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A better understanding of immune recognition of cells has
led to identification of potential new targets on tumor cells.
Noticeable successes in melanoma have been immunization
with the GM2 ganglioside vaccine, and the identification of
novel antigens such as MAGE, BAGE and GAGE recognized
by T cells cloned from cancer patients with regressing
disease. However, the unexpected finding that other antigens
recognized by these T cells were overexpressed normal
differentiation antigens such as tyrosinase. Pmel 17 and
Melan A has led to vaccines developed against differentiation
antigens expressed in other solid tumors. Monoclonal anti-
body, anti-idiotype and antigen based vaccines for colorectal
target antigens 17-1A, CEA and 791Tgp72 are all in clinical
development. Similarly HER2/neu and mucin overexpression
in breast cancer represent promising targets. Mutations in
tumor oncogenes or suppressor genes which lead to
malignant transformation can also present tumor-specific
antigens. The most effective vaccines against infectious
disease are live viruses. The development of DNA vaccines
which act like viruses in entering cells and show continuous
production of antigens offers great potential for the future.
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Introduction

A better understanding of the molecular recognition
and stimulation of immune responses has led to the
development of many new and exciting approaches
for the immunotherapy of cancer. The immune
response can be crudely divided into either antibody
responses or T cell responses. Antibodies recognize
and bind to conformational determinants on cell
surface proteins. Once bound they can kill the cell
by either complement-mediated lysis or antibody-
dependant cellular cytotoxicity. In contrast, T cells
do not recognize native protein but see small peptides
which result from proteolytic digestion of proteins
presented on the cell surface on specialized molecules
called major histocompatibility (MHC) antigens. T cell
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activation requires a second signal or a co-stimulatory
signal which is usually present on the surface of
specialized cells called antigen-presenting cells. There
are two main types of MHC molecules, class I which
stimulates cytotoxic T cells (CD8*) which can directly
lyse appropriate target cells, and class II MHC which
stimulates helper (CD4") T cells which provide
cytokines to allow cytotoxic T lymphocyte (CTL)
proliferation but which can also migrate to the tumor
site and set up an inflammatory response. Helper T
cells release cytokines such as tumor necrosis factor
and interferon-y which can have direct effects on the
tumor or they can recruit non-specific killer cells such
as natural killer (NK) cells or tumoricidal macro-
phages.

Novel vaccines designed to stimulate both antibody
and T cell responses against human tumors are
currently being tested in the laboratory and many
have proceeded into clinical trials. Peptides which
bind to MHC and stimulate T cell responses can be
used directly as imunogens or pulsed on the surface of
antigen-presenting cells ex vivo and reinfused. Anti-
idiotypic antibodies are able to mimic antigen and
elicit T cell responses. DNA vaccines encode the
tumor antigen while viral vectors provide an alter-
native way of altering the host immune response.
Target antigens can either be overexpressed normal
differentiation antigens or oncogene products. This
review will describe some of the more successful
approaches in melanoma, colorectal cancer and
breast/ovarian cancer.

Melanoma
Celiular vaccines
Autologous or allogeneic tumor vaccines were used

as immunogens. Although some successes have been
achieved with this approach,' it suffers from many
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disadvantages, not least of which is immune
tolerance. Most of the antigens expressed on tumor
cells are normal differentiation antigens which are
inappropriately overexpressed on tumor cells. The
recognition of self antigens appears to be density
dependant where high-affinity T cells that recognize
dominant self antigens are deleted in the thymus.
However, low-affinity T cells recognizing subdomi-
nant epitopes persist and can be stimulated to
recognize targets expressing high levels of antigen in
association with MHC molecules.? During immune
responses to antigen, immunity is elicited to only
the dominant epitopes and the subdominant epi-
topes are ignored. This could explain why tumors
growing in situ elicit poor immune responses and
would be equally applicable to whole cell vaccines.
Stimulating T cells that recognize these subdominant
epitopes may be achieved using truncated proteins
or peptides.

The second major problem with whole cell vaccines
is that tumor celis have poor expression of both MHC
and co-stimulatory molecules, and although these can
be replaced by transfection they are still a poor second
to professional antigen-presenting cells. Recent trials
with autologous tumor cells transfected with either
interleukin (I1)-2 or granulocyte macrophage colony
stimulating factor (GM-CSF) have shown active recruit-
ment of professional antigen-presenting cells to the
injection site;> however, the problem of immuno-
dominance still persists.

Gangliosides

Cancer carbohydrates such as the gangliosides GD2
and GM2 are suitable targets for immunotherapy
because they are overexpressed at the surface of
melanoma cells.* Extracted and purified or synthetic
carbohydrate antigens conjugated with a T cell carrier
such as keyhole limpet hemacyanin (KLH) plus an
immune adjuvant QS-21 is the optimal immunization
approach, far more immunogenic than unconjugated
antigen plus adjuvant or irradiated whole cell or cell
lysate vaccines.” A GM2-KLH plus QS-21 vaccine has
resulted in consistent high titer IgM antibodies
capable of inducing complement-mediated cytotoxi-
city and IgG antibodies mediating complement-
mediated and antibody-dependent cell-mediated cyto-
toxicity.6 Randomized phase III adjuvant trials are in
progress to evaluate the effect of vaccination with
GM2KIH plus QS21 on disecasefree and overall
survival.
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Novel T cell antigens

Pioneering studies by Boon and colleagues, using T
cells cloned from melanoma patients, showing spon-
taneous regression to screen cDNA libraries generated
from the patients autologous tumor, ultimately
allowed this group and others to isolate three families
of tumor-associated antigens.”® The first group con-
sists of novel antigens designated MAGE, BAGE or
GAGE which are overexpressed on a variety of tumor
cells but their normal expression is restricted to the
testes. The second group consists of melanoma
differentiation antigens such as tyrosinase, Melan A/
MART-1 and gp100/Pmel 17 which are expressed by
both normal melanocytes and melanomas. The final
group consists of new targets caused by either point
mutations of normal genes such as connexin or CDK4
or antigens in which an intronic sequences is
expressed in melanoma leading to the production of
an antigenic peptide which is entirely encoded by an
intron sequence.9

An alternative approach was to purify MHC
molecules, elute the peptides and then using a
combination of HPLC and electrospray ionization mass
spectrometry isolate individual peptides that are
recognized by CTLs cloned from cancer patients.*
These peptides can then be used directly as immuno-
gens either to stimulate T cells ex vivo for reinfusion
or as vaccines. A recent clinical trial in which peptides
from tyrosinase, Pmel 17 and Melan A were immu-
nized as a cocktail in the presence of the cytokine GM-
CSF, which activates and recruits antigen-presenting
cells, showed promising results. Although detailed
analysis of only three patients was presented, they all
showed both helper and cytotoxic T cell responses to
one or more peptide, and had either partial or
complete clinical responses.*’

Colorectal cancer
17-1A

CO17-1A is a 37-49 kDa antigen present on over 90%
of colorectal cancers. Passive immunotherapy with the
monoclonal antibody 17-1A may prolong survival in
patients with primary tumors.'? These results are
currently being tested in a large multicenter study
(Panorex). This therapy may be effective as the
monoclonal antibody binds directly to the tumor cell
and stimulates antibody-dependent cellular cytotoxi-
city or it may stimulate an immune cascade of anti-
idiotypic antibodies. The theory is that antibodies have



unique idiotypes created by their variable regions
which bind to antigen; a second antibody which
recognizes this idiotype (antiidiotypic antibody) must
therefore mimic antigen. The main advantage of anti-
idiotypic antibodies is their ability to stimulate immune
responses under conditions where the corresponding
antigen is non-immunogenic.13

A polyclonal anti-idiotypic antibody to CO17-1A has
been developed and 30 patients with advanced
colorectal cancer immunized.'* Humoral responses
were seen and all showed evidence of Ab3 production.
This antibody showed identical binding of tumor cells
as that observed with Abl. Six patients showed partial
clinical remission and a further seven arrest of
metastases following treatment. Of these 13 patients,
nine also received chemotherapy, making conclusions
about the efficacy of Ab2 more contentious. A follow-
up trial by the same group used a different goat
polyclonal antibody in 12 patients who had undergone
resection of their primary. Six of these patients
developed antibodies against the anti-idiotypic anti-
body and two had antigen-specific T cells, which
proliferated in culture on stimulation with the CO17-
1A antigen. In addition seven of the original 12
showed tumor remissions which lasted between 1.1
and 4.1 years postimmunization. In support of
Herlyn’s work, evidence of cellular immunity has
been seen in a further one patient with advanced
colorectal cancer following immunization with
SCV106, a goat anti-idiotypic monoclonal antibody
that also mimics the tumor-associated antigen 17-1A.
The patient concerned had two lung metastases from a
previously resected colonic carcinoma. These were
removed after completion of the antibody course.
Antibodies eluted from the resection specimen were
confirmed to be against the tumor antigen in a
conventional ELISA, and immunohistochemical analy-
sis of tissue confirmed ‘massive’ infiltrate of T helper
and cytotoxic T cells.

