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ABSTRACT

The incidence of cancer and its related morbidity and
mortality remain on the increase in both developing and
developed countries. Cancer remains a huge burden on
the health and social welfare sectors worldwide and its
prevention and cure remain two golden goals that science
strives to achieve.

Among the treatment options for cancer that have
emerged in the past one hundred years, cancer vaccine
immunotherapy seems to present a promising and
relatively safer approach as compared to chemotherapy
and radiotherapy. The identification of different tumor
antigens in the last fifteen years using a variety of
techniques, together with the molecular cloning of
cytotoxic T lymphocytes (CTLs)-and tumor infiltrating
lymphocytes (TILs)-defined tumor antigens allowed
more refining of the cancer vaccines that are currently

used in different clinical trials. In a proportion of treated
patients, some of these vaccines have resulted in partial
or complete tumor regression, while they have increased
the disease-free survival rate in others. These outcomes
are more evident now in patients suffering from
melanoma.

This review provides an update on melanoma vaccine
immunotherapy. Different cancer antigens are reviewed
with a detailed description of the melanoma antigens
discovered so far. The review also summarizes clinical
trials and individual clinical cases in which some of the
old and current methods to vaccinate against or treat
melanoma were used. These include vaccines made of
autologous or allogenic melanoma tumor cells,
melanoma peptides, recombinant bacterial or viral
vectors, or dendritic cells.

INTRODUCTION

Cancer remains a major cause of mortality in
developed and developing countries. It has huge
physical, psychological, and social impacts on both
the sufferer and the caregiver. This is in addition to
its burden on the health care system. The current
possible treatments for cancer include surgery,
chemotherapy, radiotherapy, biotherapy, and
immunotherapy including cancer vaccine. The last
treatment option seems to be a promising one
especially in melanoma.

Malignant melanoma is a skin cancer type that
often metastasises. It has several predisposing
factors including repetitive sun exposure, light skin
complexion (freckles), light hair colour with blue,
grey, or green eyes, a history of repetitive sunburn
before the age of twenty, or a family history of
melanoma or other skin cancer. A melanocytic
lesion is often asymmetrical, has irregular border,

and varies in colour and diameter (ABCD’s of
malignant melanoma - Fig. 1). It may take many
different forms. The most common is the
“superficial spreading” melanoma which usually
begins as a tan spot that may slowly change and
grow. Another type of melanoma is called
“nodular” melanoma and usually develops in a
black, blue, or white mark that rapidly grows into
a bump.

There were 65,177 new cases of melanoma
worldwide in the year 2000. Among these cases,
19,990 resulted in deaths™. The new cases were
distributed as follows: 5702 in Australia and New
Zealand, 26,106 in Europe, 5734 in Asia, 3790 in
Africa, and 29,302 in America®. Given the numbers
listed above, it seems more evident now that
melanoma is a common problem that becomes life
threatening when it metastasises to vital organs
and structures in the human body including the
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Fig. 1: An asymmetrical melanocytic lesion showing irregular border and
diameter.

brain, lungs, liver, bone, and lymph nodes. Such
metastases are sometimes inoperable or are
resistant to chemotherapy or radiotherapy or both.
This is in addition to the fact that chemotherapy or
radiotherapy does not often result in 100%
eradication of the tumor and that the severe side
effects often associated with such treatments could
be devastating on both the patient and his/her
family. Therefore, and all things considered, the
ideal treatment option for melanoma, and for
cancer in general, should be the one with which
there would be a complete eradication of the tumor
or a significant prolonged survival with minimum
side effects. One way of achieving this goal could
be through stimulating the patient’s immune
system to recognize the tumor as being a foreign
body and thus to attack and eliminate it. This forms
the basis for melanoma and cancer vaccine
immunotherapy.

The idea of a possible immune reaction against
cancer in humans is not new. In 1906, Paul Ehrlich
suggested that our body is exposed to what he
called “aberrant germs” on a daily basis. These
germs, he added, do not develop into cancer
because they are kept in check by our immune
system®. Ehrlich’s idea was later developed into
the phenomenon of immune surveillance against
cancer®. This phenomenon has received strong
support based on a number of observations:

1.  Tumor transplantation studies in animals
have demonstrated that certain tumors could be
rejected when the animal is repeatedly immunized
against the tumor®.

2. The observation that some types of cancer
develop in immuno-compromised patients. These
include Kaposi’'s sarcoma, lymphoma, and
squamous cell carcinoma’®®.

3. The medical literature has reported clinical

cases in which cancer spontaneously regressed
partially or completely. Such regression was found
to be associated with immune infiltration of the
tumor®*,

4.  More recently, definitive support for the
role of immune surveillance against cancer has
come from studies on the incidence of chemically-
induced tumors in mice genetically deficient in key
components of the immune system such as INF-g
pathway® or perforin®,

5. The continuous discovery of cytotoxic T
lymphocyte (CTL)-and tumor-infiltrating lymphocyte
(TIL)-defined tumor antigens in humans, which led
to the development of cancer vaccines that are
currently used in clinical trials.

AN OVERVIEW OF HUMAN CANCER ANTIGENS

Cancer antigens are divided into five different
groups. Cancer testis (CT) antigens, which are
found in melanomas and several other tumors but
not in normal tissues except germinal cells in the
gonads. They include antigens encoded by MAGE-
1, MAGE-3, BAGE, GAGE, and PRAME genes, in
addition to the more recently discovered NY-ESO-1
antigen®*. The second group of cancer antigens
include the melanocyte differentiation antigens,
which are expressed in melanomas and normal
melanocytes. Examples of such antigens are Melan-
A/MART-1, tyrosinase, gpl00/Pmell7, TRP-
1/gp75, and TRP-2¥1. Mutation-based antigens
represent the third group of cancer antigens and
include p53, Ras, P15, gp100-in-4, MUM-1, Beta-
Catenin, GnT-V, and CDK4"-#1, The last two groups
of cancer antigens are the over-expressed normal
“self” antigens such as HER-2/neu and the viral
antigens including the Epstein-Barr virus (EBV)
antigen, hepatitis B & C virus (HBV& HCV)
antigens, human papilloma virus (HPV) antigen,
human herpes virus 8 (HHV8) antigen, and human
T lymphotropic virus (HTLV) antigen. The above
viruses have been found to be associated with
Burkitt’s lymphoma (BL), hepatocellular carcinoma,
cervical and anal carcinoma, Kaposi’s sarcoma, and
T-cell leukaemia respectively.

MELANOMA TUMOR ANTIGENS

MAGE

This family of genes was the first to be cloned
using a CTL clone derived from the peripheral
blood of a melanoma patient (MZ2) who received
autologous tumor cells as a vaccine over a number
of yearst. This clone was found to be HLA-A1l
restricted and recognized an epitope derived from
the MAGE-AL1 encoded nonapeptide 161-169 with
the amino acid sequence EADPTGHSY. An
independent HLA-Al-restricted CTL clone from
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the same patient recognized a highly homologous
nonapeptide, EVDPIGHLY, derived from the
MAGE-A3 gene. Yet, another CTL clone from the
same patient recognized a different MAGE-Al
derived nonapeptide, SAYGEPRKL, in the context
of the HLA-CW 16 molecule. Around forty percent
of metastatic melanoma tumors express MAGE-1. It
is also expressed in sarcomas, lung carcinoma,
breast carcinoma, and laryngeal cancer.
KWVELVHFL and YLQLVFGIEV are two epitopes
derived from the MAGE gene family member
MAGE-A2. CTLs recognizing both epitopes
KWVELVHFLand YLQLVFGIEV were found to kill
MAGE-2 expressing cells in a HLA-A2-restricted
manner in transgenic mice®. MAGE-B5, MAGE-
B6, MAGE-C2, and MAGE-C3 are additional
members of the MAGE gene family and are
currently undergoing further investigation. The
only normal tissue where the MAGE gene family is
found to be expressed is the testis.

BAGE

An additional CTL clone derived from the MZ2
patients was used to identify another gene named
as BAGE. BAGE encodes a HLA-Cw16-restricted
antigen and its pattern of expression is similar to
that of the MAGE gene. It is also expressed in the
testist,

GAGE

Melanoma cells cultured from the MZ2 patient
also expressed a third gene that was named GAGE-
1=, Peptides-derived from GAGE-1 are HLA-CW-
6-restricted and are expressed in melanomas, head
and neck carcinoma, non-small cell lung carcinoma,
bladder carcinoma as well as in normal testicular
tissue.

PRAME

Melanoma cell lines derived from a melanoma
patient (LB33) were used to identify a new
melanoma antigen named PRAME®, Melanoma
tumors expressing PRAME were found to be lysed
by CTLs in a HLA-A24-restricted manner. In
addition to being expressed in melanoma, PRAME
is also expressed in normal endometrial and
testicular tissues.

NY-ESO-1

This antigen is a newly discovered CT antigen,
and was found to be expressed in 23 of 67
melanoma specimen, 10 of 33 breast carcinomas, 4
of 16 prostate carcinomas, 4 of 5 bladder cancer
specimen, and 2 of 11 cultured melanoma cell
lines®.. Three HLA-A2 and two HLA-A31-restricted
peptides have been identified so far from this antigen.

b-catenin
b-catenin is a cytoplasmic protein that interacts
with the cellular adhesion molecule E-cadherin. A

Table 1

Melan-A/MART-1, gp100, and tyrosinase melanoma differentiation
antigens: Summary of epitopes identified and HLA class
restriction

Antigen Epitope Identified HLA Restriction
Melan-A/MART-1 32-40 A-2
27-35 A-2
26-35 A-2
gp100 280-288 A-2
476-485 A-2
17-25 A-3
209-217 A-2
154-162 A-2
457-466 A-2
Tyrosinase 243-251 A-1
369-377 A-2
1-9 A-2
206-214 A-24
192-200 B-44

mutated peptide epitope has been isolated from the
b-catenin gene and was found to be recognized by
melanoma-specific CTLs™!. Since b-catenin plays a
role in cell adhesion, it is suggested that it could be
involved in cancer invasion and metastasis. In fact,
loss of cell adhesion molecules such as E-cadherin
has been observed in invasive carcinomas, which
further support the belief in the role of such
molecules in cancer progression®,

Melan-A/MART-1

The first cloning of the Melan-A or Melanoma
Antigen A gene was performed by Coulie and his
colleagues using autologous CTLs from melanoma

patients®Y. The same gene was cloned by
Kawakami et al using TILs established in
continuous in vitro culture®y, The authors

designated it MART-1 or Melanoma Antigen
Recognized by T cells 1. Melan-A/MART-1 has
been found to be expressed in pigmented cells in
normal skin and the retina but not in other normal
tissues. Analysis of different melanoma and other
cancer specimens revealed that the antigen is
expressed with a frequency ranging from 87 to
100% in melanoma tumors and 0% in other types of
cancert=l Melan-A/MART-1 encodes a small
transmembrane protein consisting of 119 amino
acid residues and recognized by CTLs in a HLA-
A2-restricted manner (Table 1).

gpl00

The gene encoding gp100 was first identified as
a melanocyte lineage-specific antigen. Analyses of
different cancer cell lines including lung, breast,
colon, and neuroectodermal carcinomas did not
reveal any expression of gp100, which suggest that
the latter is a melanoma-specific tumor antigen.
This suggestion was subsequently confirmed
through different studies including the ones where
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gp100 was found to be secreted in supernatants of
cultured melanoma cell lines, and where different
histological types of melanoma tumors were found
to stain positive immunohistochemically for gp100
using specific antibodies such as HMB45, NKI-
beteb, and HMB50 as diagnostic markers*.,

The 661- amino acid gpl00 glycoprotein
contains a signal peptide and a single
transmembrane domain. It is located mainly in the
membrane and  filamentous  matrix  of
premelanosomes and, therefore, could be associated
with melanin synthesis. Six different epitopes of
this antigen have been identified, five of which are
recognized by CTLs in a HLA-AZ2 restricted manner
(Table 1). The epitope 280-288 (YLEPGPVTA) was
also found to be recognized by TILs®,

Tyrosinase

Tyrosinase was initially cloned and found to be
a membrane-associated protein®l. It is an enzyme
involved in the first step of melanin synthesis. CTLs
recognizing five different epitopes in addition to a
sixth unsequenced one have been isolated
following in vitro stimulation with melanoma cells.
These epitopes are capable of generating CTLs and
sometimes TILs in different HLA subtypes-
restricted manner (Table 1). Furthermore, HLA-
A24-restricted CTLs were derived from a TIL 888
line that was associated with tumor regression
when administered along with IL-2. This study
suggests that tyrosinase could be identified as a
tumor-regression antigen in HLA-A24 cancer
patients.

TRP-1/gp75 and TRP-2

CTLs specific for TRP-1 or tyrosinase-related
protein-1 were first identified in a melanoma TIL
line 586 obtained from a melanoma patient
following tumor regression®. Analysis of the
cDNA library of the TRP-1 gene revealed that it is
similar to another gene that was identified earlier,
namely the glycoprotein 75 or gp75. Northern blot
analysis indicated that the TRP-1 gene is expressed
in melanoma, normal melanocyte cell lines, and
retina but not in other normal tissues tested. This
was consistent with results obtained with
monoclonal antibodies, which revealed that gp75
has similar expression and HLA restriction, namely
HLA-A31. The identification of TRP-1 was
subsequently followed by the discovery of another
melanoma antigen, TRP-2, from the same cultured
TIL line used to screen for TRP-1. TRP-2 was found
to give rise to HLA-A31 and HLA-A33-restricted
antigenic peptides.

P15

Northern blot analysis revealed that this
melanoma antigen is also expressed in a range of
normal tissues. The non-mutated T cell epitope

isolated from this antigen was sequenced as
AYGLDFYILY, Cultured CTLs against this epitope
were capable of lysing melanoma cell lines in a
HLA-A24-restricted manner.

MUM-1 (melanoma ubiquitous mutated-1)

Similar to P15, MUM-1 is expressed in both
melanoma and normal tissues. It was first
identified in the melanoma cell line LB33-MEL",
Over a third of the CTL clones established against
such a cell line were directed against MUM-1,
which suggests a high immunogenicity of this
mutated epitope.

CDK4

CDK4 is a key protein involved in the regulation
of cell cycle progression as part of the CD4-p16-RB
pathway. Such a pathway is usually inactivated in
human melanomas where CDK4 is found as a
mutated antigen. This antigen was found to be
recognized by three HLA-A2-restricted CTL clones
isolated from the peripheral blood of the melanoma
patient SK297,

GnT-V

In addition to the MUM-1 epitope, a novel
product of the N-acetylglucosaminyltransferase V
(GnT-V) gene was shown to encode an epitope
recognized by HLA-A2-restricted melanoma-
reactive T cells®®. The antigenic epitope was
identified as the decapeptide VLPDVFIRCV or the
nonapeptide VLPDVFIRC.

Gp100-in 4

A HLA-A24-restricted TIL1290 was found to
recognize a variant of the gpl00 gene that had
retained the entire fourth intron of this gene,
termed gpl100-in4™, The gpl100-in 4 transcript is a
relatively rare one since it could be detected by RT-
PCR using melanoma RNA but not by Northern
blots. Analysis of this transcript in the region
corresponding to the fourth intron gave rise to an
additional 35 amino acids not found in the normal
gp100 protein. The peptide VYFFLPDHL found in
this region could be recognized by a T cell subline
derived from TIL1290.

MELANOMA VACCINES

The concept of vaccination against cancer was
first initiated by the New York surgeon, Coley,
during the early years of the century. He used
bacterial vaccines in patients with advanced
sarcomas following which some tumor regressions
were observed.

Different types of vaccines have been used in
melanoma. They include autologous or allogenic
tumor cells, wild type or amino acid-substituted-
synthetic peptides with or without adjuvants
[incomplete Freund’s adjuvant, QS21, cytokines
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Table 2

Controlled-randomized trials to treat melanoma using vaccine immunotherapy

Vaccine

Disease Stage

Outcome

Allogeneic melanoma vaccine (processed melanoma
peptides presented in a HLA-A2 & HLA-C3-restricted
manner)i!

HLA-A2 gp100 peptide (280) YLEPGPVTA + modified
T helper epitope from tetanus toxoid
AQYIKANSKFIGITEL+ adjuvant Montanide

ISA-51 or QS-2121

Polyvalent-shed-antigen-vaccinet?

Interferon p-2bt#!

Vaccinia melanoma oncolysate (VMO)®

BCG Pasteur®®!

Vaccinia viral lysates of allogeneic melanoma
cell (VMCL)u#

New polyvalent melanoma cell vaccine (MCV):21

Levamisole adjuvant**

Imidazole carboxamide (DTIC) + BCG!#!

Oral BCG*
Intralymphatic methano-extracted residue of BCG™

C.parvum adjuvant®

11B-1V

11B-I11

HA& IV

Stage |

83% of treated patients had 5-year relapse-free survival
(RFS) as compared to 59% in controls (p= 0.0002).

Overall survival (OS) was 75% at 4.7 years follow up.

Median time to disease progression was 2.5 x longer
(p=10.03).
OS was 40% longer.

Better RFS and OS with a hazard ratio (HR)= 1.47, p=
0.0015; = 1.52, p= 0.09 respectively.

Better disease-free interval (DFI) and OS at 2, 3, and 5
year interval (P= 0.046).

Longer DFI (P=0.05).

Stronger antibody response.

Stronger regional and systemic reactions to vaccination.
Patients converted more frequently to positive PPD
skin tests.

Improved survival.
Lower incidence of cutaneous metastases.

Cell-mediated and humoral immune responses to
common melanoma associated antigens.

Increased activation of TILs.

Increased DTH (P=0.0066).

Tumor regression in 23% of the cases (3 complete).
Increased survival in patients with stage IllAand 1V by
two and three folds respectively.

29% reduction in both death rate (p=0.08) and
recurrence rate (p= 0.09).

12.7% complete tumor regression.
9.3% partial tumor regression.

Increased survival
Increased disease-free survival (DFS) (p= 0.015).
Increased DFS.

(melanoma
>3 mmin
thickness)

Intralesional BCG 1%
Intralesional BCG &4

DTIC + BCG &=

Median survival of 21.1 months.
Destruction of ~90% of injected intradermal nodules.

0% recurrence or death.

such as GM-CSF, interleukin 2 (IL-2) or interleukin
12 (IL-12)], recombinant bacterial or viral vectors,
naked DNAor purified recombinant proteins. They
also include dendritic cells (DCs) pulsed with
peptides, whole protein, or tumor cells, or
transfected with a vector for better antigen
presentation. Fifty-three controlled-randomized
clinical trials aimed at treating melanoma using
vaccine immunotherapy have been reported
between 1973 and 2002 (Table 2). Some of these
trials reported significant positive outcomes in the

treated melanoma patients. These outcomes
included complete and partial regression of the
melanoma tumors in up to 13% and 23% of the
patients respectively. Melanoma regression was
sometimes associated with loss of skin
pigmentation or vitiligo, which provides further
evidence that the immune reaction that resulted in
the regression of the melanoma tumor is
melanoma-specific since melanoma differentiation
antigens are also shared by normal melanocytes.
The above trials also included significant increase
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in the disease/relapse-free survival and overall
survival rates (p values ranging between 0.05 and
0.0002). Included in these trials were vaccines
consisting of autologous dendritic cells infected
with recombinant adenovirus encoding whole
protein tyrosinase, and allogenic melanoma cells
(Melacine) consisting of processed melanoma
peptides such as gp100viercevia presented in a HLA-
A2-restricted manner. Included also were
polyvalent melanoma cells, adjuvants such as
levamisole, vaccinia melanoma oncolysate (VMO),
vaccinia viral lysates of allogeneic melanoma cells
(VMCL), or BCG with or without GM2.

The idea of using recombinant viruses in
melanoma and cancer vaccines is based on the
tactic of improving antigen delivery to the immune
system thus providing a strong immunostimulator.
We know by now that melanoma, and cancer cells
in general, may be poorly immunogenic and could
induce apoptosis, which in turn inhibits cancer
antigen-specific immune responses. This is in
contrast to the results obtained in the presence of
viral infection in which widespread cellular lysis
and blocking of apoptosis are present. Both
widespread cellular lysis and blocking of apoptosis
are believed to be strong immunostimulators. Since
live viruses could have severe side effects especially
in immunocompromised patients such as those
with AIDS, attenuated viruses have been used in
melanoma vaccines as vectors for antigen delivery.
The first successful experience using recombinant
vaccinia (rVV) in melanoma took place in the mid-
1980s when rVV expressing the melanoma antigen
p97 was employed in treating murine melanoma'®.
This was followed by successful construction of
rVVs expressing the melanoma antigen gp100 and
TRP-1 whose administration resulted in vitiligo in
the murine melanoma model® 3. The vitiligo seen
in the murine model was similar to the one we
described earlier in humans whose melanomas
underwent regression after successful vaccination.
Moreover, the mice that received rVV-expressing
TRP-1 became resistant to subsequent challenge
with the syngeneic melanoma tumor line B16. The
early 1990s were characterized by the development
of two VV strains that are unable to replicate in
human cells, namely MVA and NYVAC®., More
importantly, MVA was found to lack immune
evasion molecules, a characteristic that is very
important in cancer immunology, and accordingly
it was integrated in cancer vaccine clinical trials®®.
It was demonstrated that human DCs infected with
rVV expressing melanoma antigens were capable of
inducing melanoma-specific CTLs, which in turn
recognized the same HLA-restricted peptide
antigens, as did CTLs derived from melanoma
patients.

The role of DCs in melanoma and cancer vaccine
immunotherapy has occupied a major part of
clinical trials and individual experimental studies
aiming at providing an effective method of treating
such debilitating diseases. In fact, DCs are now
regarded as “the future hope” in cancer treatment
because of their unique ability to present cancer
antigens to T cells, and it is strongly believed that a
defect in cancer antigen presentation is among the
main reasons, behind failure of the immune system
to destroy the cancer cells. These statements are
based on the results obtained from studies in which
DCs pulsed with tumor RNA, autologous tumor
antigens (10-100ng/ml), or tumor lysate, or fused
with heat shock protein, liposomal antigen, or
tumor cells demonstrated effective stimulation of
CD4+ T cells, CD8+ T cells, and even Natural Killer
(NK) cells and subsequent potent antitumor
responses®®, The injection of dendritic cells
derived from bone marrow and pulsed with
associated-haplotype-specific peptides resulted in
80% eradication of established tumors as large as
one cm?in size in naive mice. It also resulted in the
rejection of subsequent inoculation of tumors in up
to 80% of the micel™. More interestingly, the
presentation of tumor antigens by DCs were found
to override the immunological unresponsiveness /
tolerance, a common problem that cancer
immunotherapy currently faces. This was
confirmed in studies where immunization with
donor DCs overrode neonatal tolerance to cancer™,
This is considered to be true when tumor lysate is
used as a source of tumor antigens loaded to DCs
for the following reasons: First, the use of tumor
lysate would provide a range of tumor antigens
which would lead to the generation of a broad
spectrum of CTLs. Second, it would decrease the
chance of tumor escape from individual cancer
antigens. Third, it would provide an opportunity
for feeding both MHC class | and Il antigens to
DCs.

The positive effects of DC-based vaccination are
becoming more compelling in melanoma patients.
In a group of 16 patients with advanced melanoma,
three partial and two complete objective antitumor
responses were observed in the patients after
vaccination with autologous DCs cultured with
GM-CSF and IL-4 and pulsed with specific tumor
peptides or with tumor lysate®™. There were minor
side effects in the vaccinated patients above, and
tumor regression was associated with a positive
DTH response that was bigger than 10 mm in
diameter. Biopsies taken from the DTH areas
showed peptide-specific CTLs, which induced
specific lysis against targets expressing the
melanoma common tumor antigens gpl00 and
Melan A/MART-1. The biopsies also showed the
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infiltration of the DTH areas with large number of
CD8" T cells. It is important to mention at this stage
that for DCs to work as effective melanoma and
cancer vaccines they have to: First, travel to
draining lymph nodes in order to present MHC
class | peptides to CD8* T cells. CD4* T cell
activation is also required which in turn results in
the interaction between CD40 ligand on the
activated CD4" T cell and its receptor on the DC.
Second, go through a proper process of technical
preparation and monitoring. Different techniques
are currently used to isolate DCs for melanoma and
cancer vaccine immunotherapy. These include
leukopheresis, density gradient centrifugation, and
in vitro expansion from purified monocyte
precursor cells using a mixture of IL-4 and GM-CSF.
Moreover, confocal laser scanning and phase
contrast microscopy, interferon gamma (INF-g)
ELISOPT and chromium-release assays, MHC class
I tetramers, as well as flow cytometry are used to
characterize, phenotype, and clone generated DCs
as means of monitoring DC-based vaccination*7.

Tumor cell and peptide-based vaccination have
also proven to be effective in treating and causing
regression of different types of cancer including
melanoma, and lung and breast carcinomas™™.,
Individual patients (SK-29 and MZ-2) with
metastatic melanoma were vaccinated
intradermally with irradiated autologous tumor
cells which resulted in complete regression of their
tumors and in a disease-free survival™™. