of the gp100 gene has also been shown to encode an antigenic epitope
recognized by an HLA-A24 restricted CTL clone (Robbins et al., 1997). The insert that was isolated
by screening a melanoma cDNA library had retained a sequence corresponding to the fourth
intron of the gp100 gene. The intronic region, which encoded 35 additional amino acids in the
normal open reading frame, was found to encode the peptide epitope. This transcript was
expressed at relatively low levels in melanomas, but was also expressed in melanocytes, since an
HLA-A24 melanocyte cell line was recognized by this CTL. Additional gp100 epitopes were
recently described that are recognized by HLA-A3 and HLA-Cw8-restricted CTLs on melanoma
targets (Skipper et al., 1996b; Castelli et al., 1999).

A number of T cell epitopes have also been identified in tyrosinase, a critical enzyme involved
in the first steps of melanin synthesis. The gene encoding tyrosinase, which was first isolated in
1987 (Kwon et al., 1987), was subsequently shown to be recognized by 2 HLA-A2 restricted,
melanoma reactive T cell clones (Brichard et al., 1993). These clones recognized 2 distinct epitopes
of tyrosinase, one starting with the amino terminal methionine of the tyrosinase signal sequence
(MLLAVLYCL, tyr: 1–9) and a second beginning with amino acid residue 369 (YMNGTMSQV,
tyr: 369–377) (Wölfel et al., 1994). The naturally processed tyr: 369–377 peptide epitope has been
shown to contain a substitution of an aspartic acid for an asparagine residue at the third position
that results from post-translational modification (Skipper et al., 1996a). This modification, which
was found at an asparagine residue that is part of an N-linked glycosylation site, may result from
the activity of a mammalian enzyme that removes N-linked oligosaccharide side chains from
glycopeptides (Suzuki et al., 1993).

Distinct epitopes of tyrosinase recognized in the context of HLA-A24 (Robbins et al., 1994; Kang
et al., 1995), HLA-B44 (Brichard et al., 1996) as well as HLA-A1 (Kittlesen et al., 1998) have been
identified. In addition, 5 out of 6 HLA-A1 restricted CTL lines isolated from melanoma patients
appeared to recognize the tyrosinase nanomer KCDICTDEY as well as the overlapping
dodecamer DAEKCDICTDEY. Altered peptides containing either a serine or alanine residue at
position 2 of the nanomer as well as the corresponding residue in the dodecamer were recognized
at concentrations that were 100 to 1000-fold lower than the unmodified peptide. These results,
which are similar to those discussed above for the gp 100:639–647 epitope, indicate that N terminal
cysteine present in the naturally processed T cell epitope may be protected from modification
through binding to the HLA-A1 molecule. Modification of the downstream cysteine residue,
however, may occur in the naturally processed HLA-A1 tyrosinase epitope.

Studies have also demonstrated that melanoma reactive T cells recognize the melanosomal
proteins TRP-1 (gp75) (Wang et al., 1995) and TRP-2 (Wang et al., 1996a). The gp75 protein, which
has been found to be recognized by IgG antibodies in the serum of a patient with melanoma
(Mattes et al., 1983), represents one of the most abundant intracellular glycoproteins in
melanocyte-lineage cells. A gp75 epitope recognized by HLA-A31 restricted melanoma reactive T
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cells was subsequently shown to be encoded at the amino terminus of a short, 24 amino acid
alternative open reading frame (Wang et al., 1996b). In addition to the epitope encoded by an
alternative open reading frame of the NY-ESO-1 gene described above (Wang et al., 1998b), T cell
epitopes encoded by alternative open reading frames of a gene encoding a normal self protein
(Malarkannan et al., 1995) as well as a retroviral product (Mayrand et al., 1998) have been
observed. Thus, the translation of alternative open reading frames appears to represent a general
mechanism for generating T cell epitopes.

Attempts have also been made to determine if T cell epitopes from TRP-1 and TRP-2 are
recognized in the context of additional class I alleles. Both the TRP-1 and TRP-2 peptides were
found to bind to HLA-A3,-A11,-A31,-A33 and-A68, and a TRP-2 peptide was recognized by T
cells in the context of HLA-A31 and-A33 (Wang et al., 1998a). These HLA types possess similar
structures as well as similar binding motifs and fit into what has been termed the HLA-A3 like
“supertype” (Sidney et al., 1996). Thus, it may be possible to identify peptides that can be used to
immunize patients expressing one of the class I alleles in the HLA-A3 superfamily. In an attempt
to identify TRP-2 peptides that are recognized in the context of HLA-A2, peptides from this
protein that fit the HLA-A2 binding motif were initially tested for binding to this class I molecule
using a standard competitive inhibition assay (Sette et al., 1994a). Twenty-one peptides that
inhibited the binding of a standard peptide at a concentration of 2 μM or below were then used to
generate CTL in vitro using PEL from HLA-A2 melanoma patients. One out of 21 HLA-A2 binding
peptides that were tested, SVYDFFVWL, (TRP2:180–188) elicited CTL from patient PEL that
recognized T2 cells pulsed with this peptide as well as HLA-A2+, TRP-2+ melanomas (Parkhurst
et al., 1998). Previously, the TRP-2:181–188 peptide, which is identical in the human and mouse
TRP-2 proteins, was found to represent an immunodominant epitope recognized in the context of
H-2Kb by B16-reactive CTL (Bloom et al., 1997). Regression of established B16 lung metastases was
observed following adoptive transfer of a CTL line generated by stimulation with this peptide.
Subsequent studies demonstrated that the TRP-2:180–188 represented the optimal peptide
recognized by mouse TRP-2 reactive CTL (J.Yang, personal communication). Thus, therapeutic
strategies can be evaluated in a mouse model systems using the identical epitope recognized by
human tumor-reactive T cells. 

WIDELY EXPRESSED PROTEINS

Tumor antigens that appear to be expressed in a variety of normal tissues have been also been
described (see Table 1.4). One example of this type of antigen is represented by the FRAME
antigen (Ikeda et al., 1997). A tumor derived from melanoma patient LB33, termed LB33.MEL.A,
appeared to express multiple antigens that were recognized by autologous CTL in the context of
the HLA-A28, B13, B44 and Cw6 class I genes (Lehmann et al., 1995). A cell line derived from a
tumor recurrence that was not recognized by these CTL, termed MEL.B, had lost the expression of
all HLA class I alleles with the exception of HLA-A24. A CTL line generated against the MEL.B
tumor, however, failed to recognize the MEL.A tumor. Using a conventional cDNA library
approach, an antigen was isolated that appeared to be expressed at relative high levels in the
testis and endometrium, and at lower but significant levels in other normal tissues such as ovary,
adrenals, kidney, brain and skin. Expression of an NK inhibitory receptor molecule on the
PRAME-reactive T cells prevented the recognition of the original tumor, and possibly normal
tissues, due to recognition of the HLA-Cw7 class I molecule.
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In other cases where expression has been found at relatively high levels in normal tissues, such
as the p15 antigen, it is not clear what mechanism is responsible for the ability of T cells to
discriminate tumor from normal tissues (Robbins et al., 1995). A previously undescribed antigen
termed SART-1 has also recently been cloned using a CTL line that was generated by stimulation
with an autologous squamous cell carcinoma (Shichijo et al., 1998). Expression of this gene was
observed in lung adenocarcinomas as well as lung and esophageal squamous cell carcinomas.
Preliminary results indicated that a second translated product that initiated within the central
portion of this gene was expressed in the cytoplasm of tumor cells but not normal cells, and
recognition of this product might account for the tumor specificity of T cell responses against this
antigen (Yang et al., 1999). Widely expressed antigens were also recently found in renal cell cancer
as derived from intestinal carboxyl esterase (Ronsin et al., 1999), while overexpression of the
oncoproteion HER2/neu has been shown to provide epitopes recognized by T cells after DC
presentation in several tumors, including ovarian and breast cancers and melanoma (Rongcun et
al., 1999).

TUMOR-SPECIFIC ANTIGENS

A number of antigens that have a more limited pattern of expression than the cancer/testis or
melanocyte differentiation antigens have been isolated. Certain somatic mutations have only been
identified in a single tumor; however, other mutations appear to be expressed in multiple tumors,
implying that these mutations may play a role in tumorogenesis. In a few cases, transcripts that
appear to be limited in their expression to tumor cells have been shown to encode tumor
antigens. Mutated class I epitopes have been identified from a number of mouse tumors, and
appear to represent potent tumor rejection antigens (Lurquin et al., 1989; Mandelboim et al., 1995;
Dubey et al., 1997). The restricted expression pattern of these products, however, clearly limits
their use in tumor vaccines at the present time. Nevertheless, these studies have provided insights
into the biology of tumor cells that may lead to the development of anti-cancer agents. The
following is a summary of the main features of the tumor-restricted antigens (Table 1.5).

A previously undescribed gene termed MUM-1 was isolated using HLA-B44 restricted T cells
of a melanoma patient (Coulie et al., 1995). This cDNA clone appeared to contain an intronic
sequence that had been retained within the mRNA transcript, and the region that spanned the
intron/exon boundary encoded the T cell epitope. The cDNA clone also contained a single base
pair mutation that altered a T cell contact residue, since both the normal and mutated peptides
appeared to bind equivalently to HLA-B44.

A mutated HLA-A2 molecule has been identified using T cells that recognize a renal carcinoma
(Brandle et al., 1996). This mutation, which was present in the α helix region of the HLA-A2 α2
domain, effectively resulted in the generation of an allogeneic MHC molecule in this tumor. This
represents the first observation of a somatic mutation in a tumor that alters the amino acid sequence
of an MHC molecule. Mutations that alter MHC molecules expressed in tumors may generally
result in the rejection of tumors that express these products and thus may only rarely be
observed.

More recently, several peptide epitopes that bound to HLA-A2 were isolated in a renal cell
carcinoma expressing the G250 molecules. At least one of these peptides was able to induce HLA-
A2-restricted CTL that recognize renal tumor cells endogeneously expressing the peptide (Vissers
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et al., 1999). It is of interest that G250 is found in 85% of renal cancer cells but not in normal
kidney.

A mutated product of the cyclin-dependent kinase 4 (CDK4) gene, a gene involved in cell cycle
progression, was isolated using an HLA-A2 restricted CTL clone (Wölfel et al., 1995). The region
encoding the minimal T cell epitope, ACDPHSGHFV, contained a single base pair change
resulting in a substitution of cysteine for arginine at the second position in this peptide. Target
cells could be sensitized for lysis by CDK4 reactive T cell clones using approximately 100-fold lower
concentrations of the mutant than the normal peptide, but antigen processing may also be affected
by this mutation. Significantly, binding of the normal CDK4 inhibitor, p16INK4a, appeared to be
partially disrupted by the CDK4 mutation. The p16INK4a gene was found to be frequently mutated
in a variety of cancers including melanomas, and genetic susceptibility to melanoma is associated
with mutations of the p16INK4a locus (Sherr, 1996). Thus, disruption of this interaction either
through inactivation of the p16 gene product or mutation of particular key residues in the CDK4
gene product may lead to unregulated tumor cell growth. This mutation was also observed in 1
out of 28 additional melanomas that were examined, providing further support for the role of this
mutation in carcinogenesis.

Use of tumor reactive T cells that recognized a bladder carcinoma in the context of HLA-B44
also resulted in the isolation of a previously undescribed gene containing a single point mutation
(Gueguen et al., 1998). A point mutation in this gene resulted in the substitution of an asparagine
for an aspartic acid residue at position 5 of the peptide epitope. This residue appeared to
represent a T cell contact residue, since binding of this peptide to HLA-B*4403 was unaffected by
this alteration. This mutation was expressed in the tumor cell line as well as a fresh tumor sample
that was isolated from the autologous patient, but not in over 100 additional tumors that were
examined. It is not clear if this mutation has any effect on tumor cells, since the function of this
gene product is unknown. 

A cDNA clone encoding a mutated caspase-8 (CASP-8) gene product was recently isolated by
carrying out expression cloning using HLA-B35 restricted T cells reactive with a squamous cell
carcinoma (Mandruzzato et al., 1997). This cDNA contained a single point mutation within that
resulted in the substitution of a serine residue for the normal stop codon of the CASP-8 gene
product. This change resulted in a carboxy terminal extension of the normal open reading frame
by 88 amino acids, and the T cell epitope was encoded within this region. Preliminary evidence
indicated that the CASP-8 mutation interfered with the apoptotic activity of this protein; this
mutation was not, however, found in 150 additional tumors that were analyzed. Thus, it is not
clear if alterations in the apoptotic pathway plays a role any role in tumorogenesis.

A mutated β-catenin gene product was isolated by screening a cDNA library using an HLA-A24
restricted tumor reactive CTL line (Robbins et al., 1996). The peptide epitope that was identified,
corresponding to amino acids 29 to 37 of the β-catenin molecule (SYLDSGIHF), contained a single
point mutation in codon 37 that changed a serine to a phenylalanine residue. The mutated peptide
was recognized at a 106 fold lower concentration than the normal peptide, and binding studies
indicated that the mutated peptide had a significantly higher binding affinity for HLA-A24 than
the normal peptide. The identical mutation has now been found in melanomas isolated from a
total of 4 out of the 45 patients that were examined (Rubinfeld et al., 1997; P.Robbins, unpublished
observations). In addition, melanomas containing a mutation of the serine residue at position 45
of β-catenin as well as deletions encompassing this region, which contains several serine residues
that appear to represent phosphorylation sites, were isolated from additional patients (Rubinfeld
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et al., 1997). Mutations in this region of β-catenin have been observed in a variety of tumor types
including colon (Korinek et al., 1997; Morin et al., 1997) and hepatocellular carcinomas (de La
Coste et al., 1998). These mutations appear to stabilize the β-catenin molecule and to promote
formation of complexes with members of the Tcf family of DNA binding proteins, which could
potentially activate target genes involved in tumorogenesis.

Aberrant gene transcripts whose expression appears to be limited to tumor cells have also been
identified. A product of the N-acetylglucosaminyltransferase V (GnT-V) gene was isolated by
expression cloning techniques using an HLA-A2 restricted tumor reactive T cell clone (Guilloux et
al., 1996). Activation of a cryptic promoter present within one of the introns of the GnT-V gene
resulted in the generation of an aberrant transcript, and the T cell epitope was encoded by
sequences within a short open reading frame of 74 amino acids encoded within this region. The
intronic transcript appeared to be expressed in about 50% of the melanomas that were examined
but not in the majority of other tumor types tested. In addition, semi-quantitative RT-PCR
analysis indicated that this product was not expressed in normal skin. Cultured melanocytes
appeared to express this product; however, this may represent a tissue culture artifact. The GnT-V
transcript identified in this report may represent one of only a few examples of a truly tumor-
specific product.

Results reported in a recent study indicate that a retained intronic sequence from the TRP-2 gene
may also represent a tumor-specific product (Lupetti et al., 1998). A partial cDNA clone that was
isolated using an HLA-A68 restricted, melanoma reactive T cell clone was found to contain the
second intron of the TRP-2 gene as well as a portion of the fourth intron of this gene. Translation
of the normal TRP-2 open reading frame, which extended through part of the second intron
before a stop codon was encountered, would result in the production of a protein of 227 amino
acids, 39 of which would be encoded by the intronic sequence. A T cell epitope that conformed to
the HLA-A68 binding motif, EVISCKLIKR, was encoded within the region derived from the
second intron (Rammensee et al., 1995). The results of RT-PCR analysis indicated that transcripts
containing the second intron were either undetectable or were expressed at very low levels in
melanocytes, whereas this transcript was readily detected in melanomas that expressed TRP-2.
These T cells failed to recognize melanocytes expressing HLA-A68, as expected on the basis of
these findings. In contrast, comparable levels of a gp 100 gene transcript containing the fourth
intron of this gene were found in melanocytes and melanomas. As noted above, T cells that
recognized a gp100 epitope encoded within the fourth intron of gp100 in the context of HLA-A24
had previously been found to react with melanoma cells as well as normal melanocytes
expressing this class I allele (Robbins et al., 1997). Thus, it appears that epitopes derived from
introns can represent either tumor-specific or normal differentiation antigens.

Additional recently reported tumor-specific antigens that are generated either by point
mutations or other less defined mechanisms resulting into new unique or shared antigens,
respectively. A TIL line obtained from a primary regressing melanoma was shown to recognize a
point mutated form of myosin (Zorn and Hercend, 1999), while mutation of HSP70-2 generated a
high affinity epitope in a renal cell carcinoma recognized by HLA-A2-restricted CTL (Gaudin et
al., 1999). The list of new antigens generated by mutation in melanoma also includes two epitopes
recognized either by HLA-B44 or HLA-Cw6-restricted CTLs on melanoma cells of a patient who
enjoyed an unusually favorable clinical evaluation associated with strong and sustained
antitumor CTL response (Chiari et al., 1999). It is of interest that even lung cancers may express
unique antigens, like that isolated by immunoaffinity chromatography, reverse phase HPLC and
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mass spectrometry from a tumor line, which turned out to be a mutated form of the elongation
factor 2 recognized by HLA-A68-restricted CTLs (Hogan et al., 1998). This work emphasizes the
biochemical approach to characterization of natural antigens in tumor different from melanoma.
By a similar approach a new antigen, whose tissue distribution however remains to be
determined, has been isolated from a gastric signal ring carcinoma (Suzuky et al., 1999). Antigens
which are expressed in tumor cells but not in normal counterparts can be generated by a variety
of mechanisms (see above). Peptide epitopes that are derived from α-fetoprotein, a protein known
to be overexpressed in several liver tumors, are recognized by CTLs generated by exploiting the
potent antigen presentation function of DC. Evidence that such effectors can target naturally
processed peptides is still, however, lacking (Butterfield et al., 1999).

A remarkable new finding in terms of tumor-specific antigens is that reported by Vonderheide
and co-workers (1999), who found that the telomerase catalytic subunit (hTERT) can provide
peptide epitopes recognized by T cells in more than 85% of human tumor tested, but not on
normal tissues with the possible exception of activated B cells. Though some tumors may lack
hTERT activity and further studies are needed, hTERT represents a promising antigen to be tested
in vivo (Table 1.5). 

Viruses have been shown to be involved with the development of certain human tumor types,
and viral proteins represent tumor-specific molecules that can be used as targets for T cell
vaccines. The HPV has been shown to play a role in the development of cervical carcinomas, and
T cell epitopes have been identified in the HPV E7 gene (Alexander et al., 1996; Ressing et al.,
1996). Endogenous retroviral sequences, which have been found in the genome of both mice and
man, have also been shown to be recognized by tumor reactive T cells. A CTL line generated by
immunization with a GM-CSF transduced CT26 mouse colon tumor cell line was capable of
mediating tumor regression upon adoptive transfer (Huang et al., 1996). The T cell epitope,
identified by elution of peptides from the tumor cell surface, was derived from an endogenous
retroviral envelope sequence. Expression of this antigen, which was found in a variety of tumors
but not in normal tissues, may have resulted from the transformation process. Antigens derived
from endogenous retroviruses, if identified in human tumors, would represent additional targets
for the development of antitumor therapies.

Thus, the search for widely expressed, common tumor-specific antigens has resulted in a
number of new candidate antigens that can now be further characterized and, used for
vaccination of cancer patients.

CLASS II MHC RESTRICTED TUMOR ANTIGENS

Studies carried out in mouse model systems have demonstrated that class II restricted T cells can
in some cases mediate tumor regression. Although it is not clear what role they play in these
responses, cytokine production in the tumor microenvironment by CD4+ cells may be involved in
the activation of tumor-reactive CD8+ T cells. Observations suggest, however, that CD4+ T cells
may play a critical role in activating APC to facilitate efficient stimulation of naïve CD8+ T cells
(Bennett et al., 1997; Bennett et al., 1998; Schoenberger et al., 1998). In addition, recruitment of
inflammatory cells such as neutrophils by tumor-reactive CD4+ T cells may play a role in tumor
rejection (Cavallo et al., 1992).

A number of class II antigens have now been identified in mouse tumor model systems. Studies
carried out with murine leukemias have demonstrated a clear role for class II restricted T cells
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that recognize an antigen derived from an endogenous retroviral envelope in mediating
antitumor immune responses (Iwashiro et al., 1993). A mutated gene encoding the L9 ribosomal
protein isolated from a murine sarcoma has been shown to be recognized by tumor-specific, class
II restricted T cells (Monach et al., 1995). Adoptive transfer of T cell clones directed against the
mutated L9 peptide epitope has been shown to mediate tumor regression.

Class II restricted T cells have been identified that recognize a wide variety of human tumor
types (Schwartzentruber et al., 1992; Topalian et al., 1994a, 1994b; Heike et al., 1996; Nakao et al.,
1997). A CD4+ melanoma reactive TIL has been shown to recognize the non-mutated tyrosinase
gene product after screening transfectants expressing candidate melanoma antigens (Topalian et
al., 1994a) and two peptide epitopes of tyrosinase that are recognized in the context of HLA-DRB
1*0401 have been identified (Topalian et al., 1996), while CD4+ T cell clones recognizing additional
tyrosinase peptides were obtained from a patient PBLs (Kobayashi et al., 1998) (see Table 1.6).
Recently, genes that encode   antigens recognized by class II restricted, melanoma reactive T cells
have also been identified using a modification of the cDNA library cloning approach used to
isolate class I antigens (Wang et al., 1999a) or other approaches (Chaux et al., 1999; Manici et al.,
1999; Pieper et al., 1999). It is remarkable that two of these antigens were the result of a mutation
(Wang et al., 1999a; Pieper et al., 1999), while a third one resulted from a fusion between a gene
coding for a low density lipid receptor (LDLR) and a gene encoding the GDP-L-fucose: β-D-
galactosidase 2-α-L-fucosyltrasferase (PUT) (Wang et al., 1999b). Two additional antigens are
shared determinants of the MAGE family (Chaux et al., 1999; Manici et al., 1999).

Additional efforts have focused on the generation of responses against candidate antigens. In
vitro stimulation with peptides derived from the junction of the bcr-abl fusion protein resulted in
the generation of T cells that recognize APC that had been pulsed with tumor cell lysates

TABLE 1.6

Class II HLA-restricted antigens

* Triosephosphate isomerase.
† Low density lipid receptor/GDP-L-fucose: β-D-galactosidase 2-α-L-fucosyltrasferase.
 

IMMUNE RECOGNITION OF CANCER—TUMOR ANTIGENS 27



(Manering et al., 1997). Class II restricted CD4+ responses have also been elicited in vitro using
peptides derived from the HPV E7 protein (De Gruji et al., 1998).

The identification of peptides that are bound to class II MHC molecules isolated from tumor
cells represents another method for identifying candidate epitopes. A number of peptides have
recently been identified in peptide pools isolated from melanoma cell derived class II molecules,
including peptides from annexin and gp100 (Halder et al., 1997). Use of a gp100 peptide isolated
from the melanoma for in vitro sensitization appeared to result in the generation of peptide
reactive, but not tumor-reactive T cells.

The observation that a number of tumor antigens elicit IgG antibodies indicates that the
molecules may also contain CD4+ T cell epitopes. Antibodies directed against a number of
antigens that are recognized by class I restricted T cells, including NY-ESO-1, which was
originally discovered using this technique, tyrosinase, TRP-1, MAGE-1 and MAGE-3, have been
found in the serum of melanoma, ovarian, lung and breast cancer patients (Stockert et al., 1998).
Further exploration of the nature of these antigens using purified recombinant proteins as well as
class II binding peptides derived from these molecules may provide additional targets for
immunotherapy.

IDENTIFICATION OF EPITOPES ON CANDIDATE ANTIGENS

A number of potential approaches to identify new tumor antigen peptide epitopes have been
reported, including in vitro sensitization with HLA binding peptides as well as the immunization
of transgenic mice expressing human MHC alleles. The identification of candidate epitopes that
are naturally processed and presented in tumor cells could be carried out by sequencing peptides
that have been eluted from the tumor cell surface. An attempt has recently been made to generate
tumor-reactive T cells using HLA-A2 binding peptides from gp100 that had not previously been
shown to be recognized by HLA-A2 restricted T cells (Tsai et al., 1997). Three out of 6 gp100
peptides that had been identified on the basis of their high to moderate affinity for HLA-A2
appeared to elicit melanoma reactive CTL in vitro. In contrast, 2 of the 6 peptides were capable of
generating peptide-reactive T cells that failed to recognize tumor targets. Subsequent studies have
resulted in the demonstration that the gp 100:619–627 peptide was recognized by CTL clones
isolated from a melanoma patient (Kawakami et al., 1998). In the study cited above (Tsai et al.,
1997), the gp100:619–627 peptide appeared to induce peptide-reactive T cells; however, clear
tumor reactivity could not be demonstrated using T cells stimulated using this peptide.
Stimulation with peptide pulsed targets expressing relatively high levels of class I MHC
complexes may, however, result in the generation of low affinity T cells that cannot recognize tumor
cell targets expressing relatively low levels of endogenously processed antigens. In contrast, T
cells that arise following in vitro or in vivo stimulation with tumor, such as TIL, presumably
express high affinity receptors that are capable of recognizing naturally processed epitopes. T cell
tolerance may also play a role in skewing the repertoire of T cells that respond to peptides derived
from self-antigens such as gp100 towards cells that bind these epitopes with a relatively low
affinity. The relatively large pool of T cells with low affinity for peptides may overgrow a small
population of high affinity T cells that can recognize tumor cells expressing low levels of
endogenously processed epitopes.

Peptides derived from the MC1R have been tested for their ability to stimulate melanoma-
reactive T cells (Salazar-Onfray et al., 1997). This protein, which appears to be expressed primarily
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in cells of the melanocyte lineage, is a member of a family of G-protein-coupled receptors that
bind melanocyte-stimulating hormone. Stimulations of PBMC from normal donors carried out
using three peptides derived from the MC1R protein with either high or intermediate affinity for
HLA-A2 appeared to result in the generation of T cells that recognized HLA-A2+, M1CR+
melanomas.

The Her2/neu protein, which is a member of the tyrosinase kinase family of receptors, has been
frequently found to be amplified and over-expressed in a variety of tumors including breast,
ovarian and colorectal tumors (see Table 4) (Slamon et al., 1987). In addition, some studies have
suggested that overexpression of this protein may influence the rumorogenicity of cancer cells
(Katsumata et al., 1995; Schlegel et al., 1997), thus making this an attractive target for the
development of anti-cancer therapies. Studies of the specificity of Tumor Associated
Lymphocytes (TAL) that had been isolated from malignant ascites and cultured in the presence of
IL-2 indicated that they recognized several HLA-A2 binding peptides derived from Her2/neu
(Fisk et al., 1995). Four out of 4 TAL lines appeared to recognize the HER-2/neu: 369–377 peptide,
indicating that this represented an immunodominant peptide epitope. It has been reported that the
HER-2/neu: 654–662 peptide was recognized by breast and ovarian cancer TIL (Peoples et al.,
1995), and additional peptides derived from this protein that appear to represent T cell epitopes
have been identified by immunizing double transgenic mice expressing the human HLA-A2 and
CD8 molecules (Lustgarten et al., 1997), as well as by stimulating normal PEL with peptide pulsed
dendritic cells (Kawashima et al., 1998).

Antigen-presenting cells that have been either directly transfected with constructs encoding
target molecules or infected with recombinant viral constructs have also been used to stimulate
tumor-reactive T cells. Stimulation with autologous adherent cells isolated from peripheral blood
that had been infected with a recombinant vaccinia virus encoding tyrosinase has been shown to
result in the generation of tumor-reactive T cells that recognize tyrosinase in association with a
variety of MHC restriction elements (Yee et al., 1996). In addition, tumor-reactive T cells appeared
to be generated following stimulation with dendritic cells that had been transfected with genes
encoding MART-1 and gp100, tyrosinase, MAGE-1 or MAGE-3 in conjunction with IL-12 or IFN-α
(Tuting et al., 1998).

A number of studies have been carried out in an attempt to generate responses against peptides
derived from the p53 tumor suppressor protein. Initial studies carried out in HLA-A2 transgenic
mice utilized immunization with a number of peptides from the human p53 protein (Theobald et
al., 1995). Human p53 peptides that differed from the mouse p53 sequence were found to generate
T cells that were capable of recognizing human tumors that overexpressed p53 but not non-
transformed human cells. In a subsequent study, T cells responses of normal HLA-A2 transgenic
mice were compared with A2 transgenic mice that lacked expression of p53 in any normal tissues
(p53 knock out mice) (Theobald et al., 1997). A wild type peptide, p53:187–197, was found to elicit
an immune response in p53 knock-out mice but not normal mice, indicating that expression of
this peptide in normal tissues may result in T cell tolerance. Another p53 peptide, mouse p53:261–
269, which is identical to the human p53:264–272 peptide, could stimulate response in both normal
and knock-out mice; however, T cells derived from normal mice appeared to have a significantly
lower affinity for this peptide than knock-out mice. The CTL that were generated from normal
mice appeared to recognize peptide pulsed targets but failed to recognize tumor cells that
overexpressed p53, whereas those generated in the knock-out mice recognized tumor cells.
Immunization of p53 knock-out mice with syngeneic tumor cells that overexpressed p53 has also
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been shown to result in stimulation of T cells that recognized p53 peptides (Vierboom et al., 1997).
Transfer of these T cells into p53+ tumor-bearing nude as well as normal mice was found to result
in tumor regression, but no adverse effects on normal mouse tissues were observed.

The results of some studies carried out with human PEL have indicated that stimulation with
the human p53:264–272 peptide may result in the generation of tumor-reactive T cells. A CTL
clone generated by in vitro stimulation with this peptide appeared to recognize 2 squamous
carcinoma cell lines (Ropke et al., 1996). There appeared to be a lack of correlation between
recognition and overexpression of p53, since one of the cell lines that was recognized did not
overexpress p53, whereas an HLA-A2+ squamous carcinoma cell line that overexpressed p53 was
not recognized. Thus, there may be additional factors that influence the recognition of these cell
lines. In a separate investigation, CTL lines generated from a healthy donor with the p53:264–272
peptide were shown to recognize peptide pulsed targets as well as one melanoma and 2 breast
cancer cell lines (Gnjatic et al., 1998). The tumor cell lines that were recognized overexpressed p53,
although one of the breast cancer cell lines that was recognized did not express a mutated p53
gene product.

A number of molecules that represent potential T cell targets have been identified through the
use of the SEREX technique (Chen et al., 1998; Scanlan et al., 1998; Tureci et al., 1998).
Representational difference analysis, a genetic technique that relies on differences in the
expression in various tissues, has been used to isolate other potential T cell targets. These include
a new member of the MAGE gene family (Lucas et al., 1998) as well as LAGE (Lethe et al., 1998), a
gene that is highly homologous to NY-ESO-1. The development of efficient methods for
stimulating T cell responses against candidate antigens such as these may facilitate the
development of new therapeutic reagents.

MODULATION OF T CELL RECOGNITION

Studies carried out in vitro have indicated that a number of factors may influence T cell
recognition of peptide/MHC complexes. Analysis of the expression of MAGE-1 in melanomas
using a quantitative PCR technique indicated that at least 10% of the level found in a reference
melanoma MZ2-MEL.3.0 expressing a high level of the MAGE-1 gene transcript was required for
recognition by specific CTL (Lethe et al., 1997). An initial report indicated that tumor-reactive T
cells could be generated by stimulating with lymphoblasts that had been pulsed with an HLA-A2-
binding peptide from MAGE-3 (van der Bruggen et al., 1994a). In a second study, however, T cells
that were generated using peptide pulsed target cells could recognize cells that had been
transfected with the MAGE-3 cDNA, but failed to recognize tumor cells expressing normal
endogenous levels of this protein (Valmori et al., 1997). The ability of T cell epitopes to be
efficiently processed and presented on the cell surface has been shown to be influenced by
sequences within the peptide epitope as well as sequences that flank the T cell epitope (Eisenlohr
et al., 1992; Ossendorp et al., 1996). The level of expression of a particular tumor antigen gene
product, as well as the levels of expression of adhesion molecules (Mortarini et al., 1990), clearly
can influence tumor cell recognition by T cells. Studies of tumor clones (Rivoltini et al., 1995) as
well as tumor cell lines selected in vitro for resistance to lysis by CTL (Kono et al., 1997) have
demonstrated a correlation between the level of class I gene expression and T cell recognition.
Variations in the levels of MART-1 and gp100, as well as class I gene expression in melanoma cell
lines derived from different patients, were also shown to significantly affect CTL recognition of
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those cell lines (Cormier et al., 1999). In addition, the affinity of the TCR for the peptide-MHC
complex might be influenced by self-tolerance, since peptides expressed on normal tissues such as
melanocytes may anergize T cells bearing high affinity TCRs.

The affinity of peptide binding to an MHC class I product, as assessed in equilibrium binding
assays (Sette et al., 1994b), as well as in assays that measure the stability of peptide/MHC
complexes, appears to be an important determinant of peptide immuno-genicity (Parker et al.,
1995; van der Burg et al., 1996). Nevertheless, a number of the dominant tumor antigen epitopes
that have been identified from MART-1 and gp100 do not fit the optimal HLA-A2 binding motif
and appear to bind to HLA-A2 with relatively low or intermediate affinities. It is not clear why
responses directed against these epitopes are so predominant in HLA-A2 melanoma patients.

Several studies have now suggested that substitution of optimal for non-optimal anchor
residues in peptide derived from gp100 and MART-1 can significantly enhance the
immunogenicity of these peptides. Substitutions of either leucine or methionine for threonine at
position 2 of the gp 100:209–217 peptide appeared to enhance the HLA-A2 binding affinity by a
factor of 52 and 9, respectively (Parkhurst et al., 1996). Tumor-reactive T cells could be elicited
more reliably after fewer in vitro stimulations when the modified peptide containing methionine at
position 2 was used than when the native gp 100:209–217 peptide was used. As described below,
the results of clinical trials demonstrated that injection of modified gp100 peptides resulted in
enhanced anti-peptide as well as anti-tumor responses (Rosenberg et al., 1998a).

Alterations have also been made in the MART-1 HLA-A2 peptide in an attempt to enhance the
immunogenicity of this peptide, which appears to possess a relatively low affinity for HLA-A2.
The decamer peptide EAAGIGILTV (MART-126−35) appeared to be recognized at significantly
lower concentrations than the nanomer peptide by several peptide reactive T cell clones (Romero
et al., 1997; Schneider et al., 1998). Significant differences were observed when the recognition of
MART-1 peptide-variants by peptide-reactive T cell clones was examined (Valmori et al., 1998).
Variants of the MART-126−35 peptide that contained a substitution of leucine or methionine at
position 2 appeared to possess more stable binding to HLA-A2 than the unmodified decamer and
nanomer. Peptides containing substitution of tyrosinase or phenylalanine for glutamic acid at
position 1 of the decamer also demonstrated enhanced binding to HLA-A2, but only the leucine-
containing peptide appeared to be strongly recognized by all of the T cell clones. Recognition of
the leucine-containing peptide by T cell clones appeared to be enhanced by between 100 and 20,
000 fold in comparison to the native nanomer. This peptide was also found to generate tumor-
reactive cells in vitro more readily than the native peptide, suggesting that this peptide might
represent a more potent immunogen in vivo. A similar finding was obtained when the nonamer
MART-127–35 was modified by a single substitution with leucine at position 1 (Rivoltini et al.,
1999).

Self-tolerance mechanisms may also influence responses to antigens such as MART-1 and
gp100. In a recent report, T cells isolated from patients with vitiligo, an autoimmune disease that
appears to result from the destruction of normal skin melanocytes, were examined for their ability
to recognize the MART-1 antigen using a class I MHC tetramer bound to an optimized MART-1
peptide (Ogg et al., 1998). The PBMC from 7 out of 9 HLA-A2+ vitiligo patients appeared to
contain a relatively high frequency of T cells reactive with the MART-1 peptide, when analyzed
using this technique. These T cells expressed high levels of the skin homing receptor CLA
antigen, a form of the P selectin-binding glycoprotein 1 (Fuhlbrigge et al., 1997). In one out of six
normal HLA-A2+ individuals, T cells reactive with MART-1 were found, but these cells did not
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appear to express CLA. Thus, expression of accessory molecules such as CLA may play a role in
the maintenance of tolerance to normal tissue antigens.

T CELL RECEPTOR ANALYSIS

Some studies have demonstrated preferential usage of particular TCR α and β variable region
sequences in responses to melanoma antigens (Sensi et al., 1995). However, additional studies
have demonstrated that recognition of a single antigenic epitope may be mediated by T cells
expressing a diverse set of TCRs (Cole et al., 1997). T cells that express certain TCRs have,
however, been shown to be enriched in populations of TIL isolated from untreated melanoma
patients (Clemente et al., 1998) as well as from patients immunized with either dinitrophenyl
modified tumor cells or the HLA-A1 MAGE-3 peptide epitope (Sensi et al., 1998). The repertoire
of TCRs expressed by tumor-reactive T cells may be quite varied in the peripheral blood of
patients; nevertheless, a more restricted set of T cell clonotypes may be expanded in vivo at the
tumor site or in tumor-involved lymph nodes. The generation of clonotypic markers based upon
unique sequences present in the complementary determining regions of individual TCRs α or β
chains may also facilitate monitoring of lymphocyte survival and trafficking at these sites in vivo.

CLINICAL APPLICATIONS

Clinical trials are now being carried out to evaluate the effect of immunization with specific
peptides as well as recombinant viral constructs encoding tumor antigens, and the observations
made in these trials may play an important role in the development of future therapies
(Table 1.7). A critical feature of these trials is the use and development of assays that allow
accurate monitoring of patient responses. The effects of immunization have been monitored using
limiting dilution assays (Coulie et al., 1992; Mazzocchi et al., 1994) as  well as measurements of the
ability of T cells to generate immune responses following one or a small number of in vitro

TABLE 1.7

Approaches to cancer immunotherapy based upon defined tumor antigens
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stimulations. Assays that allow the individual tumor-reactive T cells to be directly enumerated,
such as the ELISPOT assay, have also been used to characterize antitumor immune responses
(Scheibenbogen et al., 1997). The use of complexes of class I MHC tetramers bound to specific
peptides has facilitated the detection as well as the direct isolation of peptide-specific T cells
(Altman et al., 1996; Dunbar et al., 1998). In a recent study, T cell precursors reactive with the
MART-1:26–35 peptide were detected in melanoma patients at frequencies between 1 in 50 and 1
in 500 in tumor-infiltrated lymph nodes, whereas the frequency of T cells at the same sites that were
reactive with the tyrosinase 368–376 peptide was below the limit of detection (<0.05%) (Romero et
al., 1998). The analysis of TCR expression can also be used to detect the presence of specific T
cells. These assays can be carried out using cells isolated from tumor-involved lymph nodes as
well as tumor and peripheral blood, which will allow monitoring of lymphocyte trafficking
following immunization or adoptive transfer.

A number of clinical trials have been carried out using the HLA-A1 binding peptides derived
from the MAGE-1 and MAGE-3 antigens as well as peptides from MART-1, gp100 and tyrosinase
(see Chapter 5). Partial and complete tumor regressions were seen in 7 out of 25 patients
immunized with the MAGE-3 peptide in soluble form (Marchand et al., 1999). Immunization with
autologous APC that had been pulsed with the MAGE-1 peptide appeared to result in some
enhancement of the frequency of peptide-reactive T cells in the peripheral blood of immunized
patients, but no significant clinical responses were observed (Hu et al., 1996).

The efficacy of recombinant viral vaccines that encode melanoma antigens has also been
evaluated in clinical trials. Objective clinical responses were only rarely observed in patients
adenoviral or vaccinia and constructs encoding gp100 as well as MART-1, and in vitro responses
to these antigens were not enhanced in immunized patients. One possible explanation for these
findings is the observation that high titers of neutralizing antibodies were present in the majority
of patients in these trials before vaccination with these constructs, presumably resulting from
smallpox vaccination and environmental exposure to adenovirus (Rosenberg et al., 1998b).

In an attempt to develop immunotherapies for patients with other tumors, a clinical trial
involving immunization with the HER-2/neu:369–377 peptide has recently been carried out in the
Surgery Branch, NCI. No clinical responses were seen in this trial, where patients were
immunized with 1 mg of peptide in IFA. In an attempt to assess the ability of this peptide to
immunize these patients, the CTL response of PBMC obtained from breast cancer patients,
obtained either before or after multiple peptide immunizations, was examined following out a
single in vitro stimulation with peptide for 7 to 10 days. A vigorous peptide-specific T cell
response was elicited by in vitro stimulation of post-immunization PBMC isolated from 3 of the 4
patients that were examined, whereas a weak peptide-specific response could be generated from
only 1 out of 4 patients prior to immunization (Zaks and Rosenberg, 1998). The CTL isolated from
immunized patients could recognize targets pulsed with a minimum of approximately 1 ng/ml of
peptide, in the range of the minimum concentration required for the recognition of targets pulsed
with other tumor epitopes (Kawakami et al., 1994b; Kawakami et al., 1995). The peptide-reactive
CTL that were generated from immunized patients, however, failed to react with either HLA-A2+
breast and ovarian tumor cell lines that naturally overexpressed HER-2/neu or with transfected
cell lines expressing both of these gene products. In an in vitro study where the ability of a variety
of peptides including the HER-2/neu: 369–377 peptide to stimulate responses in vitro was
examined, only 2 out of 29 peptide-reactive cultures appeared to recognize tumors that
overexpressed this gene product (Kawashima et al., 1998). The tumor cell lines used as targets in
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this study, however, had been treated with IFN-γ, and it is not clear how well these T cells would
recognize unmanipulated targets. Thus, endogenous processing of Her-2/neu may not generally
result in sufficient level of expression of this peptide epitope on the cell surface to allow
recognition by peptide-reactive T cells.

Even in the case of well-characterized tumor antigens, differences in expression levels as well as
heterogeneity in antigen expression in vivo may impact on the efficacy of immunotherapies. In
several studies where antigen expression in tumor cells was examined using
immunohistochemistry, melanoma cells appeared to express relatively homogenous levels of
tyrosinase, whereas the levels of other antigens such as MART-1, gp100 or TRP-1 appeared to be
more variable (Chen et al., 1995; Cormier et al., 1998). Treatment of cells with reagents that
enhance tumor cell recognition by T cells represent one approach to this problem. Induction of
MHC class I gene expression and enhanced recognition of small cell lung cancer cells by MAGE-3
reactive T cells were seen following treatment of tumor cells with IFN-γ (Traversari et al., 1997)
(see Chapter 5).

Immune responses directed against specific antigens may also result in the generation of
antigen loss variants in vivo. As described above, autologous CTL recognized a melanoma cell line
derived from patient LB33 in 1988 in the context of multiple class I restriction elements, but a
subsequent metastasis isolated 3 years later from this patient had lost expression of all of class I
alleles with the exception of HLA-A24 (Lehmann et al., 1995). Evidence for the loss of antigen as well
as HLA class I gene expression has been obtained by analyzing sequential biopsies from
additional patients (Jäger et al., 1997; Thurner et al., 1999). In addition, it has been suggested that
there may be an inverse correlation between the ability to generate peptide responses and the
level of expression of the tumor antigens containing these epitopes in vivo (Jäger et al., 1996). From
these studies it is not clear if antigen loss represents a response to selective pressure provided by
the immune response to tumor antigens or if these changes simply reflect the accumulation of
genetic abnormalities in tumor cells over time. A more detailed analysis examining tumors taken
before and after specific peptide vaccination suggests, however, that immunization may, in at
least some patients, contribute to the outgrowth of tumor antigen loss variants (Riker et al., 2000).

These studies have provided the basis for a number of ongoing as well as future clinical trials.
In a clinical trial recently initiated in the Surgery Branch (NCI), melanoma patients have been
immunized with peptides derived from MART-1, tyrosinase and gp100 in an attempt to prevent
the outgrowth of tumor antigen loss variants. Additional vaccine candidates include recombinant
viral constructs that encode optimized epitopes expressed either in the context of full length genes
or as minigenes. The adoptive transfer of melanoma-reactive T cell clones generated by in vitro
culture with peptide epitopes represents another strategy that is now being evaluated in clinical
trials. The identification of additional shared antigens recognized by CD4+ tumor-reactive T cells
may also lead to the development of peptide as well as protein vaccines that target class II as well
as class I antigens. Finally, some combination of these approaches may lead to the development of
cancer vaccines that result in long-term cures in the majority of patients.

Unanswered Questions

1. Are the available antigens representative of the full repertoire of human tumor
antigens?
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2. Which are the features of antigens that characterize a priori their immunogenicity?
3. Are unique, MHC class I-restricted antigens equivalent to the tumor-rejection

antigens of mice?
4. Which are the most stable antigens i.e. those less prone to be selected in vivo?
5. Can MHC-class II restricted antigens be grouped like the class I-restricted

counterparts?
6. Which is the role of MHC class H-restricted epitopes in the activation of patients’

immune response?
7. Does tolerance play a role in the specificity or affinity of T cell responses to normal

self antigens?
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Processing and Presentation of Antigen for the

Activation of Lymphocytes to Tumor Cells
Suzanne Ostrand-Rosenberg, Beth A.Pulaski and Vicky Gunther

ABBREVIATIONS

Ii Class II-associated invariant chain
APC Antigen-presenting cells
β2m Beta 2 microglobulin
BcR Antigen-specific receptor of B lymphocytes
CTL Cytotoxic T lymphocytes
DC Dendritic cells
ER Endoplasmatic reticulum
FDC Follicular dendritic cells
GM-CSF Granulocyte-monocyte colony-stimulating-factor
HSP Heat shock proteins
IFN-γ Interferon gamma
IL-… Interleukin-2,-4,-10,-12
MHC Major histocompatibility complex
MIIC Major histocompatibility complex class II compartment
NK Natural killer
NKT Natural killer T cells
PBMC Peripheral blood mononuclear cells
TAP1, TAP2 Transporter associated with antigen processing-1,-2
TcR Antigen-specific receptor of T lymphocytes
Th T helper
TNF-α Tumor necrosis factor alpha



1. Antigens are processed by specialized antigen-presenting cells (APC) (e.g. dendritic
cells, monocytes, B-cells) through endogenous or exogenous pathways which are
preferentially used to present peptides to class I and class II MHC molecules,
respectively.

2. Tumor antigenic proteins are processed and mounted on tumor cell membrane as
peptides within the groove of MHC molecules.

3. Tumor cells are poor APC since, even when expressing adequate amounts of MHC/
peptide complexes, they lack co-stimulatory molecules and cannot activate T cells.

4. Tumor cells can become effective APC upon transfection with genes encoding class
II MHC and co-stimulatory molecules (e.g. B7-1).

5. Cross-priming through host dendritic cells is the most likely mechanism of tumor
antigen presentation in vivo.

6. The MHC encoded class I-like (class Ib) MHC non-polymorphic molecules present
peptides and may be involved in surveillance against pathogens and tumor cells.

7. Other molecules, homologue to MHC (e.g. CD1), are expressed on APC and can
present bacterial or tumor cell glycoplipids antigens. Such glycolipids can induce an
antitumor immunity even in vivo.

ANTIGEN PROCESSING AND PRESENTATION ARE CRITICAL
COMPONENTS OF LYMPHOCYTE ACTIVATION AND TARGETING

Harnessing the immune response to reject autologous tumor involves at least two processes: 1)
activation of tumor-specific lymphocytes and 2) targeting of the activated lymphocytes to tumor
cells. For lymphocytes to be successfully activated they must interact via their antigen-specific
receptor (TcR for T lymphocytes; BcR for B lymphocytes) with their cognate antigen and receive
additional co-stimulatory signals. This process is called antigen presentation and usually
professional APC provide both the antigen signal and the co-stimulatory signal. Although the BcR
of B lymphocytes can respond to intact antigen, the TcR of T lymphocytes only responds to small
fragments of antigen. APC must therefore break down macromolecular antigens into smaller
fragments for presentation to T lymphocytes. This process of degradation is called antigen
processing and occurs in APC. Because the antigen-specific receptor of T cells only recognizes
antigenic fragments bound to specialized antigen-presenting molecules encoded by the MHC,
degraded antigen must associate with the antigen presentation molecules encoded by the APC’s
MHC (e.g. MHC class I, class II, or CD1 molecules) for presentation to T lymphocytes. Because
CD4+ Th lymphocytes are required for both T and B lymphocyte responses, appropriate
processing and presentation of antigen is central to both T and B immune responses, and critical
for the generation of effective antitumor immunity.

Once lymphocytes are specifically activated to tumor antigens, they must destroy or inhibit the
growth of tumor cells for successful antitumor immunity. Recognition of target cells by activated
lymphocytes also occurs by lymphocyte receptor binding to antigen. The same antigen-specific
receptors are used in the target phase of the immune response as during the activation phase.
Therefore, antigen processing is not required for B cell (antibody) targeting, but is essential for T
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cell targeting. To be targeted by activated T cells, tumor cells, therefore, must present fragmented
tumor antigen/MHC complexes at their cell surface.

Antigen presentation, therefore, encompasses a series of events in APC, beginning with the
uptake of antigen, followed by processing of antigen, expression of antigen with/without antigen
presentation molecules, and co-expression of co-stimulatory molecules. A schematic diagram of
these events during the activation of CD8+ and CD4+ T cells is shown in Figure 2.1. A critical step
in this activation scheme is the uptake of antigen by  APC. In conventional immune responses
with soluble antigens, antigen is either carried in soluble form or pinocytosed by APC and carried
via the lymphatic system to the draining lymph nodes where it is presented to lymphocytes.

Figure 2.1 Overview of antigen processing and presentation during the activation of CD4+ and CD8+ T
lymphocytes. (A) During the activation phase, professional APC pinocytose exogenous antigen, process it
into peptides, and re-present it bound to their MHC class II molecules along with a CD80 and/or CD86 co-
stimulatory signal to the TcR and CD28 receptors, respectively, of CD4+ T cells. Concomitant with CD4+ T
cell activation, CD8+ T cells are being activated by APC presenting processed antigen bound to MHC class I
molecules along with co-stimulatory signals. If the activated CD4+ T cell provides “help” in the form of
cytokines to the CD8+ T cells, the latter cell will become optimally activated and gain cytotoxic activity. (B)
During the cytotoxic or effector phase, the CD8+ cytotoxic T cell recognizes processed antigen bound to MHC
class I molecules of the target (tumor) cell and destroys the target. 

 

50 TUMOR IMMUNOLOGY



However, if tumor antigens are not secreted by tumor cells, or if tumor cells do not release
cellular debris containing tumor antigens, this conventional route may not be accessible. Various
alternative pathways have been suggested, including lymphocyte migration to the tumor site and
tumor cell migration to the draining lymph nodes. It has also been suggested that poor antitumor
immunity in tumor-bearing patients is due to an inability of tumor antigens to be picked up by
professional APC and brought to the draining lymph nodes.

Generation of effective antitumor immunity is critically dependent on optimal presentation of
tumor antigens to T and B lymphocytes. Many of the current experimental immunotherapy
methods focused on stimulating antitumor immunity are strategies aimed at improving
presentation of tumor antigens. To fully appreciate these strategies an understanding of antigen
processing and presentation is necessary. The remainder of this chapter, therefore, will address
the principle aspects of antigen processing and presentation, including antigen uptake and
processing by APC, presentation of antigen by APC, the molecules encoded by the MHC that bind
and present antigen, and the various types of professional APC. Since some of these pathways are
currently being exploited to improve antitumor immunity in experimental animals and clinical
trials, we will also discuss some of the approaches that have been devised to enhance presentation
of tumor antigens.

ANTIGEN PROCESSING AND PRESENTATION

T lymphocytes only recognize and respond to peptide fragments of antigen bound to proteins
encoded by the MHC. Antigen to be presented to T lymphocytes, therefore, must be “processed”
within the APC into peptides before it can be presented to T cells. APC use two major
intracellular pathways for antigen processing. One pathway is used for antigen synthesized
within the APC (endogenously synthesized antigen), while antigen synthesized by another cell
and taken up by the APC is handled via a different pathway (exogenously synthesized antigen).

ENDOGENOUS PATHWAY OF ANTIGEN PROCESSING AND
PRESENTATION

Virtually all proteins are encoded by APC traffic via the endogenous antigen processing pathway.
These molecules include self proteins, plus proteins produced by viruses, bacteria, and other
intracellular parasites. In the endogenous or cytosolic pathway, molecules in the cytosol destined
for degradation are tagged in the cytoplasm with a small protein called ubiquitin. Ubiquinated
proteins are then degraded within the proteosome, a cytosolic organelle containing a variety of
proteolytic enzymes. Following breakdown of the protein, the peptides are transported via TAP
from the cytosol into the ER. Peptide transport is ATP dependent and affinity of peptide for the
TAP1 and TAP2 proteins is highest for those peptides of 8–13 amino acids in length.
Simultaneous with peptide transport, MHC class I molecules, which have been synthesized
within the rough ER, are structurally stabilized by binding to the chaperone calnexin and β2m.
This stabilization occurs in parallel to peptide transport. Within the ER, the class I/β2m/calnexin
complex binds to the TAP proteins, facilitating peptide transfer to the antigen binding cleft of
class I (see the section on “Antigen presentation molecules” for a description of the peptide/class
I binding process). Peptide binding to class I stabilizes the class I/β2m complex, thus releasing
calnexin, and the class I/β2m/peptide complex then travels via the Golgi complex to the cell
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surface. Figure 2.2 shows a schematic diagram of the endogenous antigen presentation pathway.
Because almost all endogenously encoded proteins are degraded by the proteosome at some point
in their existence, the endogenous pathway enables presentation of essentially all proteins
synthesized by the APC (York and Rock, 1996). Therefore, tumor cells, like virtually all other
cells, can potentially present at their cell surface any fragmented self-peptide bound to MHC class
I molecules.

EXOGENOUS PATHWAY OF ANTIGEN PROCESSING AND PRESENTATION

In contrast to the endogenous pathway, the exogenous pathway presents antigens synthesized
outside of the APC (see the right-hand side of Figure 2.2 for a schematic diagram of the
endogenous pathway). Antigens synthesized external to APC are phagocytosed or pinocytosed by
APC (see “Dendritic Cell” section for a description of these processes) and travel through a series
of endosomal compartments where they are degraded by resident proteases. Successive
compartments have decreasing pH, ranging from a pH of 6.0–6.5 in the early endosomal
compartments to a pH of 4.5–5.0 in lysosomes. By the time antigen reaches the so-called MHC
class II compartment, or MIIC, it has been degraded into peptides of approximately 13–18 amino
acids in length.

Class II molecules preferentially present exogenously synthesized antigen because they travel
via an intracellular pathway that intersects with the endosomal pathway taken by phagocytosed
or pinocytosed antigen. Synthesis of class II molecules is coordinately regulated with synthesis of
the class II-associated proteins invariant (Ii) chain and HLA-DM. In the ER the Ii chain binds to
the peptide binding groove of newly synthesized MHC class II molecules thereby blocking the
binding of other endogenously synthesized peptides present in the ER. From the ER the MHC
class II/Ii complex travels to an endosomal compartment in the cytoplasm, guided by a homing
sequence contained in the Ii chain. Due to the low pH within the endosome, the Ii chain degrades
and ultimately dissociates from the class II molecule, leaving the peptide binding groove
accessible to peptides in the endosome. Binding of peptide to available class II molecules in the
endosome is facilitated by another molecule encoded within the MHC, the HLA-DM protein.
Once loaded with endocytosed peptide, the class II/peptide complex exits the endosomal
compartment and is inserted into the plasma membrane (Lanzavecchia, 1996; Watts, 1997). The
end result of this process is that MHC class II molecules typically present antigens of the APC’s
extracellular environment that are phagocytosed or pinocytosed by the APC. 

In most cases, MHC class I molecules present peptides generated via the endocytic pathway,
and MHC class II molecules present peptides generated via the exocytic pathway. However, these
pathways are not exclusive and endogenously synthesized antigen can be presented by MHC
class II molecules, and exogenously synthesized antigen can be presented by MHC class I
molecules. As discussed in more detail later in this chapter, MHC class I molecules can access the
endocytic route and thereby present exogenous antigen in B cells (Ke and Kapp, 1996),
macrophages (Pfeifer et al., 1993), and DC (Bohm et al., 1995; Bachman et al., 1996; Shen et al.,
1997). The antigen trafficking routes, therefore, are not absolute.
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Figure 2.2 Prototypic antigen presentation pathways for endogenously and exogenously synthesized
antigens. Endogenous pathways (left side of figure): Cytosolic antigen is degraded in the proteosome and
transported via TAP-1 and TAP-2 into the ER. Newly synthesized MHC class I molecules then bind the
peptides and transport them via the Golgi to the cell surface where the MHC class I/peptide complex is
inserted into the plasma membrane. Exogenous pathways (right side of figure): Newly synthesized MHC class
II molecules associate with the coordinately regulated Inveriant chain in the ER and traffic via the Golgi to an
endosomal compartment. As the endosomal compartment becomes more acidic the invariant chain is
partially degraded and dissociated from the class II molecules, leaving CLIP associated with the binding
region. Meanwhile, exogenously synthesized antigen is taken up into the endosomal compartment and
degraded into peptides. The MHC class II and peptide compartments then fuse, giving rise to the MIIC. In
the MIIC HLA-DM displaces CLIP and facilitates binding of the exogenous peptides to the binding cleft of
class II. The MHC class II/peptide complex then traffics to the cell surface and is inserted into the plasma
membrane. 
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ANTIGEN PRESENTATION MOLECULES

Different types of lymphocytes “see” antigenic fragments in the context of different antigen
presentation molecules. These molecules include the classical class I and class II molecules of the
MHC, the non-classical MHC-encoded molecules Qa, Tla, and CD1, and the HSP. Although MHC
class I, class II, and CD1 molecules have very distinct amino acid sequences, they share many
structural motifs. Likewise, they all have unique antigen binding regions, but they share many
antigen binding characteristics. In the next 3 sections these antigen presentation molecules will be
discussed. Some of the shared and unique features of these molecules are listed in Table 2.1.

MHC CLASS I MOLECULES PREFERENTIALLY PRESENT ENDOGENOUSLY
SYNTHESIZED PEPTIDE ANTIGENS TO CD8+ T CELLS

MHC class I molecules are integral membrane glycoproteins expressed by virtually all nucleated
cells and are the molecules that present antigen to αβ+ CD8+ T lymphocytes.  The class I molecules
were originally defined as the antigens that govern graft rejection, and hence are sometimes
referred to as transplantation antigens. In humans there are 3 loci within the MHC or HLA
(human leucocyte antigen) complex that encode class I molecules: the HLA-A, HLA-B, and HLA-
C loci. All three loci are extremely polymorphic with approximately 40–120 alleles at each locus.
Since the class I alleles are co-dominant, each individual may express as many as 6 different HLA
class I molecules, resulting in extensive heterogeneity within the population (see Figure 2.3 for a
genetic map of the human MHC region).

Each class I molecule consists of a polymorphic heavy chain polypeptide that is non-covalently
associated with an invariant molecule called β2m. Each heavy chain consists of 3 extracellular
domains (α1, α2, and α3), a hydrophobic transmembrane region that anchors the class I molecule
into the plasma membrane, and a cytoplasmic domain that extends into the cytoplasm. Each

TABLE 2.1

Binding motifs of CD1 and MHC class I and class II molecules
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protein domain is encoded by a corresponding exon within a class I gene (see Figure 2.4 for a
schematic diagram of class I molecules).

Landmark X-ray crystallography studies demonstrated that peptide binds to the class I
molecule at a cleft that is formed by the interaction of the α1 and α2 domains of the heavy chain
(Bjorkman et al., 1988a; Bjorkman et al., 1988b). Since most normal nucleated cells express MHC
class I molecules, most cells display self antigens that potentially facilitate recognition by CD8+ T
cells and are potential targets for CD8+ cytotoxic T cells.

Peptide binding to class I molecules is governed by the size and configuration of the peptide
binding groove, which in turn is determined by the amino acid sequence of the al and α2 domains.
Typically, bound peptides are 8–11 amino acids in length, and have specific amino acid anchor
residues at defined positions. The specific anchor residues and their location are different for
HLA-A vs. HLA-B vs. HLA-C molecules and for the different alleles within each locus. For example,
HLA-A2 0201 has the peptide binding motif of leucine at position 2 and valine or leucine at
position 9, while HLA-B7 0702 has the peptide binding motif of proline at position 2 and a
hydrophobic or aromatic residue at  position 9. Because of the extensive genetic heterogeneity of
class I molecules in the population, different individuals may present different repertoires of class
I-restricted antigenic peptides.

As discussed elsewhere in this monograph, various MHC class I-binding tumor peptides have
been identified from a variety of tumor types, including malignant melanoma, prostate cancer,
mammary carcinoma, colon carcinoma, and renal carcinoma, as well as other tumor types
(Ostrand-Rosenberg et al., 1998). All of these antigens and the peptides derived from them are
synthesized by tumor cells, and can potentially bind to MHC class I molecules for presentation.
Although MHC genotype may limit the quality and quantity of tumor peptides presented by a
given individual, theoretically, all MHC class I positive tumor cells should present tumor
peptides that can be recognized by CD8+ T lymphocytes. As a result, MHC class I+ tumors should
be targets for CD8+ tumor-specific CTL.

Unfortunately, 15–20% of human tumors do not express a full complement of MHC class I
molecules or are completely deficient in MHC class I expression (Garrido et al., 1993). As a result,
these cells present a reduced repertoire of tumor peptides, or if totally class I deficient, do not

Figure 2.3 Genomic map of HLA antigens found on human chromosome 6 in the Major Histocompatibility
Complex. MHC class II and class I/class Ib are shaded in blue and red, respectively. Other molecules
important for antigen presentation are also found within the MHC class II region and include HLA-DM,
LMP 2 and 7, and TAP1 and TAP2, which are shaded in yellow. The genes encoding the chaperone protein
HSP70 (purple) are found in the region between the MHC class II and class I loci. Map is not drawn to scale. 
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present any peptides to CD8+ T cells. Such tumor cells are poor targets for lysis by CD8+ CTL.
Although NK cells can lyse class I-deficient targets (Hoglund et al., 1997) (see also Chapter 3), T
lymphocytes are the only cytotoxic effector cells that provide long-term immunological memory.
Long-term T cell-mediated immune surveillance against class I-deficient tumors, therefore, may
be difficult to achieve and in some cases may not be feasible. 

MHC CLASS II MOLECULES PREFERENTIALLY PRESENT EXOGENOUSLY
SYNTHESIZED PEPTIDE ANTIGENS

MHC class II molecules are also integral membrane proteins and are the antigen presentation
elements that present peptide antigen to αβ+ CD4+ Th lymphocytes. Unlike MHC class I
molecules, class II molecules are only expressed by professional APC, such as DC, B lymphocytes,
Langerhans cells, and macrophages. There are 3 defined class II loci in the human: HLA-DR, HLA-
DQ, and HLA-DP. Each MHC class II molecule is a heterodimer of an a and β chain encoded by
corresponding genes (see Figure 2.3 for a genetic map including the class II MHC region). With
the exception of the HLA-DRα,-DPα, and-DQα loci, the class II loci are extremely polymorphic
with approximately 10–125 alleles at each β chain locus. As for the class I alleles, the class II alleles
are co-dominant, so that a fully heterozygous individual may express up to 6 different class II
molecules.

The α and β chains of class II molecules are non-covalently associated and form a complex
including two extracellular domains (the α1 and α2 domains of the α chain and the β1 and β2
domains of the β chain). Each chain also includes a hydrophobic transmembrane region that

Figure 2.4 Schematic diagrams of the MHC class I, MHC class II, CD1 molecules showing the different
domains and antigen binding clefts for each structure. MHC class I and CD1 both require non-covalent
binding of β2microglobulin for expression at the cell surface.
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anchors the class II molecule into the plasma membrane, and a short cytoplasmic domain
consistig of the carboxyl termini of the α and β polypeptide chains. Figure 2.4 shows a schematic
diagram of an MHC class II molecule.

X-ray crystallography studies of class II molecules demonstrate that class II molecules have a
similar overall structure to class I. Antigenic peptide is bound within a cleft formed by the α1 and
β1 domains (Brown et al., 1993), however, class II molecules preferentially bind longer peptides
than class I (13–21 amino acids vs. 8–11 amino acids for class I), and the anchor residues and
binding motifs are less precise for class II molecules as compared to class I molecules.

Although most nucleated cells present class I-restricted peptide antigens, presentation of class
II-restricted peptide antigen is much more limited since only specialized professional APC
synthesize MHC class II molecules and because antigen must be available for uptake by
professional APC. Since activated CD4+ T cells provide help to both CD8+ and B lymphocytes,
effective presentation of antigen in the context of MHC class II molecules is critical for generating
optimal cellular and antibody-mediated immunity.

In terms of antitumor immunity, adequate activation of CD4+ tumor-specific T cells is
dependent on the availability of tumor antigens for uptake by professional APC. It has been
proposed that the absence of tumor-specific CD4+ T cells in tumor-bearing patients, especially
during early stages of disease, may be limiting, resulting in inadequate activation of CD4+ Th cells
(Ostrand-Rosenberg, 1994; Armstrong et al., 1998b). Various remedies for this deficiency have
been proposed and tested, and are discussed later in this chapter.

THE ROLE OF THE MHC-ENCODED CLASS I-LIKE (MHC CLASS IB)
MOLECULES IS UNKNOWN

In addition to the already described class I antigens (class Ia), MHC regions of all vertebrates
encode non-polymorphic, non-classical class Ib antigens (Shawar et al., 1994; Stroynowski and
Forman, 1995; Colonna et al., 1997; O’Callaghan and Bell, 1998). The diversity and structural
characteristics of peptides bound to these class Ib molecules are variable. For example, human
HLA-G molecules, expressed on class Ia-negative trophoblast, and murine Qa-2 molecules,
distributed on a wide variety of tissues, bind large repertoires of peptides similar to ligands of
conventional class I molecules (Lee et al., 1995; Tabaczewski et al., 1998). In contrast, ubiquitously
expressed HLA-E and its murine homolog Qa-1 bind restricted sets of peptides derived from the
leader peptides of selected HLA or H-2 antigens (Aldrich et al., 1994; O’Callaghan et al., 1998).
HLA-E has recently been demonstrated to function as a recognition target for inhibitory and
activating CD94/NKG2 A, B, C NK cell receptors (Borrego et al., 1998; Braud et al., 1998; Lee et al.,
1998), raising a possibility that this class Ib antigen functions in pathogen/tumor
immunosurveillance. Similar properties have been postulated for HLA-G (Colonna et al., 1997;
Perez-Villar et al., 1997). A recent work demonstrates that NK cells infiltrating the decidua, but
not those in the blood, preferentially up-regulate expression of their inhibitory NK receptors that
bind to HLA-G that is predominantly expressed by fetal extravillous trophoblasts, thus
suggesting that such NK are turned off to allow survival of the fetus (Ponte et al., 1999). Since
HLA-G expression has also been reported in human tumor samples, this molecule could
contribute to the escape of tumors from immune-mediated destruction (Paul et al., 1999).
However, the physiological antigen presentation role of these class Ib molecules is at present only
a conjecture. Interestingly, an indirect method for raising alloreactive responses against class Ib
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Qa-1 molecules has recently been reported to induce immunity against tumor cells expressing
Qa-1 (Griffiths et al., 1998). This approach may be explored in the future to develop novel
antitumor vaccines independent of MHC polymorphism.

CD1 MOLECULES PRESENT LIPID ANTIGENS

In contrast to the MHC-encoded antigen presentation molecules, CD1 molecules present lipid and
glycolipid antigens rather than peptides to T lymphocytes. Although they only share
approximately 30% sequence homology with the MHC encoded molecules, they have a striking
structural homology to MHC class I molecules having a similar domain structure and association
with β2m (see Figure 2.4 for a schematic diagram of CD1) (Zeng et al., 1997).

In humans there are five CD1 genes that map closely together on chromosome 1 and encode
antigen presentation elements that have been divided into 2 groups (Melian et al., 1996; Porcelli et
al., 1996). Group 1 molecules include CD1a, CD1b, and CD1c. These nonpolymorphic molecules
are expressed on many professional APC including DC, some B lymphocytes, and activated
monocytes. Extensive studies of the CD1b molecule indicate it presents bacterial lipid antigens
such as lipoarabinomannan and phospatidylinositolmannan glycolipids from Mycobacterium
leporae and mycolic acid from Mycobacterium tuberculosis (Melian et al., 1996). The high
hydrophobicity of the α1 and α2 domains and the shape of the antigen binding groove as
determined by X-ray crystallography are also consistent with the binding of lipids and glycolipids
rather than peptides (Porcelli et al., 1996; Zeng et al., 1997). It is of interest that CD1b can also
present self-glycolipids to T cells (Shamshiev et al., 1999).

It is unclear if the group 1 CD1 molecules present intact or partially degraded antigens,
although internalization and re-expression of the presented antigen is apparently required since
reagents that prevent endosomal acidification interfere with antigen presentation (Porcelli et al.,
1996). In fact, presentation of peptide antigens by mouse CD1 requires endosomal localization and
protein antigen processing (Tangri et al., 1998). In contrast to peptide antigen presentation,
presentation of lipids does not require transport from the cytosol to the ER because TAP-deficient
cells efficiently present CD1b-restricted epitopes. Unexpectedly, CD1b trafficks via the MHC class
II intracellular pathway to the MIIC, suggesting that antigen loading of CD1b occurs in the same
compartment as class II, although HLA-DM, which is required for class II loading, is not
obviously involved in CD1b loading (Porcelli et al., 1996; Sugita et al., 1996).

In contrast to the group 1 molecules, the group 2 CD1 molecules, CD1d1 and CD1d2, are
expressed predominantly in the intestine. Also unlike group 1 molecules, CD1d1 molecules
present peptides, although because of the hydrophobic nature of the peptide binding groove, it is
possible that CD1d1 molecules may also bind and present hydrophobic non-peptide fragments.
The structural basis for such antigen specificity and CD1 restriction has begun to be worked out
(Grant et al., 1999). Group 2 molecules may also present diverse antigens because T cell
hybridomas restricted by CD1d with assorted T cell receptors have been isolated (Porcelli, 1995;
Melian et al., 1996).

The most direct evidence that CD1, specifically CD1d, plays a role in presentation of antigens
relevant to tumors, comes from experiments using IL-12 to up-regulate antitumor immunity (see
also Chapter 3). According to these studies, a population of effector cells called “NKT” cells that
are NK1.1+ (a marker of NK cells) and express Vα14-containing T cell receptor recognize
glycosylceramide antigens restricted by CD1d. When tumor-bearing mice are treated with IL-12
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there is significant tumor regression and/or extension of survival time which is dependent on the
induction of NKT cells (Cui et al., 1997; Kawano et al., 1997). Moreover, DC pulsed with α-
galactosylceramide and given to tumor-bearing mice were able to eradicate liver metastases
(Toura et al., 1999). CD1 molecules, therefore, may be important molecules for presentation of tumor
antigens for the generation of effective antitumor immunity, particularly for tumors that express
high levels of lipid and carbohydrate antigens.

HEAT SHOCK PROTEINS ARE CARRIERS FOR A WIDE REPERTOIRE OF
PEPTIDES

Heat shock molecules are members of a family of proteins that are induced in virtually all cell
types following exposure to excessive heat. They constitute the most abundant family of proteins
within the cytosol and ER of most cells. There are several classes of HSP. Each class is defined by
size (e.g. HSP 60. 70, 90 and 96 which are 60 KD, 70 KD, 90 KD, and 96 KD, respectively) and is
non-polymorphic. Despite their lack of genetic heterogeneity each HSP class binds a wide
repertoire of different peptides; however, the mechanism and specificity of peptide-binding
remain unknown.

Although HSP do not directly present antigen to lymphocytes, they play an important role in
intracellular trafficking of class I-restricted peptides. During antigen processing and presentation,
self peptides in the cytosol must travel into the ER so they can encounter and be bound by MHC class
I molecules (see Figure 2.2). Current hypotheses speculate that HSP function as chaperones for the
peptides and guide them into the ER where the peptides are transferred to MHC class I molecules
(Srivastava et al., 1994; Srivastava et al., 1998). This hypothesis predicts that HSP isolated from
tumor cells are associated with immunogenic tumor peptides. Indeed, immunization of tumor-
bearing mice with tumor-derived HSP/peptide complexes results in antitumor immunity and
tumor regression (Suto and Srivastava, 1995). Presumably, during the latter immunization
process, the HSP/peptide complex is taken up by professional APC and the peptide is re-
presented in the context of host-derived MHC class I molecules via cross-priming (Srivastava et
al., 1994).

In addition to their putative role as intracellular chaperones for class I-restricted peptides, HSP
may also present tumor peptides to NK cells (Multhoff et al., 1997). Whether HSP present antigen
in a fashion similar to that of class I and class II molecules is unclear, and a better understanding
of the structural constraints of NK cell recognition may clarify the role of HSP in antigen
presentation. HSP, therefore, may function as antigen presentation elements and intracellular
transport and delivery agents for peptides, and may be exploited as carriers for tumor peptides
for antitumor vaccination and immunotherapy.

ANTIGEN PRESENTATION BY PROFESSIONAL ANTIGEN PRESENTING
CELLS

Several cell types within the body are highly specialized to function as APC. These so-called
professional APC include DC, macrophages, B lymphocytes, and related cells. Professional APC
must scavenge antigen from their surroundings, and subsequently present the antigen along with
“second signals” to T and/or B cells. If the process is successfully completed, the T and/or B cells
will be “activated.” The various professional APC share many common features for antigen
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processing and presentation. They also have unique features that distinguish their antigen
processing and presentation phenotypes.

DENDRITIC CELLS

DC are probably the most efficient APC in the body. Although the first DC, Langerhans cells of
the skin, were identified over 20 years ago (Steinman, 1978), their function as potent APC has only
recently been appreciated. These recent studies have led to an explosion of subsequent work
aimed at using DC as immunization and vaccination agents particularly for inducing antitumor
immunity. It was also recently shown that DC may be considered as a link between the two
branches of the immune system, the innate immunity, a primitive immunity triggered by a variety
of pathogens, and adaptive immunity which is based on specific recognition of antigens (see
below). In fact, a very immature form of DC was described that can produce high amounts of
interferon-α thus functioning as first barrier in protecting our body from intruders (Siegal et al.,
1999). 

Antigen Uptake by Dendritic Cells

DC are potent APC for a variety of reasons. They reside in virtually all tissue types and hence are
available for antigen uptake at all strategic locations where antigen may be found. They reside in
body tissues in their immature form where they are specialized to take up and process antigen
into peptides. DC take up antigen by three independent methods: 1) via the fluid phase by
macropinocytosis (Sallusto et al., 1995; Lanzavecchia, 1996); 2) via receptor mediated endocytosis
using the FcγRII, FcєR1, mannose receptor (Manca et al., 1991; Stahl, 1992), and possibly
additional plasma membrane receptors; or 3) via phagocytosis (Inaba et al., 1993; Lanzavecchia,
1996). Exogenous antigen concentrations as low as 10−10 M are efficiently taken up by DC via
macropinocytosis, and antigen internalization via the Fc receptors is also highly sensitive (Sallusto
and Lanzavecchia, 1994). Since macropinocytosis by DC and Fc receptor expression is constitutive,
DC are constantly sampling their environment. Their high efficiency at concentrating antigen,
their widespread distribution in the body, and their constant activity, therefore, enable DC to
continually and comprehensively present antigen even when antigen is present at very low
concentrations in the surrounding locale.

Dendritic Cells Maturation and Migration

Immature DC in the periphery are specialized and focused on antigen uptake. Once antigen
enters an immature DC, it resides in the endocytic route and is digested into small peptides by
resident degradative enzymes. Within the same endocytic system in the MIIC, high levels of MHC
class II molecules reside, along with the accessory molecule, HLA-DM, that facilitates peptide
loading (see section on “Exogenous pathway of antigen processing and presentation”). Within the
MIIC, peptide fragments bind to class II molecules, and the complexes travel to the cell surface
where they are stably expressed for many days (Pierre et al., 1997). Once DC begin the process of
class II/peptide association, the cells mature, becoming less efficient at internalizing antigen, and
begin their transition to cells specialized to present antigen.
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DC are potent APC and highly efficient activators of T lymphocytes for several reasons: 1) they
have a 10–100 fold higher level of expression of MHC/peptide complexes relative to other APC
(Inaba et al., 1997); 2) they synthesize large amounts of IL-12, a cytokine that enhances B, T, and
NK cell activity; 3) they express high levels of costimulatory and adhesion molecules, such as
CD86, that enhance T cell activation (Inaba et al., 1994); 4) mature DC are resistant to the
immunosuppressive effects of IL-10 so this inhibitory cytokine which is frequently expressed in
vivo does not interfere with DC-mediated T cell activation.

Differentiation of DC from an antigen uptake to an antigen presentation mode is accompanied
by morphological and functional changes. As class II/peptide complexes traffic to the plasma
membrane, the MIIC loses its degradative activity and is unable to generate additional antigenic
peptides (Banchereau and Steinman, 1998). The cells also lose some of the markers that
characterize them as immature cells, and take on expression of markers that characterize them as
mature DC (Table 2.2 lists some of the markers expressed by mature DC). Although the function
of some of these markers is   unclear, other markers are definitely associated with the changing
functions of mature vs. immature DC. For example, in immature DC, MHC class II molecules are
largely intracellular, while in mature DC intracellular MHC class II levels are very low and

TABLE 2.2

Markers expressed by antigen-presenting cells

a Some DC isolates express CD4
b Expressed at higher levels on mature DC
c Expressed on the cell surface of mature DC at high levels; expresed intracellularly on immature DC
d Expressed on activated macrophages
e Expressed on activated B cells
f Not expressed on plasma cells
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plasma membrane expression is high. This change in class II location reflects the migration of MHC
class II/peptide complexes from the MIIC to the cell surface and coincides with the increase in
antigen presentation. Expression of the co-stimulatory molecules CD80, CD86, and CD40 also
increases dramatically with maturation as DC become specialized to present antigen and activate
T cells. Likewise, as DC mature they down-regulate their capacity to micropinocytose, and their
antigen receptors (FcγRII and mannose receptor) decrease. This final DC maturation process is
dependent on exposure to inflammatory cytokines like TNF-α and IL-1 but other stimuli can also
be effective (LPS or CD40L). More recently, it has been found that double-stranded RNA
treatment of DC results not only in increased antigen presentation and T cell stimulation but in
resistance of DC to cytopathic effect of viruses (Cella et al., 1999) (see also the section on “In vitro
generation of DC”).

Concomitant with the switch to an antigen presentation phenotype, mature DC gain the ability
to migrate from peripheral tissue spaces to lymphoid organs such as the regional lymph nodes
and spleen. The ability to migrate to lymph nodes is essential for optimum antigen presentation
because T and/or B lymphocytes are concentrated in the lymph nodes and are activated there.

Dendritic Cell-Mediated Activation of B Cells and T cells within The Lymph Nodes

Two types of DC are present in the blood, CD11c+ and CD11c−. Both types enter the lymph nodes
via the afferent lymphatics and high endothelial venules. It is hypothesized that all DC migrate
through T cell dependent areas of the nodes where they mature and have been named
interdigitating cells by electron microscopists. The CD11c− DC, also called follicular DC (FDC),
migrate to the B-cell dependent germinal centers where they bind antigen/antibody complexes
via their Fc and complement receptors. The FDC then present this non-denatured, intact antigen
to B lymphocytes which in turn proliferate and undergo somatic hypermutation in their
immunoglobulin genes. Following initial activation, the B cells wait for a subsequent antigen
signal from the FDC. Delivery of this second signal results in B cell uptake of the presented intact
antigen, and subsequent processing and presentation of the processed antigen to T cells.
Activation of T cells via this route, therefore, involves antigen presentation of intact antigen by
FDC→B cells, and subsequent presentation of the same antigen in a processed form from B cells→T
cells (Banchereau and Steinman, 1998).

The second type of DC is CD11c+ and is also found in the germinal centers of lymph nodes. In
contrast to the CD11c− DC, the CD11c+ cells probably carry antigen with them into the lymph node.
They are much more potent activators of T cells than of B cells of the germinal centers, and may
be the DC that activate T memory lymphocytes (Grouard et al., 1996; Banchereau and Steinman,
1998). Figure 2.5 shows the pathway of lymphocyte activation by CD11c+ DC.

The turnover of DC probably occurs within lymph nodes since afferent lymph contains
abundant DC, while efferent lymph is deficient for DC. Once DC are charged with antigen,
therefore, their raison d’être is to migrate to the lymph node and activate T and B lymphocytes.
Once this activation occurs, the useful life of the DC is over and they apoptose.

Of note is recently discovered antitumor activity of CD11c+ DC which is mediated by TRAIL
(TNF-related apoptosis-inducing ligand). This molecule is a member of the TNF family that
induces apoptosis in a variety of cancers. CD11c+ DC exposed to IFN-γ or-α acquire expression of
TRAIL and the ability to kill TRAIL-sensitive neoplastic cells thus suggesting an innate antitumor
role of CD11c+ DC (Fauger et al., 1999). Moreover, DC have the capacity to trigger, in addition to T
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or B cells (adaptive immunity), also NK cells (innate immunity) both in vitro and in vivo as shown
by the ability of Flt3 ligand to expand DC which, in turn, promote NK cell-dependent antitumor
destruction (Fernandez et al., 1999).

Cross-Priming or Indirect Antigen Presentation for Activating T Lymphocytes

As discussed earlier, MHC class I molecules typically present endogenously synthesized
antigens, while MHC class II molecules usually present exogenously synthesized antigens.
However, these pathways are not absolute, and DC and other  professional APC can present
exogenously synthesized antigen bound to MHC class I molecules (Harding, 1996). Presentation of
exogenous antigen by MHC class I molecules allows for cross-priming or indirect antigen
presentation (Bevan, 1976). As shown in Figure 2.6, in a direct antigen presentation scheme, the cell
synthesizing the antigen directly presents processed peptide to responding CD4+ and/or CD8+ T
lymphocytes. In contrast, in indirect antigen presentation or cross-priming, antigens are released
from the synthesizing cell, taken-up by professional APC, and processed and presented to T cells.
Because most MHC class 1+ cells that are not professional APC do not express co-stimulatory
molecules (e.g. CD80, CD86), they are unable to deliver both the antigen-specific signal and the co-
stimulatory molecule signal necessary for T cell activation. Therefore, most CD8+ T cell activation
probably occurs via cross-priming when endogenously synthesized antigen is taken-up and
processed by professional APC and presented along with a co-stimulatory signal to the
responding CD8+ T cells. Indeed, activation of tumor-specific CD8+ T lymphocytes has been
shown to occur via cross-priming (Huang et al., 1994).

Although the phenomenon of cross-priming for activation of CD8+ T cells is well accepted, the
mechanism by which it occurs is not known, and four possible explanations have been proposed
(Lanzavecchia, 1996):

1. Partially degraded antigen in the endosomal pathway can leak from an endosome and diffuse
into the cytosolic compartment. The resulting degraded antigen may then be further degraded
in the proteosome and transported into the ER where it binds to newly synthesized MHC
class I molecules (Moore et al., 1988).

2. Phagocytosed antigen could be transferred intact into the cytosolic compartment where it is
denatured in the proteosome and transferred into the ER (Pfeifer et al., 1993).

3. Direct peptide exchange of endosomal peptide for class I bound peptide could occur either at
the cell surface, or in phagolysosomes when class I molecules are recycled.

4. Capture of HSP-96 and its associated bound peptides by DC and their transport to the ER
where the bound peptides are released and available for subsequent binding to MHC class I
molecules.

Regardless of the mechanism of class I-restricted presentation of soluble antigen, DC are potent
activators of class I-restricted CD8+ CTL, and this capability should be exploited when using DC
as anti-tumor vaccines.
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Figure 2.5 Lymphocyte activation and trafficking pathway in response to antigen presentation by CD11c+

dendritic cells. Antigen enters the host and is trapped in the periphery by immature DC which then migrate
to lymph nodes and mature. Mature DC then present processed antigen to naive T cells in the lymph nodes.
Following activation the DC apoptose and the T cells exit the lymph nodes, enter the blood, and migrate to
the site of antigen. 
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Generating Dendritic Cells In Vitro for Immunization/Vaccination Therapies

Although tumor antigens have been defined and demonstrated to be immunogenic, most tumor-
bearing patients do not mount effective antitumor immunity. Numerous mechanistic
explanations for the lack of an antitumor response have been proposed and many of these are
discussed elsewhere in this volume. As research focuses on DC as central regulatory cells in
initiating immune responses, insufficiencies in these cells have also been proposed for the absence
of significant antitumor immunity (Banchereau and Steinman, 1998). For example, studies with
colon and basal-cell carcinomas indicate that the infiltrating DC do not express the co-stimulatory
molecules CD80 and/or CD86 (Chaux et al., 1996), so these  DC would be incapable of activating T
cells. DC activity in the tumor setting may also be compromised because of soluble molecules
produced by tumors. For example, many tumors secrete IL-10, TGF-β, and/or VEGF and these
molecules are very effective in reducing DC function and maturation. If the DC secrete high levels
of IL-12, however, the immunosuppressive effects of IL-10 can be reversed.

Given the hypothesis that antitumor immunity is suppressed because of inadequate DC
function and maturation, investigators working in both experimental animal and subsequently
clinical settings have used ex vivo matured DC carrying tumor antigens as immunotherapeutic
agents. Enough studies have been completed to date in animal systems to indicate that DC loaded
with tumor antigens are a promising immunotherapeutic strategy, being able to generate both a
prophylactic and a therapeutic response (Mayordomo et al., 1995). Obviously the viability of this
strategy is dually dependent on the availability of autologous DC and the ability to successfully
load the DC with appropriate tumor antigen (see Ostrand-Rosenberg et al., 1999).

DC can be generated in vitro from CD34+ or CD14+ blood, bone marrow, or splenic precursors.
The cell yield, however, is low and improved techniques will be necessary to generate sufficient
DC for clinical immunotherapy protocols. Although different types of DC have been described,
and may be functionally distinguished in the future, at present there are two basic approaches for
generating human DC. As shown in Figure 2.7, CD 34+ bone marrow or cord blood precursor cells
are cultured in vitro for 7–10 days in the presence of GM-CSF and TNF-α. If peripheral blood is the
source of the CD34+ precursors, the patients must first be administered G-CSF systemically to
increase the level of precursors (Caux et al., 1992; Siena et al., 1995; Strunk et al., 1996). For CD14+

precursors, cells are cultured in vitro in GM-CSF and IL-4 (Bender et al. 1996; Romani et al., 1996).
Once generated, DC must be tested to ascertain their identity and efficacy for antigen

presentation. Typically, cells are phenotyped for the markers characteristic of mature DC (see
Table 2.2 and Figure 2.7), particularly HLA-DR and CD86. Functional efficacy is also tested by
their ability to stimulate allogeneic PBMC in a mixed lymphocyte reaction (MLR). Cytokine
secretion may also be assessed, particularly IL-12.

Based on these findings several clinical studies are ongoing which make use of in vitro
generated DC to vaccinate cancer patients. DC can be pulsed with known tumor peptide (e.g.
tyrosinase, gp100 or Melan-A/MART-1 in melanoma), with tumor lysates or transfected with viral
vector containing genes encoding tumor antigens. Preliminary results of such trials are
encouraging (Nestle et al., 1998; Murphy et al., 1999; Thurner et al., 1999), though several problems
have still to be solved (see also Chapter 5).

PROCESSING AND PRESENTATION OF ANTIGEN 65



Figure 2.6 Direct antigen presentation vs. cross-priming (indirect antigen presentation) for activation of CD4
+ and CD8+ T cells. (A) In the direct antigen presentation model, the antigen-presentation cell (either a
professional or non-professional APC) directly presents a processed, endogenously synthesized antigen
bound to an MHC molecule, plus a co-stimulatory singal to the responding CD4+ and/or CD8+ T cells. (B) In
cross-printing, antigen is released by the cell synthesizing the antigen and is taken up by a professional antigen-
presenting cell. The professional APC then processes the antigen and presents it in the context of an MHC
class II or class II molecules to responding CD4+ and/or CD8+ T cells, respectively. 
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MACROPHAGES/MONOCYTES

Macrophages make up a heterogeneous family of cells. In addition to their APC activity,
macrophages have many other functions, including their role in inflammation, non-specific and
innate immunity, their secretion of cytokines, and phagocytosis of apoptotic and dead cells. Like
DC, macrophages can be very effective APC for activating naive T cells; however, their APC
activity is highly dependent on their activation. A principal function of macrophages is to
phagocytose and destroy invasive microorganisms in a non-specific  fashion, and it is during this
process that macrophages become activated. Resting macrophages have very low levels of MHC
class II and co-stimulatory molecules and hence are unable to effectively present antigen to
lymphocytes. Activated macrophages share many antigen presentation properties with DC.
Indeed, prior to the appreciation of DC as a distinct cell population, many papers describing
antigen presentation used macrophages and DC interchangeably.

Inflammatory and immune stimulators trigger monocyte migration from the bone marrow and
blood to tissues. In response to various stimuli in the tissues, principally IFN-γ, the monocytes
differentiate into activated macrophages. Activated macrophages display a variety of activities,
one of which is the ability to present antigen to lymphocytes. Uptake of antigen by activated
macrophages is facilitated by the cell surface expression of receptors that bind antigen. These
receptors include the macrophage scavenger receptor (MSR) that mediates endocytosis of
lipoproteins; CD 14, a receptor for lipopolysaccharide binding protein; sialoadhesin, a lectin that
binds sialic acid containing molecules; and probably other as yet uncharacterized receptors.
Expression of these receptors enables macrophages to be highly efficient cells for taking up
antigenic material from the environment (Gordon et al., 1995).

As shown in Table 2.2, DC and macrophages share some common markers; however, they also
display certain distinct markers. Some of the macrophage markers are indicative of macrophages’
highly phagocytic phenotype which is due to the high levels of proteolytic phagosomes in their
cytoplasm (Allen and Aderem, 1996). Macrophages are more efficient at phagocytozing microbial
material than DC and are, therefore, thought to be more important for presentation of microbial
antigens. However, macrophages can collaborate with DC by transferring antigenic material (Nair
et al., 1995), so that DC are also capable of presenting microbial antigens (Reimann and Kaufmann,
1997).

The variety of cell surface receptors expressed by activated macrophages, combined with
potent phagocytic capability, enable macrophages to efficiently take up and process exogenous
antigen. These activities combined with high cell surface expression of MHC class II and co-
stimulatory molecules make macrophages potent APC for exogenous antigen.

B LYMPHOCYTES

Unlike DC and macrophages, B lymphocytes express a clonally distinct antigen-specific plasma
membrane receptor (BcR). This receptor makes B cells unique among APC because it enables them
to specifically bind and subsequently internalize soluble protein. This ability distinguishes them
from other professional APC, and enables them to serve a strategic role in presentation of
exogenous, soluble antigen to T cells. Indeed, optimal T cell responses to soluble antigen are
usually obtained using B cells rather than DC or macrophages as the APC. Unlike DC and
macrophages, B cells are not phagocytic and hence are unable to internalize and present
particulate microbial or tumor material.
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Figure 2.7 Generation and maturation of dendritic cells. DC can be generated from either CD34+ progenitors
from the bone marrow or peripherals blood, or from CD14+ monocytes from peripheral blood. Markers of
immature vs. mature CD and cytokines that drive maturation are shown. 
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B lymphocytes constitutively express high levels of MHC class II molecules and process
exogenously ingested antigen via the endocytic route. However, like macrophages, they do not
constitutively express co-stimulatory molecules unless they are activated. Activation, resulting in
the up-regulation of CD80 and CD86, occurs when B cells contact antigen, microorganisms or
bacterial extracts. In addition, B cell encoded CD40 can signal the induction of CD80 and CD86
when bound by CD40 ligand which is expressed on activated T cells. As a result, B cells are potent
APC for naive T cells, provided they are induced to express CD80 and CD86. Since non-activated
B lymphocytes may present soluble antigen without delivering a co-stimulatory signal, B
lymphocytes may also serve a role in tolerance induction.

Soluble antigen is not present at high concentrations during bacterial and viral infections, and
hence antigen presentation by B lymphocytes may not be a major route of naive T cell activation
during infections. However, immunization and vaccination strategies against tumors using
soluble tumor antigens and/or peptides may depend on B cells as APC.

The phenotypes and relative antigen presentation activity of B lymphocytes, macrophages, and
DC are summarized in Tables 2.2 and 2.3.

NON-PROFESSIONAL ANTIGEN PRESENTATION BY TUMOR CELLS

Many current immunotherapy strategies involve immunization with defined tumor antigens or
tumor peptides. For many tumors, tumor antigens or tumor peptides have not been identified,
and for those tumor antigens/peptides identified, it is not clear which, if any, are suitable targets
for immunotherapy. Given these uncertainties, alternative approaches for immunotherapy have
been developed which do not depend on a precise identification of an immunogenic peptide.
These alternative approaches use gene transfer techniques to introduce antigen presentation
molecules into tumor cells to generate cell-based antitumor vaccines. This strategy is based on two
assumptions: 1) tumor cells constitutively express their tumor antigens, so identification of
particular antigens is not necessary and immunization with the tumor cells should present any
and all relevant tumor peptides; 2) provided tumor cells express the critical molecules important
for antigen presentation and T cell activation, they should function as APC for their tumor
peptides and directly activate T lymphocytes (Ostrand-Rosenberg, 1994). Genetically modified  
tumor cells have been designed as cell-based antitumor vaccines for the activation of both CD8+

and CD4+ T lymphocytes.

ACTIVATION OF CD8+ T LYMPHOCYTES

As discussed earlier, activation of T cells requires two signals: an antigen-specific signal consisting
of an MHC/peptide complex, followed by a co-stimulatory signal such as CD80 or CD86.
Approximately 85% of tumors constitutively express MHC class I molecules and, therefore,
theoretically can present tumor peptides to CD8+ T cells. However, since most tumor cells do not
constitutively express co-stimulatory molecules or synthesize IL-2, CD8+ T cells may actually be
anergized, rather than activated when they encounter MHC class I+ tumor cells (Figure 2.8). To
overcome this potential problem, class I+ tumor cells have been transfected with cytokine genes
and/or co-stimulatory genes under the assumption that the genetically modified tumor cells will
directly present antigen to CD8+T cells (see Figure 2.7A for a schematic representation of direct
antigen presentation by tumor cells). A wide variety of cytokine genes (e.g. IL-2, GM-CSF, IL10)
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has been utilized in this approach. In animal models some of the vaccines provide protection
against future tumor challenge, or mediate regression of small established tumors (reviewed by
Blankenstein et al., 1996). Some of these vaccines have been tested in phase I clinical trials;
however, patients in these trials have had very advanced disease and responses have been
modest (see http://cancernet.nci.nih.gov for listing of cancer clinical trials). It is the hope that
more dramatic antitumor responses will be seen when these vaccines are tested in patients with
smaller tumor loads and who have a more robust immune response, since high tumor load is
frequently associated with immunosuppression (Ostrand-Rosenberg et al., 1998).

Similar results have been found with tumor cells modified by gene transfection to express the
co-stimulatory molecules CD80 or CD86 (reviewed in Blankenstein et al., 1996). As for the
cytokine transfected tumor cells, the assumption is that the transfectants directly present antigen
to CD8+ T cells. Immunization of mice with CD80/CD86 transfected tumor cells, in some cases,
also provides protection against subsequent challenge with wild-type tumors, and in more limited
mouse experiments, the transfectants sometimes mediate regression of small, established tumors.

Interestingly, studies designed to test if the genetically modified vaccines are APC have given
contradictory results. Early studies using GM-CSF transfected mouse tumor cells showed that
direct antigen presentation by the tumor cells to CD8+ T cells did not occur. Instead, tumor
antigen was picked up by professional APC and presented to CD8+ T cells by cross-priming (see
Figure 2.7B for a diagram of cross-priming or indirect antigen presentation) (Huang et al., 1994).
Similar experiments using CD80-transfected mouse tumor cells showed that direct antigen
presentation occurred (Cayeux et al., 1997), while for other tumors cross-priming predominated
(Huang et al., 1996).

ACTIVATION OF CD4+ T LYMPHOCYTES

Concurrent with the experiments targeting the activation of CD8+ T cells, cell-based tumor
vaccines have also been designed to directly activate CD4+ T lymphocytes. Since most tumor cells
do not constitutively express MHC class II molecules they cannot deliver an antigen-specific
signal to CD4+ T cells which recognize antigen in the context of class II molecules. To enable class

TABLE 2.3

Comparison of the antigen presentation activity of dendritic cells, macrophages, and B lymphocytes

a Dendritic cells are the only professional APC that constitutively are efficient APC. Macrophages and B
lymphocytes must be activated to be efficient APC.
b Macrophages and B lymphocytes up-regulate CD80 and CD86 expression with antigen presentation.
c Co-stimulation is not required for activation of effector or memory T lymphocytes.
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II-restricted presentation, tumor cells were transfected with syngeneic MHC class II genes plus
the co-stimulatory molecule CD80 or CD86 (Baskar et al., 1993; Ostrand-Rosenberg et al., 1996).
Immunization of mice with these transfectants induced immunity to subsequent challenge with
wild-type tumors. The transfectants were also effective immunotherapeutic agents for the
treatment of mice with established primary, solid sarcomas and metastatic breast carcinoma
(Baskar et al., 1995; Pulaski and Ostrand-Rosenberg, 1998).

Figure 2.8 T lymphocytes can be either activated or anergized following exposure to antigen. (A) T cell
activation requires the delivery of two signals from the antigen presenting cell to the responding CD4+ and/
or CD8+ T cell. The first signal is the antigen-specific signal delivered by peptide bound to the MHC class I
or class II molecule for CD4+ or CD8+ T cells, respectively. The second signal is the binding of CD80 and/or
CD86 on the APC to its cognate receptor, CD28, on the responding CD4+ and/or CD8+ T cell. (B) T cell
anergy occurs if the antigen-specific signal is delivered without the co-stimulatory signal.
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Professional APC usually present exogenously synthesized antigen bound to MHC class II
molecules because the co-expression of class II and invariant chain targets class II complexes to
the endosome where they bind processed, exogenously synthesized antigens (see section on
“Endogenous pathway of antigen presentation”). The class II-transfected tumor cells, however,
are designed to present endogenously synthesized tumor encoded antigens/peptides because the
tumor cells do not co-express invariant chain. In vitro antigen presentation experiments confirmed
the hypothesis that tumor cells expressing class II plus Ii preferentially present exogenous antigen,
while cells expressing class II without Ii preferentially present endogenous antigen. Furthermore,
only the class II+Ii− tumor cells were effective vaccines (Armstrong et al., 1997). Since tumor cells
that constitutively express MHC class II co-express Ii, tumors that are normally class II+ are not
more immunogenic than class II− tumors.

In contrast to activation of CD8-targeted vaccines, the class II transfectants directly present
antigen to CD4+ T cells in vivo (Armstrong et al., 1998a). The reason for the dichotomy between
presentation to CD4+ vs. CD8+ T cells is unclear (reviewed in Armstrong et al., 1998b). Despite the
controversy, however, genetically modified tumor vaccines can be effective preventative and
immunotherapeutic agents, and their continued development is warranted.

CONCLUSIONS

Antigen processing and presentation occupies a critical cross-roads in lymphocyte activation.
Without adequate antigen processing and/or presentation lymphocytes may not be activated and
without concomitant costimulation, lymphocytes may be anergized rather than activated. Rapid
progress has been made in identifying processing and presentation pathways that favor optimal
lymphocyte activation, elucidating the relevant antigen presentation elements, and characterizing
and preparatively isolating potent APC. These and other advances in gene transfer techniques
provide many potential novel approaches for enhancing immunity to tumor antigens and for
harnessing the immune response against cancer.
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Cellular Recognition of Tumors by T and NK Cells

Andrea Anichini and Roberta Mortarini

ABBREVIATIONS

APC Antigen-presenting cells
CML Chronic myelogenous leukemia
CTL Cytotoxic T lymphocytes
CTLp Cytotoxic T lymphocytes precursor
DC Dendritic cells
DTH Delayed type hypersensitivity
GM-CSF Granulocyte-monocyte colony-stimulating-factor
HEVs High endothelial venules
HLA Human leukocyte antigen
IFN-γ Interferon gamma
IL-… Interleukin-2,-4,-5,-6,-7,-10,-12,-13,-15
LAK Lymphokine activated killer
NK Natural killer
PCR Polymerase chain reaction
TCR Antigen-specific receptor of T lymphocytes
TH T helper
TNF-α Tumor necrosis factor alpha
TSTA Tumor-specific transplantation antigens

Cellular immune response to tumors

1. Tumor antigens can be recognized by patients’ T cells in MHC-restricted fashion.
2. Recognition occurs in vivo when tumor cells are admixed with autologous

lymphocytes; these cultures result in expansion of tumor-specific T cells (CD4+ and/
or CD8+).



3. T cell expansion is often oligoclonal, suggesting a preferential recognition of given
tumor antigen peptide by lymphocytes with a specific receptor.

4. T cells infiltrate primary tumors and their presence is associated with a better
prognosis.

5. However, T cells infiltrate metastatic lesions less frequently and are often anergic,
i.e. unable to destroy tumor cells in vivo.

6. Tumor antigen-specific T cells can be identified by the use of tetramers in a bulk
population of CD8+ lymphocytes.

7. NK cells recognize those tumor cells that, due to lack or down-regulation of HLA,
cannot be seen by T cells. In fact, HLA deliver inhibitory signal to NK cells which
express killer inhibitory receptors (KIR) with some degree of specificity for different
HLA alleles.

8. A new population of lymphocytes has recently been described, the NKT cells,
which can recognize target cells bearing non-proteic, glycolipid antigens presented
by non-classical MHC (e.g. CD1). These NKT cells can destroy neoplastic cells and
are activated, both in vivo and in vitro, by some glycoplipids.

9. Lymphocytes circulate through the body and traffic through normal and neoplastic
tissues. This property is dependent on expression of tissue-specific homing
molecules. These molecules are heterogeneous and their expression is the result of
activation with cognate ligands.

10. Memory, antigen-activated T cells express a profile of homing molecules different
from that of naive, unstimulated T cells. This reflects their different ability to
circulate between lymphoid tissues and other tissues.

BASIS FOR T CELL RECOGNITION OF TUMORS

The evidence for the existence of tumor-specific antigens leading to tumor rejection was obtained
almost 50 years ago (Prehn and Main, 1957). At that time it was shown that chemically induced,
transplanted mouse tumors can be rejected if the recipient mice have been previously rendered
“immune” to the same tumor by a single round of tumor growth and surgical excision. Rejection
of neoplastic cells was tumor-specific, since no protection against subsequent tumor growth could
be achieved by transplanting normal tissues or tumor cells different from those used for challenge.
Although the initial experiments performed by Foley, Prehn and the Kleins in the 1950s and 1960s
formally established the existence of TSTA, it took more than 35 years of research in molecular
biology, immunology, and genetics to understand the molecular nature of tumor antigens. This
achievement, obtained for the first time by T.Boon and his group, first in mouse and then in
human tumors at the beginning of the 1990s (see Boon et al., 1994), represented the final success of
a long chain of discoveries that contributed to the shaping of modern immunology. The discovery
of the MHC restriction in 1974 by Zinkernagel and Doherty, the elucidation of the crystal
structure of HLA molecules in 1987 by P.Bjorkmann, and the understanding of the genetic basis
for the expression and function of TCRs by M.Davis in 1984 are just a few of the seminal findings
that opened the way to deciphering the molecular nature of antigens recognized by T cells,
including tumor antigens. We now know that tumor antigens recognized by T cells are short
peptides bound to MHC class I or II molecules. The MHC-peptide complex is the “antigenic
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epitope” recognized by the specific receptor for antigen (TCR) expressed by each T cell. The rules
dictating how a T cell will recognize the peptide antigen for which it possesses a specific TCR are
universal; therefore, at the structural level T cell recognition of a tumor antigen is no different
from recognition of viral antigens on an infected cell (see Figure 3.1). The elucidation of the
structure of the TCR has revealed a clonally distributed heterodimer made up of two chains (α
and β) bound by a disulphide link. Each of the two TCR chains is transcribed from families of
gene segments coding for the variable (V), joining (J) and constant (C) regions. The β chain
contains an additional D region. Somatic rearrangement, taking place during T cell
differentatiation within the thymus, joins together different VDJ segments that are then linked by
splicing to the constant region transcripts. The region of the TCR coded for by the V, J and D
regions represents the most important segment for interaction with the ligand (the MHC-peptide
complex) and is named CDR3 (complementarity determining region 3, Figure 3.1). The unique
sequences in the CDR3 region contribute to defining the ligand specificity of the TCR. By taking
advantage of these unique sequences, it is even possible to identify and quantitate in vivo (in
lesions) or in vitro (in T cell lines selected for tumor recognition) tumor-specific T cells.

ROLE OF T CELLS IN ANTITUMOR RESPONSES

Understanding the molecular nature of tumor antigens has required several decades of research.
Similarly, the recognition of the role of T cells in antitumor responses against both experimental
and human tumors has taken more than 20 years, with experiments beginning in the 1950s (see
Kedar and Weiss, 1983). At that time, and during the following decades, attempts to control
tumor growth were carried out by transfer of lymphoid cells, isolated from immunized donors, to
tumor-bearing hosts. In some instances T cell-deficient tumor-bearing hosts were used that
showed the need for T cells to mediate tumor rejection. In 1955 Mitchinson first reported that
transfer of lymph node cells from mice that had rejected a tumor graft could confer accelerated
tumor rejection to the recipients. Subsequent experiments, published during the 1960s and 1970s,
showed that large numbers of immune cells (at least 108) were needed, that such cells had to
survive for some days in the host tissues, and that removal of suppressor cells in treated animals,
or combination with chemotherapy, could increase the antitumor activity. Antitumor activity was
measured as the reduction in the number of pulmonary  metastases and, sometimes, even as the
cure of a fraction of the tumor-bearing animals. However, it was only in the early 1980s that
adoptive transfer of tumor-specific T cells firmly established the role of both CD4+ and CD8+

tumor-specific T cells in the rejection of tumor grafts of high or low immunogenicity (Greenberg,
1991; Kedar and Klein, 1992). One of the most successful models, described by Philip Greenberg
and colleagues (chemoimmunotherapy of FBL-3 erythroleukemia), showed that adoptive transfer
of tumor-specific CD4+ or CD8+ T cells, in association with cyclophosphamide, could cure a
significant fraction of mice bearing a disseminated tumor (Greenberg, 1991). The same FBL-3
system has provided the framework to prove the role both of MHC-class II-restricted T cells with
a helper phenotype (CD4+) and of MHC-class I-restricted T cells with a cytolytic phenotype (CD8
+) in the therapy of experimental tumors. The general model that emerged from those studies was
one based on a cooperation between the two main T cell subsets. In that model CD4+ T cells are
important in the generation of the immune response through the production of cytokines. The CD4
+-derived cytokines eventually induce proliferation and differentiation of tumor-specific CD8+ T
cells to cytolytic effectors. This scenario has now been substantially revised, although not rejected,
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Figure 3.1 Interaction of TCR with peptide-MHC complex. The figure shows a TCR (TCRA and TCRB chains
in green and blue respectively) while interacting with an MHC-peptide complex (peptide, shown in red,
bound to an HLA molecule, shown in white). Only the α1 and α2 domains of the HLA molecules are
represented, while both the α3 domains and β2 microglobulin were omitted. The peptide, originating from
intra-cellular degradation of proteins, fits a binding groove formed by the tridimensional folding of α1 and
α2 MHC domains. Secondary pockets existing in the floor of the groove in the MHC molecules dictate the
rules of peptide binding. These tules define the specificity of peptide binding to MHC and allow only a
subset of peptide with defined residues in critical positions to bind a particular MHC allele. At the level of the
peptide-binding groove, the main difference in structure between MHC class I and II molecules is that the
groove of MHC class II molecules is open at one end, thus allowing binding of peptides longer (18–23
aminoacids) than those ( 8–10 aminoacids) that bind the closed groove of MHC class I molecules. TCR
specificity is determined by the aminoacids that establish contact with the MHC-peptide surface.
Information from crystal structures of TCR-MHC-peptide complexs suggests a common orientation of
different TCR in the interaction with the same MHC-peptide complex. According to this model, both the
hypervariable regions of the TCR (shown in white and corresponding to CDR3 segments) as well as variable
regions (shown in yellow and red and corresponding to CDR1 and CDR2 segments) participate in
establishing contacts with various portion of the MHC-peptide surface. To achieve this, the TCR binds the
MHC-peptide complex in a conserved diagonal manner with respect to the long axis of the MHC-peptide
surface (the axis parallel to the peptide). This conserved geometry in binding of the TCR is belived to have
significance for allowing the formation of suparmolecular assemblies needed to initiate TCR signaling.
Furthermore, one model put forward by C.Janeway suggests that the conserved geometry in the binding of
different TCR to the same MHC-peptide complex originates from the positive selection process, occurring in
the thymus. At that time the whole TCR repertoire is shaped by interaction of many different TCR with a
limited set of different self-MHC-self-peptide complexes expressed by thymic cortical epithelial cells. 
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by including professional APC in the picture. Two key findings, both dealing with the function of
APC in their interaction with T cells, have produced a new model of the early phases of T cell
mediated immune responses, including response to tumor antigens. The first finding is the recent
discovery of the role of CD40-CD40L interaction as a main pathway through which CD4+ T cells
provide “help” by inducing DC maturation to a state that enables APCs to prime naive CD8+ T
cells (Schoenberger et al., 1998). The second key discovery is the recognition that DC act as a
temporal bridge between CD4+ and CD8+ antigen-specific T cells (Ridge et al., 1998) (see also
Chapter 2).

CD4+ T LYMPHOCYTES AND CANCER

At the time Greenberg and colleagues published their results with the FBL-3 model it was also
shown that, in appropriate experimental conditions, cure of tumor-bearing animals could be
achieved by a transfer of tumor-specific CD4+ non-cytolytic T cells, unable to interact directly with
MHC-class II tumor cells. These initial results indicated that tumor destruction does not
necessarily require direct lysis by cytolytic lymphocytes and that CD4+ T cells are important
players in establishing protective antitumor immunity. Further experiments by several
investigators, beginning in 1990, indicated that, in some but not all models, gene-modified tumor
cells (e.g. those transfected with genes coding for cytokines, for MHC class II antigens or for co-
stimulatory molecules such as B7–1) or direct administration of cytokines to tumor-bearing
animals could activate effective antitumor immune responses mediated by CD4+ T cells (Area et
al., 1996; Pardoll and Topalian, 1998). For example, regional, peri-lymphatic administration of
cytokines as IL-4 could inhibit tumor growth in models of poorly immunogenic or non-
immunogenic tumors by a CD4-dependent mechanism. These models also provided evidence for
the induction of immunological memory against tumor re-challenge. Similar results were
obtained with different cytokines. 

DIRECT VS. INDIRECT ANTIGEN PRESENTATION IN CD4+-MEDIATED
IMMUNE RESPONSE

The initial experiments, while establishing the role of CD4+ T cells in blocking tumor growth and
providing immunological memory, did not address the issue of direct (by the tumor cells) rather
than indirect (by specialized class II host-derived cells) antigen presentation. This question had
been raised by results obtained in the FBL-3 model, since at that time the role of DC in priming
immune responses was not recognized. However, the results obtained by Greenberg and colleagues
had a relevant implication, namely that generation of tumor-specific MHC class II-restricted CD4+

T cells, directed against a class-II-negative tumor, could not take place unless a phase of “antigen
presentation”, through MHC class II+ specialized cells, was involved. The idea that antigen from a
given cell type could be transferred to a different cell type and only then be seen by T cells in an
immunogenic form leading to T cell priming had been suggested more than 20 years ago. In fact,
in 1976 Bevan showed priming of CTL response to minor histocompatibility antigens using cells
mismatched for the MHC: he termed this phenomenon “cross-priming” (Bevan, 1976). We now
know that this indirect antigen presentation is accomplished when tumor cells release antigens
that are processed and presented by professional APC such as DC (see also Chapter 2). Direct
evidence for a mechanism based on cross-priming to induce antitumor immunity was obtained in
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1994 by Huang and co-workers by showing that bone marrow derived cells, and not the
vaccinating tumor, function as APC for tumor antigen presentation in vivo (Huang et al., 1994).
The recognition of the role of professional APC in priming antitumor responses has also enabled
different investigators to show that splenic DC or epidermal Langerhans cells can be used in vitro
to generate antitumor CD4+ T cells from vaccinated mice. In these models it was demonstrated
that CD4+ T cells from immunized mice will proliferate in an MHC class II-restricted fashion in
the presence of DC that have been allowed to process tumor antigens from tumor lysates. These
models represent the experimental basis that underlies the recent attempts to vaccinate patients
with autologous DC loaded with tumor antigens. More recently, several models have provided
further support to the role of CD4+ in antitumor responses. Both CD4 depletion experiments as
well as use of CD4 knock-out mice have been used to show abrogation of antitumor immunity
induced by either tumor cells or recombinant viral vaccines or recombinant bacterial vaccines
(Pardoll and Topalian, 1998; Toes et al., 1999).

Cross-priming, as a mechanism to induce CD4-mediated antitumor immunity, is not the only
priming mechanism. Several models have recently shown that direct antigen presentation by
tumors engineered to express class II antigens can occur and activate a CD4+ immune response.
Even though the “normal” route for class II antigen presentation is based on processing of
exogenously synthesized antigen, nevertheless, the attempt to perform immunotherapy with
MHC class II+ tumor cells is based on the assumption that the tumor cells themselves can present
endogenously synthesized tumor peptides in the context of MHC class II molecules to activate
CD4+ tumor-specific T cells. Recent results obtained by Ostrand-Rosenberg and colleagues (see
also Chapter 2 in this volume) have shown that MHC class II-transfected tumor cells can directly
present tumor antigens to CD4+ T cells and thus induce potent antitumor immunity (see
Armstrong et al., 1998). It is, however, to be pointed out that in the human system (for example in
melanoma) expression of HLA class II antigens on tumor cells is sometimes constitutive.
Unfortunately, this does not appear to lead to efficient activation of an effective antitumor
response, at least in a large fraction of patients.

WHY THE HELPER ARM OF THE IMMUNE RESPONSE TO TUMORS MAY BE
DEFECTIVE

In contrast to data emerging from experimental models, the evidence for a role of CD4+ T cells in
immunity to human tumors is, to say the least, disappointing. One of the possible explanations
for the failure of the human immune system to control tumor growth is that the helper arm of the
response is defective. IL-2, released by activated CD4+ T cells, is a critical component for the
recruitment of CD8+ T cells and absence of this cytokine is a frequent finding in tissue sections of
human tumors even when infiltrated by CD4+ T cells. Indirect evidence in support of a defective
release of IL-2 as the mechanism to explain failure to reject tumor grafts came in 1990 by
experiments carried out by Fearon and colleagues. These authors showed that a poorly
immunogenic mouse tumor, modified to release IL-2, could be rejected, thus “bypassing” the
helper arm of the immune response, although in that system no immunological memory could be
established (Fearon et al., 1990). An alternative mechanism, leading to a defective helper arm of
the response, is tumor-specific CD4+ T cell tolerance. This may occur when tumor-associated
antigens are also expressed by some normal cells, a condition supported by the finding that
human melanoma may express several CD4+ T cell epitopes coded for by a cell lineage-specific
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gene (tyrosinase) expressed as such not only in melanoma but also in normal melanocytes (see
class II HLA-restricted antigens in Chapter 1).

The condition of tumor-associated antigens shared with normal cells has been replicated in
mouse models to test the consequences on immune response. In one mouse model (the FBL-3
leukemia) the Friend mouse leukemia virus env gene product is recognized by CD4+ T cells on the
tumor. Transgenic mice, where the env gene was also expressed on some normal lymphoid cells,
could not be vaccinated against the env protein, as these mice showed an immune response
against tumor re-challenge (Hu et al., 1993). Interestingly, tumor rejection could be achieved by
adoptive transfer of env-specific CD4+ T cells from non-transgenic mice to the transgenic ones.
However, in the adoptive transfer setting, no immune response against the normal lymphoid cells
expressing low levels of env gene was observed. Taken toget her these results prove that tolerance
to tumor-associated antigens can develop when the same epitopes are also expressed on normal
cells. However, the adoptive transfer of tumor-specific T cells from non-tolerant mice suggests
that ex vivo generated antitumor CD4+ T cells might be used in adoptive immunotherapy in
patients with a tolerant arm of the immune system. More recently, in a model system based on
transfer of TCR-transgenic T cells with specificity for a model tumor antigen, Staveley-O’Carrol
and colleagues showed that progressive and antigen-specific CD4+ anergy developed in tumor-
bearing mice (Staveley-O’Carroll et al., 1998). The transgenic T cells isolated from tumor-bearing
animals did not respond to antigen-pulsed APC. Interestingly, in this model the tumor was MHC
class II+ and B7+, suggesting that anergy induction can be the end result even when the tumor is
apparently equipped as a functional APC. In other words, direct antigen presentation (through
tumor MHC class II) and T cell co-stimulation (through tumor B7) do not necessarily induce T cell
activation but, rather, may result in tolerization. Another mechanism that can block an effective
CD4+-mediated antitumor response has been recently described by Blankenstein and colleagues
(Qin et al., 1998). These authors have taken into consideration the fact that different APC (such as
B cells, macrophages and DC) can compete for antigen and have shown, using B cell deficient
mice, that the presence of B cells (as APC for CD4+ T cell priming) in the priming phase of the
antitumor response diverts the CD4+ T cell response from a TH1-type (resulting in help for CTL-
mediated tumor immunity) to a TH2-type non-protective humoral response (see also Chapter 4).
These results have led the authors to suggest that the frequent observation of tumor-reactive
antibodies in cancer patients may indeed reflect a non-protective TH2-type humoral response
resulting from CD4+ T cell priming by B cells as APC for tumor-associated antigens.

BOTH TH1 AND TH2 CD4+ T CELLS CAN COOPERATE IN ANTITUMOR
RESPONSES

The role of antitumor CD4+ T cells in inducing protective tumor immunity is not only that of
providing help for CTL induction. Results obtained by the end of the last decade had clearly
indicated that a major mechanism of the antitumor effect of CD4+ T cells is the production of
cytokines leading to the activation and recruitment of other effector cells such as macrophages
(Figure 3.2). The discovery that CD4+ T cells can be classified into two functionally polarized
subsets (TH1 and TH2), depending on the cytokines they produce, has prompted an evaluation of
how these two subsets may contribute to antitumor response. TH1 T cells produce IFNγ, TNF-α
and IL-2, and play a major role in cell-mediated immunity (through the activation of CTL, NK
cells and macrophages) and in promoting delayed-type hypersensitivity reactions. TH2 T cells
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produce IL-4, IL-5, IL-10 and IL-13, and play a role in antibody responses and eosinophil
activation (see Romagnani, 1997). Cytokines not only affect cell types regulated by CD4+ T cells
but are also involved in inducing the differentiation of naive CD4+ T cells along the TH1 or the
TH2 pathway. Thus, IL-4 and IL-6 are responsible for TH2 differentiation, while IL-12 and IFN
promote TH1 differentiation.

On the basis of the different immunological functions regulated by the two CD4+ subsets, it was
suggested by Clerici and co-workers (Clerici et al., 1996) that conditions that promote TH2
development may inhibit cell-mediated immunity to tumors through release of cytokines (such as
IL-10) that down-regulate TH1 differentiation. On the contrary, cytokines as IL-12 may favour
cell-mediated immunity to tumors by inducing TH1 cells and by activating the cytolytic activity
of NK and CTL. According to these authors, TH2-type responses might even provide an
explanation for the phenomenon of tumor enhancement (enhanced tumor growth by transfer of
antiserum specific for the tumor), described at the beginning of the twentieth century by Flexner
and Jobling (1907). Tumor enhancement had been initially attributed to antibodies covering
immunologically relevant sites on tumor cells but, according to the hypothesis put forward by
Clerici and co-workers, it might reflect a skewing of immune response towards a non-protective,
antibody-dominated TH2-type response. Experimental models of adoptive transfer of tumor-
specific TH2 T cells have indeed shown enhanced production of pulmonary metastases in mice
bearing implants of low metastatic B16F1  melanoma (Kobayashi et al., 1998), thus supporting a
detrimental role of TH2 T cells in antitumor immunity. Furthermore, in the same model, injection
of antibody to IL-4 (an important TH2 cytokine) in mice receiving TH2 T cells resulted in
inhibition of pulmonary metastases, confirming that blocking of TH2 responses could restore a
protective immunity against tumor growth.

This view that TH2-derived cytokines and TH2-type responses are detrimental to protective
tumor immunity has now been challenged by additional reports indicating that, in mouse
models, IL-10 (an important TH2-derived cytokine) has anti-metastatic activity (dependent on the
function of NK cells) and antitumor activity (dependent on T cells) (Kundu et al., 1996). Recent
studies in mouse models have shown that both TH1 and TH2 CD4+ T cells can activate additional
effector pathways, independent from CTLs, and that these pathways may cooperate in tumor
destruction. For example, tumor-specific TH1 T cells can activate macrophages to release reactive
oxygen intermediates and nitric oxide, while TH2 T cells can recruit and activate eosinophils to
release their granule contents. In these models, both macrophages and eosinophils can mediate
the antitumor responses independently from CTLs. In a recent study using tumor cells engineered
to release GM-CSF, Hung and colleagues have indeed shown that after vaccination with cytokine-
releasing tumor both TH2 and TH1 CD4+ T cells are induced which orchestrate the antitumor
immune response (Hung et al., 1998).

CD4+ T LYMPHOCYTES AND HUMAN CANCER

In the human system, although tumor-specific CD4+ T cells have not been shown to control tumor
growth, several in vitro studies have demonstrated reactivity of CD4+ T cells to autologous tumor
cells from melanoma, lymphoma, colon cancer, breast cancer and sarcoma patients (see Pardoll
and Topalian, 1998). During 1999, several shared and unique human tumor antigens that elicit an
in vitro CD4+ T cell response were identified (see Toes et al., 1999, and Chapter 1), though a role
for CD4+ in controlling human tumor growth in vivo is yet to be proved. The isolation of tumor-
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Figure 3.2 Cytokine pathways in antitumor response. Tumor antigens are presented by DCs (1) to CD4+ T
cells; such recognition promotes activation of DCs (via CD40L–CD40 and CD86 interactions) to release IL-12
that plays a central role in differentiation of naive CD4+ T cells to TH1 cells (3).Activated DCs can prime
antigen-specific CD8+ T cells (4) that, through cytokins released by TH1 CD4+ T cells, can proliferate and
differentiate to CTL effector able to directly mediate lysis of antigen+ tumor cells. Alternatatively, under the
influence of different cytokines (IL-6, IL-4) naive CD4+ Tcells can differentiate to TH2 cells. TH1 and TH2 T
cells can both contribute to antitumor responces by directly recognizing MHC class II+, antigen+ tumors (6)
and releasing cytokines, or indirectly by activating other effectors such as eosinophils and macrophages (5).
Note that tumor cells can released factors thatnegatively affect the maturation and/or antigen-presenting
function of DCs (1). Pathways leading to activation of other cells types are marked by green arrows and a
“plus” symbol, while inhibitory pathways or those associated with antitumor effects are marked by red
arrows or red “minus” sign. Note that a number of additional cytokines, not shown here, are produced by
either CD4+ or CD8+ T cells and may contribute to antitumor responce. For example, CD4+ TH2 cells release
IL-10 which, in some models, has been shown to promote antitumor responses rather than inhibiting them as
intially thought. 
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reactive CD4+ T cells recognizing the idiotypic Ig sequence of the autologous B cell lymphoma, or
the junctional sequence of bcr-abl fusion protein in CML, or even mutated p21 ras sequences in
pancreatic cancer has been also accomplished by using synthetic peptide to generate CD4 T cells
in vitro.

Apart from all mechanisms of tumor escape (see Chapter 6), it is quite possible that most
human tumors do not activate a CD4+ helper response simply because the immune response needs
an “inflammatory milieu” to be triggered and this condition may not occur during tumor growth.
This inflammatory reaction can be induced by the release of cytokines in experimental models
with cytokine-transduced tumors (see Musiani et al., 1997) but, apparently, it does not take place
during development of tumors in patients. According to the “danger model” proposed by
P.Matzinger, the goal of the immune system is not that of distinguishing self from non-self, but
that of activating a response against tissue distress, a condition that might be triggered by
inflammatory reactions (Fuchs and Matzinger, 1996). Thus, without an inflammatory milieu,
cancer may not appear dangerous to the immune system and T cell responses are not activated.
This mechanism may provide an explanation for the lack of immunogenicity of human tumors,
even when antigens potentially recognized by CD4+ T cells are expressed. 

CD8+ T LYMPHOCYTES AND CANCER

By the beginning of the 1990s, it was clear that tumor-specific CD8+ CTL represent an important
arm of the antitumor response. In some models, cure of tumor-bearing mice could be achieved by
adoptive transfer of CD8+ tumor-specific T cells, without any contribution of the CD4+ T cells
subset. However, in contrast to the results obtained with tumor-specific CD4+ T cells, adoptive
transfer of tumor-specific CD8+ T cells achieved tumor regression of tumor-bearing mice only
when IL-2 was administered for several days, following CD8+ T cell transfer. The requirement for
IL-2 in these models was interpreted as an indication that tumor-specific CD8+ T cells needed a
CD4+-derived cytokine for survival and proliferation into the tumor-bearing host (Greenberg,
1991). More importantly, these findings indicate that the phase of priming of the immune reponse
could be bypassed by the adoptive transfer of antigen-specific CD8+ T cells.

CD8+ T CELLS IN HUMAN CANCER

At the time the mouse models had established a role for CD8+ T cells in antitumor responses, it
was also understood, thanks to several studies performed during the 1980s, that antitumor CD8+,
HLA class I-restricted CTL could be isolated from cancer patients’ lymphocytes after expansion in
vitro in the presence at autologous tumor cells and IL-2. During the 1990s new molecular techniques
were developed (based on PCR in most instances) that have enabled the investigating of whether
selective accumulation/expansion of tumor-specific T cells occurs in neoplastic lesions. These
techniques allow tumor-specific T cells in tumor tissue to be traced and quantitated and are based
on the identification of unique molecular sequences of the TCR expressed by these T cells (usually
either variable region or hypervariable region sequences are used for tracing specific T cells).
These investigations have clearly shown that at least in some human tumors, an oligoclonal
expansion of CD8+ tumor-specific T cells occurs in a proportion of patients (see Sensi and
Parmiani, 1995).
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More recent data have been obtained by the technique based on staining antigen-specific T cells
with fluorescent MHC-peptide tetrameric complexes. T cells expressing a TCR that recognizes the
tetramer can be stained and quantified by flow cytometry. This technique has indeed shown that
in some melanoma patients a high number of tumor-specific CD8+ T cells with a memory
phenotype can be found in metastatic lymph nodes (Romero et al., 1998). These selective clonal
expansions are thought to reflect an antigen-driven process leading to proliferation and/or
accumulation of antigen-specific CD8+ T cell clones directed to both known and unknown
antigens. Additional evidence, obtained in our laboratory by the limiting dilution analysis (LDA)
technique, has indicated that tumor-specific CD8+ CTL precursors (CTLp) can be found at high
frequency in peripheral blood of some metastatic melanoma patients. Interestingly, when we
looked at the type of antigens these CTLp were recognizing in HLA-A2+ patients, we found that
most of the immune repertoire was directed to antigens expressed only on the tumor and not
shared with normal melanocytes (Anichini et al., 1996). This raised the possibility that tumor-
specific antigens, expressed as result of neoplastic transformation, may play an important role in
tumor recognition. The role of such antigens may be even more relevant than that of the well-
known lineage-specific antigens of melanoma (such as Melan-A/MART-1, gp100, tyrosinase and
TRP-2). The recent molecular identification of the first example of the class of “melanoma-specific
antigens” (resulting from translation of a retained intron of the TRP-2 gene) provided direct
evidence for a mechanism, occurring only in transformed cells of the melanocyte lineage, that
may lead to the expression of CTL-defined antigens on melanomas but not on melanocytes nor on
other tumors of different histological origin (Lupetti et al., 1998). More recent data indicate that a
state of systemic immunity to a single melanoma antigen (such as Melan-A/MART-1) can be
found in peripheral blood of some metastatic melanoma patients as an expanded pool of peptide-
specific CTL with a memory phenotype (CD45RO+) (Anichini et al., 1999).

Thus, the results of several studies are consistent with immunogenicity of at least some human
tumors. The question, however, is whether the evidence for local or systemic immunity to tumor
antigens reflects an effective CD8 T lymphocytes response. In fact, all available data do not
necessarily imply that infiltrating CD8+ T cells can indeed exert an antitumor activity. On the one
hand, activation signals needed to promote the cytolytic function of antigen-specific CD8+ T cells
may be missing in the tumor-tissue. On the other hand, antigen-specific CD8+ T cells isolated from
tumor-infiltrating lymphocytes have been shown to release a pattern of cytokines (upon tumor
recognition) that may in fact suppress immune responses (for example due to the presence of
IL-10). Therefore, the simple and attractive hypothesis that infiltrating CD8+ T cells represent
evidence of antitumor immune response needs a re-evaluation, since this can be true in some
instances but not in all tumors or in all stages of disease.

WHY CD8+-MEDIATED T CELL RESPONSES MAY FAIL TO TAKE PLACE
EVEN WHEN TUMORS ARE ANTIGENIC

In spite of the presence of antigens on at least some human tumors, the available evidence
suggests that tumor-destructive CTL-mediated immune response does not take place (Anichini et
al., 1999). One possibility is that immunogenicity of most human tumors may be impaired or
absent. Animal models have been developed to test whether tumor immunogenicity can be
improved. To this end many investigators have assessed whether peri-tumoral injection of
cytokines or modification of tumor cells by cytokine genes transduction could induce CTL-
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mediated immune responses even when apparently non-immunogenic tumors were used. Several
reports have indeed shown that cytokine-activated tumor rejection occurs, indicating that tumor
immunogenicity can be boosted, providing that T cell-defined antigens are expressed on the tumor.
These models have also shown that rejection of cytokine-producing tumors can lead to the
establishment of immunological memory against poorly or non-immunogenic tumors (see
Parmiani et al., 1997). The mechanism underlying this process is activated by the cytokine used to
modify the tumor. The initial destruction of tumor cells induces release of tumor antigens that can
load host APC and promote priming of tumor-specific T cells. Interestingly, as reported by Forni
and colleagues (Musiani et al., 1997), in the TSA mammary adenocarcinoma model (a spontaneous
tumor of a BALB/c mouse), in several instances, when the tumor had been modified to release
IL-2, IL-7, IL-10, IFN-γ and TNF-α, the main memory response was found to be dependent on CD8
+ CTL, confirming the relevance of this subset in antitumor immunity. Thus, an adequate priming
of the immune response of tumor-free animals results in long-lasting immunity. This is in
agreement with current models indicating that CD8+ T cell memory persists indefinitely in the
absence of the priming antigen (Lau et al., 1994). Unfortunately, appropriate priming of the
immune response may not occur during tumor growth in patients. Furthermore, in patients with
advanced disease, activation of antitumor response (by vaccination with any of the various
available approaches such as gene-modified tumor cells or with tumor antigen loaded APC) is
usually performed in the presence of a significant tumor burden. This suggests that tumor escape
from immune mechanisms as well as tumor-induced immune suppression may significantly
hamper the attempts to boost tumor immunogenicity and to establish CD8+ T cell memory (see
also Chapter 6).

DIRECT VS. INDIRECT ANTIGEN PRESENTATION IN CD8+-MEDIATED
ANTI-TUMOR RESPONSES

A critical point established by mouse models of immunization with gene-modified tumor cells is
that activation of CD8+-mediated anti-tumor responses occurs in many instances by cross-
priming. This was found to be true when using cytokine-producing tumors as well as when the
immunizing tumor has been engineered to express co-stimulatory molecules as B7-1. The model of
cross-presentation, through specialized APC for priming of CD8+ CTL responses, is considered
important for the induction of immunity towards antigens expressed in peripheral, extra-
lymphoid organs (see also Chapter 2). As reviewed recently by Carbone and colleagues (Carbone
et al., 1998), naive and resting T cells are thought to recirculate between secondary lymphoid
organs through blood and lymphatic vessels and to avoid peripheral tissues. In fact, to penetrate
peripheral tissues T cells need to be primed within the lymph nodes that drain peripheral organs.
This explains why antigens (such as viral or even tumor antigens) have to be processed by
professional APC in the periphery before being presented in an immunogenic form by such APC
to naive T cells in lymph nodes. As a consequence, it is necessary to use professional APC, loaded
with tumor antigen, in order to prime naive CD8+ T cells. The model of indirect antigen
presentation for priming CD8+ T cells has been shown to be true not only in mouse models but
even in the human system, where several HLA class I-restricted T cell epitopes recognized by
CD8+ CTL have been identified in different tumors. It is well established that human tumor cells,
although antigenic in some instances, usually cannot behave as professional APC, due to the lack
of important co-stimulatory molecules. For this reason, vaccination approaches should not rely on
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the use of tumor cells as APC, unless they have been modified by gene transfer, but must use
indirect antigen presentation through autologous DCs. Indeed, both in vitro data as well as results
of in vivo vaccination studies indicated that DC loaded with tumor peptides can induce tumor-
specific CTL, in the absence of a CD4+ help. Thus, vaccination approaches to cancer therapy can
be designed even using only CD8+-recognized antigens as targets for immune intervention. This
principle is in agreement with results obtained during the 1980s showing that, in appropriate
animal models, tumor rejection can be achieved even by transfer of a single CD8+ CTL clone
recognizing a tumor antigen (Greenberg, 1991). This does not exclude the possibility that these
approaches may fail in the human system due either to tumor heterogeneity for antigen
expression, or to lack of an effective helper arm of the response that may be necessary for
maintaining the CTL activity induced by the vaccination procedure. This concern represents the
basis for the development of both experimental models and some clinical trials where CD4+-
derived cytokines that affect proliferation (IL-2), long-term survival (IL-7) and cytotoxic activity
(IL-12) of CD8+ CTL have been included in the immunization scheme or even expressed, by
retroviral vectors, in professional APC.

Alternatively, instead of providing CD4-derived cytokines, immunization attempts could be
designed in such a way as to directly activate both a CD4+-mediated response and CD8+ CTL.
One way of obtaining this result in human cancers is by expressing, into professional APC, the
whole genes that code for tumor epitopes recognized by CTL. The hope is that, within the protein
sequence coded for by the tumor antigen gene, additional peptides may be expressed by the APC
and behave as the target antigens of CD4+ T cells. This indeed has been shown to occur with at
least two different melanoma antigens (tyrosinase and Melan-A/MART-1) whose genes, when
expressed by viral vectors into DCs, can indeed activate both CD4+ and CD8+ T cells directed
against different peptides within the protein sequence of the same antigens (Yee et al., 1996; Perez-
Diez et al., 1998).

ROLE OF NATURAL KILLER LYMPHOCYTES

Both in rodents and humans, NK cells are a subset of large granular lymphocytes characterized by
absence of CD3 and expression of CD56 and CD 16 (Whiteside and Herberman, 1995). The initial
interest in the role of NK cells as antitumor effectors derives from the original definition of their in
vitro function (i.e. the ability to lyse tumor and virus-infected cells but not normal cells in a MHC-
unrestricted fashion and without the need for prior sensitization) and from the finding that their
cytotoxic activity could be significantly boosted by T cell-derived factors. The observation by
Rosenberg’s group that culture of peripheral blood lymphocytes with IL-2 could induce MHC-
unrestricted cytotoxic cells (LAK) prompted several studies that investigated the potential use of
LAK cells against fresh human tumor cells. These studies eventually revealed that LAK cells are
mostly activated NK cells endowed with enhanced cytotoxic activity effective even against
otherwise NK-resistant targets. The clinical trials conducted during the 1980s, employing LAK
cells and IL-2, have indeed shown that it is possible to achieve significant and durable tumor
regression, though in a limited fraction of patients, by adoptive transfer of these effectors
(Rosenberg et al., 1989). However, these trials were associated with significant toxicity, mainly due
to the side effects of high-dose IL-2, and high cost and this therapeutic approach, therefore, has
been abandoned.
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THE BASIS FOR NK CELL RECOGNITION OF TUMORS

In spite of the limited clinical success in the use of activated NK cells as therapeutic agents, recent
evidence on the mechanism of NK cell recognition of targets has renewed interest in this subset for
their potential role in antitumor response. This new information has explained observations made
in tumor models and with virally infected cells during the past 20 years or so. In 1982 Gorelik and
colleagues reported that NK cells could control the metastatic potential of tumor cells (Gorelik et al.,
1982) and, more than 10 years ago, it became evident from studies with mouse models that the
reduced expression of MHC class I antigens on target cells correlated with increased susceptibility
to NK cell lysis. For example, transfection of MHC antigens on tumors lacking them conferred
protection against NK-mediated lysis and could even restore tumorigenicity. A similar
relationship between NK cell function and absence of MHC molecules had been documented even
in virally infected cells. This evidence led Ljunggren and Karre (1990) to propose the “missing
self” hypothesis, predicting that NK cells evolved as a defense against cells that may have lost
MHC antigens. Loss of MHC molecules may indeed prevent T cell recognition of both virally
infected and transformed cells, and it seems reasonable to assume that an alternative immune
mechanism (NK cells) has evolved to counteract loss of MHC molecules. Indeed, adenoviruses
and herpesviruses, including HSC and HCMV, can induce down-regulation of expression of MHC
molecules upon infection (Fruh et al., 1997). The recent observation that several human tumors
frequently do not express in vivo one or more HLA alleles (Garrido et al., 1997) is consistent with a
potential role of NK cells as a defense against tumor growth when MHC-restricted recognition of
tumor antigens by either CD4+ or CD8+ T cells is no longer possible. It is, however, to be pointed
out that in the human system there is no convincing evidence for an immune surveillance
mechanism against tumor growth based on NK cell-mediated recognition of HLA-loss variants.
For example, a relationship between the loss of HLA on tumor cells and the presence of
infiltrating NK cells in the neoplastic tissue has not been found.

In spite of this uncertainty, the recent elucidation of the molecular basis for NK cell recognition
of targets missing HLA molecules has provided new tools to re-evaluate the potential role of this
lymphocyte subset in anti-cancer responses. Results obtained by Moretta and colleagues at the
beginning of the 1990s have profoundly changed our view of how NK cells interact with targets
that may or may not express MHC antigens (Moretta and Moretta, 1997). The early reports
indicated that NK cells could lyse MHC-deficient targets, while the same targets became resistant
to NK recognition after transfection of certain MHC alleles. Moreover, susceptibility to NK cell-
mediated lysis of class I HLA-positive human melanomas was shown to reflect the level of
expression of different HLA alleles (Pende et al., 1998). Now we know that this lymphocyte subset
expresses receptors for MHC molecules and that these receptors may be inhibitory or non-
inhibitory for NK cell functions. Molecular cloning of the genes coding for these receptors has
revealed transmembrane receptors of the C-type lectin superfamily expressed as disulfide-bonded
heterodimers (the CD94/NKG2 receptors) and an Ig superfamily (the KIR receptors), where each
member is characterized by two or three Ig-like domains in the extracellular portions (Figure 3.3)
(Lanier, 1998). The available evidence indicates that each NK clone can simultaneously express
several receptors of the KIR and CD94/NKG2 type and these receptors can function
independently. Thus NK cell function depends on a balance between positive and negative
signals deriving from these receptors when they engage a target expressing a defined HLA
profile. This evidence may help in deciding which NK subsets may be effective against a tumor that
has lost a particular HLA allele.
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However, whether the information on structure and function of NK receptors can be translated
into effective clinical trials against HLA-loss variants arising in patients during tumor progression
remains an open question. As in the field of immunotherapy with T cells, even immune
intervention targeted at activating NK cells faces two possible  alternatives, ex vivo selection
followed by adoptive transfer or in vivo activation. The first approach might focus on selecting the
appropriate NK subset expressing the inhibitory MHC receptor directed to HLA alleles lost in the
tumor. The second approach could aim at an in vivo NK activation by cytokines (such as IFN-γ,
IL-2, DL-12, IL-15) known to affect the proliferation, differentiation and function of this subset.

Finally we should point out that inhibitory receptors for MHC have been described even on
some T cells, including antitumor CTL (Mingari et al., 1996; Spieser et al., 1999). This has a
significant implication for tumor immunology, since a single CTL may express a TCR directed
against a tumor antigen in the context of one of the HLA alleles and an inhibitory receptor
directed to a different HLA molecule expressed on the same tumor. Under such a condition, T cell
activation resulting from TCR-mediated recognition of the tumor antigen would be prevented by
the MHC-specific inhibitory receptor. This is a new tumor escape mechanism that has been shown
by Coulie and colleagues to occur in a melanoma patient where an HLA-A24-restricted CTL
directed to the FRAME antigen (a normal gene overexpressed in melanoma) also expressed the
KIR2DL inhibitory receptor and could only recognize a metastatic variant (lacking the HLA-Cw7,
the ligand for KIR2DL) but not the parental melanoma (Ikeda et al., 1997). Expression of the MHC
inhibitory receptors on antitumor T cells is intriguing and suggests that it may be part of a
protective mechanism to prevent autoimmunity against normal non-mutated gene products (Such
as the FRAME protein). However, further studies are needed to clarify whether expression of
inhibitory receptors for MHC is more frequent on T cells with specificity for self-antigens rather
than on T cells directed to epitopes resulting from mutations.

NKT CELLS

A new subset of lymphocytes has recently been described both in mice and in man. These cells
express the marker CD161 (NKR-P1) and a restricted TCR that, in humans, encompasses Vα24JαQ
predominantly paired with Vβ11 (Exley et al., 1998). These CD4+ NKT cells specifically recognize
an (α-galactosylceramide presented by CD1d and, when stimulated, release a large amount of
IL-12, IL-4 and IFN-γ; they were previously referred as Th0. Since α-galactosylceramide may be
expressed by tumor cells, such effectors may contribute to an antitumor immune response which
may synergize with or complement that mediated by T cells. It is of note that, in the mouse system,
these NKT cells have been shown to mediate antitumor activity of IL-12 (Cui et al., 1997).

CIRCULATION AND HOMING OF TUMOR-SPECIFIC T AND NK CELLS,
AND THE ROLE OF HOMING-ASSOCIATED ADHESION MOLECULES AND

OF CHEMOKINES

The development of T cell mediated antitumor response is critically dependent on the ability of
lymphocytes to recirculate between blood and secondary lymphoid organs and on their migratory
properties through tissues. Both processes, recirculation and migration, are dependent on the
interplay between adhesion/homing receptors, chemokines and cytokines. Receptors for cell
adhesion and homing receptors are a heterogeneous class of surface molecules and cognate
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Figure 3.3 Human NK cell receptors for MHC. (A) Human NK receptors for MHC belong to two distinct
molecular families. The CD94/NKG2A complex belongs to the family of C-type lectins that code for type II
glycoproteins expressed as disulfide-linked heterodimers. CD94 is an invariant subunit linked to distinct
proteins encoded by the NKG2 gene family (comprising 4 genes: NKG2A, NKG2C, NKG2E and NKG2D/F).
CD94 and the four NKG2 genes map to the human “NK complex” on chromosome 12p12.3–p13.1. CD94 has
essentially no cytoplasmic tails, indicating lack of function in signal transduction. The function of CD94 is
thought to be that of a chaperone that allows transport of the NKG2 proteins to the cell surface. The killer
inhibitory receptors (KIR) genes code for glycoproteins of the Ig superfamily. The KIR genes are located on
chromosome 19q13.4 and about 12 genes are thought to exist. KIR receptors are classified into two
subfamilies according to the number of Ig-like domains (two in KIR2D receptors and three in KIR3D
receptors). In addition, marked heterogeneity in the cytoplasmic domain of KIR receptors has been described.
KIRs with long cytoplasmic tails (such as KIR2DL) contain “immunoreceptor tyrosine-based inhibition
motifs” (ITIM sequences=I/VxYxxL/V) that mediate the inhibitory function of the receptor. KIRs with short
cytoplasmic tails (such as KIR3DS) lack ITIM sequences but have a charged aminoacid residue (K in the
figure). KIR2DS and KIR3DS are activating rather than inhibiting receptors for MHC. KIR are expressed as
monomers, with the exception of KIR3DL which may be expressed as monomer or as homodimer. (B)
Examples of ligand-receptor interaction. The CD94/NKG2A heterodimer has promiscuous binding
specificity and can recognize several HLA-A,-B,-C and-G ligands. KIR2D molecules recognize mainly HLA-C
ligands, but different members of the KIR2D family can discriminate HLA-C alleles on the basis of residues
at position 77 (N rather than K as the receptors recognized by mAbs HP3E4 or EB6) and 80 (S rather than N,
as receptors recognized by mAbs GL183 or DX27) in the HLA-C heavy chain. KIR3DL (recognized by mAb
DX31) is directed to HLA-B allotypes that have the Bw4 motif at residues 77–83 of the HLA-B heavy chain. Note
that recognition of polymorphic HLA-B and HLA-C ligands by KIR3D and KIR2D molecules respectively
depends even on the nature of peptides bound to the groove of the MHC class I molecule. 
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ligands that are expressed on several cell types and enable leukocytes to interact with other cell
types, including endothelial cells. These receptors are responsible both for selective recruitment of
lymphocyte subsets and for transducing activation signals that contribute to development of
effector functions. On the basis of molecular structure these receptors and their cognate ligands
belong to at least 5 families, the Ig superfamily (e.g. 1C AM-1,4, CD31, VCAM-1, and NCAM),
mucins-like vascular addressins (e.g. MAdCAM-1), selectins (e.g. E-, L-and P-selectin), integrins
(e.g. LFA-1, Mac-1, α4β1 and α4β7) and fucosylated tetrasaccharides (Such as sialyl Lewis X) (for
review and details on expression and receptor-ligand specificity see Carlos and Harlan, 1994). The
selective recruitment of leukocyte subsets at sites of inflammation or immune reactions has been
described (Carlos and Harlan, 1994) as a combinatorial process whose outcome depends on the
adhesion receptor and chemokine/cytokine receptor profile of each leukocyte subset. Thus,
distinct lymphocyte subsets (depending on functional differentiation and activation stage) will
express a well-defined profile for adhesion receptors and chemokine receptors. This phenotype
will contribute to define the homing characteristics of each subset and their response to the milieu
of chemokines found in a particular microenvironment. With respect to the homing and
migratory patterns of lymphocyte subsets, chemokines and cytokines (produced at sites where
immune responses will take place) play at least two major roles, regulation of expression and
functional status of adhesion receptors (e.g. integrins expressed on either leukocyte subsets or
endothelial cells), and selective chemoattraction.

The interplay between homing receptors and chemokines can be understood by looking at the
process that enables naive T cells to reach those areas of lymph nodes that contain professional
APCs. In fact, in the priming phase of the immune response, naive T cells need to enter lymph
nodes where they can interact with APCs (DC) that will present tumor antigens. To enter lymph
nodes, naive T cells leave the blood-stream via HEVs, a specialized endothelium for lymphocyte
migration that lines postcapillary venules of lymph nodes and Peyers’ patches (Girard and
Springer, 1996). At this level, lymphocyte adherence and transendothelial migration are regulated
by distinct families of adhesion/homing receptors that promote initial attachment and rolling,
then firm adhesion and arrest, and finally migration through endothelial cell junctions. While
rolling is mediated by selectins, adhesion and extravasation are mediated by integrins (Carlos and
Harlan, 1994). L-selectin (which binds to CD34, GlyCAM-1 and to MAdCAM-1 on endothelial
cells) and LFA-1 (an integrin which binds to ICAM-1 on endothelial cells) are the molecules that
control lymphocyte interaction with HEVs. In order for T cells to bind to HEVs and to migrate
across the endothelial wall, the adhesion receptors (integrins) involved in the process need to be
activated to full functional status by a process known as inside-out signaling promoted by
chemokines expressed on the surface of endothelial cells or produced in the lymphoid tissue
(Sallusto et al., 1999). The process is mediated by chemokines such as SDF-1, SLC and ELC that
bind to chemokine receptors CXCR4 and CCR7 expressed at the highest levels on the naive T cells.
After trans-endothelial migration, additional chemokines (such as ELC and DC-CK1), released by
DCs, drive T cells to lymph node areas containing APCs. After priming, T cells will leave the
lymph node through efferent lymph. 

In the antitumor responses, the role of L-selectin in migration of naive T cells to lymph node
areas where T cell priming occurs has been investigated in a mouse tumor model involving in vivo
treatment with anti-L selectin monoclonal antibody (Rosato et al., 1996). In mice treated with this
monoclonal antibody, the authors found impaired generation of tumor-specific CTL (directed to
viral antigens expressed on a Moloney murine sarcoma virus-induced tumor) in the tumor-
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draining lymph node (where homing of naive CTL precursors depends on L-selectin) but not in
the spleen (where T cell localization is independent of L-selectin).

Depending on the combination of cytokines at the time of T cell priming, T cells will be
polarized into either type 1 or type 2. This leads to polarization even at the level of the expression
of chemokine receptors on TH1 and TH2 T cells, thus predisposing a mechanism for differential
migration of these subsets to peripheral sites (see Sallusto et al., 1999) depending on the type of
immune response (e.g. type-1 responses as DTH reactions or type-2 responses as allergic
reactions) and on the pattern of chemokines produced at sites of immune responses. As result of
priming, memory T cells can develop that express a different adhesion/homing and chemokine
receptor profile in comparison to naive counterparts. Although the existence of a clear-cut
distinction in the homing properties of naive and memory T cells has been questioned
(Westermann and Pabst, 1996), nevertheless some differences have been found. For example,
memory T cells can migrate into non-lymphoid organs (e.g. skin) where they can mount
secondary responses. To achieve this, memory T cells express specific homing receptors that
enable them to bind to cognate ligands on endothelial cells expressed in different tissues. One of
these receptors, the CLA antigen, enables binding to E-selectin on endothelium of skin venules.
Other receptors mediate homing to mucosal lymphoid tissues. One of these receptors, the integrin
α4β7, defines a subset of memory T cells able to home to intestinal sites.

Another difference between naive and memory T cells involves the increased ability of the
latter to exhibit rolling under flow on cytokine-activated endothelial cells, a process dependent on
T cell interaction with E-and P-selectin as well as on VCAM-1 expressed on endothelial cells
(Lichtman et al., 1997). This feature of memory T cells is clearly useful to direct these cells at sites
where a secondary response is needed. At these sites inflammation can promote the release of
cytokines that will activate the expression of adhesion molecules on endothelial cells and this, in
turn, can signal circulating lymphocytes that they have to leave the bloodstream. In this respect,
one of the reasons for the failure to mount an effective immune response against tumors, in spite
of their immunogenicity, may be the lack of appropriate inflammatory milieu at sites of tumor
growth. As documented by several reports, the whole process of T cell priming in the human
neoplasms may be functional and lead to the development of a memory T cell pool. However, in
the absence of clear “signals” for recruitment, extravasation and activation, even circulating
memory T cells with specificity for tumor antigens may never leave the bloodstream in sufficient
numbers and home to the neoplastic tissue. Evidence for this mechanism has been obtained in
transgenic mice where a transgene (the oncoprotein large T antigen) expressed in β cells leads first
to hyperplasia of the islets and then to tumors (Onrust et al., 1996). In hyperplastic β islets the
authors found lymphocyte infiltration associated with up-regulation on blood vessels of ligands
(GlyCam-1) for lymphocyte homing receptors L-selectin and α4β7. In contrast, in tumors evolving
from β islets no lymphocyte infiltration nor expression of ligands for the lymphocyte homing
receptors was found. Thus, the lack of appropriate inflammatory milieu in the tumor tissue may
prevent the expression of endothelial cell ligands for homing receptors expressed by T cells.

In spite of this possible limitation, it is known that the migratory activity of lymphocyte
subsets, including T cells and NK cells, can be modulated by cytokines such as IL-2, IL-12 and IFN-
γ. Thus, there is a rational basis for designing immune intervention approaches aimed at
redirecting lymphocyte circulation and migration patterns to sites of neoplastic growth. For
example, it is known that IL-2 can increase adhesion of NK cells to mucosal HEVs (Uksila et al.,
1997). The process depends on the function of adhesion receptors such as CD34 and α4 integrins
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whose expression is boosted by IL-2. Furthermore, recent evidence indicates that NK cells can be
transiently recruited to the liver by treating mice with IL-2 or IL-12 (Fogler et al., 1998). The two
cytokines act by different mechanisms, as IL-12-induced, but not IL-2-induced, hepatic
recruitment of NK cells depends on production of IFN-γ. Interestingly, IL-12 can induce
recruitment to liver of both NK cells and T cells although with different kinetics (Fogler et al.,
1998). However, both NK and T cells migrate to liver after IL-12 treatment, thanks to the function
of an important endothelial cell adhesion molecule, VCAM-1 (Fogler et al., 1998). Expression of
homing receptors on lymphocyte subsets, depending on differentiation status, can even be
exploited to enrich tumor-specific T cells. For example, as a result of activation with tumor
antigens, lymphocytes from tumor-draining lymph nodes contain a fraction of tumor-specific
CD4+ T cells that can be identified on the basis of low expression of L-selectin (Kagamu and Shu,
1998). These cells, after purification, can mediate significant antitumor effects in adoptive
immunotherapy of intracranial growing tumors.
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4
Humoral Recognition of Cancer

Philip O.Livingston

ABBREVIATIONS

ADCC Antibody-dependent cellular cytotoxicity
APL Acute promyelocytic leukemia
BCG Bacillus Calmette-Guérin
CT Computerized tomography
KLH Keyhole limpet hemocyanin
mAbs Monoclonal antibodies
NK Natural killer
SCLC Small cell lung cancer

Humoral recognition of cancer

1. B lymphocytes mature in the bone marrow, then migrate to B cell rich areas of
lymph nodes, spleen and gastrointestinal tract and recirculate in the blood.

2. B cells bind antigens through the antibody molecule (receptor) on the membrane.
Such a binding results in a functional change with activation of effector
mechanisms and release of antigen-specific antibodies.

3. Antibodies may directly affect tumor cells, but usually their antitumor effector
mechanism involves activation of complement, opsonization and ADCC.

4. Antibodies that recognize cell surface antigens, on malignant and normal tissues
were found in a proportion of cancer patients. These antigens have a very different
distribution on various malignancies.

5. Antigens recognized by antibodies include gangliosides, mucins, the oncoprotein
HER-2/neu, etc. 

6. Vaccines have been made with some glycolipids that were able to elicit antibody
responses without evident toxic effect. This suggests that those normal antigens are
sequestered from the immune system.



7. By using autologous patient’s sera, expression cDNA libraries from human tumors
were screened. Such an approach (SEREX) allowed the discovery of a large number
of antigens some of which were already known to elicit a T-cell response.

8. At least with some antigens, the antibody response may correlate with the evolution
of antigen-positive tumors.

9. Passively administered and vaccine induced antibodies have been shown to
correlate with improved disease-free and overall survival.

10. Antibodies can be used for imaging tumors for diagnostic purposes. New
technology allows the use of F(ab)2, single chain fv; these are molecules smaller than
the parental natural antibody and can better penetrate tissues and be more rapidly
cleared.

11. Molecular technology now allows antibody fragments to be produced in bacteria by
lysing the genetically engineered bacteria and detecting antigen-specific F(ab)
fragments by immunoassay. Phage display libraries are another approach to this
end.

12. Several antibodies (often chimerized or humanized) are now used effectively in the
clinic, such as herceptin (anti-HER2 neu) in breast cancer, rituximab (anti-B cells) in
non-Hodgkin’s lymphoma, 3F8 (anti-GD2) in neuroblastoma, and 17–1a (anti-
epithelial antigen KSA) in colon cancer patients.

MECHANISMS FOR B CELL RECOGNITION OF TUMOR ANTIGENS AND
FOR EFFECTOR ACTIONS

Unlike T lymphocytes, which recognize processed (partially digested) antigens, antibodies
recognize antigens in their natural configuration. For an individual to make antibodies against the
full range of pathogens continually encountered, B-lymphocytes expressing a diverse repertoire
of immunoglobulins must be generated continually. Each B cell expresses immunoglobulin
against a single antigenic epitope, with the immunoglobulin expressed at the cell surface where it
acts as a specific receptor for that antigen. The diversity of specificities in different B cells is
generated largely by gene rearrangements in new B cells, which continue to be generated
throughout life. In their early development, B cells with immunoglobulins against ubiquitous self-
antigens are eliminated. This elimination of B cells reactive to autoantigens is not absolute, however,
as a broad array of mAbs and serum antibodies against autoantigens have been derived from
experimental animals and humans. Peripheral blood B cells consist of these naive and relatively
short-lived B cells, long-lived memory B cells resulting from maturation in response to antigenic
stimulation, and a small population of B cells expressing germ line specificities, also termed CD5
B cells (Fearon et al., 1997). 

B cells are not sessile; after maturation in the bone marrow they migrate through the peripheral
blood to B cell rich areas such as follicles of lymph nodes, spleen and gastrointestinal tract and
may continue recirculating. If its antigen is encountered in these tissues, the B lymphocyte is
detained in the T cell rich areas where, if appropriate T cell help is provided, it may be activated
to proliferate. This T cell help does not have to be induced by the same antigen. Chemical
conjugation of the original antigen to highly immunogenic bacterial or xenogeneic proteins, or
expression of the antigen in bacterial or viral vectors, are widely used approaches to ensuring

HUMORAL RECOGNITION OF CANCER 101



adequate T cell help in vaccines. The result is antibody-secreting plasma cells and germinal
centers where hypermutation in variable genes and class and subclass switching occur. The
consequence is plasma cells secreting increasingly higher affinity IgG antibodies. In addition, some
B cells which generally recognize non-protein antigens can be stimulated to proliferate in the
absence of T-cell help. Class switching, affinity maturation and memory B cells generally do not
occur. Low affinity IgM antibodies of shorter duration result.

The immunoglobulin variable region (Fv) determining antibody specificity is located in the Fab
and is critical for effective recognition of tumor antigens (Fab and Fc are the immunoglobulin
degradation products from papain digestion, in the hinge region). However, the constant region
(Fc) where class and subclass are determined is equally critical (see Figure 4.1). Binding of
antibody to antigen results in a functional change in the Fc portion and activation of several
effector mechanisms. IgM antibodies are synthesized early in the response against protein antigens
but at all times in the response to most non-protein antigens and are found mainly in the blood.
The IgM pentameric structure is specialized to increase avidity of binding to repeated antigens
and to activate complement  efficiently. Complement activation results in opsonization, activation
of and uptake by macrophages, monocytes, neutrophils and dendritic cells, as well as membrane
attack complex formation and pathogen lysis. IgG antibodies are synthesized later in the response
to protein antigens, are usually of higher affinity, and can be found in the extracellular fluid as well
as in the blood. IgG1 and IgG3 antibodies in humans are especially effective in activating
complement and also in sensitizing of pathogens for killing by NK cells (see Table 4.1).

Opsonization for ingestion and destruction by phagocytes can occur through complement
activation, but also occurs directly as a consequence of Fc receptors on phagocytic cells. NK cells

Figure 4.1 Correlation between antibody structure and function shown for GM2 antibody. 
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are non-T, non-B lymphoid cells. Fc receptors on cell surface bound IgG1 and IgG3 are the
primary targets for effector cells mediating ADCC of tumor cells. FcδRI (CD64), FcδRII (CD32),
and FcδRIII (CD 16) receptors on a range of effector cells, including especially NK cells, but also
cells of myeloid lineage, react with these tumor cell bound antibodies, resulting in activation of
inherent cytotoxic mechanisms in the effector cells (see Table 4.2).

While in some cases the antibody may have direct effects against tumor cells, for example by
inhibiting tumor cell attachment or growth hormone receptors, in general the interaction of the
antibody and the tumor cell antigen is without significance unless Fc-mediated secondary effector
mechanisms are activated. Of these various effector mechanisms, activation of the complement
system, opsonization and ADCC are the most important.

TABLE 4.1
Correlation between antibody Fc isotype and function

TABLE 4.2
Features of Fc receptors on accessory cells

TARGET CANCER ANTIGENS

We have used mAbs to screen for the expression of a large panel of cell surface antigens on
malignant and normal tissues by immunohistochemistry (Zhang et al. 1997a; Zhang et al. 1997b;
Zhang et al. 1998a). This has been confirmed in the case of ganglioside antigens by extraction of
biopsy specimens and immune thin layer chromatography (Hamilton et al., 1993). Since
recognition of antigens on living cancer cells by antibodies is largely restricted to the cancer cell
surface, the focus is on cell surface antigens. In general, ganglioside antigens and blood group or
mucin-related antigens had very different distributions on various malignancies. The antigens
strongly expressed on 60% or more of biopsy specimens are listed in Table 4.3. Antigens
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expressed in fewer than 60% of tumor specimens are not shown, but some, such as HER2/neu which
is overexpressed in 30% of breast cancer specimens, may still be suitable targets for immune
attack in patients with positive cancers.

Expression of gangliosides on normal tissues was very different from that of the other antigens,
but consistent with the expression on tumors. GM2, GD2 and GD3 were all expressed in brain
cells, especially GD2 which is also expressed on some peripheral nerves. Unexpectedly, GD2 was
expressed on B lymphocytes in the spleen and lymph nodes, and GM2 was expressed at the
secretory borders of most epithelial tissues. GD2 and GD3 were also expressed, though at lower
levels, in connective tissues of multiple organs and GD3 is known to be expressed on a subset of
human T lymphocytes (Merritt et al., 1996). Fucosyl GM1 was expressed only on occasional cells in
the islets of Langerhans and in some sensory neurones in the dorsal root ganglia. Polysialic acid
was expressed significantly in brain and some bronchial epithelial cells. Globo H, the Lewis
antigens, Tn, sialyl Tn, TF, mucins MUC1, 2 and 5AC, KSA, PSMA and CEA were expressed
exclusively at the secretory borders of a variety of epithelial tissues and sTn was found on Leydig
cells of the testis. Contributing to tumor mucin specificity is the less intense glycosylation of
tumor mucins than normal mucins, involving shorter carbohydrate chains. The simplified
structures of these antigens in relation to the cancer cell surface lipid bilayer are shown in
Figure 4.2. MUC2 and MUC5AC are in parentheses because they have no transmembrane domain
and so are not technically cell surface antigens. They are, however, large secreted molecules which
tend to surround cancer cells in vivo.

TABLE 4.3
Antigens expressed on 50% or more of tumor cells in 60% or more of tumor specimens as detected by
immunohistochemistry

There is now sufficient experience from clinical trials with vaccine-induced antibody responses
against GM2, GD2, TF, sTn, MUC1 and KSA antigens, and passive administration of mAbs
against GD2, GD3, LeX, sTn and KSA to draw conclusions about the consequences of antigen
distribution on various normal tissues. GM2, GD2 and GD3 exposure on cells in the brain and GM2,
sTn, TF, MUC1, KSA and CEA antigen expression in cells at the secretory borders of epithelial
tissues induce neither immunological tolerance nor autoimmunity once antibodies are present,
suggesting they are sequestered from the immune system. Against this background, GM2, GD3,
polysialic acid, T, Tn, sTn, Globo H, sLea, MUC1, MUC2, MUC5AC and CEA all appear to be
good targets for active immunotherapy with vaccines and passive immunotherapy with mAbs.
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The use of GD2, fucosyl GM1 and LeY as targets for vaccine therapy may be more problematic.
The known expression of LeX and sialyl LeX on polymorphonucleocyte, and the granulocytopenia
lasting several days after each treatment of patients with mAb FC-2.15 (Capurro et al., 1998) later
found to recognize LeX, may exclude these two carbohydrates as candidates for vaccine
construction where long-term maintenance of antibody titers is the goal. In addition, the
consequences of antibodies against antigens such as GD2 and fucosyl GM1 expressed on B cells,
Islets of Langerhans and/or sensory neurones is of concern and largely unknown. Moderate titers
of IgM (natural or vaccine induced) against GD2 have not been associated with toxicity, but
administration of high doses of one (but not other) IgG mAbs against GD2 have been associated with
peripheral neuropathy in melanoma patients (Cheung et al., 1987; Saleh et al., 1992). Similarly,
high but not lower doses of anti LeY mAb BR96 conjugated to doxorubicin resulted in vomiting

Figure 4.2 Glycolipid and glycoprotein antigens expressed at the cancer surface. symbols: ◊ = sialic acid;
� = fucose; ○ = glucose, galactose, N-acetylgalactosamine or N-acetylglucosamine.
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and hematemesis in many patients (Giantonio et al., 1996). BR55, a second mAb against LeY

studied by the same investigators, resulted in no such toxicity. With regard to vaccines, ongoing
trials with vaccines against GD2, Fucosyl GM1 and LeY have addressed these questions more
directly. Moderate titers of IgM and IgG antibodies have been induced with no evidence of
autoimmunity (Dickler et al., 1999; Sabbatini et al., 1999).

The relatively short half-lives of administered mAbs may also make treatments against several
of the differentiation antigens on leukemias and lymphomas more practical with mAbs than
vaccines. Intermittent treatment [with mAbs] against differentiation antigens such as CD20 on B
cells has proven highly effective (Kwak and Grossbard, 1995) in a setting where long-term
antibodies that might be induced by treatment with a vaccine against CD20 would prove toxic.
Anti-idiotype vaccines against the unique lymphoma cell antibody, which is different for each B-
cell lymphoma patient, is an approach to overcoming this handicap.

An entirely new approach to detecting antibody-defined tumor antigens was reported by Sahin
et al. (1995); this is based on the use of autologous patients’ sera to screen expression cDNA
libraries from human tumors. Such an approach (SEREX) allowed the discovery of a large number
of antigens, some of which were already known also to elicit a T-cell response (e.g. MAGE-1).
These studies confirmed that human neoplasms can induce multiple, specific immune responses
in the autologous host and indicate, at least for the cancer/testis antigen NY-ESO-1, that the
antibody response may correlate with the evolution of antigen-positive tumors (Jäger et al., 1999).

THE BASIS FOR ANTIBODY-MEDIATED THERAPY OF CANCER

Antibodies are the primary mechanism for eliminating infectious pathogens from the bloodstream.
The effect of all commonly used vaccines against infectious agents is thought to be primarily a
consequence of antibody induction. Antibodies are also ideally suited for elimination of
circulating tumor cells and micrometastases (see Table 4.4). The importance of antibodies in
mediating protection from tumor recurrence is well documented in experimental animals
(reviewed in Livingston, 1998). Experiments involving the administration of mAb 3F8 against
GD2 or induction of anti-GD2 antibodies by vaccination are two examples. Administration of 3F8
prior to intravenous tumor challenge or as late as 4 days after tumor challenge results in complete
protection of a majority of mice (Zhang et al., 1998b). Comparable protection was induced by
immunization with a GD2 conjugate vaccine. This timing may be comparable to antibody
induction, or administration, in patients in the adjuvant setting after surgical resection of the
primary or lymph node metastases in cancers such as melanoma or colon cancer and after
response to chemotherapy in cancers such as small cell lung cancer (SCLC) and breast cancer. In
both cases the targets may be circulating tumor cells and micrometastases. Administration of 3F8
seven or more days after tumor challenge had little impact on tumor progression.

There is also evidence in cancer patients that natural or passively administered antibodies in the
adjuvant setting are associated with a more favorable prognosis (Table 4.4).

1. Natural antibodies (antibodies present in patient sera prior to vaccination) have been
correlated with an improved prognosis. This is true for patients with paraneoplastic
syndromes where high titers of antibodies against onconeural antigens expressed on
particular cells in the nervous system and certain types of tumors have been associated both
with debilitating autoimmune neurologic disorders and with delayed tumor progression and
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prolonged survival. Also, patients with AJCC Stage III melanoma and natural antibodies
against GM2 ganglioside treated at two different medical centers have had an 80–100% five-
year survival compared to the expected 40% rate (Jones et al., 1981; Livingston et al., 1989,
1994).

2. Tumor vaccine induced antibodies in the adjuvant setting against GM2 and several other
melanoma antigens at four different medical centers, and against sialyl Tn antigen in
adenocarcinoma patients, have correlated with a prolonged disease-free interval and survival
(reviewed in Livingston, 1995).

3. Patients with Dukes C colon cancer treated with mAb 17–1A in the only randomized mAb
trial in the adjuvant setting had a significantly prolonged disease-free and overall survival
compared to controls (Riethmuller et al., 1994).

Hence, in the adjuvant setting, passively administered and vaccine-induced antibodies have been
shown to correlate with improved disease-free and overall survival in mouse and   man. Since the
great majority of cancer patients are initially rendered free of detectable disease by surgery and/
or chemotherapy after initial diagnosis, administration of mAbs or vaccines inducing antibodies
may have broad applicability. There are advantages to each approach. Titers of anti-cancer
antibodies are generally higher after administration of mAbs, and mAbs can be generated against
virtually any antigen. On the other hand, human anti-mouse and anti-idiotype antibodies may limit
the usefulness of continued administration of mAbs, and maintenance of antibody titers with
vaccines is more practical and less expensive than with mAbs.

CONSTRUCTION OF CANCER VACCINES THAT AUGMENT THE
ANTIBODY RESPONSE

VACCINES AGAINST GANGLIOSIDES

A variety of approaches for augmenting the antibody response against gangliosides and related
antigens have been compared in the mouse and in melanoma patients. These approaches range
from the use of vaccines containing irradiated cultured tumor cells to vaccines containing purified
or synthetic antigens. Initially mixture of gangliosides with BCG was found to be optimal. While
this approach was not able to induce antibodies against the major melanoma ganglioside, GD3, it
was more successful against the two more minor melanoma gangliosides, GM2 and GD2.

TABLE 4.4

The basis for administration of mAbs, or cancer vaccines that induce antibodies, in the adjuvant setting

 

HUMORAL RECOGNITION OF CANCER 107



Antibodies against GD2 were induced in 25% of patients and against GM2 in 85% of vaccinated
patients, and the presence of GM2 antibodies correlated significantly with an improved disease
free and overall survival. Consequently, we conducted a randomized trial comparing vaccination
with BCG versus BCG with GM2 adherent to the BCG surface (GM2/BCG) in the adjuvant setting
in 122 patients with AJCC stage III melanoma (patients who are free of detectable melanoma after
surgical dissection of lymph node metastases). The results after a 4-year follow-up demonstrated
improved disease-free survival for patients receiving the GM2/BCG vaccine compared to those
receiving BCG (48% versus 30%), but this result did not achieve statistical significance (Livingston
et al., 1994).

Subsequently, covalent attachment of gangliosides, other carbohydrate antigens and mucins to
the immunogenic carrier protein KLH and use of the potent immunological adjuvant QS-21 were
identified as a superior approach to vaccine construction in experimental animals. The rational for
this approach is reviewed in the second paragraph of this chapter and in Table 4.5. Based on this
background, GM2-KLH plus QS-21 (termed GMK) was tested in patients. It induced 8 times
higher titers of IgM antibody which lasted twice as long compared to the GM2/BCG vaccine and
for the first time GMK induced consistent IgG antibodies as well (Helling et al., 1995). Antibodies
were induced in >95% of patients vaccinated with GMK instead of 85% as seen with the GM2/
BCG vaccine.

Consequently, a randomized multicenter Phase III trial comparing GMK to high dose interferon
alpha was conducted by Progenics Pharmaceuticals Inc. (Tarrytown, NY) in the intergroup setting
with ECOG, SWOG, NCCTG, CALGB, MD Anderson Cancer Center and Memorial Sloan-
Kettering Cancer Center (MSKCC) in Stage III and high risk Stage II melanoma patients. Previous
trials comparing high dose interferon alpha to no treatment,   and GM2/BCG to BCG, resulted in
comparable benefit for interferon and GM2/BCG, but the timing of the benefits was quite different.
The beneficial effect of interferon was during the initial 6 months while the effect of GM2/BCG
was not clearly evident until after two years. An early look in the Phase III trial after eighteen
months median follow-up has demonstrated a significantly prolonged disease free survival for
the patients receiving interferon, and the trial has been stopped, though follow-up continues. If
the late benefit of GMK is not seen with further follow-up, a possible explanation is low or
heterogeneous expression of GM2 in many melanomas. The solution might be a polyvalent
vaccine.

TABLE 4.5

Conjugate vaccine components and probable role in antibody induction against cancer antigens
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VACCINES AGAINST OTHER ANTIGENS AND POLYVALENT VACCINES

The KLH conjugate plus QS21 vaccine approach has also been applied to other antigens.
Antibody induction against Fucosyl GM1, GD2 and sTn in essentially all vaccinated patients and
against Globo H and GD3 in over 50% of patients has been observed. In each case the antibody
response with these-KLH plus QS21 conjugate vaccines has been significantly higher than with
the use of BCG, other carriers or other adjuvants. Immune sera reacted with tumor cells
expressing these antigens by flow cytometry, and antibodies against the gangliosides and Globo H
have effectively induced complement-mediated lysis. The IgG subclasses in all trials have been
restricted to IgG1 and IgG3, the two subclasses known to mediate complement lysis and ADCC.
Trials with MUC1, MUC2, KSA, LeY, Tn, TF and polysialic acid conjugate vaccines are ongoing.

A randomized adjuvant multicenter trial with a vaccine against sTn has also recently been
initiated. The vaccine contains sTn disaccharide (also referred to as TAG-72) covalently linked to
KLH and mixed with immunological adjuvant Detox, and is prepared by Biomira Inc.
(Edmonton, Alberta). Biomira is conducting the trial in patients with high-risk breast cancer at
multiple centers in Canada, the USA and Europe. This trial is based on the high-titer antibodies
induced by this vaccine in this patient population, the correlation between expression of sTn on
tumors and a more aggressive phenotype and the correlation between antibody induction against
sTn and longer disease-free and overall survival (MacLean et al., 1996).

Heterogeneity of antigen expression in different cancers of the same type, as well as different cells
of the same cancer, and heterogeneity of immune response in different patients make it likely that
maximal benefit may not result from immunization against a single antigen. Consequently,
immunization with polyvalent vaccines containing several of the antigens shown in Table 4.3 is
the goal. The use of tumor cells, tumor cells genetically transduced to produce cytokines and
adhesion factors, or tumor cell extracts is one approach to this end. However, these approaches,
while having the potential for inducing T-cell responses against protein antigens and antibodies
against other yet to be identified antigens, are not nearly as effective at inducing antibodies
against known antigens as the conjugate vaccine described above. Other approaches to vaccine
construction such as expression of antigen in viral or bacterial vectors, DNA vaccines or the use of
heat shock protein vaccines each have unique advantages but are designed primarily to induce T-
cell immune responses. The use of purified or synthetic antigens in conjugate vaccines with a
potent immunological adjuvant is the optimal approach for antibody induction. This is especially
true with tumor antigens, since most tumor antigens are autoantigens or slightly modified
autoantigens and antibody induction involves overcoming some level of tolerance.

PREPARATION OF MONOCLONAL ANTIBODIES THAT RECOGNIZE
CANCER

In the antibody heavy and light chain variable regions (Fv) there are three hypervariable regions
called complementarity-determining regions (CDR1, CDR2 and CDR3) within four regions of
more limited variation (Clark et al., 1995). The CDR regions are principally responsible for contact
with the antigen (see Figure 4.1). In mAbs as opposed to immune sera, every antibody molecule
contains the same variable region and CDRs. mAbs are generally of murine or human origin
(originating from murine or human B cells), or chimerized (or humanized) to contain the murine
variable region (or CDRs) and the remainder of the antibody of human origin (see Figure 4.3). In
the past, immune B cells from immunized mice were fused to a mouse myeloma cell line as
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originally described by Kohler and Milstein using Sendai virus (Kohler and Milstein, 1976) or
more recently polyethylene glycol. This approach to cell fusion is far more successful in murine
than human systems. However, the use of murine mAbs in the clinic is generally restricted to a 2–
3-week period before human anti-mouse antibodies (HAMA) are produced, which effectively
inactivate the murine mAb. Consequently, a variety of approaches have been used to prepare
antibodies which are less immunogenic.

Human mAbs can be derived from human B-lymphocytes which have been transformed by
viruses such as the Epstein-Barr Virus, but these transformed cells are generally not stable for
long-term production of high levels of antibody. Murine antibodies can be humanized using
recombinant DNA technology. One advantage of this approach is that the human constant region
utilized can be selected based on the properties desired. IgG1 and IgG3 antibodies have the
advantage of activating human complement and mediating opsonization and ADCC, but these
reactions are likely to be undesirable if the antibody is to be used for imaging or targeting
cytotoxic agents, in which case IgG2 or IgG4 may be preferable. Other approaches to improved
imaging include the use of Fab’, F(ab’)2, single chain antibodies or single chain fv (scfv) in which
the heavy and light chain variable regions are connected with a linker in a single small chain (see
Figure 4.3). These smaller molecules are more rapidly cleared and have better penetration of
tumor tissue, though binding avidity and stability are decreased (Scheinberg and Chapman, 1995;
Schlom, 1995). Overall, these smaller molecules have not yet lived up to their promise.

Recombinant DNA technology can be used to genetically engineer almost any antibody and to
produce it to high levels (Clark et al., 1995). This approach can also be used to prepare fully
humanized chimeric antibodies with only the CDR regions of murine origin. Widely used
methods for preparing high affinity recombinant antibody genes now involve the use of
combinatorial and phage display libraries. In the Kohler and Milstein technology (Kohler and
Milstein, 1976) once the immortalized hybridoma cells are established, culture supernatants from
each well are assayed for the presence of the desired antibody reactivity and the resulting cultures
are then grown, cloned and recloned based on production of the antibody of interest. The same
procedure needs to be adopted for the production of antibody fragments in bacteria. This can be
performed by lysing the genetically engineered bacteria and detecting antigen-specific Fab
fragments by immunoassay. Phage display libraries are an alternative approach to this end. The

Figure 4.3 Monoclonal antibody preparations used in clinical trials. Inked-in portions of antibodies are of
murine origin.
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Fab or Fv fragments can be expressed as fusion proteins with a bacteriophage coat protein such
that each phage carries surface Fv fragments and internally, the cloned DNA for that fragment.
These can then be affinity purified. Affinity maturation can be mimicked by using phage display
libraries in which the heavy and light chains are allowed to randomly re-assort and further by
artificially mutating the CDR sequences with random oligonucleotide primers. It is even possible
to completely eliminate the Kohler-Milstein fusion technology (which initially was needed to
expedite the derivation of high affinity antibodies) by extensive application of these approaches,
resulting in high affinity human mAbs. All of these approaches are currently being used for the
production of genes for high affinity mAbs. Once the desired recombinant antibody genes have
been prepared, they are generally placed into myeloma, B cell or CHO cultured lines because
immunoglobulins must be processed and glycosylated appropriately and the appropriate disulfide
bonds formed.

mAbs have a variety of uses ranging from research reagents to diagnostics, imaging and
therapy. The many clinical trials with mAbs used as imaging or therapeutic agents have been
reviewed (Scheinberg and Chapman, 1995; Schlom, 1995). Several of these mAbs   have recently
been approved by the Food and Drug Administration (FDA) for clinical use and are becoming
increasingly common components of the oncologist’s armamentarium (see Table 4.6).

THERAPY WITH MONOCLONAL ANTIBODIES

A variety of clinical trials with mAbs have been conducted in patients with advanced solid
tumors. The target antigens have included CEA, KSA, HER2/neu, TAG-72, LeY, LeX, Globo H,
GD2, GD3 and ferritin (reviewed in Scheinberg and Chapman, 1995; Schlom, 1995; Jurcic et al.,
1998). Only occasional evidence of anti-tumor efficacy was seen in most cases. The exceptions are
the following:

1. Herceptin, a mAb against HER2neu, inhibits epidermal growth factor binding by cell surface
receptors and so mediates an antitumor effect at least partially through a non-immunological
pathway. Herceptin has resulted in clinical responses ir patients with HER2/neu positive

TABLE 4.6

FDA approved mAbs for imaging or therapy
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cancers and has been especially effective in combination with Taxol or other systemic
chemotherapy (Mendelsohn and Baselga, 1995; Pegram et al., 1998).

2. While anti-GD2 mAb 3F8 has resulted in occasional clinical responses in patients with
melanoma, clinical responses in patients with neuroblastoma have been more frequent.
Radiolabeled and unlabeled 3F8 are part of the current combination treatment regimen
involving high-dose chemotherapy in patients with poor-prognosis progressive
neuroblastoma. An increase in the long-term response rate from 15% to 49% has been
associated with the addition of 3F8 (Cheung et al., 1998).

3. 135I-radiolabeled immune serum against ferritin has resulted in shrinkage of tumors in 29 of
43 patients with a hepatocellular carcinoma (Tang et al., 1993).

4. There has been only one published randomized trial involving mAbs in the adjuvant setting,
the use of mAb 17-1a against the panepithelial antigen KSA in patients with resected Dukes C
colon cancer. After a median follow-up of 7 years (Riethmuller et al., 1998), treatment with
17-1a reduced the overall death rate by 30% and so has been approved for use for this
purpose in Europe. Confirmatory trials are ongoing in the USA. It is important to note that
treatment with 17-1a, like the other antibodies mentioned above, resulted in only occasional
responses when used in the advanced disease setting.

The use of mAbs for the treatment of patients with advanced lymphomas and leukemias has been
more successful than was the case with advanced solid tumors. mAbs against B-cell antigens have
been especially effective. CD-20 is a B-cell differentiation antigen. The CD-20 mAb Rituxan and
several 135I-labeled CD-20 mAbs, including Lym-1 and OKB-7, have each resulted in evidence of
therapeutic effect in over 50% of treated patients (Kwak and Grossbard, 1995; Schlom, 1995; Jurcic
et al., 1998). Rituxan is now FDA approved in the USA for treatment of patients with B-cell
lymphoma. This is a mouse/human chimeric antibody which binds complement and induces
ADCC and which was shown, as a single agent, to be safe and to have a significant clinical
activity in patients with bulky relapsed or refractory low-grade follicular B-cell lymphomas
(Davis et al., 1999). This antibody also increases the clinical response when given in combination
with CHOP in patients with B-cell lymphoma (Czuczman et al., 1999). CD33 is a differentiation
antigen of the myelocytic lineage. Treatment of minimal disease acute promyelocytic leukemia
(APL) patients with regimens containing humanized M195 mAb against CD33 has resulted in
more complete elimination of APL cells, documented by RT-PCR assays for the t(15;17) marker
(Jurcic et al., 1998). A multicenter phase II/III trial of HuM195 in patients with acute myelocytic
leukemia in first remission has recently been initiated.

mAbs have also been used for therapy coupled to chemotherapeutic agents, radioactive
isotopes, toxins or cytokines. Several limitations to antibody therapy have been identified.
Antibody penetration into large tumor metastasis is generally limited and so smaller versions of
antibodies have been used such as Fab or single chain antibodies or scfv chains in an attempt to
overcome this limitation. mAbs may be inhibited by circulating soluble antigen or the
development of antibodies against the mAbs, especially if the mAb is of murine origin or carries
foreign components such as drugs or toxins. A variety of approaches have been pursued to
overcome the limitation imposed by the anti-mouse immunoglobulin response (see Table 4.6). Of
the three mAbs approved for therapy, one is murine, the second is chimerized and the third is
humanized. Radiolabeled humanized and murine CD-20 mAbs are likely to be the next mAbs
approved for therapy.
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DIAGNOSTIC APPLICATIONS OF MONOCLONAL ANTIBODIES

Most tumor antigens are expressed on subpopulations of normal cells as well. Nevertheless,
antibodies against these antigens can be useful for tumor diagnosis by identifying increased
quantities of antigen or antigen at abnormal locations. Antibodies may be used for imaging in vivo
or for immunodiagnosis in vitro.

A variety of radiolabeled antibodies against tumor antigens have been used for imaging tumors
but these have seldom proved more sensitive than computerized tomography (CT) or nuclear
magnetic resonance imaging (reviewed in Scheinberg and Chapman, 1995; Schlom, 1995; Jurcic et
al., 1998). Furthermore, imaging with radiolabeled antibodies is cumbersome because antibodies
need to be freshly labeled for each patient. Nevertheless, four murine antibodies or Fab fragments
labeled with Indium 111 or technetium 99m have been approved for human use (see Table 4.6).
The most widely used have been antibodies against TAG-72.3 (sTn antigen), including phase III
multi-center trials demonstrating that Oncoscint could increase detection of colorectal cancer
lesions to 88% from 49% for CT alone in TAG-72 positive tumors. In occult ovarian cancer,
metastases undetectable by CT were identified in 27% of cases. Higher affinity mAbs against
TAG-72 such as CC-49 are currently being studied. Newer approaches to the use of radiolabeled
mAbs include the use of smaller, more rapidly cleared recombinant immunoglobulin molecules
and the use of a hand-held probe at definitive surgery one or two weeks after administration of
radiolabeled mAbs. This approach with radiolabeled CC-49 has recently shown that surgical
management was altered in over 40% of cases. The implications of this in terms of disease-free
and overall survival remains to be determined.

Pathologists now commonly use antibodies for identifying the cell of origin of undifferentiated
tumors and for detection of micrometastasis in the bone marrow and lymphoid organs.
Immunohistology plays a critical role in the identification of micrometastasis after sentinel lymph
node biopsies in patients with breast cancer and melanoma, though the clinical consequences of
micrometastasis in bone marrow or lymph nodes is unclear. Also widely used are immunoassays
that determine the presence and extent of tumor antigens in the serum as a surrogate marker of
tumor burden. These include carcinoembryonic antigen (CEA), alpha fetal protein (AFP), prostate-
specific antigen (PSA), CA125, CA15-3 and TAG-72. The use of mAbs for prognostication is also
assuming greater importance. Identification of HER2/neu and TAG-72 on tumor cells is
correlated with a more ominous prognosis. The use of mAbs for typing hematopoietic tumors has
become routine and is the basis for both prognostic and therapeutic decisions.

CONCLUSION

Antibodies are increasingly important components of the oncologist’s diagnostic and therapeutic
armamentarium. mAbs are already widely used for immunodiagnosis. Antibodies, actively
induced by vaccines or mAbs passively administered, against cell surface antigens are able to
eliminate early cancer metastases in experimental animals. Their presence in cancer patients in the
adjuvant setting correlates with an improved prognosis. Several mAbs have been approved for
clinical use. Drawing on evidence concerning the role of antibodies in protection against
infectious diseases, the presumed role of antibodies in immunotherapy of cancer is induction of
complement activation, Fc-mediated opsonification and antibody-dependent cell-mediated
cytotoxicity against circulating tumor cells and micrometastases. If antibodies of sufficient titer
can be induced or administered, and maintained, against cell surface tumor antigens to eliminate
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tumor cells from the blood and lymphatic system, and to eradicate micrometastases, this would
dramatically change our approach to treating the cancer patient. With repeated showers of
metastases no longer possible, aggressive local therapies of established cancers, including
surgery, radiation therapy, chemotherapy and intralesional treatments, might result in long-term
control of even metastatic cancers. Several clinical trials designed to test this hypothesis are in
progress.

REFERENCES

Capurro, M., Bover, L., Portela, P., Livingston, P.O., and Mordoh, J. (1998) FC-2.15, a monoclonal antibody
active against human breast cancer specifically recognizes Lewis X hapten. Cancer Immunol. Immunother.,
45, 334–339.

Cheung, N.-K.V., Lazarus, H., Miraldi, F.D., Abramowsky, C.R., Kallie, S., Saarinen, U.M., Spitzer, T.,
Strandjord, S.E., Cocci, P.P., and Berger, N.A. (1987) Ganglioside GD2 specific monoclonal antibody 3F8: a
phase I study in patients with neuroblastoma and malignant melanoma. J. Clin. Oncol., 5, 1430–1440.

Cheung, N.-K.V., Kushner, B.H., Cheung, I.Y., Kramer, K., Canete, A., Gerald, W., Bonilla, M., Finn, R., Yeh,
S.J., and Larsen, S.M. (1998) Anti-GD2 antibody treatment of minimal residual stage IV neuroblastoma
diagnosed at more than 1 year of age. J. Clin. Oncol., 16, 3053–3060.

Clark, M. (1995) General introduction. Monoclonal antibodies. In J.R.Birch, and E.S.Lennox, (eds.), Princ. Appl.,
1, 1–43.

Czuczman, M.S., Grillo-Lopez, A.J., White, C.A., Saleh, M., Gordon, L., Lo Buglio, A.F., Jonas, C.,
Klippenstein, D., Dallaire, B., and Varus, C. (1999) Treatment of patients with low-grade B-cell lymphoma
with the combination of chimeric anti-CD20 monoclonal antibody and CHOP chemotherapy. J. Clin.
Oncol., 17, 268–276.

Davis, T.A., White, C.A., Grillo-Lopez, A.J., Velasquez, W.S., Link, B., Maloney, D.G., Dillman, R.O.,
Williams, M.E., Mohrbacher, A., Weaver, R., Dawden, S., and Levy, R. (1999) Single-agent monoclonal
antibody efficacy in bulky non-Hodgkin’s lymphoma: results of a phase II trial or Rituximab. J. Clin.
Oncol., 17, 1851–1857.

Dickler, M.N., Ragupathi, G., Liu, N.X., Musselli, C., Martino, D.J., Miller, V.A., Kris M.G., Brezicka, F.T.,
Livingston, P.O. and Grant, S.C. (1999) Immunogeneticity of the fucosyl-GM1-keyhole limpet hemocyanin
(KLH) conjugate vaccine in patients with small cell lung cancer. Cancer Research 5:2773–2779.

Fearon, D.T., Kelsoe, G., Kinef, J.P., MacLennan, L., Parham, P., and Rajewsky, K. (1997) The humoral
immune response. In Immune-biology the Immune system in Health and Disease (3rd edn). Janeway, Travers, 8,
1–54.

Giantonio, B.J., Gilewski, T., Bookman, M.A., Norton, L., Kilpatrick, D., Dougan, M.A., Sliehenmyer, W.J.,
Onetto, N.M., and Canetta, R.M. (1996) A phase I study of weekly BR96-doxorubicin in patients with
advanced carcinoma expressing the Lewis (LeY) antigen. Proc. Am. Soc. Clin. Oncol., 15, 53.

Hamilton, W.B., Helling, F., Lloyd, K.O., and Livingston, P.O. (1993) Ganglioside expression on human
malignant melanoma assessed by quantitative immune thin layer chromatography. Int. J. Cancer, 53,
566–573.

Helling, F., Zhang, A., Shang, A., Adluri, S., Calves, M., Koganty, R., Longenecker, B.M., Oettgen, H.F., and
Livingston, P.O. (1995) GM2-KLH conjugate vaccine: increased immunogenicity in melanoma patients
after administration with immunological adjuvant QS-21. Cancer Res., 55, 2783–2788.

Jäger, E., Stockert, E., Zidianakis, Z., Chen, Y.-T., Karbach, J., Jäger, D., Araud, M., Ritter, G., Old, L.J., and
Knuth, A. (1999) Humoral immune responses of cancer patients against “cancer/testis” antigen NY-
ESO-1: correlation with clinical events. Int. J. Cancer, 84, 506–510.

Jones, P.C., Sze, L.L., Liu, P.Y., Morton, D.L., and Irie, R.F. (1981) Prolonged survival for melanoma patients
with elevated IgM antibody to oncofetal antigen. J. Natl. Cancer Inst. USA, 66, 249–254.

114 TUMOR IMMUNOLOGY



Jurcic, J.C., Scheinberg, D.A., and Houghton, A.N. (1998) Monoclonal antibody therapy of cancer. Cancer
Chemother. Biol., 17, 195–216.

Kohler, G., and Milstein, C. (1976) Derivation of specific antibody-producing tissue culture and tumour cell
lines by cell fusion. Eur. J. Immunol., 6, 511–519.

Kwak, L.W., and Grossbard, M.L. (1995) Clinical applications of monoclonal antibodies in cancer. In
V.T.DeVita Jr., S.Hellan, and S.A.Rosenberg, (eds.), Biologic Therapy of Cancer (2nd edn), J.B.Lippincott
Company, New York, pp. 553–565.

Livingston, P.O., Ritter, G., Srivastava, P., Padavan, M., Calves, M.J. Oettgen, H.F., and Old, L.J. (1989)
Characterization of IgG and IgM antibodies induced in melanoma patients by immunization with purified
GM2 gangliosic. Cancer Res., 49, 7045–7050.

Livingston, P.O., Wong, G.Y.C., Adluri, S., Tao, Y., Padavan, M., Parente, R., Hanlon, C.M.J., Helling, F.,
Ritter, G., Oettgen, H.F., and Old, L.J. (1994) Improved survival in AJCC stage III melanoma patients with
GM2 antibodies: A randomized trial of adjuvant vaccination with GM2 ganglioside. J. Clin. Oncol., 12,
1036–1044. 

Livingston, P.O. (1995) Immunization with synthetic or highly purified tumor antigens. In V.T.DeVita Jr.,
S.Hellan, and S.A.Rosenberg, (eds.), Biologic Therapy of Cancer (2nd edn), J.B.Lippincott Company, New
York, pp. 680–690.

Livingston, P.O. (1998) The case for melanoma vaccines that induce antibodies. In J.M., Kirkwood, (ed.),
Molecular Diagnosis. Prevention and Treatment of Melanoma, Marcel Dekker Inc., pp. 139–157.

MacLean, G.D., Reddish, M.A., Koganty, R.R., and Longenecker, B.M. (1996) Antibodies against mucin-
associated sialyl-Tn epitopes correlate with survival of metastatic adenocarcinoma patients undergoing
active specific immunotherapy with synthetic STn vaccine. J. Immunother Emph. Tumor Immunol., 19, 59–68.

Mendelsohn, J., and Baselga, J. (1995) Antibodies to growth factors and receptors. In V.T.DeVita Jr., S.Hellan,
and S.A.Rosenberg, (eds.), Biologic Therapy of Cancer (2nd edn), J.B.Lippincott Company, New York,
pp. 607–623.

Merritt, W.D., Taylor, B.J., Der-Minassian, V., and Reaman, G.H. (1996) Coexpression of GD3 ganglioside
with CD45RO in resting and activated human T lymphocytes. Cell. Immunol., 173, 131–148.

Pegram, M.D., Lipton A., Hayes, R., Weber, B.L., Baselga, J.M., Tripathy D., Baly D., Baughman, S.A., Twaddell,
T., Glaspy, J.A., and Slamon, D.J. (1998) Phase II study of receptor-enhanced chemosensitivity using
recombinant humanized anti-p185HER2/neu monoclonal antibody plus cisplatin in patients with HER2/neu-
overexpressing metastatic breast cancer refractory to chemotherapy treatment. J. Clin. Oncol., 16,
2659–2671.

Riethmuller, G., Holz, E., Schlimok, G., Schmiegel, W., Raab, R., Hoffken, K., Gruber, R., Funke, I.,
Pichlmaier, H., Hirche, H., Buggisch, P., Witte, J., and Pichlmayr, R. (1998) Monoclonal antibody therapy
for resected Dukes’ C colorectal cancer: seven-year outcome of a multicenter randomized trial. J. Clin.
Oncol., 16, 1788–1794.

Sabbatini, P., Kudryashov, V., Danishefsky, S., Livingston, P.O., Ragupathi, G., Bornmann, W., Spassova, M.,
Spriggs, D., Aghajanian, C., Soignent, S., Peyton, M., O’Flaherty, C., Curtin, J. and Lloyd, K.O. (2000)
Immunization of ovarian cancer patients with a synthetic Lewis Y—protein conjugate vaccine: clinical and
serological results. Int. J. Can 87:79–85.

Sahin, U., Tureci, O., Schmitt, H., Cochlovius, B., Johannes, T., Schmits, R., Stenner, F., Luo, G., Schobert, I.,
Pfreundschuh, M. (1995) Human neoplasms elicit multiple specific immune responses in the autologous
host. Proc Natl Acad Sci USA, 92, 11810–11813.

Saleh, M.N., Khazaeli, M.B., Wheeler, R.H., Dropcho, E., Liu, T., Urist, M., Miller, D.M., Lawson, S., Dixon,
P., Russell, C.H., and LoBuglio, A.F. (1992) Phase I trial of the murine monoclonal anti-GD2 antibody
14G9a in metastatic melanoma. Cancer Res., 52, 4342.

Scheinberg, D.A., and Chapman, P.B. (1995) Therapeutic applications of monoclonal antibodies for human
disease. In J.R.Birch, and E.S.Lennox (eds.) Monoclonal Antibodies. Principles and Applications, 2, 45–105.

HUMORAL RECOGNITION OF CANCER 115



Schlom. J. (1995) Monoclonal antibodies in cancer therapy. In V.T.DeVita Jr., S.Hellan, and S.A.Rosenberg,
(eds.), Biologic Therapy of Cancer (2nd edn), J.B.Lippincott Company, New York, pp. 507–521.

Tang, Z.-H., Liu, K.-D., Fan, Z., et al. (1993) A decade’s studies on the immunotargeting therapy of
hepatocellular carcinoma. Antibody Immunoconj. Radiopharm., 6, 155–165.

Zhang, S., Cordon-Cardo, C., Zhang’ H.S., Reuter, V.E., Adluri, S., Hamilton, W.B., Lloyd, K.W., and
Livingston, P.O. (1997a) Selection of carbohydrate tumor antigens as targets for immune attack using
immunohistochemistry. I. Focus on Gangliosides. Int. J. Cancer, 73, 42–49.

Zhang, S., Zhang, H.S., Cordon-Cardo, C., Reuter, V.E., Singhal, A.K., Lloyd, K.O., and Livingston, P.O.
(1997b) Selection of tumor antigens as targets for immune attack using immunohistochemistry. II. Blood
group-related antigens. Int. J. Cancer, 73, 50–56.

Zhang, S., Zhang, H.S., Cordon-Cardo, C., Ragupathi, G., and Livingston, P.O. (1998a) Selection of tumor
antigens as targets for immune attack using immunohistochemistry: protein antigens. Clin. Cancer Res., 4,
2669–2676.

Zhang, H., Zhang, S., Cheung, N.-K., Ragupathi, G., and Livingston, P.O. (1998b) Antibodies can eradicate
cancer micrometastases. Cancer Res., 58, 2844–2849. 

116 TUMOR IMMUNOLOGY



5
Immunotherapy of Cancer

Peter Hersey and Francesco M.Marincola

ABBREVIATIONS

APC Antigen-presenting cell
BCG Bacillus Calmette-Guérin
CT Cancer-testis
CTL Cytotoxic T lymphocytes
DC Dendritic cells
FNA Fine needle aspiration
GM-CSF Granulocyte-macrophage colony-stimulating-factor
IFN-α,-β, -γ Interferon-alpha,-beta,-gamma
IL-… Interleukin-2,-4,-5,-6,-10,-12
LAK Lymphokine activated killer
MAA Melanoma associated antigens
PBL Peripheral blood lymphocytes
PBMC Peripheral blood mononuclear cells
PCR Polymerase chain reaction
rIL- recombinant interleukin-
TC T cytotoxic
TCR T cell receptor
TH T helper
TIL Tumor-infiltrating lymphocytes
TNF Tumor necrosis factor

 
 
 
 
 
 



 

Cancer Vaccines

1. In cancer, the aim of immunization is to eradicate the disease, rather than to prevent
it as is the case with other vaccines.

2. Cancer vaccines are used to induce effector mechanisms against cancer cells and to
maintain them for periods of time sufficient to fight the tumor e.g. 6 months or
longer.

3. Establishment of memory is critical so that reappearance of the cancer will be met
with a rapid expansion of the chosen effector mechanisms.

4. Clinical, histopathological and laboratory evidence supports the theory that tumor
regression is mediated by immune responses. This provides a basis for the
development of a therapeutic approach against cancer.

5. A major advancement in the field of tumor immunology will be the identification
of those patients who are likely to respond to this form of therapy.

INTRODUCTION

Treatment of cancer by immunization with vaccines dates from the beginning of the twentieth
century at a time when immunologists were making huge gains in the control of infections, such
as tetanus and diphtheria, by immunization with bacterial products. The vaccines employed were
autologous or allogeneic tumor cells or extracts and as early as 1914 physicians were suggesting
that the success of this approach was related to a small tumor burden and an increase in leukocyte
counts in the patients (Vaughan, 1914). By 1929, however, Woglom (1929) was writing that
resistance was “not connected with any neoplastic qualities of the graft” and that “while a
selective cytolysin for the malignant cell may some day be found, the chances of its discovery are
remote.”

Since this period there have been a number of advances, not least being the advances made in
conduction of clinical trials. The idea that cancers were foreign tissue has been replaced by
knowledge that most cancer antigens are also expressed in normal tissue, albeit at different levels
or at different developmental stages. It is also clear that exposure to antigen may not lead to an
immune response but inactivate or tolerize lymphocytes. If an immune response does occur it
may take several forms, such as antibody production or induction of cytotoxic T cells. The type of
antigen, its physical form and route of presentation appear critical in determining the type of
response. This information about immunoregulatory mechanisms is gradually being incorporated
into design of new cancer vaccines. These new developments, together with evidence of clinical
responses in some patients treated with cancer vaccines, is encouraging enough to suggest that
Woglom was too pessimistic and that cancer vaccines may be a valuable additional modality
against cancer. An overview of important events in development of cancer vaccines is given in
Table 5.1.
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The following sections describe some of the basic considerations involved in design and use of
cancer vaccines. Where possible, past or present clinical studies are described to illustrate the
principles involved.  

SOME GENERAL PRINCIPLES

Differences in Therapeutic versus Preventive Vaccines

Immunization of patients with cancer differs from immunization against most infectious disease
in several respects. Firstly, immunization against infectious organisms is mostly used to prevent
the disease whereas in cancer the aim is to eradicate existing disease and not to prevent it, i.e. the
vaccines are intended to be therapeutic not preventive. In certain infections, such as malaria and
leprosy, vaccines may also be used with therapeutic intent (Ponnighaus et al., 1992; Nosten et al.,
1996).

Secondly, vaccines used for prevention are designed principally to establish memory in the
immune system so that subsequent exposure to the infection will lead to rapid expansion of
effector mechanisms such as cytotoxic T cells, macrophages and antibodies against the organisms.
In patients with cancer the vaccine is used to induce effector mechanisms against cancer cells and
to maintain them for periods of time sufficient to eradicate the tumor, e.g. for periods of 6 months
or more. When cancer vaccines are used in an adjuvant setting (i.e. treatment of patients after
surgical removal of all clinically evident disease) the aim is similar but the vaccinations are carried
out over a more protracted period such as 1–3 years. Establishment of memory is also critical in
cancer patients so that reappearance of the cancer will be met with a rapid expansion of effector
mechanisms. These considerations have resulted in protocol designs that include repeated
immunization in the first 6 months and less frequent injections in the remainder of year 1 and 2.

TABLE 5.1

Highlights in the evolution of cancer vaccine therapy
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There is, however, no agreement as to the optimal frequency or for how long the vaccines should
be administered (Hersey, 1997) (Table 5.2; see also Table 5.6).  

Reduce Tumor Bulk and Immunize away from the Tumor

It is now clear that tumors evade or inhibit immune responses against them by a number of
different mechanisms, as shown in Table 5.3. Some of the factors involved are reviewed elsewhere
(Hersey, 1998) and include IL-10, TGF-β2, hydrogen peroxide and FasL (see also Chapter 6 of this
book).

Specific inhibitors of some of these factors may be determined over the next few years but until
more is known about the inhibiting factors, it appears appropriate to reduce the negative effects
of tumors on immune responses by surgical removal of as much tumor as possible and
immunization at sites removed from negative effects of the tumor.

Switching Immune Responses from TH2 to TH1 and Cell Mediated Responses

It has been known for some time that certain antigens produce predominantly cell mediated
responses or antibody responses (Parish, 1972; Parish, 1996). This phenomenon was poorly
understood until the description by Mossman of T helper subsets which made different
combinations of cytokines that mediated help (Mosmann and Sad, 1996). So-called TH1 subsets
made IL-2 and IFN-γ, which amplified macrophage and CTL responses, and TH2 subsets made
IL-4, IL-5 and IL-10. IL-4 and IL-5 played a key role in antibody production. Since then it has
become evident that CD8 T cells also exist as T cell subsets (TC1 and TC2) (Seder and Le Gros,
1995) which have cytotoxic or immunoregulatory effects on macrophages and surrounding CD8
and CD4 T cells. Rejection of tumor cells is dependent on cell mediated responses and in view of
this, procedures which induce TH1 TC1 responses form a key part of new vaccine strategies.

Prolonged exposure to antigen or other factors from tumors is believed to result in switch of
immune responses to the TH2 pathway, resulting in antibody production rather than cell
mediated responses (Guilloux et al., 1994). Attempts to switch the response back to cell mediated
responses include use of the cytokine IL-12 as TH1 but not TH2 cells express receptors for IL-12
(Rogge et al., 1997). In past studies low dose cyclophosphamide has been used to remove
conditioned (?suppressor T cells, ?TH2) T cells and B cells (Berd and Mastrangelo, 1988). Evidence
for the effectiveness of these approaches is not yet available.

TABLE 5.2

General principles in use of cancer vaccines
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Select Antigens Expressed at High Density on Tumor Cells Which Have High Numbers
of Precursor T Cells Against Them

The immune system has the capacity to reject large numbers of tumor cells provided there is a
high frequency of T cells against the antigen on the tumor cells. An example of this is shown by
Figures 5.1 (a) and (b), which are chest X-rays of a renal transplant patient who received by
accident a donor kidney containing melanoma cells (Elder et al., 1997). Figure 5.1(b) illustrates
clearing of the metastases six weeks after cessation of immunosuppression. In this case the
remission was most probably on the basis of recognition of alloantigens on the donor melanoma
cells against which a high frequency of pre-existing precursor T cells are known to be present.

Another example of rapid generation of high numbers of specific T cells is that reported to
occur after infection with EBV where up to 50% of CD8 T cells were specific for the virus
(McMichael and O’Callaghan, 1998). Presumably, the infection of large numbers of B cells acts to
produce large numbers of APC and thereby with EBV, generation of large numbers of CD8 T cells
against the virus. Clearly one of the aims in the use of cancer vaccines is to achieve similarly high
numbers of reactive CTL against the cancer. Available information indicates precursor
frequencies against some cancer antigens (e.g. MAGE) are low (Chaux et al., 1998), though recent
studies with HLA-2/Melan-A/MART-1 tetramers suggest a relatively high frequency of anti-
Melan-A/MART-1 memory CTL in metastatic melanoma patients (Romero et al., 1998; Anichini et
al., 1999).

The antigen density on tumor cells is also critical for mediating rejection. In the case of one of
the MAGE-3A2 peptides, CTL were generated against it but antigen expression on several
melanoma cells was too low to induce killing (Valmori et al., 1997). Similarly, induction of IL-2
production from T cells was shown to be dependent on the level of antigen expression (Labarriere
et al., 1997).

“Helper” Molecules are Needed to Generate Optimal Immune Responses

The design of cancer vaccines has to a large extent changed in parallel with advances in
understanding of immune responses. In the 1960s and 70s the concept of T and B cells was
introduced (Raff, 1973). It was then shown that T cells consisted of CD4 “helper” and CD8 cytotoxic

TABLE 5.3

Mechanisms involved in inhibition of immune responses to tumors

For references see Hersey (1998).
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T cells (CTL). CD4 T cells provided “help” to B cells, macrophage responses, cytotoxic and CD8+ T
cells. These discoveries led to the development of vaccines which incorporated components to
stimulate T helper cell responses. These included viruses such as vaccinia (Hersey et al., 1987), and
Newcastle disease virus (Cassel and Murray, 1992). Other helper strategies included use of
chemical haptens such as dinitrochlorobenzene (Berd et al., 1991) and foreign proteins such as
keyhole limpet hemocyanin (KLH) (Livingston, 1995), tetanus toxoid (Vitiello et al., 1995;
Livingston et al., 1997) and purified protein derivative (PPD) of BCG. Vaccines including helper
components remain under evaluation but helper components may differ in their ability to induce
cell mediated responses to tumors. Viruses usually induce strong cell mediated responses but
heterologous proteins such as tetanus toxoid may induce help for antibody rather than cell
mediated responses.

Certain proteins, such as tetanus toxoid, contain epitopes which bind to practically all DR class
II antigens and are referred to as universal helper epitopes (O’Sullivan et al., 1991). The PADRE
peptide is another example (Alexander et al., 1994). They can be synthesized to contain class I
restricted epitopes and so provide “help” at the site of interaction with CD8 T cells. There is also
interest in using modified class II invariant chain peptides to provide help to CD8 T cells
(Sinigaglia and Hammer, 1995). Helper components in vaccines should also (when possible) be
present in the tumor so that the helper response can be restimulated on reappearance of the
tumor. Unless the helper component is expressed by the tumor there will be no recall and the tumor
may escape detection (Ossendorp et al., 1998). Several CD4+ Th cell epitopes have been recently
reported to be expressed in melanomas and other human tumors, though none of them has been
tested yet in vaccination protocols (see Chapter 1).

The most recent ideas concerning activation of CTL by helper cells is shown in Figure 5.2. This
model suggests that CD40 Ligand on activated helper T cells activates dendritic or other APC and
this enables the APC to activate CTL (further details in Chapter 2).

Selecting the Right Adjuvants

Vaccines are frequently given with an adjuvant to boost the strength of the response. They may do
this by acting as a depot for release of antigen or by attraction of APC to the site. A detailed
discussion of adjuvants is beyond the scope of this chapter but those commonly used with cancer
vaccines are listed in Table 5.4. QS21 was reported to be very effective in inducing IgG antibody to
the ganglioside GM2 (Helling et al., 1995) and may have T cell stimulatory properties (Rhodes,
1996). BCG has been used as an adjuvant in several studies of Morton et al. (1992) and Detox as an
adjuvant to a melanoma vaccine prepared from an ultrasonicate of three melanoma cell lines
(Mitchell et al., 1990). It has cell walls from a mycobacterium and monophosphoryl lipid A from
Salmonella, which may activate macrophages. Montanide ISA720 is a water in oil adjuvant
containing a metabolizable oil, which was shown to be effective in induction of T cell responses to
cytomegalovirus (CMV) peptides in murine models and to proteins from malaria in human
studies (Scalzo et al., 1995; Lawrence et al., 1997). The water in oil composition was found to be
important in induction of CTL. Incomplete Freund’s (IFA) is composed of mineral oil and Arlacel
A (emulsifier) and pristine oil. Although widely used for induction of immune responses to
peptides (Salgaller et al., 1996), it induces granuloma formation and skin reactions at the site of
injections. MFS9 is an oil in water biodegradable adjuvant which has been used as an adjuvant to
increase immune responses to peptides (O’Hagan et al., 1997). GM-CSF is used to increase the
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number of APCs at the injection site and was found by Knuth et al. to increase responses to
melanoma peptides (Jager et al., 1996b).

Figure 5.1 Regression of multiple lung metastases from a melanoma transplanted with the donor kidney
after cessation of immunosupperssion. (a) CAT scan of the chest of a 21-years-old showing multiple
metastases from melanoma transplnted with the donor kidney. (b) CT of chest of the same patient 6 weeks
after cessation of immunosuppression. The donor graft expressed A29 and B45 that was not shared by the
recipient.
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TUMOR ANTIGENS RECOGNIZED BY THE IMMUNE SYSTEM OF HUMANS

Antigens Recognized by T Cells

Our understanding of antigens recognized by T cells developed firstly from the observation by
Doherty et al. (1976) that recognition of viral antigens required the target cells to express the same
MHC antigens as the effector T cells. This puzzling finding was made clear when Alain Townsend
reported that T cells recognized proteins that were processed within the cell and exported to the
cell surface as peptides of 9–10 amino acids bound to class I MHC antigens (Townsend et al.,

Figure 5.2 Two models of the delivery of help to CD8+ killers, (a) The “passive” model in which the dendritic
(presenting) cell presents antigen to both the T helper and the killer but delivers co-stimulatory signals only
to the helper, which is thereby stimulated to produce IL-2 for use by the nearby killer, (b) The “dynamic”
model in which the dendritic cell offers co-stimulatory signals to both cells. It initially stimulates the T helper
(left), which, in turn, stimulates and “conditions” the dendritic cell to differentiate to a state (right) where it
can now directly co-stimulate the killer. Reprinted with permission from Ridge et al. (1998).
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1986). Subsequent studies showed that antigens external to the cell were processed within
lysosomes within the cell and exported as peptides of 10–14 amino acids in association with MHC
class II antigens. Helper T cells appeared to recognize antigens associated with MHC class II
antigens and cytotoxic T cells recognized antigens associated with MHC class I antigens.  

Until the early 1990s information about human tumor antigens was largely confined to antigens
recognized by antibodies such as those described against the gangliosides GM2, GD2 and
acetylated GD3. The nature of antigens recognized by T cells remained elusive until Thierry Boon
in Brussels introduced gene transfection and limiting dilution techniques to analyze the specificity
of clones of T cells isolated from a patient with melanoma. Subsequent studies by this group and
others using peptide elution techniques (Castelli et al., 1995) have led to the discovery of a number
of antigens, some of which are listed in Table 5.5 (see also Chapter 1 for more details).

In addition to the gene transfection approach, antisera from patients have been used to screen
cDNA libraries from tumor cells. This approach, referred to as the SEREX approach (serological
screening of expression libraries), depends on the molecule expressing determinants recognized
by antibodies and helper T cells. This is usually the case but the molecule may not necessarily
have determinants recognized by CTL. A large number of antigens have been detected using this
approach (Old and Chen, 1998) and those referred to as cancer-testes (CT) antigens appear
particularly attractive as candidates for cancer vaccines (see also Chapter 4).

Another approach to identify tumor antigens has been to examine known oncogene protein
products for epitopes recognized by T cells. Vaccines against Ras with mutations at position 12 or
61 were reported to be effective against murine tumors (Fenton et al., 1995; Gjertsen and
Gaudernack, 1998) and vaccines against peptides from (overexpressed) HER-2/neu were
protective against tumors in rats (Disis et al., 1996). One of the HER-2/neu peptides (p369–377)
was found to be immunogenic in vitro but CTLs raised against the peptide did not kill carcinoma
cells (Zaks and Rosenberg, 1998). The tumor suppressor protein p53 is also frequently
overexpressed and mutated in cancers. CTL produced against wild type p53 were shown to be
effective against murine cancers but not against normal tissues (Vierboom et al., 1997).

Selection of Antigens for Cancer Vaccines

Several criteria are used in selection of antigens for cancer vaccines. Firstly, antigens that are
recognized by CD4+ helper T cells and CD8+ CTL need to be included in the vaccine (Ossendorp

TABLE 5.4

Adjuvants for cancer vaccines
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et al., 1998). Helper T cell antigens are needed which will recall an effector response against
recurrent tumor whereas antigens recognized by CTL are needed for destruction of the tumor. In
some instances CD4 T cells may also mediate destruction of tumor cells by non-secretory
pathways mediated by ligands of the tumor necrosis family, such as FasL or TRAIL (tumor
necrosis related apoptosis inducing ligand). Our recent studies suggest the latter is particularly
important against melanoma (Thomas and Hersey, 1998).

Secondly, the antigens need to be expressed widely on tumor cells and in sufficient
concentration to be recognized by T cells, i.e. expression needs to be at high enough levels to
trigger cytotoxic T cell responses (Valmori et al., 1997). Thirdly, the antigens need to be recognized
by a high proportion of patients. This may require that the antigens have binding motifs for MHC
antigens that are commonly expressed in human subjects such as HLA-A2, A3, A24, B7, B8, B12,
DR3 and DR4. This increases the proportion of patients who can be treated with the antigen.
Fourthly, the host T cells should not be tolerant of the antigens. Many of the tumor antigens
described so far are found in varying degrees in normal cells (see also Chapter 1 of this book). It is
therefore possible that prior exposure of the immune system to the antigens may have deleted
high affinity T cells and left low affinity cells that have low capacity to kill the tumor cells (Toes et
al., 1996). In view of this it may be preferable to utilize antigens that have had low exposure to the
immune system (i.e. cryptic antigens). The MAGE-antigens and other CT antigens are examples
of such antigens in that the genes are methylated and not expressed in normal tissues except the
testes. In melanoma and a variety of other cancers the genes are demethylated and expressed to
varying degrees. Some of the other tissue-specific antigens may fulfil these criteria in that they are
expressed at very low levels in normal tissue but become expressed at high levels in tumor tissue
(e.g. gp 100, Her-2/neu). In the case of peptide vaccines, it may be possible to recruit high affinity
T cells by modifying the MHC peptide binding sites to produce peptides with high affinity to the
MHC antigens. There are now many examples of melanoma peptides that have been modified to
increase their affinity and immunogenicity (Parkhurst et al., 1996; Romero et al., 1997); Rivoltini et
al., 1999).

TABLE 5.5

Human cancer antigens

Additional references to the above antigens are given in Hersey (1997) and Old and Chen (1998). See also
Chapter 2 of this book.
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An antigen which possesses most of the above requirements for making it an excellent
immunogen in vaccination is the Ig idiotype expressed by B cell lymphomas. In fact, the idiotype
determinant is clonally expressed by the large majority of tumor cells, it is hardly selected against
during natural tumor growth and can be recognized both by the T and B cell components of the
immune system (Kwak et al., 1992). The only major drawback of this antigen is its uniqueness,
since the idiotype sequence may be different for each lymphoma patient.

VACCINE DELIVERY SYSTEMS FOR GENERATION OF IMMUNE RESPONSES
AGAINST TUMORS

The different vaccine approaches to treat cancer are shown in Figure 5.3. The following are short
descriptions of these approaches.

Whole Cells and Cell Fragments

Most of the whole cell or particulate vaccines have been given subcutaneously with or without
adjuvants such as BCG or Detox. Viral lysates have been given either subcutaneously or
intradermally and have not been given with adjuvants. There has been some controversy as to
whether whole cancer cells are recognized directly by T cells. This led to suggestions that the
tumor cells in the vaccine should share HLA antigens with those of the patient. Experimental
evidence suggests, however, that immune responses to whole cells, as for cell fragments, depends
on uptake of the injected material by host APC and presentation to T cells of the recipient (Huang
et al., 1994). This process, referred to as  “cross presentation”, appears to apply not only to
generation of MHC class II helper responses by CD4 T cells, but also to MHC class I restricted
responses by CD8 T cells (Carbone et al., 1998).

Whole cell or cell fragment vaccines have the potential to express a wide range of antigens to
the immune system and limit the opportunity for escape due to generation of antigen loss
variants. The disadvantage of this approach is that the tumor antigens represent a small fraction of
the protein from the cell and APC may be saturated by irrelevant peptides. In the eventuality that
the vaccine is shown to have therapeutic effects, it is also difficult to evaluate which components
of the vaccine were responsible. It is therefore not easy to build more effective vaccines by this
approach. These considerations have led many investigators to use subunit vaccines. It can be
expected that these may not be as effective as the crude vaccines in initial studies but correlation of
immune responses with clinical outcomes should be possible and allow step wise development of
more effective vaccines.

A summary of current trials with these “first generation” vaccines is shown in Table 5.6.

Cytokine Gene Transfected Cancer Cells

Studies in a number of animal models suggested that immunization with cancer cells containing
genes for cytokines led to protection against transplanted cancers and in some models rejection of
established tumors (reviewed elsewhere (Tepper and Mulé, 1994). Tumor cells transfected with
genes for GM-CSF appeared particularly effective (Dranoff et al., 1993). These studies led to a
number of trials in patients with cancer, as reviewed elsewhere (Parmiani et al., 1997). Autologous
melanoma transfected with genes for GM-CSF induced dense infiltrates with T cells and mixed
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tumor responses in some patients (Soiffer et al., 1998). However, the technical difficulty involved
in producing autologous vaccines has so far limited this approach. Clinical trials based on
immunization with IL-2 or IL-4 genes have induced limited responses (Belli et al., 1997; Arienti et
al., 1999) and there is a general impression that delivery of cytokines to the local site of vaccination
by other means may be as effective as transfection of genes into tumors (Pardoll, 1998).

Proteins and Peptides as Vaccines

Information about binding epitopes within proteins has made it possible to produce relatively
short peptides of 9–10 amino acids that are recognized by CTL. One question is whether
immunization with peptides is preferable to using the whole protein. Immunization with
recombinant whole proteins has the potential to include epitopes for both helper T cells and CTL.
This appears to be the case for tyrosinase, MAGE-3 and NY-ESO-1 (Stockert et al., 1998) for which
HLA-class II epitopes have been defined (see Chapter 1). Whole proteins may also express
binding sites for a larger range of MHC antigens than exist with purified peptides. This is shown
from studies on tyrosinase, gp100 and MAGE-3 (reviewed in Hersey, 1997). In studies against
some viral antigens, however, peptides have proven more effective than whole protein (Disis et
al., 1996). This may be because the peptides may occupy more MHC antigens on APC and hence
be more effective in triggering T cell responses. Whether this will apply against tumor cells which
have a wider array of tumor/MHC antigen complexes is not known. Peptides are easier to  

Figure 5.3 Diagrammatic representation of different vaccine approaches used in treatment of cancer. The
APCs referred to in the diagram may be those naturally occurring in the patient or dendritic cells generated
ex vivo and primed with the antigen preparations shown in the figure. 
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produce than recombinant proteins, which require production in fermentation vessels and
purification from bacterial products.

Both proteins and peptides have the advantage of being safe, relatively cheap to produce and
sterilize. They suffer, however, from being poorly immunogenic. For this reason it is necessary to
use adjuvants to enhance their immunogenicity. Adjuvants have a number of roles in enhancing
immune responses to these products, such as attraction of APC to the site of vaccination,

TABLE 5.6

Randomized trials with melanoma vaccines

* American Joint Committee on Cancer (AJCC) stages III and IV refer to patients with lymph node
metastases and disseminated metastases, respectively. Stage IIA, IIB refers to localised melanoma >1.5 and
>4.00 mm thick respectively.
BCG: Bacillus Calmette-Guerin; Cyclo: Cyclophosphamide; i.d.: intradermal; IFN: Inteferon: HDI: high dose
IFN-α2b; KLH: Keyhole limpet haemocyanin; qxw: every×weeks; s.c.: subcutaneous; DNP: Dinitrophenyl;
DFS: Disease free survival. 
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facilitation of uptake into APC and in some instances, modulation of responses by causing local
release of cytokines that stimulate TH1 TC1 responses.

Some of the clinical trials in progress using melanoma peptides or proteins are summarized in
Table 5.7. The studies by Boon and colleagues (Marchand et al., 1999)   continue to puzzle many
clinicians in that impressive results (7 responses, most durable, in 25 patients) have been achieved
by injection of MAGE-3 A1 peptides alone without adjuvants, albeit over long periods. However,
no clear evidence of clinical response in 18 high-risk melanoma patients was observed when
MAGE-3.A1 peptide was given in incomplete Freund’s adjuvant (IFA), though 5 of 14 patients
showed a specific CTL response to MAGE-3 targets (Weber et al., 1999). The studies of Rosenberg
and colleagues with the modified gp100 209 2M peptide are also impressive, with 13 responses in
31 patients (42%) (Rosenberg et al., 1998a). The latter trial is, however, difficult to evaluate because
of the concomitant use of high dose IL-2.

In one trial, patients were immunized intradermally with the MART-1 peptide as well as the 2
HLA-A2 binding tyrosinase peptides in a soluble form (Jäger et al., 1996a). Although tumor
regression was not observed in this trial, delayed type hypersensitivity responses directed against
the tyrosinase signal peptide were observed in some patients. In addition, immunization
appeared to enhance the responses generated to the MART-1 and tyrosinase signal peptides
following a single in vitro stimulation with peptide pulsed cells. Immunization of HLA-A2

TABLE 5.7

Current melanoma peptide trials

* GM-CSF, granulocyte-macrophage colony-stimulating-factor; IFA, incomplete Freund’s adjuvant; MPL,
monophosphoryl lipid A (modified LPS); QS21, carbohydrate extract of Quillaja Saponaria; Montanide
ISA720, water in (metabolisable) oil emulsion.
† PADRE (Pan DR Epitope) is a 13-mer peptide which can stimulate class II-restricted Th cells.
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patients with the MART-1 and gp100:209–217 peptides in IFA appeared to result in modest
enhancement in the ability to induce tumor reactive T cells in bulk cultures following in vitro
stimulation with peptides (Salgaller et al., 1996; Cormier et al., 1997b). Significant clinical
responses, however, have only been seen in small numbers of patients in these trials. 

An unresolved issue remains the relationship between in vitro immune response to the vaccine
and the clinical response. In fact, one should mention that the ex vivo CTL response of these patients
failed to match their clinical response. In fact, none of the clinically responding patients in the
MAGE study showed a detectable, anti-MAGE-3.A1 CTL in the blood and a similar finding was
reported for most of the clinically responding patients in the gp100 2092M trial of Rosenberg’s
group. However, gp100 2092M or Melan-A/MART 127–36 peptides were able to generate
detectable CTL responses in melanoma patients who failed to respond clinically (Rosenberg et al.,
1999a). This discrepancy has not been clearly explained but it could be due to accumulation of
antigen-specific CTL at tumor site (see also the subchapter on “Adoptive Immunotherapy”).

A remarkable success is that reported by vaccinating follicular (B-cell) lymphoma patients, made
apparently tumor-free by chemotherapy, with their own idiotype protein bound to KLH and
given with GM-CSF (Bendandi et al., 1999). In fact, this vaccine resulted in molecular complete
and durable response in (recent update 14 out of 14) patients, such responses being associated
with a strong T cell specific activity (Bendandi et al., 1999).

Viral Vectors

Over the past few years a number of alternative ways of immunizing with purified antigens have
become available. Viral vectors, such as adenovirus, avipox virus and vaccinia, are some of those
in use. Viral vectors have the advantage of introducing the antigens into both the MHC class I and
class II pathways so that T cells with both helper and CTL activity may be induced. Most viruses
are immunogenic and the cytokines released may favor induction of TH1 TC1 pathways.
However, their immunogenicity reduces their infectivity and hence their effectiveness with
repeated immunization (Hodge et al., 1997). This is of little concern in immunization against
infective organisms where only 2 or 3 immunizations are needed but may become a problem in
cancer patients where frequent immunization over long periods may be needed. There are also
ethical concerns about use of viruses because of the risk of generation of pathogenic mutants and
insertional mutation of normal genes in the host resulting from insertion of viral genes into the host
genome. Viral vectors can be engineered to express cytokines and thereby modulate responses
towards TH1 TC1 pathways. IL-12 is favored for this purpose. Immune responses against the
virus, however, may limit their production of cytokines. Table 5.8 summarizes some of the clinical
trials with viral vectors.

“Naked” DNA Vaccines

More recent studies have shown that plasmids engineered to contain genes for antigens behind
strong promoters can result in the production of proteins when injected directly into skin or
muscle. This means that it may not be necessary to utilize viral vectors for entry into cells and so
avoid many of the concerns expressed about safety of viral vectors. An unexpected benefit from
use of DNA vaccines was the discovery that the plasmids induced strong TH1 TC1 responses. This
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was found to be due to immunostimulatory (CpG) motifs consisting of cytosine flanked on the 5′
end by two purines and the 3′ end by two pyrimidine bases (Chu et al., 1997). These short DNA
sequences stimulate IL-6, IL-12 and IFN-γ production from lymphoid cells and result in the
skewing of immune responses to the TH1 TC1 pathway (Klinman et al., 1997). Subsequent studies
have shown that similar effects could be obtained by injection of the immunostimulatory
sequences with protein antigens (Chu et al., 1997). There is as yet no published experience with
this approach in cancer patients but immunization with DNA for gp100 was found to be effective
in animals (Schreurs et al., 1998).

Dendritic Cells

Studies over the past decade have shown that it is possible to produce large numbers of DCs from
blood lymphocytes by culture in cytokines such as GM-CSF, IL-4 and TNF-α (Tjandrawan et al.,
1998). A large variety of different protocols have been used to generate DCs in vitro. The starting
population may be either CD34+ cells from blood or bone marrow or adherent cells (monocytes)
from blood. Requirements for the in vitro generation of DCs include cytokines that induce
proliferation of DCs like GM-CSF and Flt-3 ligand (McBride, 1997) and agents which induce
differentiation of DCs such as TNF-α and CD40L (Morse et al., 1998). The latter appears to be a key
molecule in induction of functional ability to stimulate CTL activity (Bennett et al., 1998).

It is beyond the scope of this chapter to discuss the different type of DCs that are produced in
vitro (Banchereau and Steinman, 1998) (see also Chapter 2 of this book). The availability of DCs,
however, provides the opportunity of using them to immunize against tumor antigens. This may
be by addition of peptides or protein antigens directly to DCs (Tjandrawan et al., 1998) or by
transfection of the DCs with genes for the tumor antigens (Tuting et al., 1998). Other approaches
have been to incubate the DCs with extracts of the tumor or RNA from the tumors (Ashley et al.,
1997; Celluzzi and Falo, 1998). Table 5.9 summarizes some of the clinical studies in progress but
this is not a comprehensive list of the many trials in progress or about to be initiated. The two
most relevant studies, at the moment, are those carried out by Nestle et al. (1998) and Thurner et
al. (1999). In the first one, metastatic melanoma patients were vaccinated with autologous DC
pulsed with either HLA-A2 binding peptides (tyrosinase, gp100, Melan-A/MART-1) or HLA-A1
binding peptides MAGE-1 or-3. Some patients also received DC pulsed with proteic tumor lysate.
Responses were found in 5 out of 16 patients which were accompanied by DTH responses to the

TABLE 5.8

Immunotherapy with viral vectors: human studies
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given peptide (Table 5.9). The second study also used DC pulsed with the MAGE-3.A1 peptide
that were shown to expand specific CTL in 8 out of 11 patients while inducing regression of
individual metastases in 6 patients (minor or mixed responses).

Advantages of DC-based vaccines are the known ability of DCs to prime and initiate immune
responses to tumors and the ability to provide these in sufficient numbers to create a   wave of T
cell responses to the tumor. The need for in vitro cultures to produce DC is currently a limitation
to this approach but there is some hope that the use of cytokines such as Flt-3 ligand (Lynch et al.,
1997; McBride, 1997; Esche et al., 1998) may enable production of large numbers of DCs in vivo and
hence avoid the need for production in vitro.

CONCLUSIONS

The history of immunotherapy is characterized by waves of enthusiasm and pessimism. Clinical,
histopathological and laboratory evidence for tumor regression mediated by immune responses
provides a sound basis for attempting to develop this therapeutic approach against cancer. The
potential limitations of this approach are, however, many and enthusiasm needs to be tempered
with a long-term view of its development. A major advance will be identification of patients who
are likely to respond to this form of therapy. At present selection of patients is largely on the basis
of clinical stage of the disease and tumor burden. Apoptosis research may provide another
measure of likely response in that our recent studies have shown that responses of melanoma to
killing by CD4 T cells can be correlated to their susceptibility to apoptosis induced by TRAIL.
Other measures of responsiveness may include MHC antigen expression on the tumor cells. Loss
of MHC antigens may, however, not be as serious as thought, as the immune system appears to
employ multiple mechanisms against cancers and can still destroy MHC loss variants. There is
also considerable research to be carried out in the use of chemotherapeutic agents as an adjunct to
immune therapy. This may be to modulate immune responses or to “condition” the tumor. An

TABLE 5.9

Dendritic cells in immunotherapy of cancer patients

s.c.=subcute; i.d.=intradermal; i.v.=intravenous.
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example of the latter may be to reduce the levels of inhibitors of apoptosis such as FLIP. The
decade ahead promises to be most challenging. 

CYTOKINE THERAPY
FRANCESCO M.MARINCOLA

Cytokine Therapy of Cancer

1. Cytokines already assessed for the systemic treatment of patients with metastatic
cancer.

• IFN (interferons): IFN-α, IFN-β, IFN-γ.
• IL-2 (interleukin-2).
• CSF (colony stimulating factors): granulocyte-CSF, platelet-CSF, macrophage-CSF.
• IL-4 (interleukin-4).
• IL-6 (interleukin-6).
• IL-12 (interleukin-12).
• TNF (tumor necrosis factor): TNF-α.
• Combination therapy with multiple cytokines, with other biologic agents or in

association with chemotherapy.

2. Mechanisms of action. Although tumor regressions have been noted after systemic
administration of cytokines the mechanisms mediating them have not been
identified. At least three mechanisms can be postulated:

• Direct effect of tumor cell growth (e.g. IFN, IL-10, TNF).
• Direct effects of various immune cells such as T cells or antigen presenting cells (e.g.

IL-2, IL-12, GM-CSF, IL-4, TNF, etc.).
• Direct effect of the tumor blood vessels (e.g. TNF).

3. Future questions.

• Why are a few tumor types (melanoma, renal cell cancer) more sensitive to cytokine
therapy?

• Can cytokine therapy effectively enhance TAA (tumor associated antigen)-mediated
CTL responses observed in patients with metastatic cancer?

• Could effectiveness of cytokine therapy be enhanced without enhancing its toxicity?

About 15 years have passed since the first administration, with therapeutic intent, of the T cell
growth factor IL-2 to cancer patients. Since then, IL-2 and other cytokines with pure immune
modulatory and no direct antitumor effects have been used for the treatment of patients with
cancer. As a consequence, a large number of clinical studies involving the administration of these
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cytokines alone or in combination with other agents have been reported. In 1992 IL-2 received
approval from the U.S. Food and Drug Administration (FDA) for the treatment of patients with
renal cancer and in 1998 for the treatment of patients with metastatic melanoma. Improved
understanding of the immune biology of cancer that was concurrently achieved during the last
decade has provided better characterization of the mechanisms leading to tumor rejection in
response to immunologic manipulation. As the sophistication of the understanding of the
mechanisms leading to immune-mediated rejection of cancer has improved, more complex and
specific forms of treatments were added. Yet, as we will see, none of them seem to achieve
effectiveness unless it is associated with the systemic administration of IL-2. Similarly to IL-2,
several immune reagents have shown effectiveness and have been (IFN-α) or are being
(antibodies) approved for the treatment of cancer with adjuvant or therapeutic purposes.
Furthermore, cytokine therapy has been associated with multiple other forms of biological
therapy (anti-angiogenesis therapy, gene therapy, etc.) whose complicated scientific rationale is
often confusing for the general practitioner and the general oncologist. As the field of cancer
immunotherapy is experiencing an exponential growth, treating cancer with biologic agents is
therefore becoming a discipline in itself, deserving special training for its rationale and safe
administration. In this section we will review some of the basic principles of cytokine
administration with particular attention to safety guidelines for its administration and treatment
efficacy evaluation.
In reality exploitation of the immune system to eliminate neoplastic growth was suggested a long
time ago (Burnet, 1970). However, it was only after the identification and use of cytokines such as
Interferons and Interleukins that reproducible responses against selected cancers could be
observed with a high enough frequency to warrant clinical use and increasing research efforts. A
large proportion of interest in tumor immunobiology is focused on the understanding of T cell
mediated recognition of cancer. This bias is derived from pre-clinical studies suggesting that
tumor-bearing animals can reject syngeneic tumors through cellular rather than antibody-
mediated mechanisms (Restifo and Wunderlich, 1996). During the past decade the field of tumor
immunotherapy has evolved rapidly, particularly in the context of metastatic melanoma, due to
the identification of tumor antigens recognized by TIL or other tumor-reactive T cells (Boon et al.,
1997; Rosenberg, 1997a). Therefore the theoretical basis for the relevance of immune stimulatory
cytokines (in particular IL-2) in cancer treatment was strengthened. Furthermore, the
identification of T cell epitopes responsible for recognition of MAA led to the development of
vaccination protocols based on the administration of short peptides representing such epitopes to
patients with metastatic melanomas in combination with various cytokines. As a consequence the
combination of antigen-specific vaccination with the supporting administration of molecules with
general immune stimulatory effects is providing a new exciting tool for the study of immunologic
principles beyond the direct scope of cancer treatment. Recent work at the Surgery Branch of the
National Cancer Institute (NCI, Bethesda, MD) has revealed that peptide-based immunization
when given in association with high-dose IL-2 may lead to clinical responses in a limited but
significant number of patients. It is not clear, however, why clinical responses to vaccination
occur in some but not in the majority of patients. More importantly it is not known why cytokine
therapy remains a general requirement for clinical responses in spite of the demonstration of a
strong effect of the immunization on T cell induction in vivo (Salgaller et al., 1996; Cormier et al.,
1997b; Rosenberg et al., 1998a). Future work should focus on this question if further improvement
in vaccination strategy is to be achieved. 
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INTERFERONS

Interferons represented the first biologic molecules to be introduced in the clinic to treat cancer
patients. IFN-α was originally described as a factor that could mediate the ability of a virus to
interfere with the replication of another virus (Isaacs and Lindenman, 1957). This factor was
subsequently recognized to include a family of polypeptides with broad biological properties,
including several immunological effects or direct effects on cellular proliferation. For this reason
IFNs have been studied extensively for the treatment of patients with proliferative diseases and
have demonstrated significant effectiveness for some of them, including hairy cell leukemia,
chronic myelogenous leukemia and other myeloproliferative disorders (Foon et al., 1986; Talpaz et
al., 1986). The anti-neoplastic activity of IFN-α for the treatment of these diseases appeared to be,
at least in part, directly related to its anti-proliferative effects. Because of the usefulness of this
agent for the treatment of these hematologic disorders, attempts were made to use IFN-α for the
prevention or treatment of advanced solid cancers. Some randomized trials have been published
in the past few years addressing the effectiveness of IFN-α as adjuvant for the prevention of
metastatic recurrences from loco-regional melanoma (Cascinelli, 1995; Creagan et al., 1995;
Kirkwood et al., 1996; Rusciani et al., 1997; Pehamberger et al., 1998). These studies suggest a
survival benefit with IFN-α either in patients with loco-regional node involvement or in patients
without nodal involvement but at high risk of recurrence because of the stage of their primary
tumor. IFN-α and IFN-β have also been used for the treatment of metastatic melanoma and renal
cell cancer and their therapeutic effectiveness has been extensively discussed for metastatic
melanoma (see Kirkwood, 1995) and for renal cell cancer (Savary, 1995). In either disease clinical
responses were noted when these cytokines were used systemically. A compilation of a total of
1608 patients treated with various dosage schedules of single agent IFN suggested a 15% response
rate, 36 complete and 199 partial responses (Savary, 1995).

Interferons have been used in combination with other biologic substances or chemotherapeutic
agents for the treatment of renal cancer; however, results have not appeared to be better than the
results obtainable with either agent alone with the possible exception of IL-2 (see “Combination
treatments with IL-2” section). Similar results were collected for metastatic melanoma (Kirkwood,
1995). A very interesting analysis was recently published by Gleave and co-workers which
compared in a randomized trial the efficacy of IFN-γ with a placebo for the treatment of metastatic
renal cell carcinoma (Gleave et al., 1998). One hundred and eighty-one patients were randomized
to receive either IFN-γ1b 60 μg/m2 subcutaneously once a week or placebo. Response rates were
similar with 4.4% responses in the treatment group and 6.6% responses in the placebo group.
Interestingly, complete remissions could be observed in the placebo group, emphasizing the
necessity of conclusively evaluating the efficacy of immune modulators only with randomized
studies. This type of study also emphasizes the difficulty in evaluating objectively the efficacy of
immune modulators over a background of spontaneously regressing tumor deposits. Although
spontaneous regression is not frequently observed in patients not undergoing cancer treatment,
most of these patients are not followed as aggressively as patients undergoing experimental
protocols. Therefore, the rate of spontaneous regression in the untreated population might be
higher than predicted by retrospective analyses. This consideration should be kept in mind while
reading the rest of this chapter. To our knowledge, no controlled studies have been performed
comparing other cytokines with placebo and, as a consequence, judgment about treatment
efficacy should take into account a non well characterized, yet significant, number of
spontaneous regressions. Unfortunately the study by Gleave et al., analyzed IFN-γ (as shown by
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the low response rates observed in the treatment group), which may have lower response rates
than other cytokines. A similarly interesting study could be considered to compare the
administration of IL-2 or IFN-α to placebo. However, the ethical consideration of offering placebo
to patients with an expected three-month median survival has generally limited the enthusiasm
for such studies, even if the patient is given the option to receive treatment after assessment of the
placebo.

INTERLEUKIN-2

A growth factor able to maintain and expand T cells in vitro, named IL-2, was purified from
normal lymphocytes and given to two patients with melanoma in 1983 (Bindon et al., 1983). The
principle of using IL-2 for the treatment of cancer patients was quite different from the rationale
for the use of IFN. While the anti-tumor effect of IFN could partly be attributed to a direct anti-
proliferative activity (Kirkwood, 1995), IL-2 did not have any direct effect on cancer cells and its
antitumor activity was mediated by stimulation of various components of the immune system
(Lotze, 1991). Therefore, it was hoped that IL-2 could enhance naturally occurring immune
defenses against cancer. In 1984, after the identification of the DNA sequence coding for the
expression of IL-2 and the application of recombinant technology for large-scale production of
cytokines in Escherichia coli, sufficient amounts of IL-2 became available for clinical studies (Lotze
et al., 1985). On May 5, 1992, almost 10 years after the first in vivo administration of IL-2, the U.S.
Food and Drug Administration (FDA) licensed IL-2 for the treatment of patients with metastatic
renal cell cancer. In 1998 the FDA licensed IL-2 also for the treatment of metastatic melanoma. The
approval of IL-2 corresponded to the first recognition of the effectiveness of a biologic agent
acting against cancer purely by enhancing the host immune resistance. Therefore it was a
milestone in the recognition of a fourth modality for the treatment of cancer patients after
surgery, radiation therapy, and chemotherapy (Marincola, 1994).

Administration of high-dose rIL-2 resulted in durable complete responses in patients with
metastatic renal cell cancer and metastatic melanoma. Treatment of 283 consecutive patients in the
Surgery Branch, NCI between September 1985 and December 1992 with high-dose bolus rIL-2
(720,000 IU/kg every 8 hours) resulted in complete responses in 7% of patients with metastatic
melanoma and 9% of patients with renal cell cancer. An additional 10% and 11% of patients,
respectively, achieved a partial response. Complete responses were most often durable with
several patients remaining disease-free more than five years from their initial treatment
(Rosenberg, 1997b). Many other clinical trials have been reported with the administration of high-
dose bolus IL-2 for the treatment of metastatic melanoma (Table 5.10) or metastatic renal cell
cancer (Table 5.11). Although treatment of other solid tumors has been reported with similar
regimens, results have not been comparable to those obtained in the case of these tumors and will
not be reviewed here.  

IMMUNOTHERAPY OF CANCER 137

Administration of IL-2 was associated with high systemic toxicity (capillary leak syndrome) in
the first 155 patients treated with high bolus rIL-2. Major toxicity and death were usually due to
cardiac or septic complication. However, in the next 310 patients treatment-related mortality



*tid=three injections/day.
N.B. For more information about the exact schedule of administration of cytokine source we refer the reader
to the reference cited.

dropped to 1.5%. White and collaborators analyzed cardiopulmonary toxicity in 199 patients
receiving 310 courses of high-dose IL-2 (White et al., 1994). Although no deaths occurred in this
cohort of patients, multiple types of cardiopulmonary toxicity were observed, including

TABLE 5.10
Administration of IL-2 as an intravenous bolus for the treatment of patients with metastatic melanoma

*tid=three injections/day.
N.B. For more information about the exact schedule of administration of cytokine source we refer the reader
to the reference cited.
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Administration of IL-2 as an intravenous bolus for the treatment of patients with metastatic renal cell cancer



respiratory failure, cardiac arrhythmia, creatinine phospho-kinase elevation and most frequently
hypotension. Interestingly, response to treatment was associated with the development of
hypotension requiring vasopressor treatment (23% vs. 6.5% response, P2=0.037). After cardiac
screening of patients and aggressive use of prophylactic antibiotics were instituted, no treatment-
related mortality occurred in the next 775 consecutive patients who received high-dose bolus rIL-2
(Marincola, 1994; Rosenberg, 1997b). Indeed, safety of high-dose IL-2 bolus administration has
improved over the past decade as recently reported by Kammula et al., (1998). Progressive
reduction in morbidity and mortality was found over the 12-year period studied. The
improvement in safety most likely reflected the development of strategies to screen eligible patients,
optimize therapeutic conditions and determine limiting toxicity. Despite these changes in
treatment strategy leading to reduced toxicity, no changes were noted in overall response rates.
These trends suggested that high-dose rIL-2 can be considered extremely safe when appropriate
management skills and patient-selection are applied. An interesting characteristic of IL-2
treatment is the decreased tolerance of patients to this cytokine with progressive cycles of
therapy. Marroquin and co-workers analyzed patient tolerance to IL-2 over multiple courses of
therapy and the factors that affected the number of doses delivered (Marroquin et al., 2000). In this
study the median number of doses tolerated during the first course of therapy was significantly
higher than the doses tolerated during the subsequent second course of therapy (15 vs. 12 doses,
P2= 0.0001). Earlier creatinine elevation was found to be the most common reason for reduced
tolerance to IL-2 with subsequent cycles. Other variables associated with reduced tolerance
included being male (P2=0.006), older age (P2=0.0055) and having received prior nephrectomy
(P2=0.001). Low (renal) dose intra-venous dopamine has been used to enhance kidney perfusion
and avoid the acute renal failure associated with IL-2 therapy. A recently reported prospective
randomized evaluation of the benefit of prophylactic use of low-dose dopamine during IL-2
therapy failed, however, to demonstrate a beneficial effect of this drug to prevent renal toxicity
(Cormier et al., 1997a). Patients were randomized either to receive dopamine before starting high-
dose IL-2 therapy or to receive dopamine during therapy upon marked reduction of renal output.
The study was performed with the secondary purpose of evaluating whether reduced renal
toxicity could lead to administration of more doses of IL-2 and consequently to enhance response
rates. Although differences were noted in urine flow and weight gain, no significant differences
were observed in creatinine elevation and most importantly in the number of doses received.
Similarly, no differences in response rate were noted between the two cohorts.

Because of the severe toxicity associated with the administration of IL-2 and the consequent
intensive and costly monitoring, alternate routes of administration have been explored. Although
animal models suggested a direct relationship between tumor regression and dose of IL-2
systemically administered (Rosenberg et al., 1985) no clinical study has been able to conclusively
show a higher efficacy of high (and toxic) dose intravenous of IL-2 over less intensive dosage
schedules. Original treatments of patients with cancer with IL-2 used the rapid infusion of
boluses of IL-2. These were characterized by particularly high toxicity and therefore alternative
routes were explored. Another commonly used schedule of administration has been the
continuous intravenous  
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compared to the bolus
melanoma and renal cell cancer respectively with overall similar results. IL-2 was also administered
in lower doses with the intent

infusion of IL-2, which appeared to result in reduced acute toxicity
administration. Results are summarized in Tables 5.12 and 5.13 for



* In this study 76 patients received also LAK cells.
† This treatment was followed by outpatient therapy with lower doses of IL-2.
N.B. For more information about the exact schedule of administration of cytokine source we refer the reader
to the reference cited.

of decreasing systemic toxicity and the hope of achieving similar response rates. Several groups
suggested that tumor reductions can be observed with the administration of low-dose IL-2,

TABLE 5.12

Administration of IL-2 as a continuous intravenous infusion for the treatment of patients with metastatic
melanoma

N.B. For more information about the exact schedule of administration of cytokine source we refer the reader
to the reference cited.
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TABLE 5.13
Administration of IL-2 as a continuous intravenous infusion for the treatment of patients with metastatic
renal cell



particularly in the context of renal cell carcinoma, and recommend route and dosages of
administration compatible with out patient treatment (Angevin et al., 1995; Guida et al., 1996;
Tourani et al., 1996). To address these issues Yang et al. (1995) published interim results of a
randomized, triple-arm trial in which IL-2 was given either as high-(720,000 IU/kg tid) or low-(72,
000 IU/kg tid) dose intravenous bolus or intermediate-dose via subcutaneous route. Intravenous
administration consisted of standard dose intravenous injections every 8 hours for a maximum of
15 doses or earlier in case of limiting toxicity. Subcutaneous administration consisted of a first
week in which IL-2 was administered at the dose of 250,000 IU/kg/day for 5 of 7 days followed
by 5 weeks in which IL-2 was given at the dose of 125,000 IU/Kg/day for 5 of 7 days (Yang and
Rosenberg, 1997). In the two-arm comparison of high-dose versus low-dose intravenous IL-2 it
was noted (at 52 months follow-up) a significantly decreased toxicity in the low doses cohort (less
hypotension, thrombocytopenia, malaise, pulmonary toxicity and neurotoxicity). The overall
response rate (partial plus complete responses) was 19% with high dose and 10% with low dose,
and responses with the high-dose dose regimen were more durable and, with higher frequency,
complete. Response rates with subcutaneous administration were intermediate between the high
and low dose while toxicity was minimal. This study is still ongoing and although suggestive of a
better anti-cancer effect of high-dose IL-2, the number is not high enough to reach significance.
Similar conclusions were reached by a recent report by the Cytokine Working Group experience
(Dutcher et al., 1997). Review of the experience of several clinical trials conducted by this group
suggested that high-dose IL-2 induces a higher frequency of complete responses and that these
responses are more sustained. Other approaches aimed at reduction of IL-2 toxicity by decreasing
the dosage of administration or altering the route or schedule have been suggested. Yang’s group
used polyethylene glycol-modified IL-2 (PEG-IL-2) for the treatment of patients with metastatic
melanoma or renal carcinoma (Yang et al., 1995). PEG-IL-2 is a compound with similar in vivo and
in vitro effects of IL-2 but exhibits longer circulating half-life. In mice, one dose of PEG-IL-2
resulted in tumor regression comparable to those obtained by multiple bolus doses of IL-2. Based
on these pre-clinical studies a phase-I study was conducted in which the antitumor effects and
toxicity of PEG-IL-2 were tested. Although overall this treatment was well tolerated, no
significantly improved antitumor activity was noted compared with high-dose IL-2 alone.
Furthermore, because of the delayed type of toxicity caused by the longer circulating half-life of
PEG-IL-2, patient management was not simplified but was found to be rather more complex and
unpredictable as several types of toxicity manifested after patient discharge from the hospital
several days following the discontinuation of treatment.

Royal analyzed correlates of response to IL-2 therapy in a series of 509 consecutive patients
with metastatic renal cancer or melanoma (Royal et al., 1996). Patients with renal cancer
responded more frequently if they had not previously failed other immunotherapy. Response also
correlated with thrombocytopenia during the first cycle of therapy. In patients with melanoma,
response was found to correlate with disease in the subcutaneous tissues. Furthermore, clinical
responses were more frequently observed in patients who could receive more doses of IL-2 in
their first course of therapy and exhibited a more profound lymphocytosis following treatment.
Although several correlates of response could be identified by this analysis there was much
variability and a reliable predictive model of response to therapy could not be formulated. More
importantly, the significance of these correlates was difficult to assess as to possible cause-effect
relationship.
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In summary, IL-2 has been shown by different groups to have reproducible antitumor effect
against metastatic melanoma and renal cell carcinoma (Marincola, 1994). At present, IL-2 should
be considered a significant component of a multi-modality approach for the treatment of these
two cancers for which no recognized standard treatment is available.

ADOPTIVE THERAPY AND INTERLEUKIN-2

The identification of tumor reactive lymphocytes responsible for partial or complete responses in
patients treated with IL-2 involved the growth in rIL-2 of lymphocytes that were infiltrating into
tumor deposits (Itoh et al., 1986; Rosenberg et al., 1986). TIL from approximately half the
individuals with melanoma exhibited specific in vitro reactivity against the autologous melanoma
as well as against allogeneic melanoma cell lines expressing appropriate HLA-class I molecules
(Rosenberg, 1997b). Adoptive transfer of LAK therapy in combination with systemic IL-2
administration has also been extensively analyzed. Studies in which the administration of IL-2
alone or in combination with LAK cell was directly compared failed to demonstrate any benefit of
the combined approach over IL-2 alone and demonstrated increased toxicity (Rosenberg et al.,
1993b; Law et al., 1995). Adoptive therapy of cancer is discussed more extensively in the next
section of this chapter.

TUMOR ANTIGENS AND INTERLEUKIN-2

Several tumor-associated antigens have been identified with a high predominance of MAA
(Rosenberg, 1997a; Boon et al., 1997). Since most tumor antigens have been identified in the context
of melanoma, treatment of patients with this disease with antigen-specific therapy has taken the
lead over other tumor histologies. Thus melanoma has become a model for the immunotherapy of
cancer and principles can be learned from the experience gained that can be applied more broadly
in the context of other tumors. Among the MAA, MART-1 and gp100 are widely expressed in
melanoma lesions and are predominantly recognized by CTL in the context of HLA-A*0201,
which is present in about half of the melanoma population (Marincola et al., 1995a; Player et al.,
1996). In addition, MART-1 and gp100 are recognized by the majority of HLA-A*0201-restricted
melanoma-specific CTL generated from TIL. In vitro studies led to the identification of T-cell
epitopes for both of these MAA, which in turn led to active specific immunotherapy of melanoma
patients using MART-127–35, peptide as a vaccine against melanoma. Cormier et al. (1997b)
compared CTL reactivity in vitro from PBMC pools obtained before and after vaccination with
MART-127–35 administered to HLA-A*0201 melanoma patients subcutaneously (4 times at 3-week
intervals) in an emulsification with incomplete Freund’s adjuvant. This analysis demonstrated that
peptides alone can generate strong CTL responses in vivo. These results were subsequently
confirmed in the context of a phase I active immunization protocol in which the ability of the
MAA gp 100 in eliciting cellular immune responses in vivo was analyzed (Salgaller et al., 1996).
Several clinical trials involving the vaccinations of melanoma patients with peptides derived from
MAA were conducted to ascertain the effectiveness of vaccination with the MAA gp100 and its
derivative peptides (Rosenberg et al., 1998a). Nine HLA-A*0201+ patients with metastatic
melanoma were treated with the native g209–217 nine amino acid peptide and then 11 patients
were treated with its synthetic variant, g209–2M. The 209–2M peptide, a single residue variant of
gp100 209–217, was identified as one of the immunodominant HLA-A*0201 restricted CTL
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epitopes of gp100 (Kawakami et al., 1995). G209–2M is characterized by a higher affinity for the
HLA-A*0201 allele than the naturally occurring gp209 and by a higher efficiency of CTL induction
in vitro (Parkhurst et al., 1996) and in vivo (Salgaller et al., 1996). Thirty-one additional patients
were treated with the g209–2M peptide plus adjuvant IL-2. In each trial immunologic responses
were evaluated as originally described by Cormier et al. (1997b) and lymphocytes were collected
from patients before and after immunization for immunologic testing of reactivity against peptide
and tumor (Rosenberg et al., 1998a). Using an immunologic assay based on the ability of peptides
to elicit specific cytokine release from circulating lymphocytes, 2 of 8 (25%) patients that received
the native g209–217 peptide exhibited successful immunization compared to 10 of 11 (91%)
patients successfully immunized with the modified g209–2M peptide (p= 0.006). Recognition of
peptide in vitro correlated with recognition of tumor cells in vitro and was far greater in patients
receiving the modified peptide. Interestingly, only one of the 20 patients immunized with peptide
alone (g209) achieved objective tumor regression. However, 13 of 31 patients (42%) receiving the
synthetic g209–2M peptide plus IL-2 had objective cancer responses and four additional patients
had mixed responses (Rosenberg et al., 1998a). The high response rate (42%) noted in patients who
received the combination of vaccine and IL-2 was higher than the 17% response rate previously
seen in 134 consecutive patients treated at the Surgery Branch (NCI) with the same dose of IL-2
alone (Rosenberg et al., 1994a). This suggested that the enhancement of CTL reactivity in vivo
might not be sufficient to induce clinical effects and the additional proliferative effects of IL-2 may
be required. This could explain why the combination of the two treatments may increase response
rates compared with IL-2 alone. However, the absence of randomization in this phase I study
could not prove this point. To conclusively analyze whether the addition of peptide vaccination to
high-dose IL-2 bolus treatment of patients with metastatic melanoma can result in increased
clinical response rates a multi-institutional randomized study of immunization with gp209–2M
followed by high-dose IL-2 vs. high dose IL-2 alone is planned (for more information contact Dr.
Douglas Schwartzentruber, at djs@pop.nci.nih.gov). Other cytokines have been used at the NCI in
association with epitope-specific vaccination. IL-12 and GM-CSF were used for patients with
metastatic melanoma, which received the same treatment schema of patients subsequently treated
with IL-2. In contrast to the high response rates observed with IL-2, no responses were noted in the
cohort of patients treated with the other two cytokines (Rosenberg et al., 1999a). 

CHEMOTHERAPY AND INTERLEUKIN-2

IL-2 has also been used in combination with other cytokines or with chemotherapy. Although
some studies have reported additional advantage of combination therapy, overall the results do
not support this conclusion (Marincola, 1994). In particular, several studies reported a high
response rate when IL-2 administration is combined with chemotherapy. However, the results
have been compared to historical controls. Few randomized studies in which the administration of
chemotherapy alone was compared to the administration of IL-2 plus chemotherapy have been
performed. In a recently completed study at the Surgery Branch (NCI) no significant differences
in response rates or survival were noted between the chemotherapy alone or the chemotherapy
plus immunotherapy cohorts (Rosenberg et al., 1999b). In this study patients were randomized to
receive chemotherapy with cis-platinum, dacarbazine and tamoxifen or the same chemotherapy
regimen followed after a one-day interval by the standard NCI high-dose IL-2 regimen plus IFN-
α. It is possible that the concomitant administration of chemotherapy (which has an
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immunosuppressive effect) inhibited the immunostimulatory effect of IL-2. Furthermore, it was
noted that IL-2 enhanced the frequency of allergic reactions toward the chemotherapeutic agents
used (in particular dacabazine). Anaphylactic reactions were noted in some patients and rashes in
others, which resulted in a lower amount of chemotherapy received by the combination therapy
patients. Similarly Johnston et al. (1998) compared in a randomized study the treatment of
patients with metastatic melanoma with chemotherapy (carmustine, cisplatin, dacarbazine and
tamoxifen) vs. treatment with the same chemotherapy regimen in combination with IL-2 and IFN-
α. This study also failed to demonstrate a response rate or survival advantage of the combination
therapy and rather demonstrated increased toxicity compared to chemotherapy alone. At present
no studies are under way comparing the efficacy of IL-2 alone with the efficacy of IL-2
administered in combination with chemotherapy.

The lack of better results with combination chemo-immune therapy is difficult to explain. It is
possible that the combined administration has more deleterious than positive effects and an
alternative strategy could be the distanced administration of either therapy to allow recovery of
the patient from either therapy toxic effects. Legha (Legha et al., 1996b) noted that the sequential
administration of chemotherapy followed by biotherapy resulted in higher response rates (69%)
than the combined administration (50%) and significantly prolonged survival. Atzpodien et al.
(1995a) and Guida et al. (1996) reported similar results.

OTHER CYTOKINES

Human GM-CSF was utilized in a clinical phase I trial of continuous intravenous infusion (50, 100,
150 μg/kg over 24 hours for seven days). This study demonstrated minimal toxicity of GM-CSF at
the maximum tolerated dose of 100 μg/kg (Cole et al., 1998). However, no objective responses
were observed. IL-6 was tested by various groups for treatment of patients with advanced renal
cancer (Weiss et al., 1995; Schuler et al., 1998). IL-12 has been used for the treatment of melanoma
(no clinical responses in 10 patients treated) (Bajetta et al., 1998) and renal cancer (1 response
among 51 patients treated) (Motzer et al., 1998). The maximum tolerated dose corresponded to 1.0
mg/kg and dose limiting toxicity included increase in transaminase concentration in serum,
pulmonary toxicity and leukopenia. IL-4 has also been used for the treatment of metastatic renal
cancer (1 response out of 18 evaluable patients) (Stadler et al., 1995) and of other solid tumors such
as lung cancer (1 response out of 55 patients treated) (Vokes et al., 1998). Janik et al. (1996) reported
the use of IL-1 in combination with indomethacin for the treatment of metastatic melanoma with
11% response rate among patients without visceral metastases. Overall the use of cytokines other
than IL-2 did not yield response rates comparable to the administration of IL-2.

COMBINATION TREATMENTS WITH INTERLEUKIN-2

The most commonly used cytokine combination is IL-2 and IFN-α (Tables 5.14 and 5.15) because of
the synergistic effect believed to occur between the two agents and the demonstrated
effectiveness as single agents. However, there is no consistent evidence that the combination of
the two cytokines improves results obtainable with either agent alone. Jayson and co-workers
(1998) reported the result of a randomized trial in which treatment with IL-2 alone (18 MU
subcutaneous injection, Monday through Friday for three weeks) was compared with the
combination of IL-2 and IFN-α (9 MU IFNα-2b). With a total accrual of 60 patients, no significant
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difference in survival or response rates    was noted. Furthermore, the toxicity observed with the
combination therapy was severe when high doses of both agents were used (Marincola et al.,
1995b; Jayson et al., 1998) limiting the usefulness of this approach. Other two randomized trial in
which the combination of IL-2 plus IFN-α was compared with IL-2 alone were discontinued after
the first interim analysis since IFN-α failed to show any benefit when added to IL-2 therapy alone
(Atkins et al., 1993; Sparano et al., 1993). Others have noted a benefit of the combination therapy
over either agent alone. For instance Negrier and collaborators (1998) recently reported the results
of a large study in which patients were randomized to receive either IL-2 or IFN-α alone or the
combination of both. In this study a significant increase in response rate and in disease survival
was noted in the combination group compared with either treatment alone. However, overall
survival was not improved in the combination arm. It is difficult to judge the overall effectiveness
of this combination therapy. On one hand the largest randomized study published (Negrier et al.,
1998) suggests a benefit over the administration of either cytokine alone. On the other hand, other
randomized (Atkins et al., 1993; Sparano et al., 1993; Jayson et al., 1998) Jayson et al., 1998) and non-
randomized studies (Oldham et al., 1992; Marincola et al., 1995b) (Oldham et al., 1992; Marincola et
al., 1995b) did not show a clear benefit that could justify the increased toxicity. Compilation of
available reports (Tables 5.14 and 5.15) suggests a slightly higher response rate in melanoma
(20%) and renal cancer (21%) with the combination treatment compared with the approximately
15% response rates observed with IL-2 alone whether administered as intravenous bolus or
continuous infusion (see previous tables). It is possible that some studies did not have sufficient

TABLE 5.14

Administration of IL-2 in combination with IFN-α for the treatment of patients with metastatic melanoma

* tid=thrice injections daily; ivb=intravenous bolus; iv=intravenous; ci=continuous infusion; im=intra-
muscle.
† At the highest doses IFN-α was given once a day.
N.B. For more information about the exact schedule of administration of cytokine source we refer the reader
to the reference cited.
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power to exclude a minor but significant synergistic effect of the two cytokines and this possibility
should not be totally discounted. Ravaud et al. (1998) have reported the results of a multicentric
phase II clinical trial in which administration of IFN-α and IL-2 was combined with the
continuous infusion of fluorouracil for the treatment of metastatic renal cancer. Their conclusion
was that this treatment was ineffective (1.8% response rate). Similar conclusions were reached by
others for this (Ellerhorst et al., 1997; Tourani et al., 1998) and other cancers (Goey et al., 1996). IL-2
and IFN-α administration has also been evaluated in combination with Tumor Necrosis Factor-α
(Eskander et al., 1997), retinoic acid (17% response rate) (Stadler et al., 1998), tamoxifen
(Henriksson et al., 1998), and vinblastine (38.7% response rate) (Pectasides et al., 1998). With few
exceptions, however, these trials failed to suggest additional therapeutic benefits. The
combination of IL-2 and IFN-α has also been used for cancers other than renal and melanoma.
Chang et al. (1995) reported a 14% response rate in patients with metastatic colorectal carcinoma.
This experience may be of particular interest because neither IL-2 nor IFN-α has known
significant antitumor activity in the context of colorectal cancer. However, a similar study
performed by another group failed to demonstrate clinical responses in the context of the same
disease (Hjelm et al., 1995).

TABLE 5.15

Administration of IL-2 in combination with IFN-α for the treatment of patients with metastatic renal cell
cancer

* tid=three injections/day; ivb=intravenous bolus; iv=intravenous; ci=continuous infusion; im=intra muscle;
qod=quadruple on day; sc=subcutaneous; tiw=three injections/week.
† At the highest doses IFN-α was given once a day.
N.B. For more information about the exact schedule of administration of cytokine source we refer the reader
to the reference cited.
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Other combination treatments with IL-2 and other cytokines have been reported. Witte et al.
(1995) suggested efficacy of the combination treatment with IL-2 and IFN-β for the treatment of
renal cell carcinoma. We have analyzed the usage of high-dose IL-2 bolus in combination with
IFN-γ (Kim et al., 1996). This cytokine has several immunologic effects, which could be considered
complementary to the effects of IL-2. In particular, IFN-γ induces the expression of HLA class I
and class II molecules in cancer cells in vitro (Marincola et al., 1994). Most tumors express little
amount of HLA class I (in particular HLA-B and-C alleles) and HLA class II and the reduced
expression of HLA is correlated with decreased recognition of target cells by MAA-specific CTL
(Rivoltini et al., 1995a). Thus, it was hypothesized that the systemic administration of IFN-γ before
the systemic administration of IL-2 could have a beneficial effect by enhancing the sensitivity of
tumor cells to the lytic activity of T cells expanded and activated by IL-2 at the tumor site.
Escalating doses of IFN-γ (0.1, 0.2, 0.3 and 0.5 mg/m2 once a day for seven consecutive days) were
administered to patients with metastatic melanoma followed by IL-2 (720,000 IU/kg)
intravenously (Kim et al., 1996). The maximal tolerated dose was 0.3 mg/m2. The dose limiting
toxicity was hepatotoxicity. Immunohistochemistry failed to demonstrate enhancement of HLA
class I expression in the majority of samples analyzed (HLA up-regulation was noted only in
one of 12 patients tested). The lack of effect of IFN-γ in inducing expression of HLA class I and II
antigens was attributed to the low concentration of IFN-γ achieved in vivo compared with the
concentration needed to achieve HLA up-regulation in vitro (Marincola et al., 1994). Although
IFN-γ was well tolerated, no clinical responses were noted with this combination treatment. From
those findings we concluded that further studies looking at this combination treatment were not
warranted. Similar results were reported by Reddy et al. (1997) in a cohort of patients with
metastatic cancers of different histology. 

Other combination treatments have been reported. Curti et al. (1998) have recently reported the
results of a phase I trial of anti-CD3-stimulated CD4+ T cells, IL-2 and cyclophosphamide for the
treatment of patients with advanced cancer. This treatment resulted in objective clinical responses.
TNF-α was administered in sequence with IL-2 for the treatment of patients with advanced cancer
and 2 out of 14 patients (both with metastatic melanoma) responded to this treatment (Krigel et
al., 1995). The number of combinations and treatments attempted is enormous and beyond the
scope of this chapter. In general, however, these therapies, although often based on a sound
biological rationale derived from pre-clinical experimentation, tend to address the problem of
cancer immune biology in an equivalent and non-specific way. In particular, these studies do not
consider that an antitumor specific immune response generated in animal models by
administration of cytokines is often obtained with immunogenic tumors transplanted into healthy
individuals, whereas these crucial factors are not evaluated in clinical trials. Therefore, it is
unlikely that new frontiers will be opened by these approaches. New strategies encompassing
agents with broader biologic activity, such as anti-angiogenesis factors, may have a new impact
on the treatment of advanced cancer or may enhance the effect of the presently used biological
agents.

CONCLUSIONS

Over the years, the availability of IL-2 has played a major role in helping clinicians and scientists
understand and observe the fascinating phenomenon of tumor-host interactions. IL-2 has allowed
in vitro expansion of immunological reagents with direct anti-cancer properties and at the same
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time has demonstrated indirect anti-tumor effectiveness when systemically administered to
patients with metastatic cancer. Although the overall clinical benefit is still limited, for poorly
understood reasons, the immunological basis for tumor rejection has been strongly supported by
these experiences. The recent identification of tumor antigens recognized by autologous T cells
has further strengthened the support for a T-cell mediated rejection of tumors. Future studies
should be devoted to the development of strategies to broaden the effectiveness of these
treatments to more patients with the same histology and to more cancers of different histology.
This result is likely to be achieved by increasing the understanding of the basic immunologic
principles governing T-cell mediated recognition of tumors and conversely tolerance
mechanisms. 

ADOPTIVE IMMUNOTHERAPY
FRANCESCO M.MARINCOLA

Evolution of Adoptive Cellular Immunotherapy

1. T cell infusions. Small numbers of lymphocytes could be expanded in vitro and
given in vivo in humans.

2. PAK (phytohemagglutinin-activated killer) cells. Large numbers of PAK cells could
be expanded that could be administered safely to patients.

3. LAK (lymphokine activated killer) cells. LAK could be expanded with IL-2
(interleukin-2) and given to patients with metastatic cancer in combination with the
systemic administration of IL-2. Total regression of disease was occasionally noted
that could be attributed to the LAK cells or the IL-2 or their combined effects.
Toxicity was significant.

4. TIL (tumor-infiltrating lymphocytes). TIL are expanded in vitro with cytokines such
as IL-2 and noted to recognize specifically TAA (tumor associated antigens), which
were shared among tumors and were expressed on the cell surface in associated
with HLA (human leukocyte antigen) molecules. TIL were given to patients with
metastatic melanoma and other cancers in combination with IL-2 and appeared to
increase response rates compared with IL-2 alone.

5. Gene modified TIL. TIL engineered to express cytokines such as TNF-α were given to
patients in an attempt to enhance their effectiveness at tumor site. No additional
benefits over TIL were noted by introducing these genes, however, the feasibility of
genetic therapy was established.

6. TAA epitope-specific CTL. After the identification of TAA and their T cell epitope it
was possible to expand in large numbers CTL specific for such antigens to enrich
the population of adoptively transferred T cells. Transfer of epitope-specific CTL,
however, did not prove to enhance response rates over TIL plus IL-2 therapy.

7. TAA epitope-specific CTL clones. Improvement in T cell culture technology allowed
the large-scale expansion of CTL clones that could be selected for their TAA
specificity and their effectiveness in recognizing and killing tumor cells. Trials are
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ongoing evaluating the efficacy of these CTL populations selected according to their
ability to kill tumor cells.

INTRODUCTION

Adoptive immunotherapy is defined as the passive transfer in the tumor-bearing host of immune
cells activated ex vivo and characterized by antitumor activity in in vitro assays. The principle
behind this treatment strategy rests on the assumption that immune competent cells can be more
efficiently produced ex vivo than in the organism from which they were derived. Due to the
availability of the T cell growth factor IL-2 (Knuth et al., 1984) T-lymphocytes are more readily
grown in vitro than B-lymphocytes. Thus, adoptive therapy has been limited to the transfer of T-
lymphocytes which can be considered the counterpart to the infusion of immune sera for the
passive enhancement of humoral immune responses.

Individuals become immune resistant to external pathogens by developing humoral (B cell) as
well as cellular (T cell) responses. The level of immune competence of an organism against a
particular pathogen will, therefore, depend upon the efficiency of the combined humoral and
cellular responses and the behavior of the pathogen in the extra and intra-cellular domains
respectively (Zinkernagel, 1996).

Tumor antigens consist almost exclusively of intra-cellular proteins and, therefore, it is in
general assumed that cellular immune responses are the prevalent immunological defense of the
organism against tumors (Yewdell and Bennink, 1990). Although serological analysis of
recombinant cDNA expression libraries has shown that the host can promote humoral responses
against cancer-specific proteins, the antitumor role of these antibodies recognizing intra-cellular
proteins remains unclear (Old and Chen, 1998). Indeed most experimental models support a
predominant role of the cellular rather than the humoral arm of the immune response in cancer:
the adoptive transfer of T lymphocytes from immune animals can induce resistance to tumor in
the recipient animal (Restifo and Wunderlich, 1996). Furthermore, an extensive analysis of
primary melanoma lesions suggested a strong correlation between brisk infiltration of T cells and
long-term survival (Clemente et al., 1996). For this reason, tumor immunology is focused largely
on the enhancement of cellular responses and as a consequence adoptive transfer of immune cells
plays a prominent role in cancer.

Contrary to the passive infusion of antibody-containing sera, whose kinetics of tissue
distribution and function are well understood, the transfer of immune T cells leaves several
questions open. It is yet not clear whether the function of the transfused cells is maintained once
introduced in the host. It is possible for T cells to become inactivated in the host circulation.
Furthermore, localization studies with 111Indium labeled T cells have shown that most infused T
cells are trapped in lungs, liver, spleen and other organs with an abundant Reticular Endothelial
System (Pockaj et al., 1994). Trapping could prevent the localization of effector cells at tumor site
where their action is supposed to occur. Furthermore, the long-term fate of the infused
lymphocytes and their proliferative potential in vivo when exposed to the target antigen are
largely unknown. For these reasons, adoptive therapy with cancer-specific T cells may yield
important information about target/T cell interactions in vivo besides providing possible
therapeutic benefits.
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LAK AND TILS AS EFFECTORS OF ADOPTIVE IMMUNOTHERAPY

With the identification of IL-2 as a human T cell growth factor (Morgan et al., 1976), stable T cell
lines could be expanded that could recognize autologous tumor cells (Knuth et al., 1984). Two
categories of tumor-reactive T cells were identified: LAK cells and tumor specific CTL. LAK cells
were generated by culturing PBMC in IL-2 (6,000 IU/ml) (Grimm et al., 1983). Tumor-specific CTL
were obtained from TIL expanded in IL-2 from single cell suspensions of tumors (Rosenberg et al.,
1986). LAK cells are not tumor-antigen specific and killing of “abnormal” cells is not MHC-
restricted. Although able to kill tumor targets in vitro, LAK cells did not prove useful for the
treatment of patients with metastatic melanoma and renal cancer. A randomized trial, in which IL-2
was administered alone or with LAK cells (Rosenberg et al., 1993b), failed to show significant
differences in response rates or survival.

Pre-clinical models and in vitro experiments with human T cells suggest that TIL recognize
tumor targets 100 fold more efficiently than LAK cells (Rosenberg et al., 1986; Spiess et al., 1987).
Administration of TIL in combination with high-dose intravenous IL-2 (720,000 IU/kg every 8
hours) is associated with regression of metastatic lesions in patients with melanoma (Rosenberg et
al., 1988). From 1987 through 1992, 86 consecutive patients with metastatic melanoma (145
treatment courses) were treated at the Surgery Branch, NCI with autologous TIL plus high-dose,
bolus intravenous IL-2 (Rosenberg et al., 1994b). One course of treatment with TIL plus IL-2
consisted of two cycles separated by an approximately 2-week interval. Patients received IL-2 at 8-
hour intervals until dose limiting toxicity or a maximum of 15 doses was reached. Fifty-seven of
the 86 patients also received 25 mg/kg cyclophosphamide before the first infusion of TIL plus
IL-2. The response rates were 34% and not significantly different in patients who had received or
not received cyclophosphamide (31 vs. 35%). Previous failure to response to IL-2 alone did not
affect response rates (32% vs. 34). The frequency of response to treatment was greater in patients
treated with TIL that grew more briskly in culture (P= 0.0001). A strong predictor of response was
also the ability of TIL to lyse autologous tumor (P=0.0008) and the origin of TIL from
subcutaneous rather than lymph nodal metastases (P=0.006). There were no treatment-related
deaths although the toxicities noted were significant and required continuing monitoring of the
patients in Intensive Care Unit settings. A similar study, carried out in a smaller number of
melanoma patients and using a lower dose of IL-2 both to select TILs in vitro and to treat patients,
yielded a response rate of 33% in 12 evaluable patients (Arienti et al., 1993). Overall, the results
suggested a potential value of immune lymphocytes for the treatment of patients with melanoma.

In the majority of cases, therapeutic administration of TIL consisted of CD8+ CTL, which could
readily kill HLA-matched tumor cells in in vitro assays. Although occasionally TIL cultures with
predominantly T-helper-cell phenotype (CD4+) were observed, administration of pure CD4+

cultures failed in all instances to produce clinical responses. Furthermore, the ability of CD8+ TIL
to recognize and kill autologous or HLA-matched tumor targets in vitro was found to be
predictive of clinical response (Rosenberg et al., 1994b). These observations suggested that tumor
regression is a direct consequence of CTL/tumor interaction. The empirical observation, on the
other hand, that the combined administration of TIL and IL-2 only modestly enhances the
frequency of tumor regression over the administration of IL-2 alone has cast doubt on the
relevance of specific CTL/tumor interactions in vivo over the broader immunologic effects of IL-2.
A definitive demonstration of the additional benefit of TIL administration over IL-2 alone for the
treatment of patients with melanoma is lacking. The cost of large-scale TIL expansion ex vivo for
clinical use and the relatively low percentage of successful TIL cultures (40–50% of attempts) has
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made it impractical to perform a definitive clinical study randomizing patients to receive IL-2
alone or in combination with TIL. Infusion of TIL for the treatment of patients with metastatic
melanoma has been the most extensively studied form of adoptive therapy during the past
decade. Although efforts to treat patients with melanoma using TIL are languishing due to the
high cost, high toxicity and relatively minor therapeutic advantage over IL-2 alone, significant
information was gathered by these trials which strongly influences present approaches for the
biologic therapy of cancer.

TIL have also been expanded in the context of cancers different from melanoma and several
clinical studies of infusion of TIL in patients with cancers other than melanoma have been
reported (Belldegrun et al., 1996; Freedman and Platsoucas, 1996; Melioli et al., 1996; Ratto et al.,
1996; Figlin et al., 1997). The immunologic characteristics of these effectors, however, have been
more elusive since TIL include mixed populations of CD4+ and CD8+ cells and often it is difficult
to identify the cancer-related epitope responsible for their presence in tumors. Furthermore,
clinical trials did not yield results comparable to those obtained in the melanoma settings. For this
reason this chapter will discuss TIL (and more broadly CTL) responses in the context of
melanoma as a model that could help establish immunological principles perhaps useful in the
context of other cancers.

Adoptive Immunotherapy with TIL in Melanoma Patients

Because of their high effectiveness in pre-clinical models and the ease with which tumor-specific
TIL could be expanded from patients with metastatic melanoma, this particular cancer has served
as the prototype model for human tumor immunology, in particular for adoptive transfer studies.
The observation in animal models (Spiess et al., 1987) and perhaps in humans (Rosenberg et al.,
1994b) that treatment with TIL plus IL-2 is of additional benefit over the administration of IL-2
alone raises the possibility that T cells are less easy to activate in vivo than in vitro. IL-2 might
expand and activate T cells in vivo less efficiently than in vitro. For instance, concentrations of IL-2
necessary for the expansion of T cells might be unachievable in vivo without excessive toxicity but
can easily be maintained in culture. Therefore efforts have continued to improve methods for
expansion of large numbers of tumor-specific T cells ex vivo where the immune stimulatory
conditions can be more easily controlled than in vivo. The ex vivo expansion of immune cells has
the additional advantage of allowing targeted modifications of T cells by the addition (or
removal) of beneficial characteristics. Ex vivo genetic manipulation of TIL resulted in one of the
first examples of genetic therapy in humans (Rosenberg et al., 1990; Culver et al., 1991; Rosenberg
et al., 1993a) by the addition of a marker gene into TIL. This study was aimed at the evaluation of
long-term localization and survival of adoptively transferred TIL. Localization studies using
111Indium-labeled TIL had previously shown that the majority of TIL are trapped in the lung, liver
and spleen of the recipient. However, in a smaller proportion of cases TIL could localize at tumor
site and this localization was necessary to mediate tumor regression. None of the patients whose
111Indium-labeled TIL failed to localize at tumor site responded to TIL infusion (Pockaj et al.,
1994). Localization, however, was not absolutely predictive of response and several cases were
noted in which TIL could be demonstrated to home at tumor site yet no clinical response was
observed. The limited half-life of 111Indium (2.8 days) and the spontaneous release by TIL had,
however, precluded long-term studies on survival and distribution of adoptively transferred T
cells in humans. A breakthrough that circumvented this problem was the development of
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strategies, that allow stable expression of marker genes using retro-viral vectors (Aebersold et al.,
1990; Culver et al., 1991).

TIL were modified by the introduction of a gene coding for neomycin phosphotransferase, an
enzyme that induces resistance to neomycin in vitro allowing selection of TIL which had successfully
integrated the transduced gene. When the gene-modified TIL were administered to patients their
trafficking and survival in vivo could be monitored by PCR as the neomycin resistance gene is not
part of the human genome. The infusion of the gene-modified TIL was well tolerated without any
toxicity related to the gene transfer. In each of the five patients infused it was possible to
demonstrate that the gene had been integrated into the TIL and was expressed. The gene-
modified TIL could be recovered from PBMC of patients up to 200 days after transfer and in tumor
deposits up to two months after transfer (Aebersold et al., 1990). Others reported similar studies in
the context of other cancers and other routes of TIL administration (Freedman et al., 1996). These
experiments were important because they suggested that immune cells could be expanded and
genetically manipulated ex vivo before being returned into the host.

Around the same time it was noted that the effectiveness of adoptively transferred TIL
correlated with the capacity of these cells to secrete tumor necrosis factor-α (TNF-α) and other
cytokines in response to autologous tumor challenge (Schwartzentruber et al., 1991). Pre-clinical
models suggesting that cytokine release by T cells was a better correlate of response than
cytotoxic activity (Asher et al., 1989) also supported this clinical correlation. Although it is
presently believed that these associations simply reflected a higher avidity of these CTL for their
epitope (Gervois et al., 1996), it was then concluded that TNF-α represented an important
mediator of tumor regression. Thus the possibility of introducing functional (rather than marker)
genes into TIL to enhance their antitumor activity was entertained. A small series of patients was
treated with TIL genetically modified to secrete TNF-α. However, the efficiency of transduction of
TIL was low and the clinical effectiveness of this technologically challenging strategy did not bear
the results hoped (Rosenberg et al., 1990). Nevertheless, these first attempts at the adoptive
transfer of T cells modified to express functionally relevant genes solidified the concept that ex
vivo manipulation of TIL was possible and potentially useful if the appropriate genetic strategy
could be identified. Similar approaches have since been followed for the treatment of diseases
other than cancer. An example is the ex vivo expansion of epitope-specific CTL for the treatment of
opportunistic infections in immune suppressed hosts such as patients with HIV (Riddel and
Greenberg, 1994). Furthermore, CD4+ T cells could be made resistant to viral infection through the
retro-viral transduction of anti-sense vectors directed to the HIV-1 tat gene. In pre-clinical models,
adoptive transfer of these T cells enhanced the host resistance to HIV load (Manca et al., 1997).
These approaches are presently under investigation for safety and feasibility in humans (Walker,
1996). 

Overall, adoptive transfer of bulk TIL populations provides minor therapeutic (if any)
advantage over the administration of IL-2 alone. The discrepancy between the strong antitumor
activity demonstrated by TIL in vitro and their limited effectiveness in vivo has fostered a large
number of studies aimed at the understanding of the immunobiology of the TIL phenomenon.
Bulk TIL cultures often consist of heterogeneous populations of which only a minority of cells
recognize tumor. TIL often preferentially recognize one over another MAA in the context of a
particular HLA. The preferential expansion of epitope-specific TIL is taken by some as pro forma
evidence of immunodominance of one MAA over another. For instance, TIL derived from
metastases of melanoma patients with the HLA-A*0201 phenotype recognize MART-1 in the vast
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majority of cases (Kawakami et al., 1994). As a consequence MART-1 seems to play an
immunodominant role in the context of HLA-A*0201. The same TIL cultures, however, can
recognize alternative MAA on several occasions and the clinical relevance of one versus another TIL
specificity is not yet clear. Kawakami et al. (1994) noted that while MART-1 is the most commonly
recognized MAA in the context of HLA-A*0201, gp100 is the most commonly recognized MAA
among TIL that, when adoptively transferred, are associated with clinical response. This
observation suggests that one MAA may function as a better immunologic target for adoptive
transfer efforts although, at present, the biologic reasons for such an event are obscure.

TILs Specificity and the Antigenic Heterogeneity of Target Cells

The basis for the heterogeneous specificity of TIL is not clear. It may reflect the heterogeneity of
the tumor microenvironment from which TIL are generated or subtle variability of the stimulatory
conditions to which TIL cultures are subjected in vitro. Heterogeneity of tumor microenvironment
could in turn be related to variability of expression of HLA (Ferrone and Marincola, 1995; Garrido
et al., 1997) or MAA (Chen et al., 1995; Jäger et al., 1996; Cormier et al., 1998; Cormier et al., 1999) or
other mechanisms leading to tumor tolerance in vivo (Marincola, 1997). Synchronous metastases
are comprised of cell populations with often dramatically different patterns of expression of MAA.
Furthermore, intra-lesional heterogeneity is commonly observed whereby only a portion of
cancer cells express detectable levels of MAA (Cormier et al., 1998). Presently it is not known what
consequence tumor heterogeneity may have on the natural history of melanoma or to influence
response to immunologic therapy. However, it is logical to expect that tumor heterogeneity may
modulate the tumor microenvironment to a point where TIL with different specificity might be
noted in different metastatic deposits or in heterogeneous areas within the same metastasis.

Molecular analysis of TCR utilization suggests an oligoclonal repertoire of TIL. TIL from
different lesions from the same patient are often similar, suggesting a common systemic origin
with a relative enrichment at tumor site related to the presence of an appropriate antigenic
stimulus (Puisieux et al., 1996; Hishii et al., 1997; Clemente et al., 1998). Similar conclusions can be
drawn by the analysis of TCR usage in TIL after epitope-specific vaccination (Cole et al., 1997;
Sensi et al., 1998). Furthermore, oligoclonality of TIL is supported by the observation that TIL from
different metastases recognize the same epitope (Yannelli et al., 1995). A predominantly
monomorphic response of TIL in a particular patient suggests that adoptive transfer is likely to be
broadly effective. However, these studies did not address the heterogeneity of tumor cells in
synchronous metastases and variation of tumor characteristics with time. The interactive nature
of tumor/T cell interactions, however, need to be taken into account in the context of tumor
characterization. For example, clonal T cell responses in TIL from regressive and progressive
regions of primary human melanoma demonstrate significant differences in TCR utilization (tor
Straten et al., 1996). Given that TIL specificity may reflect the immunogenic potential of the tumor
from which they originated, lack of effectiveness of TIL could be partly related to the variability
of target metastases. Synchronous metastases differing in MAA or HLA expression may
demonstrate various levels of sensitivity to TIL originated from a previously removed lesion
(Cormier et al., 1998). Furthermore, tumors may vary with time. Excisional biopsy of tumors and
subsequent expansion of TIL/tumor pairs has been used for the analysis of tumor-host interaction
(Pandolfi et al., 1991). However, these studies assume homogeneity among tumors in order to take
the excised lesion as representative of other metastases left in vivo, whereas synchronous
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metastases are often heterogeneous in expression of MAA and HLA (Cormier et al., 1998).
Furthermore, the removal of the tumor excludes comparative studies of the same lesion at
different points in time in relation to the natural progression of the disease or in response to
immune pressure. To overcome the limitations posed by excisional biopsy, we have been
following metastases by serial FNA biopsies. With this technique it is possible to evaluate tumors
at various time-points for the expression of MAA, HLA and other markers with accuracy
comparable to frozen section material (Marincola et al., 1996). By following the same lesion
serially, heterogeneity among tumors can be avoided as a confounding factor. The ability to
expand TIL and autologous tumor from the FNA permits the analysis of CTL localization and
function at tumor site. This strategy was tested on a melanoma patient with a metastasis of
particular interest: the mass had shrunk after vaccination with a gp100 epitope (see later),
suggesting effectiveness of treatment (Lee et al., 1998). gp 100-reactive CTL were identified in post-
but not pre-vaccination PEL. Limiting dilution analysis identified one predominant CTL clone
recognizing gp100 expressing targets in association with HLA-A*0201. Additionally, two
autologous melanoma lines (F001TU-3 and-4) and 20 separate TIL cultures were generated from a
fine needle aspirate of the metastasis at the time of progression after initial response. Both F001TU
did not express gp100 and were not recognized by C1–35. Loss of gp100 by F001TU correlated
with a marked reduction of gp100 expression in the same metastatic lesion compared to pre-
vaccination. Thus, ineffectiveness of C1–35 and tumor progression could be best explained by loss
of target antigen expression. Interestingly, 12 of 20 TIL cultures recognized F001TU but none
demonstrated g209/g209–2M reactivity, suggesting a functional dissociation between systemic
and local antitumor response. This example underscored the variability of the tumor
microenvironment with time and its potent effects on the local immune response. Subsequent
studies done in a large cohort of patients are presently ongoing and are demonstrating a strong
variability in the immune response of patients related to tumor heterogeneity (Panelli et al., 2000). 

Identification of Relevant Epitopes Recognized by TIL

The tumor microenvironment can powerfully modulate CTL responses as elegantly demonstrated
by DeBruyne et al. (1996). Metastatic melanoma nodules were directly injected with a vector
encoding for the allogeneic HLA class I molecule HLA-B7 in the context of a vaccination protocol.
The authors noted that the direct transfer of foreign MHC into human melanoma altered TCR
usage in TIL (DeBruyne et al., 1996). Thus TIL can be considered as the mirror image of the
immunogenic potential of a tumor. Therefore, identification of the MAA recognized by TIL might
yield the critical information about relevant in vivo epitopes. Indeed the identification of human
tumor regression antigens was a direct consequence of the availability of TIL, which had been
associated with antitumor responses. Kawakami and collaborators had convincingly shown that
the majority of TIL recognize “shared” antigens in an HLA class I restricted fashion (Kawakami et
al., 1992). Most frequently TIL could recognize and kill not only the autologous melanoma but
also most other melanoma cells originated from other patients as long as appropriately HLA
matched. Furthermore, TIL could also recognize normal melanocytes (Anichini et al., 1993). This
observation suggested that MAA include not mutated, lineage-specific normal molecules
expressed in the large majority of melanomas and therefore their identification could potentially
lead to a broad application of anti-melanoma immunization strategies.
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TIL lines were used to clone the genes that encoded the MAA that they recognized. cDNA
libraries were developed from autologous and allogeneic HLA-matched tissue culture lines of
melanoma, and these cDNA libraries were screened for recognition by TIL after transfection of
cDNA into target cells expressing the appropriate MHC class I allele (Rosenberg, 1997a). Several
MAA have been identified to date by this approach. While most MAA recognized by TIL are
melanosomal protein remainders of the melanocytic origin of melanoma cells, some TIL recognize
proteins related to the neoplastic process or mutated proteins overexpressed by cancer cells.
Other TIL recognize proteins expressed differentially by cancer cells or protein products of an
alternative open reading frame transcript of a non-mutated gene (see also Chapter 1).

The identification of MAA recognized by CTL and their respective epitopes led to the
development of anti-melanoma vaccines, which sensitize T cells in vivo against specific MAA
(Boon et al., 1997; Rosenberg, 1997a). Among ten HLA-A2-restricted melanoma-specific TIL lines
examined at the Surgery Branch of NCI, nine reacted with MART-1 and all these anti-MART-1 TIL
lines recognized the same peptide, MART-127–35 (AAGIGILTV). The immunodominance of
MART-127–35 appears to be restricted to the HLA-A*0201 phenotype as no recognition of the MAA
in association with HLA alleles other than HLA-A*0201 has been described either naturally in TIL
or in experimental models (Bettinotti et al., 1998). A panel of ten MART-1-derived 9-mer peptides
containing the HLA-A*0201 binding was screened for their ability to induce in vitro specific CTL
with antitumor reactivity by repeated in vitro stimulation of PBMC. Among the ten peptides
tested, MART-127–35 was the only one that could induce CTL reactivity against melanoma cells,
yielding more evidence for the immunodominance of this epitope in the context of HLA-A*0201.
These observations suggested that MART-127–35 was an ideal candidate for MAA-specific
immunotherapy of melanoma patients (Rivoltini et al., 1995b). 

MART-127–35, was therefore the first peptide used for the active immunization of patients with
metastatic melanoma.

In vitro Selection and Expansion of Antigen-specific TIL

The inability of in vivo sensitization trials to produce dramatic enhancement of clinical outcomes
over IL-2 (see also the previous section “Cancer Vaccines”) has re-proposed the usefulness of an
ex vivo strategy for expansion and activation of tumor-reactive CTL. As Rivoltini and co-workers
had previously shown, repeated in vitro stimulation of PBMC with MART-127–35 could generate
powerful CTL capable of recognizing tumors with an efficiency 100 fold higher than TIL
(Rivoltini et al., 1995b). This observation provided a proof of principle that CTL reactivity against
MAA could be elicited by the simple use of HLA class I restricted epitopes and suggested the
utilization of this method for ex vivo expansion of tumor-reactive cells for adoptive transfer.
Preliminary attempts to expand epitope-specific CTL ex vivo were, however, frustrated by
limitations in achieving the number of cells believed to be necessary for adoptive transfer. It
became subsequently clear that the expansion of epitope-specific CTL was more effective if T cells
were elicited from PBMC obtained after successful vaccination with the same epitope. Therefore,
CTL were expanded from patients that had shown powerful sensitization to gp100–209–2M (the
prevalently used epitope at the Surgery Branch, NCI). Patients received leukapheresis and the
whole PBMC were stimulated in vitro with gp100-209-2M. After 10–12 days of culture in IL-2 (300
IU/ml) CTL were tested for tumor recognition and then transfused into the patients. Using this
procedure it was possible to expand epitope-specific CTL that could recognize autologous tumors
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in numbers comparable to those used for the administration of TIL (1–10×1011). The availability of
such CTL allowed subsequent administration for therapeutic purposes. Only a few patients have
been treated so far with such a protocol, due to the complexity of obtaining the CTL. Among the
patients treated, one experienced a dramatic response that included the disappearance of a large
number of cutaneous tumor deposits. The other patients treated with this protocol were,
however, refractory to response. This method for the ex vivo expansion of CTL was limited by the
short-term ability to expand reactive T cells. The large number of CTL obtained could be
sustained only because of the large number of PBMC used to start the cultures (2–4× 109).
Furthermore, most CTL populations used for adoptive transfer were noted to be quite
heterogeneous in MAA specificity.

Recently a new technique for CTL expansion was described by Riddell and co-workers, which
allows for large-scale expansion of CTL (Riddell and Greenberg, 1994; Yee et al., 1996). Cultures
are plated in the presence of OKT3 (anti-TCR monoclonal antibody), irradiated allogeneic PBMC
and irradiated EBV-B cells in the presence of IL-2. Preliminary attempts at expansion of epitope-
specific CTL bulk cultures suggested, however, that OKT-3 driven expansion, while representing
a powerful stimulus, also has the potential disadvantage of stimulating a broad T cell population
irrelevant to the target epitope. This strategy could be best suited for the expansion of clonal
populations with antigen specificity relevant to the therapeutic aims. Based on the principle that a
given MAA is recognized by a limited array of T cell clones demonstrating often preferential TCR
β-chain utilization, Maccalli et al. (1997) have suggested TCR β-chain driven expansion of
antitumor T cells. Monoclonal antibodies recognizing predominant beta-chain expressed in 4-
week mixed lymphocyte—tumor cultures were utilized to drive expansion of highly reactive CTL
that could recognize autologous tumor. This approach may allow for the rapid expansion of
clinically relevant T cells that could be utilized for the adoptive treatment of patients with cancer.

The use of MHC/peptide tetramers now allows a better approach to the selection and
expansion of antigen (epitope)-specific T cells. In fact, either CTL clones were obtained by this
technology from peripheral blood and TIL which could be characterized in a relatively short time
(<6 weeks) or sub-populations of high avidity anti-melanoma antigens (MART-1, gp100) could be
isolated that lend themselves, once expanded to 1011–12, as therapeutic effectors in adoptive
therapy of metastatic melanoma patients (Dunbar et al., 1999; Yee et al., 1999).

In the NCI experience it was noted that in a significant proportion of cases CTL generated by
epitope sensitization in vitro, although able to recognize the target cells pulsed with the relevant
epitope, often could not recognize autologous (when available) or HLA matched tumors. In a
significant proportion of cases the in vivo immunization followed by the in vitro sensitization of
CTL with peptide had stimulated CTL with a broad TCR repertoire often characterized by low
avidity for the HLA-peptide complex. Limiting dilution cloning of these CTL demonstrated sub-
populations of CTL with low avidity for the target epitope. These clones released IFN-γ upon
exposure to HLA matched target cells pulsed with high concentrations of relevant epitope, but
did not release IFN-γ when exposed to the same target cells pulsed with lower concentrations of
epitope. The low avidity of interaction with epitope-pulsed targets strongly correlated with
inability to recognize HLA matched tumor target supposedly because of the lower surface epitope
density naturally expressed by tumors. Overall, clonal analysis demonstrated that epitope-
derived CTL cultures are extremely variable and only a minority of T cells with the highest
avidity of TCR-epitope interactions can recognize tumor targets. This latter finding suggests that
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the expression of surface epitope in tumors may be below the threshold of recognition for some T
cell populations elicited by the vaccination (Dudley et al., 1999).

It is reasonable to postulate that CTL/TIL attracted to a tumor site and activated in situ by antigen-
presenting cells or systemically by vaccination efforts may be incapable of recognizing tumor cells
if the antigenic stimulation provided by the targets themselves is inadequate. Inadequacy of tumor
cells includes loss of HLA (Ferrone and Marincola, 1995) and/or tumor antigens (Marincola et al.,
1996) and abnormalities in antigen processing (Restifo et al., 1993). In general, such mechanisms
are analyzed as “all-or-none” occurrences with little attention to quantitative aspects. It is
possible, however, that in the natural environment, productive engagements between TCR and
HLA-peptide complexes proceed to a point where balance between avidity for binding and
availability of ligand is achieved. A recent analysis of HLA/MAA expression in cell lines showed
that variation in HLA expression can occur in a limited but significant proportion of melanoma cell
lines. This variability could have functional significance because it occurred within a range likely
to affect recognition by T cells, particularly in situations of low MAA expression. Finally,
decreased MAA expression was frequently observed in cell lines and was an independent factor
determining target susceptibility to lysis by CTL (Cormier et al., 1999). Based on the observation
that CTL cultures have TCR repertoires with variable avidity for their target and the realization
that several tumors may have sub-optimal epitope density, a new protocol was developed at the
NCI, in which clones are developed from epitope-specific bulk cultures by limiting dilution. The
clones are selected according to their avidity for the relevant epitope and recognition of HLA
matched tumors, expanded with OKT3 and given to patients. This protocol has just been
initiated. Although the strategy has proven feasible, no clinical data are yet available.

The main focus of adoptive therapy is to provide optimally activated T cell immune responses
of a greater magnitude and breadth than those achievable in vivo by direct sensitization of
circulating lymphocytes. However, the CTL to be used for adoptive transfer are quantitatively
and qualitatively assessed by in vitro testing methods. All of these methods assume that the
analyses performed in vitro are relevant to the in vivo environment. Many possible mechanisms,
however, have been proposed for the inability of MAA-specific CTL to eliminate tumors in vivo
(Table 5.3). Some have suggested that alteration in TCR and signal transduction molecules in vivo
may lead to central immunosuppression of cancer patients (Zea et al., 1995) which may affect
selected sub-populations of tumor-specific T cells (Maccalli et al., 1999), although its functional
significance is controversial (Cardi et al., 1997). It is also possible that the very nature of most
MAA, which are non-mutated self-molecules, may be a reason for central tolerance (Kawakami et
al., 1995). Lack of CTL localization at the tumor site has been shown to correlate with lack of
response to adoptive therapy with melanoma-specific CTL (Pockaj et al., 1994). Furthermore,
expression of apoptotic signals (Hahne et al., 1996) has been reported to lead to tumor escape from
immune recognition by elimination of tumor-reactive TIL. This mechanism, however, has been
recently challenged by several investigators that either could not identify Fas-L expression by tumor
cells (Chappell et al., 1999) or could identify it only after treatment of the same with
metalloprotease inhibitors (Rivoltini et al., 1998). Furthermore, TIL appear to be resistant to Fas-L
induced apoptosis (Rivoltini et al., 1998). The tumor microenvironment is also characterized by
the production of immunosuppressive cytokines either by tumor cells (Luscher et al., 1994;
Wojtowicz-Praga, 1997) or by TIL (Whiteside and Parmiani, 1994). As previously noted, loss of
expression of HLA (Ferrone and Marincola, 1995) or target antigens (Cormier et al., 1998). could
lead to ineffectiveness of MAA-specific TIL. Finally it is possible that the conditions of antigen
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presentation exercised by tumors are not optimal to maintain relevant T cells in a status of
activation at the tumor site (Fuchs and Matzinger, 1996; Gervois et al., 1996). These multiple
means of tumor tolerance should be considered in the future, particularly if the adoptive transfer
of high avidity CTL clones fails to provoke the expected clinical responses.

ADOPTIVE IMMUNOTHERAPY IN HEMATOLOGICAL DISEASES

Adoptive immunotherapy is being successfully used in a particular clinical setting, namely in
hematological diseases requiring allogeneic bone marrow transplantation. In fact, allogeneic stem
cell transplants have been used in several hematological malignancies, including chronic myeloid
leukemia (CML) and acute lymphoblastic B cell leukemia (B-ALL) (O’Reilly, 1993). This
therapeutic procedure may cause a graft vs. leukemia effect that is mediated by the donor T cells
(see Antin, 1993). These cells represent a sub-population of the whole T cells endowed with the
capacity of recognizing the recipient-derived leukemic cells only and distinct from anti-allogeneic
T lymphocytes (Mackinnon et al., 1995).

The antigens recognized by the anti-leukemic T cells were also partially characterized as
belonging to the ill-defined group of minor histocompatibility antigens known to be preferentially
expressed by leukemic and EBV-transformed blasts (Den Haan et al., 1995; Dolstra et al., 1999).
Therefore, clinical studies were carried out in which infusion of donors’ T cells was shown to
eradicate leukemic cells without compromising hematopoiesis of recipients during the chronic
phase after allogeneic stem cell transplantation (Falkenburg et al., 1993). More recently, even
patients undergoing the accelerated phase of CML could achieve complete remission after
adoptive immunotherapy with donor CTL recognizing CML precursor cells, such effectors being
obtained after selection in vitro of T cells able to inhibit the in vitro growth of CML progenitors
(Falkenburg et al., 1999). Moreover, transplanted leukemic patients that develop EBV-induced B
lymphomas upon immunosuppression, a potentially lethal complication, can also be cured by
infusion of donor lymphocytes (Lucas et al., 1996). Despite the fact that most of the therapeutic
donor T cells are not directed against tumor antigens, these studies prove the principle that, in the
presence of stably expressed antigens on target cells, infusion of T lymphocytes recognizing these
antigens can result in a significant destruction of tumor cells.

CONCLUSIONS

Adoptive transfer of immune competent T cells has been instructive for tumor immunologists and
the biomedical community at large. It has also suggested possible therapeutic benefits, although a
definitive demonstration of its effectiveness is, contrary to murine models, still lacking in cancer
patients. Thus the experimental nature of adoptive therapy for cancer needs to be emphasized at
this point. Yet, it is likely that adoptive therapy will significantly contribute to the wealth of
information accumulated by the exploitation of biological approaches for the treatment of cancer.
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ABBREVIATIONS

Ad-2,-12 Adenovirus-2,-12
APC Antigen-presenting cells
β2m Beta2-microglobulin
CT Computerized tomography
CTL Cytotoxic T lymphocytes
EBV Epstein-Barr virus
ER Endoplasmic reticulum
HLA Human leukocyte antigen
HNPCC Hereditary non-polyposis colorectal cancer
IFN-γ Interferon gamma
IL-… Interleukin-2,-7,-10,-12
KIRs Killing inhibitory receptors
mAb Monoclonal antibodies
NK Natural killer
PTK Protein tyrosine kinases
RE Regulatory elements
TAPs Transporter associated with peptide
TCR T cell receptors
TGF-β Transforming growth factor beta
TH T helper
TIL Tumor-infiltrating lymphocytes
TNF-α Tumor necrosis factor alpha

Tumor evasion of immune system



Evasion of immune response by tumor cells can be due to several factors, which affect tumor
cells and/or the host immune system. The following mechanism play an important role in the
selection of the appropiate tumor escape variants.

1. HLA expression of neoplastic cells can be downregulated, or completely lacking, as
a result of genetic alterations of genes encoding the heavy or light (β2-microglobulin)
chains of the MHC molecule, or abnormalities in transcription or in protein
processing. This occurs in many types of tumors, particularly in metastatic lesions.

2. Oncogenic viruses (e.g. adenovirus, HPV, EBV) have evolved mechanisms by which
they interfere with HLA expression in infected cells.

3. Tumor antigen expression can be significantly reduced by T-cell specific host
immune reactions during tumor growth, and the most immunogenic tumor cells
eliminated in favor of non-immunogenic counterparts.

4. NK cells can be activated by HLA loss-variant tumor cells since HLA are ligands for
killer inhibitory receptors expressed by these effectors and by a subpopulation of T
cells.

5. Immunosuppressive cytokines (e.g. TGFβ, IL-10, GM-CSF, VEGF) can be released
by neoplastic cells, or other cells in the tumor microenvironment, thus blocking
lymphocyte function.

6. Expression of FasL by tumor cells may induce apoptosis of Fas+, activated
lymphocytes (tumor counterattack).

7. The presence of tumor cells can alter the signal transduction machinery of patients’
T cells, particularly of those infiltrating metastatic lesions.

INTRODUCTION

Over the past few years, there have been many studies elucidating mechanisms implicated in the
low immunogenicity of tumor cells. This phenomenon is relatively common in most spontaneous
tumors, despite the more than likely existence of numerous proteins that could function as
potential targets for the immune system. Characterization of the mechanisms implicated in low
immunogenicity could be important in cancer immunotherapy, since some recently developed
strategies depend on the correct functioning of the entire antigenic processing machinery in order
to enhance immunologic recognition. Some of these alterations in the capacity of antigenic
presentation are irreversible when they affect structural genes but not when they affect regulatory
processes, which may be sensitive to cytokine treatment. Knowledge of the exact mechanisms by
which cancer can elude the immune system is important, because it can assist decision-making on
changes in vaccination strategy or therapeutic approach. 

In fact, tumor cells express new antigens as a result of multiple genetic alterations that participate
in cell transformation. These antigens can originate variously: from oncogene products, including
fusion proteins (i.e., mutations in Ras proteins, Bcr/Abl fusion proteins); mutated tumor-
suppressor gene products; self-proteins of embryonic origin or expressed in immune privileged
sites, such as components of the MAGE family; finally, foreign proteins from viral gene products
or of idiotypic origin (see Chapter 1 in this book).

178 TUMOR IMMUNOLOGY

Tumor evasion of immune system



Although tumors can express some of these antigens that are susceptible to recognition as
foreign by the tumor host, and while immunosurveillance can influence the growth of some
tumors, the immune system does not achieve control over the growth of most human malignant
tumors. This is due to a combination of factors that allow the tumor cells to be tolerated by the
effector cells of the immune system. Indeed, it has been demonstrated that the humoral and cell
components that fight against antigens derived from viral infections or intracellular bacteria are
the same ones that attack neoplastic cells. In both situations, cells are sometimes efficiently
recognized and the immune system is activated while on other occasions a tolerance is produced
and the cells are simply ignored.

The ability of virus-infected and tumor cells to put themselves into an immune privileged
situation depends on many factors, some of which can be understood as the result of a passive
process: reduced or absent antigenic expression due to defects in the antigenic processing or
presentation machinery, or lack of expression of the tumor antigens themselves or of molecules
that participate in the triggering of T-cell induced apoptosis. In contrast, other mechanisms may
imply an active process: secretion of suppressor cytokines, appearance of cell surface molecules
that modulate the activity of T and NK cells, the induction of abnormalities in the signal
transduction of T cells, etc. In the following sections we shall elucidate some of these mechanisms.

MODIFICATION OF TUMOR CELLS THAT INDUCE IMMUNOLOGIC
IGNORANCE

Several mechanisms have been described to explain the poor immunogenicity or immune escape
of tumor cells (Table 6.1). While this feature also exists in non-malignant diseases such as viral
infection, it may enhance tumor growth. Amongst different reasons for the poor immunogenicity
of tumor cells, the most frequent is the   downregulation of the expression of major
histocompatibility complex molecules, of importance because it prevents the presentation of
tumor antigen peptides to T cells. In this section we also consider processes that lead to the loss of
other molecules implicated in antigenic processing and presentation and those that give rise to the
appearance of antigen-loss variants. One of these mechanisms, or the simultaneous combination of
several, leads to a lack of adequate antigenic signals due to a low level of tumor antigen
presentation.

TABLE 6.1

Mechanisms of immune escape
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EVASION BY MHC ALTERED GENE AND CELL SURFACE EXPRESSION

Human HLA class I downregulation is a widespread phenomenon in tumor biology (Festenstein,
1987; Garrido et al., 1993; Garrido et al., 1997) and probably reflects a mechanism by which tumor
cells can escape immune response because of the role of HLA molecules in presenting
immunogenic peptides to T cells (Branch et al., 1995).

There have been many studies of mechanisms that lead to a low cell surface expression of HLA
molecules (Festenstein and Garrido, 1986). It has been demonstrated that all the biosynthetic
stages of these molecules are suitable targets for this strategy during tumorigenesis (Figure 6.1).
The result is the attenuation of expression of one, various, or all of the HLA alleles, which gives a
selective advantage because the cells are then invisible to CTLs. This strategy, acquired in a
relatively short period of time during tumor progression, is also used by viruses for immune
evasion but in their case as a consequence of evolution (Ploegh, 1998). Alterations in the
expression of HLA are not a sporadic phenomenon, as could be deduced from the first
immunohistologic studies performed with mAb (López-Nevot et al., 1989), and may affect from
39% to 88% of tumors derived from HLA+ epithelia (Table 6.2). On one hand, this is even likely to
be an underestimate due to the limited panel of mAbs that define HLA alleles and can be used in
tissue sections (Cabrera et al., 1996, 1998). On the other hand, a recent analysis suggests a more
complex picture where the large proportion of the various HLA epitopes were relatively
preserved in early passage cell line/PBMC pairs (Giacomini et al., 1999). In any event, a large
number of studies provide the basis for defining various phenotypes in tumor cells (Garrido et al.,
1995) (see Figure 6.2), as indicated below.

Phenotype I: total HLA loss (Figure 6.2a). Tumor cells may exhibit a complete loss of expression
of HLA antigens. This is a relatively frequent phenotype (9–52%), readily detected in human
tumors with mAbs. It can be associated with defects in β2 m, synthesis or transporter-associated
processing.

Phenotype II: HLA haplotype loss (Figure 6.2b). Loss of an HLA haplotype has been shown in
cervix melanoma, pancreas, larynx and in colon tumor cell lines. Loss of a full chromosome 6 or
deletion of a large genomic region has been found in the majority of cases, as shown by
immunohistochemistry in Figure 6.3 (Jimenez et al., 1999). Recent data indicate that this HLA
phenotype is detected with a high frequency when microdissected tumor samples are used (Ramal
et al., 2000).

Phenotype III: HLA locus loss (Figure 6.2c). Loss of class I locus expression of HLA-A (range 3–
19%) or HLA-B (5–19%) has been documented in several tumors. The mechanisms of locus-
specific downregulation may be transcriptional since there are differences in HLA class I locus
promoter sequences and in mRNA levels for some alleles in tumors vs. normal cells. Furthermore,
in some tumors such as melanomas, the selective downregulation of HLA-B locus has been
related to oncogenic products.   Phenotype IV: HLA allelic loss (Figure 6.2d). It is difficult to
define the precise frequency of tumors which show the loss of only one HLA allele because of
defects in the repertoire of allele-specific antibodies. The allelic loss might result from point
mutations or partial deletions of HLA class I genes.

Some tumors display complex HLA class I phenotypes that do not fit into categories I–V and
might reflect multiple events that occur during tumor progression. For instance, we recently defined
a compound phenotype in a melanoma cell line in which HLA haplotype loss and HLA-B locus
downregulation generate a cell with the expression of a single allele (Real et al., 1998). Other
support for this idea comes from evidence of an increased incidence of HLA class I
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downregulation in cervical carcinoma lymph node metastases compared to the primary cancers
and in metastatic lesions obtained at different times from the same patients (Lehmann et al., 1995).
These observations are consistent with the selection of HLA class I-defective cell variants during
tumor progression that may influence clinical outcome. In this sense, HLA tumor loss can be a
dynamic process (Figure 6.4) that is likely produced as a consequence of selective pressure by
antitumor T and NK cell responses (Garrido and Ruiz-Cabello, 1991; Lehmann et al., 1995; Ikeda et
al., 1997). In the following sections we describe some of the mechanisms that produce HLA

Figure 6.1 Trafficking pathways of MHC class I molecules. Cytotoxic T cells recognize antigen peptides
predented by antigen-presenting cells in the context of MHC class I molecules. Asterisks indicate points
where HLA class I cell surface expression is blocked.
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Figure 6.2 Altered HLA class I phenotypes in invasive tumors. Graphic representation of the different HLA
class I phenotypes already identified in human tumors (from phenotype I-IV). (a) phenotype I corresponds
with HLA class I total losses; (b) II with HLA haplotype losses; (c) IIIa and IIIb with HLA-A and-B locus-
specific losses, respectively; (d) phenotype IV with HLA allelic losses (A, B, and C). There is no information
about the frequency of HLA-C locus losses in tumors since there are no monoclonal antibodies capable of
defining these alterations. The HLA-C-locus deficient phenotype is not included. A hypothetical patient with
the HLA typing of A1, A3, B8, B44, Cw1, Cw3 is shown. Figure reproduced from Garrido et al., 1997. 
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underexpression in tumor cells and discuss how the level of HLA class I expression can modulate
T and NK-cell responses.

Altered MHC Class I Antigen Presentation

The accumulation of defects in antigen processing and presentation may be selected because they
represent an advantage for tumor growth through the reduced recognition and destruction of
malignant cells by the immune system. The classical MHC class I pathway requires the
presentation to CTLs of peptides derived from intracellular synthesized proteins. The correct
assembly of MHC class I/peptide complexes is  required for the stable expression of HLA class I
molecules. This assembly occurs in the ER, where newly synthesized MHC class I heavy chain
and β2m form dimers (Pamer and Cresswell, 1998). The peptides that are generated from cytosolic
proteins by a multisubunit protease called proteasome are translocated to the lumen of the ER by
the transporting proteins (TAPs) (Figure 6.1). TAP is a heterodimer with two subunits TAP1 and
TAP2 encoded by genes in the class II region of the MHC and is also polymorphic. TAP proteins
are physically linked to class I molecules through association with tapasin, an ER-resident
protein. When the class I molecule is correctly assembled and loaded with peptide it is released
from ER and enters the secretory pathway to the cell surface (see also Chapter 2).

The identification of antigen-processing mutant cells was an important event in the
characterization of all the machinery necessary to process endogenously synthesized proteins. In
mutant cell lines that do not express TAP proteins, empty heavy chain-β2 m complexes do not
acquire peptides and are unstable. Consequently, such cells express very little MHC class I on the
cell surface and are unable to present peptides to CTLs. An inherent human deficiency in the TAP
transporter has been identified in two siblings suffering from recurrent respiratory bacterial
infections. TAP2 null allele was a consequence of truncation proteins and the cell surface
expression of class I proteins was very low in these patients. This mechanism is a relatively
common finding in human tumors and, as we shall see later on, is not the only one that can
originate totally negative cells, because mutations that affect the β2 m chain give rise to the same
phenotype. Restifo et al. (1993) identified a deficiency in antigen processing in small cell lung
carcinoma cell lines derived from solid tumors and found low levels of mRNA for proteasome
components and peptide transporters. Loss of TAP-1 expression has also been found in a high
percentage of human cervical and renal cell carcinomas and is associated with tumor progression

TABLE 6.2

Frequency (%) of HLA Class I altered phenotypes in invasive tumors (see Garrido et al., 1997).
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in breast cancer (Vitale et al., 1998). Among the mechanisms implicated in the low expression of
TAP genes stand out the presence of mutations or deletion of coding sequences that produce
truncated protein through the appearance of a premature stop codon. This situation can especially
occur in tumors with the mutator phenotype, where the possibility of a knock-out of both alleles
appears more likely. However, an experimental study of transformed fibroblasts with ras
demonstrated that the neoplastic transformation mechanisms themselves may be implicated in
the destruction of antigen presentation machinery (Seliger et al., 1998). The end result is similar to
the double knock-out out of the β2 m gene observed in colon carcinoma cell lines with the
mutator phenotype, which gives rise to tumors with a nearly total deficit of HLA molecules on the
surface (see later). As in TAP-negative mutant cell lines, the tumor cells have very low cell-surface
expression of MHC class I antigens. However, not all the alleles are equally affected in TAP-
deficient cells, and peptides that enter the lumen of the ER independently of TAP can stabilize
specific HLA allele expression. For example, such a pathway is used by HLA-A2 molecules that
can associate with the peptides from the leader segment proteins (Bai and Forman, 1997). TAP
defects provide malignant cells with a mechanism for escaping CTL lysis, but they also become
susceptible to NK-cell clones. This phenotype could be restored after the gene transduction of
peptide transporter genes (Salcedo et al., 1994). This could be a rational strategy to enhance the

Figure 6.3 Immunoperoxidase staining of cryostatic sections showing selective loss of HLA class I A2 and B7
alleles. Stromal cells and lymphocytes are used as positive controls. Anti HLA-A3 and anti HLA-B12 show a
positive staining of both the stromal and tumor cells, ×400.
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immunogenicity of malignant tumors that express high levels of tumor antigen target but show
functional defects in the endogenous processing of CTL epitopes and are poorly recognized by
specific T lymphocytes (White et al., 1998).

Structural Defects of β2-Microglobulin Gene

As mentioned above, β2 m and peptide are essential for the conformation and transport of class I
HLA to the cell surface (Figure 6.1). In this sense it is reasonable to think that mutations affecting
this gene may substantially modify the expression of all HLA class I molecules. The main feature
of this alteration is that it is an irreversible process resistant to treatment with IFN, and class I
HLA expression can only be restored by somatic cell fusion assays, or by transfection of the β2-m
gene.

Different molecular mechanisms have been shown to induce class I HLA down-regulation
through a β2-m defect. Total loss of expression of β2 m was seen in tumor cell lines homozygous
for one mutation or heterozygous for two mutations, whereas reduced expression correlated with
a mutation in one allele of β2 m (Browning et al., 1996). The first data showing the importance of
this chain in the control of class I antigen expression were obtained in Daudi, a Burkitt’s
lymphoma B cell line. Daudi fails to express HLA because of the presence of a mutation in the
initiation codon that results in the synthesis of an abnormal mRNA with low efficiency in its
binding to ribosomes and does not involve translation (Rosa et al., 1983).

Following this initial finding in a cell line, different defects ranging from point mutation to
large deletions have been described. For example, in the melanoma cell line FO-1 defects in
transcription of the β2-m gene result from a deletion involving the first exon of the 5′ flanking
region and a segment of the first intron (D’Urso et al., 1991). In the melanoma cell line SK-MEL-33,
lack of β2-m expression is caused by a guanosine deletion in the β2 m gene involving a frame shift
and the introduction of a stop codon. This molecular alteration represents a somatic mutation

Figure 6.4 HLA changes occur during tumor progression to generate T and NK resistant cell variants
(reproduced from Garrido et al., 1997). (a) A hypothetical patient with the HLA phenotype A1, B3, B8, B44,
Cw1, Cw3 contains a tumor that is HLA class I positive (red=stop). This tumor generates an HLA-deficient
variant that is T-cell resistant but NK susceptible (orange=ready to go) (phenotype I), (b) At this stage the
tumor generates a new variant (green=can go) that has lost HLA-A1 antigen but retains the other HLA
alleles (phenotype IV). This variant remains T-cell resistant since A1 is the restriction element for antitumor
CTLs but also escapes NKs owing to the inhibitory effect of the remaining HLA alleles on p58, p70 and p140
NK receptors, (c) The tumor escapes T and NK cell attack. The green population (phenotype IV) takes over
the others. 
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acquired during tumor progression, since it is also detected in the autologous melanoma tissue
(Wang et al., 1993).

In many reported cases, the mutation is localized in a 8-base-pair CT repeat region of exon 1,
indicating that this region could be a hot spot for mutations (Perez et al., 1999). Sequence repeats are
very abundant in the genome and are frequently found to be mutated in processes related to DNA
repair enzyme defects (Linch’s Syndrome). As expected, the mutator phenotype has been
encountered in most colon cell-lines found to be mutated for the β2-m gene (Branch et al., 1995).
Mutations in genes that encode DNA repair enzymes are the molecular basis of hereditary non-
polyposis colorectal cancer (HNPCC), but this type of tumor represents a very small proportion of
colon cancers. What happens in most spontaneous tumors? We recently analyzed a large number
of phenotype I colon and larynx tumors and observed that structural mutations in the β2-m gene
causing defective MHC class I expression are rare (data not shown). These data suggest that the
underlying problem in cancer cells may be regulatory rather than structural, or that other proteins
involved in antigen processing and presentation are affected (see below). However, structural
defects in the β2-m gene can be of particular relevance in melanoma lesions without detectable
HLA class I molecules (Hicklin et al., 1998), in comparison with other tumors (Chen et al., 1996;
Fernandez and Garrido, unpublished results). However, the relationship between β2-m gene
mutations and the oncogenic mechanism in melanoma is not fully defined.

Finally, our group demonstrated the negative impact of β2-m gene mutations on the T-cell-
based immunotherapy of melanoma. In order to discover why their tumors progressed despite
immunization with MAGE peptides, two melanoma patients were studied and found to be
resistant to HLA-A1-restricted MAGE-encoded peptide immunization and to have clinically
evident metastases. No tumor regression was observed, in contrast to several other patients with
significant regressions of metastatic lesions after receiving the same treatment. Mutations in the
β2-m gene were observed in the tumor tissues, in one case an altered initiation codon, and in the
other mutations in the exon 2 producing a premature stop codon. A phenotype with a complete
loss of HLA class I alleles was detected in both metastatic lesions because another independent
event (deletion of the other β2-m gene) was observed in both cases (Benitez et al., 1998).

Abnormalities that Affect Class I MHC Heavy Chain

At least six different class I HLA genes are constitutively expressed in most cells. For this reason it
seems unlikely that structural genes are affected in tumors with total lack of HLA molecules,
because this would imply the existence of multiple mutations. Because of the relatively high
frequency of total HLA antigen loss in tumors, it seems unlikely that mutations or deletions exist
in coding regions of genes for the heavy chain. It is therefore improbable that the total loss of HLA
antigens is the result of mutations (large deletions) in both chromosomes. This possibility was
considered in initial studies but was soon ruled out (Esteban et al., 1989; Ruiz-Cabello et al., 1991).
Thus, it is easy to understand that the mechanisms that directly affect the heavy chain and
participate in a downregulation of all the antigens (phenotype I), or of one locus (phenotype III),
are essentially regulatory.

MHC class I molecule expression on virtually all nucleated cells is cell-type and
developmentally regulated (Singer and Maguire, 1990). These regulations occur mainly at the
transcriptional level through conserved cis-acting regulatory elements, although they are also
influenced by DNA methylation and probably by chromatin structure. Most of the cis-acting
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elements are located at 5′ position within 200 bp of the transcription initiation site. These
sequences have been shown to bind trans-acting protein factors associated with MHC class I
expression and related to HLA alterations. Some of these elements are present in the β-2 m gene
and in the heavy chain gene promoters. In fact, the expression of altered binding of NFκB/Rel
regulatory factor to a class I enhancer sequence has been described in cell lines lacking class I HLA
(Henseling et al., 1990; Blanchet et al., 1991). Therefore, reduced or absent MHC class I and β2-m
gene expression is accounted for by an inability to detect low factor binding activity in the
regulatory elements (RE) of these genes (Figure 6.1). This mechanism would give rise to tumor
cells with the phenotype I with a low expression of heavy chain and β2-m, as observed in the
human neuronal cell, neuroblastoma cell-lines and some HLA class I deficient tumor cell-lines
(Blanchet et al., 1991; Drew et al., 1993). This phenotype can be reversible and TNF-α and IFN-γ can
increase the expression of both chains on tumor cells.

An additional mechanism affecting expression of HLA-A2 allele in melanoma has been recently
described that involves selective loss of this allele caused by aberrant pre-mRNA splicing which
results in the translation of a truncated HLA-A2 without the α1 domain (Wang et al., 1999).

The presence of additional locus-specific sequences also suggests that the different HLA-A,-B,-C
loci are regulated in a locus-specific manner. Transcriptional locus-specific factors have also been
implicated in tumor cell lines with defective locus expression (Soong and Hui, 1992). HLA-B locus
downregulation is frequently observed in melanoma tumor cell lines and appears to be mediated
by sequences near the transcription initiation site. This phenotype can also be reversible with
cytokine stimuli. Furthermore, it can also be associated with c-myc oncogene expression,
indicating that this alteration could be derived from the process of neoplastic transformation in
melanomas (Peltenburg and Schrier, 1994). However, this mechanism of selective HLA-B locus
suppression by oncogenes is not completely elucidated and is not observed in other tumors
(Redondo et al., 1991).

In contrast to the above regulatory defects that often are reversible, somatic mutations in HLA
genes also occur in human cancer and cannot be compensated for with IFN-γ treatment.

Loss of genetic material occurs frequently during carcinogenesis and is associated with the
development and progression of tumors. Genomic losses that affect a single allele (phenotype IV)
or a complete haplotype (phenotype II) have been observed in melanoma and colon tumor cell-lines
and other tumor tissues (Torres et al., 1996; Wang et al., 1998). Chromosomal non-disjunction or
mitotic recombination might underlie this HLA haplotype loss.

Modulation of MHC Class I Expression by Viral Infection

Viruses can interfere with antigen presentation by altering the surface expression of cell membrane
proteins involved in the recognition of antigens by T cells. Through elimination of class I HLA
molecules from the cell surface, the infected cells become temporarily invisible to CTLs and the
pathogen has time to proliferate (Ploegh, 1998). Infected cells can be targeted for destruction by
NK and T cells. However, viruses have evolved strategies to inhibit both effector cells
simultaneously, and these are widespread in viruses that produce persistent infection. A clear
example is HIV which can selectively downregulate HLA-A,-B without affecting HLA-C or-E, thus
allowing infected cells (or tumor cells harboring the virus) to avoid both T and NK recognition
(Cohen et al., 1999). We describe here just some of the strategies used by viruses with oncogenic
potential.
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Downregulation of MHC class I expression has been reported to occur at both transcriptional
and post-transcriptional levels. Many DNA viruses frequently affect the assembly and transport
of class I molecules to the cell surface. The transport of class I molecules to the cell surface depends
on assembly in the ER with the peptides generated in the cytosol (Figure 6.1). The E3 region of
Ad2 encodes the protein E3/19 K, which inhibits transport to the cell surface through the binding
of class I peptides that then remain in this form in the ER (Andersson et al., 1985). 

In Ad 12 infected cells, MHC class I downregulation is caused by at least two different
mechanisms: a) reduction of the mRNA levels of TAP, and b) impaired transcription of MHC
class I genes, likely by inhibition of the maturation of the transcriptional factors NF-kB that
interact with enhancer A of the class I HLA regulatory promoter.

EBV provides an excellent example of the multiple strategies that favor the long-term survival
of virus-infected cells in immunocompetent hosts. The inability to generate CTLs against the viral
protein EBNA-1 confers several advantages to the virus, including persistence (Wiertz et al., 1997).
It seems that the inability to be recognized by CTLs resides in an N-terminal polymorphic segment
that consists of Gly-Ala units. Possibly these units impede an effective degradation by the
proteasome and thus insufficient amounts of peptides are generated (Figure 6.1). Moreover, EBV
expresses a late protein, the BCRF1 gene product, that is similar in sequence to human
interleukin-10. This protein induces downregulation of TAP-1, as does hIL-10, resulting in a
reduction of surface MHC class I molecules on B lymphocytes (Zeidler et al., 1997).

Finally, the development of cervical carcinoma is strongly associated with specific types of
human papilloma virus (HPVs). Seventy-three per cent of cervical carcinomas show alterations in
HLA expression in one or more alleles related to TAP expression (Cromme et al., 1994). Recently,
this figure raised to 95% (Koopman et al., 2000). The process of HPV integration is apparently
related to the repression of HLA expression (Bartholomew et al., 1997). Another mechanism for
tumor escape may be a variation in the sequence of the viral antigen (see also in the next section).
For example, a consistent variation in the HPV16E6 oncoprotein sequence has been observed in
HLA-B7 patients with cervical cancer, altering the HLA-B7 peptide binding epitope in a way
likely to influence immune recognition by CTLs (Ellis et al., 1997).

LOSS OF TUMOR ANTIGEN EXPRESSION

During tumor progression each step may involve activation, mutation or loss of different genes.
New cell variants arise and those with growth advantage over earlier forms are selected. Whether
an antigenic loss is advantageous to the tumor or not depends on the particular tumor antigen. For
instance, human solid tumors appear to maintain mutant oncoproteins uniformly throughout
their course. It is very likely that the expression of tumor antigen derived from such oncoproteins
in tumor tissue is homogeneous, because tumor cells require the continued presence of this
protein to maintain their transformed phenotype. In fact, only tumor cells that have acquired
mutant copies of the protein become malignant. The clearest example of these antigens is the
oncogenic DNA viruses that carry their own transforming genes. For this reason, the appearance
of antigen loss variants in these neoplasms occur less frequently. However, tumor antigens
derived from many other proteins (tumor-specific shared antigens, differentiation antigens, etc.)
that are not intrinsically involved in cell transformation mechanisms can be lost in the course of
tumor progression. Some of these antigens are being used in clinical trials of peptide-derived
vaccines (MAGE, tyrosinase, gp100, Melan A/MART-1) and the selection of antigen-loss variants
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is being encountered often in non-responsive patients, even in the presence of antigen-specific
CTLs (Jäger et al., 1997; Thurner et al., 1999). 

Immunoselection of Mutated Peptides that Evade Antigen Presentation

Many of the relevant proteins involved in neoplastic transformation and tumor growth are
intracellular mutant oncoproteins that can generate individual tumor antigens recognized by T
cells. Peptides derived from this mutant intracellular protein can be presented by class I HLA.
However, what would happen if the mutations in these oncogene products were located outside
the consensus binding motif for a given HLA haplotype? Logically, cancer cells might develop
and grow unrestrained by the immune system only when these mutations occur outside a MHC
binding motif or in cells that acquire antigen processing and presentation defects. This could be
expected to occur only as a process of selection during the development of cancer and it would
thus be possible that the immune system selects those oncoprotein-derived mutated peptides that
cannot be presented by the host’s MHC molecules. This hypothesis was tested by Wiedenfeld et
al. (1994) in lung carcinomas bearing p53 missense mutations. They found that the p53 mutations
fell within the HLA A0201 motif less often than would be expected, likely due to the selection of
tumor clones with mutant forms of p53 that do not bind to MHC. Furthermore, those tumors that
did contain missense mutations within the motif had lost the HLA A0201 allele (Figure 6.5). A
similar finding was reported by Nisticò et al. (1997) for breast cancer patients overexpressing ErbB-2
molecules.

EXPRESSION OF MOLECULES THAT INHIBIT T AND NK RESPONSE

It is possible that tumor cells use strategies like those of viruses to inhibit NK and T cells at the
same time. It could be speculated that the use of a “stealth strategy” alone would be inadequate to
evade the immune response. If cancer cells can successfully alter MHC class I expression to escape
from T cell responses, how do they then evade NK attack?

The consequences for the inhibition of T and NK cells vary depending on the HLA phenotype of
the tumor cell (Ikeda et al., 1997; Ruiz-Cabello and Garrido, 1998). NK cells are normally inhibited
from killing their target by inhibitory signals via NK-cell receptors that recognize their own HLA
class I molecules (Figure 6.6a). In this way, the failure to express MHC molecules may render a
tumor susceptible to NK-mediated lysis. Killing inhibitory receptors (KIRs) have been also found
to be expressed on a subset of activated T cells (Speiser et al., 1999), and T cells that rely on KIR for
inhibition can then detect the loss of specific MHC class I gene products (Ikeda et al., 1997)
(Figure 6.6b). However, tumor cells with defects in the expression of single alleles evade specific T
cell responses but do not necessarily generate an NK-cell-susceptible target (Table 6.3). Some
viruses, such as the human cytomegalovirus, have evolved different strategies to interfere with T
and NK recognition. They synthesize a number of “stealth proteins” that inhibit cell surface
expression of HLA class I antigens (Ploegh, 1998), and at the same time use a “decoy strategy” by
synthesizing their own class I HLA homologues to inhibit NK lysis (Farrell et al., 1997; Reyburn et
al., 1997). Can a similar mechanism be effective in human tumors? Several reports have shown
that nonclassical HLA-G is expressed ectopically in tumors. This non-classical class I HLA is
expressed in extravillus trophoblasts and has been postulated to play a key role in protecting the
placenta from decidual-associated but not peripheral blood NK cell-mediated damage and thus
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favor human placental implantation (Ponte et al., 1999). Thus, the lack of classical HLA molecules
would prevent allorecognition and lysis by maternal T lymphocytes while expression of HLA-G
would evade attack by NK   cells. Thus, the consequence of abnormal HLA-G expression in tumor

Figure 6.5 Modification of target peptides as model for tumor progression. In A, mutant oncopeptide is
presented in the context of HLA class I allele and the tumor cell is eliminated by CTLs. In B, tumor cells
escape because the peptide consensus motif is mutated and is not presented effectively. In C, tumor escape is
produced by the absence of HLA class I allele (Widenfeld et al., 1994).
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Figure 6.6 Biological effects of KIR expression in NK and CTL activation. (A) Classical cytotoxic T
lymphocytes without KIR expression recognize tumor cells expressing normal HLA phenotype. NK and CTL
expressing KIR are inhibited by the same or different HLA class I alleles. (B) Tumor cells with selective HLA
losses might be efficiently recognized by CTLs expressing KIR or NK cells. (C) However, tumor cells
expressing only HLA class I like molecules or non-HLA class I restrictive elements inhibit CTL and NK cell
activation. 
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cells that have lost the restricted element for CTLs should allow a simultaneous escape from NK
cells (Figure 6.6c) (Paul et al., 1998). We explored this possibility in a large series of human tumors
(Real et al., 1999a, b), and our results suggest that this immunosurveillance evasion strategy is
playing a minor role, if any, in our tumor series. For this reason it is at present impossible to
assess the biological relevance of this phenomenon, which could in turn be one more
manifestation of the aberrant genetic expression of tumors. Nevertheless, further studies are
required to establish whether other non-classical molecules (HLA-E, HLA-F) that bind with NK
cell receptors and confer resistance to cell mediated lysis (Braud et al., 1998) participate in the
tumor escape to NK recognition.

IMMUNOSUPPRESSION INDUCED BY TUMOR CELLS

IMMUNOSUPPRESSIVE CYTOKINES

Apart from alterations in the antigen processing and presentation machinery, low
immunogenicity can be caused by the production of immunosuppressive cytokines that also
contribute to immunologic escape. Some of them may act in an autocrine pathway and confer
growth advantage to tumor cells.

The constitutive production of cytokines by tumor cells has been demonstrated, and may play
an important role not only in tumor growth but also in angiogenesis through their effect on
neovascularization (Herlyn et al., 1990; Jong et al., 1998). These cytokines were found in the
supernatant of tumor cell cultures, with TGF-β and IL-10 among those found to have a strong
immunosuppressive activity.

TGF-β was first identified for its ability to transform normal fibroblasts and to inhibit tumor and
normal epithelial cells. TGF-β is frequently expressed in many tumor cells in vivo (Derynck et al.,
1987) and also in immune privileged sites, and suppresses inflammatory T-cell responses and cell-
mediated immunity. This cytokine exerts a potent immunosuppressive activity through inhibition
of the production and activity of other cytokines (i.e. IL-2, IFN-γ) by blocking the signal
transduction pathway induced. Thus, TGF-β inhibits the differentiation of CTLs likely by

TABLE 6.3

Consequences of HLA loss for potential susceptibility to NK subsets (see Garrido et al., 1997).

* Also blanks which contain Asn 77 and Lys 80.
† Also blanks which contain Ser 77 and Asn 80.
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inhibition of IL-12, a cytokine produced by APC that is crucial for the generation of protective cell-
mediated antitumor responses.

IL-10 is spontaneously secreted by many human tumors, including 38% of melanoma lines and
70% of colon carcinomas (Gastl et al., 1993; Luscher et al., 1994). Moreover, as with TNF-β, IL-10
can be identified in serum and ascitic fluid due to release by tumor cells. This cytokine is normally
produced by TH2 cells and may shift immune responses towards the humoral component by the
inhibition of cytokines involved in cell-mediated responses. The end result is the inhibition of the
tumoricidal function of T cells, NK cells and macrophages. IL-10 inhibits cytokine synthesis by
TH1 cells, but not directly. IL-10 acts on monocytes and macrophages, preventing the surface
display of MHC class II antigens by inhibiting recruitment from intracellular compartments to the
cell surface (Koppelman et al., 1997). IL-10 then inhibits the production by macrophages of IL-12, a
cytokine that promotes IFN-γ production and interferes with the development of the TH1 subset
(Figure 6.7a). Finally, IL-10 may also contribute to the downregulation of MHC class I antigens in
human tumors, perhaps as an indirect consequence of an inhibition of the antigen processing
machinery (Matsuda et al., 1994; Zeidler et al., 1997). Finally, in vivo evidence that IL-10 released by
host immune cells upon their interaction with tumor cells can prevent generation of TH1 immune
response has been provided (Halak et al., 1999). All these effects indicate that the local production
of IL-10 by tumor cells could modulate the immune response by making tumor cells insensitive to
CTL cytotoxicity.

Another cytokine involved in modulating antitumor activity of the host is GM-CSF, which was
shown to be produced by several human cancers (Trutman et al., 1998). Animal models show that
in vivo release of GM-CSF by tumor cells may result in inhibition of CD8+ T cell responses through
a disregulation of APC (Bronte et al., 1999).

Other tumor-derived products have been reported to inhibit the antitumor immune response by
different mechanisms, like gangliosides (McKallip et al., 1999), MUC1 (Chan et al., 1999) and
vascular endothelial growth factor (Gabrilovich et al., 1996). The latter is specifically able, when
released by tumor cells, to block DC maturation, thus preventing presentation of tumor antigens
to host’s T cells.

EXPRESSION OF MOLECULES THAT OPERATE ON THE APO-FAS
PATHWAY

FAS (CD95) is among the most important molecules involved in delivering the death signal that
triggers apoptosis. In the immune system, CD95 and the perforin-granzyme system mediate T-
cell cytotoxicity. Cross-linking of FAS on one cell and Fas ligand (FasL, CD95L) on the other cell
induces programmed cell death (apoptosis) in the Fas-bearing cell (Figure 6.8a). Apoptosis is a
homeostatic mechanism and an active termination of T-cell immune response pathway is
delivered in order to limit the proliferation of the immune cells. Thus, although T cells use FASL
to kill their target cells, they also use the FAS pathway to downregulate the immune response. In
fact, the activation of T cells leads to the coexpression of CD95 and CD95L and induces death in
the cell as well as in neighboring cells (Parijs and Abbas, 1998). Failure in this system may result
in autoimmunity. Whereas a wide range of tissues constitutively express FAS on their cell
surfaces, FASL was initially thought to be restricted to activated T lymphocytes, but the ligand is
also expressed on non-lymphoid cells from immune privileged sites. In these sites, allogeneic and
xenogeneic tissue grafts enjoy unusually high acceptance rates. High levels of FASL expression
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have been observed in the eye and testis, suggesting that FASL expression forms a barrier
surrounding the organs (Griffith and Ferguson, 1997). Any activated T cells expressing FAS that
enter these sites encounter cells expressing FASL and receive a death signal. Tumor cells may use
these mechanisms to form an immune privileged site (limiting the cell surface expression of HLA

Figure 6.7 Schematic representation of interactions of tumor cells and the T cell effector arms. (A)
Recognition of tumor cells by cytotoxic T cells is dependent on the processing and presentation of tumor
antigens by APCs. Tumor antigens released by secretion, shedding or tumor lysis are captured by antigen-
presenting cells that express co-stimulatory molecules such as B7; T lymphocyte activation is induced. (B) T
cell that recognizes directly tumor cells that do not express co-stimulatory molecules; T cell anergy is
induced. (C) B7-transfected tumor cells act as antigen-presenting cells and T lymphocyte activation is
induced.
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class I molecules, secreting soluble inhibitory cytokines and expressing FasL). In theory, tumors
that express CD95L can actively kill CD95+ T cells (Figure 6.8b). However, as it occurs in
lymphocytes, the simultaneous expression of CD95 and CD95L in the same cell leads to death.
Hahne et al. (1996) showed that tumor cells expressed CD95L but not CD95; in this way the tumor

Figure 6.8 Proposed mechanism for CTL depletion in cancer. (A) FASL expression in the effector T cell,
target FAS molecule and induces tumor cell apoptosis. (B) Loss of FAS expression and simultaneous
appearance of FASL on the tumor cell might induce T cell apoptosis.
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cells delivered the death signal to activated T lymphocytes bearing Fas but could not receive a
death signal. The loss of CD95 expression has been described in hepatocellular carcinomas in
comparison with normal or diseased liver tissues, which display a homogeneous expression of
CD95. The tumor cells acquire non-responsiveness towards CD95 stimulation, then express
CD95L and act as effector cells by actively destroying lymphocytes via the CD95 pathway (Strand
et al., 1996). However, the in vivo relevance of T-cell destruction via Fas/FasL remains
controversial, since anti-melanoma-specific T-cell clones are resistant to such a tumor
counterattack (Rivoltini et al., 1998), and other factors may be involved in modulation of Fas
signals in tumor cells (see O’Connell et al., 1999).

ABNORMALITIES IN SIGNAL TRANSDUCTION OF T CELLS

A critical number of TCR molecules engaged with peptide-MHC is required for T-cell activation
to be triggered. Moreover, an optimal stimulus for T-cell response to a peptide-MHC complex
needs a second signal delivered by antigen-presenting cells. Depending on the nature of the
stimulus, T cells may be either fully activated or anergized (Figure 6.7b). In fact, the interaction of
TCR alone often results in the induction of tolerance, characterized by a lack of IL-2 production
that leads the T cell to a state of ignorance, anergy or even apoptosis. Thus, even when tumor cells
express the appropriate tumor-associated antigens they may not be immunogenic when the
second signal cannot be delivered. In contrast, the presence of adequate cytokine production and
professional APC expressing co-stimulatory molecules such as B7 promotes a correct T-cell
activation (Figure 6.7b). The ability of tumors to induce this state of tolerance to specific
neoantigens has recently been demonstrated (Staveley-O’Carrol et al., 1998). The molecular bases
for tumor cells being poor stimulators of the immune response may perhaps be interrelated,
because the normal cells from which they derive are unable to produce cytokines and surface
molecules whose expression is restricted to professional APCs. In fact, most tumors derived from
parenchymal or mesenchymal cells do not express B7 and are unlikely to induce an effective
immunologic response. In summary, the mechanisms that induce peripheral tolerance to prevent
deleterious autoimmune responses are those that then contribute to the lack of appropriate co-
stimulation against tumor cells. These mechanisms are the inadequate production of IL-2 as a
second signal for T-cell activation and proliferation and also as a cytokine that inhibits tumor-
induced anergy, and the absence of B7 as an inhibitor of TCR-induced apoptosis. For this reason,
immunogene therapy is focusing many efforts on the direct activation of cytolytic T cells. The
transfection of genes encoding members of the B7 co-stimulatory family (B7–1 or B7–2) into tumor
cells appears to inhibit apoptosis of CTL (Figure 7c), and restore T-cell activation above all when
B7 genes are used in combination with the appropriate cytokines (IL-2, IL-7) (Farzaneh et al.,
1998).

Furthermore, it has been shown that the long-term presence of tumors can alter the function of
key molecules of the T cells, thereby disrupting T-cell internal signals and leading to
immunosuppression (Mizoguchi et al., 1992). It has long been known that progressive tumor growth
is associated with a state of immunosuppression. Many of the mechanisms we have analyzed
contribute to this state, i.e. the loss of antigens or the secretion of inhibitory cytokines. However,
why the T cells of cancer patients respond poorly to mitogenic stimuli in in vitro reactions is not
known. The mechanism of this T-cell dysfunction has been elucidated in the past few years, and
alterations in the TCR and in the pathways of signal transduction in T cells have been described. T
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cells from mice bearing the MCA-38 colon carcinoma line were deficient in the expression of TCRζ
chain of the TCR-CD3 complex and in two protein tyrosine kinases (PTK), p56lck and p59fyn.
Similar defects were also found in tumor-infiltrating lymphocytes (TILs) from patients with
melanoma or renal carcinoma. These alterations were present mostly in TILs and much less or not
in peripheral blood leukocytes from the same patients, indicating that the defects are induced by
exposure to the tumor (Finke et al., 1993). Tumor may also cause a direct degradation of T cell ζ-
chain by caspase (Gastman et al., 1999). Moreover, it appears that the extent of TCR signaling
molecule loss in T cells of metastatic patients can be variable depending on the TCRV region and
that tumor-derived soluble HLA class I molecules may contribute to induce such alterations
(Maccalli et al., 1999). It is of note that defects of signal transduction of T cells can be corrected by
administration of IL-2 even in vivo (Rabinowich et al., 1996) or by in vitro exposure to TCR and
CD28 (Maccalli et al., 1999). However, these alterations in signal transduction are reversible and
might not depend directly on tumor cells. In fact, it has recently been reported that H2O2
production by tumor-infiltrating macrophages can effectively alter signal transduction in T and
NK cells and that some of these defects can be reversed by cytokines (Kono et al., 1996). It has also
been reported that impairment in ζ-chain expression in T cells at tumor site can correlate with poor
survival in at least some cancer patients (e.g. oral carcinoma) (Reichert et al., 1998). These findings
indirectly suggest a potential role of the immune system in controlling tumor growth and
progression.

CONCLUSIONS

In recent years, there has been a great improvement in our understanding of escape mechanisms
used by tumor cells to avoid immunosurveillance. One of the most important of these
mechanisms is the alteration of HLA on tumor cell membranes.

T lymphocytes and NK cells see class I HLA differently: for T cells, HLA class I molecules
associate to a particular peptide and induce an activation signal, generating a clonal expansion of
the appropriate effector T cell; in contrast, for NK cells, HLA are inhibitory molecules that
constantly modulate NK cell function, and their absence triggers NK cell cytotoxicity.

Cancer cells derived from HLA positive epithelia escape T-cell killing by losing all or some HLA
class I molecules. T cells are then blind and cannot see the tumor antigen. This phenomenon is
associated with invasion and metastasis. As a second step, the deficient tumor cells are
theoretically susceptible to be killed by a particular NK cell clone. The question is why these
cancer cells are not eliminated. An unknown NK escape mechanism is selected by tumor cells,
which produce NK cell escape tumor variants. 

In this chapter we have also described other escape mechanisms employed by tumor cells to
avoid immunosurveillance, but their relevance and use are as yet unknown.

Identification of the escape strategies used by a particular tumor in a particular patient should
improve therapeutic decision-making by clinical oncologists.
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