Recent work has shown how passive immuno-
therapy with unconjugated monoclonal antibodies
may give rise to an idiotypic network response
that correlates with response.’> Twenty-four pa-
tients with metastatic colorectal cancer were
treated with monoclonal antibody 17-1A. After
completion of therapy, five of the patients had
peripheral blood T cells specifically recognizing
human antimonoclonal antibody 17-1A idiotypic
antibodies. These same five patients were the only
ones in the study who had any objective tumor
regression following monoclonal antibody therapy.
The association between the presence of anti-
idiotypic-reactive T cells and clinical response was
statistically significant.

Cancer vaccines

791 Tgp72

A human monoclonal anti-idiotypic antibody, 105AD7,
which mimics a colorectal tumor-associated antigen,
791Tgp72, has been developed.16 105AD7 induced
delay-type hypersensitivity (DTH) responses to
791Tgp72-positive human tumor cells in mice and
rats,"” and was therefore a candidate immunogen for
idiotypic immunotherapy of colorectal cancer pa-
tients. Phase I clinical studies in advanced colorectal
cancer patients showed that immunization with
105AD7 was non-toxic. Immunized patients showed
evidence of both helper and cytotoxic T cell
responses.’® Notably, 105AD7-mmunized patients
had increased survival when compared with a
contemporary group of patients treated in the same
center.” A double-blind randomized study designed to
confirm these encouraging results in a similar cohort
of patients is currently in progress under the auspices
of the CRC phase I/II committee.

In the phase I clinical trial of 105AD7 in advanced
colorectal cancer, although several patients showed
stabilization of disease, tumor regression was not
observed. As this may be related to the immunosup-
pressive effects of large tumor burden it was felt that
105AD7 could achieve a greater effect as an adjuvant
treatment for minimal residual disease. A small pilot
study of 50 patients immunized pre-operatively with
105AD7 is being undertaken to study autologous
tumor immune responses.

Initial studies have clearly shown enhanced autolo-
gousanti-tumorkilling which was unrelated to NK killing
in three of four patients.® Significant increases in
infiltration of CD4 and CD8 T cells and NK cells to the
tumors of 105AD7-immunized tumors as compared to
control tumors which were matched for stage, grade,
differentiation and site has been observed. This increase
in infiltration of NK cells within tumors of immunized
patients is supported by the increase in NK killing
following 105AD7 immunization in seven of 13 patients.

These encouraging immunological responses are
mirrored by patient survival. A 12 month interim
analysis of the adjuvant patients shows a significant
improvement in disease-free relapse (p>0.05) com-
pared to a contemporary group of stage-matched
patients treated at the same center.’! These results
offer real hope that following optimization of the
vaccine a controlled study may show a similar result.

Carcinoembryonic antigen (CEA)

CEA is one of the best characterized tumor marker
antigens in terms of its tissue distribution, biochem-
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istrty and molecular structure. It is extensively ex-
pressed in humans on the majority of colorectal,
gastric and pancreatic carcinomas as well as on
approximately 50% of breast cancers and 70% of
non-small cell lung cancers. CEA is also expressed to
some extent on normal colon epithelial and in some
fetal tissues. At the amino acid level CEA shares
approximately 70% homology with non-specific cross-
reacting antigen (NCA) which is found on normal
granulocytes. However, CEA is highly overexpressed
on tumor cells and is therefore a potential target for
immunotherapy. The first evidence that T cells from
cancer patients could recognize and respond to CEA
was demonstrated by iz vitro immunization with an
anti-idiotypic antibody which mimics CEA.?* A phase I
clinical trial with another antiidiotypic antibody, 3H1
which mimics CEA, in advanced colorectal cancer
demonstrated anti-CEA antibody responses in nine of
12 patients with four patients showed T cell pro-
liferative responses to CEA. Toxicity was limited to
local reaction with mild fever and chills.*® Studies are
now focusing on treating patients with minimal
residual disease.

Instead of using anti-idiotypic antibodies as surro-
gate antigens, the CEA gene has been cloned in
baculovirus and recombinant protein has been used as
the immunogen. This may be advantageous as the
patient’s antigen-presenting cells can process, present
and select the most appropriate T cell epitopes. It has,
however, the disadvantage that immune responses
may be generated to the region of CEA which is
homologous with NCA and may therefore generate
toxicity to granulocytes.

Two clinical studies have been carried out using
recombinant CEA. Two of five breast cancer patients
showed CEA-specific proliferative responses and one
also had a CEA-specific DTH responsc:.24 In the second
study, the addition of the cytokine GM-CSF to CEA
enhanced the proliferative responses to CEA from two
of six patients to six of six patients. No toxicity was
observed."”

A novel approach to vaccination which has been
very successful in infectious diseases is polynucleotide
immunization. DNA or RNA can be immunized by
intramuscular injection whereby the myocytes take up
the DNA and express the gene product.?” The released
protein is taken up by antigen-presenting cells which
migrate to the draining lymph nodes and present
antigen to the T cells. An alternative route of
immunization is by intradermal injection where it is
presumed the DNA is taken up by Langerhan cells
which are skin dendritic cells or antigen-presenting
cells. This will lead to a continuous intracellular
production of protein antigens that may be presented
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in association with class I MHC molecules, thus
eliciting CTL responses. The advantages of DNA
vaccines are numerous. They can be easily purified,
coated on gold particles and given directly into tissues
by gene gun (bolistics). DNA may also be combined
with genes for cytokines such as IL-2, IL-6 or IL-7, or
GM-CSF, in order to enhance the immune response
generated.26

Work has shown that mice may be immunized with
a plasmid encoding the full length of complementary
DNA for CEA.?’ Evidence of humoral and cellular
responses against the glycoprotein was seen in all of
the five mice immunized and three generated CEA-
specific memory T cells. In addition a further two had
I1-2/114 release in response to CEA. Clearly evidence
exists supporting this approach as a potential vaccine
strategy. Approval has been granted for a phase I trial
in colorectal cancer.

Recombinant vaccinia viruses are being considered
for use in the treatment of cancer because it has been
shown, in animal models, that co-presentation of a
weak immunogen with the highly immunogenic
vaccinia proteins can elicit a strong immune response
against the inserted gene product. Animals showed
good antibody and cell-mediated immune responses to
CEA when they were immunized with complete cDNA
of CEA inserted into the vaccinia genome (fV-CEA). A
phase I study of this construct in patients with
metastatic carcinoma showed for the first time that it
was possible to induce cytolytic T cell responses to
CEA which killed tumor cells.?® Unfortunately the
immune response to the vaccinia inhibited replication
of the administered recombinant virus at subsequent
immunizations and therefore it was not possible to
boost the primary immune response to CEA with the
vaccinia construct. However, animal studies have
suggested that priming with rV-CEA and then boosting
with either recombinant CEA or specific CEA peptides
is a very efficient immunization protocol. Clinical trials
are being planned.

Oncogenes

Peptide vaccines can bind to MHC molecules and
elicit immune responses. Generation of CTL would be
further enhanced if the peptide was presented by an
antigen-presenting cell, such as a dendritic cell (DC).
A murine model has shown that antigen-specific CTLs
may be generated following subcutaneous adminis-
tration of irradiated bone-marrow-derived DC, pulsed
with ovalbumin peptide 72 vitro.>® These results have
been confirmed in a separate study, where f-
galactosidase acts as the tumor-associated antigen.>°



Immunization of mice with mutant p53 peptide-
pulsed DCs generated from stem cells of other tumor
bearing mice can induce effective anti-tumor CTL
responses and lead to significant anti-tumor effects.®!
If the T cell epitope is as yet undefined, as is the case
for a number of cancers, then CTL can still be
generated using unfractionated acid-eluted tumor
peptides in conjunction with the method outlined
above >

Mutations in codon 12 of K-ras are frequently found
in pancreatic adenocarcinomas.®>> Mutant p21”® is
therefore a tumor-specific antigen, that can be
recognized by human T cells >* Synthetic ras peptides
have been used in conjunction with antigen-present-
ing cells as a vaccine for pancreatic cancer, with
encouraging results. This approach could also be
applied to colorectal carcinomas, which also show
mutations in codon 12 of K-was. As an alternative to
peptide vaccination it is possible to clone the peptide
epitope as a minigene and use this DNA as the
immunogen. Minigenes coding for a single epitope
derived from mutant p53 have been shown to elicit
CTL in a mouse model.>®

Heat shock proteins (HSPs)

A completely different approach for the search for an
effective cancer vaccine has been adopted with the
use of HSPs. The premise is that HPSs derived from any
cell type contain a wide variety of peptides (6-35
mers) non-covalently bound to or ‘chaperoned’ by the
HSP. The binding of peptides to HSPs occurs during
the normal physiological degradation of protcsins.36
One consequence of this phenomenon is that HSP
preparations contain the entire repertoire of peptides
generated in a cell. The repertoire consists of self
peptides and antijgenic peptides, and thus HSPs
derived from tumors are complexed with peptides
derived from tumor antigens. Vaccination of animals
with tumor-derived HSP-peptide complexes results in
protective immunity. The main problem with this
approach is that customized, patient-specific vaccines
are required. However, in animal studies they are
effective at low doses without the use of adjuvants.

Breast/ovarian
Mucins
The importance of mucins as tumor-associated anti-

gens has recently been increased by the finding that
CTLs from breast, pancreatic and ovarian cancer

Cancer vaccines

patients can recognize the MUC1 gene mucin. This
mucin consists of a perfectly conserved, tandemly
repeated 20 amino acid long peptide core which is
heavily glycosylated in normal cells and under
glycosylated in tumor cells. Using mucin-transfected
B cells as antigen-presenting cells, over 200 T cell lines
were generated from cancer patients. The majority of
the T cell clones required inhibition of mucin
glycosylation for target cell recognition and were
therefore tumor specific. T cell recognition is not MHC
restricted but experiments with synthetic peptides
have shown that at least five tandem repeats are
necessary for T cell activation via T cell receptor cross-
linking. In a recent clinical trial in breast, pancreatic
and colorectal cancer, patients were immunized with
this peptide consisting of five tandem repeats of the
MUC1 gene, and 37 of 60 patients showed strong
recall responses to the 105 mer peptide.>’

HER2/neu

Amplification and overexpression of the HER2/neu
proto-oncogene have been demonstrated in 2 number
of human tumors including breast, ovarian, uterus,
lung and colon cancer.*® HER2/neu protein over-
expression is observed in approximately one-third of
breast cancers and is associated with a worse clinical
outcome. No mutation has been found in the HER2/
neu gene and therefore malignant transformation is
associated with overexpression of the gene. Immune
responses to this self protein have been observed in
cancer patients.>® A high incidence of IgG antibodies
which recognize HER2/nex has been observed in
breast cancer patients. As the switch from an IgM to an
IgG response requires T cell help, these results imply
that HER2/neu contains a helper T cell epitope.
Several groups have shown that lymphocytes can be
stimulated #n vitro to synthetic peptides based upon
the sequence of HER2/neu. More recently HER2/newu-
derived peptides have also been shown to stimulate
CTLs which can recognize and kill either breast or
ovarian tumor cells which overexpress the HER2/nen
gene but not tumor cells with low expression.
Supporting this evidence is the observation that breast
patients which with a high density of local lymphocy-
tic infiltration associated with HER2/neu overexpres-
sion have an improved prognosis. Preclinical studies
have shown that when rats were immunized with
HER2/neu peptides a substantial T cell and antibody
immune response to HER2/neu protein were oOb-
served.® These preclinical studies provide the neces-
sary basis for the development of human vaccine trials
using HER2/newu peptides.
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Conclusion

A better understanding of the molecular recognition of
antigens by the immune systems has enabled the
design of more specific cancer vaccines. Many of these
approaches are currently being tested in clinical trials,
and are providing a more profound understanding of
the potential and limitations of these approaches. The
clinical applications of vaccines are still in their infancy
but the early results of no toxicity, stimulation of anti-
tumor immunity and tumor control give great opti-
mism that they will ultimately take their place along-
side surgery and chemotherapy in the treatment of
solid cancers.
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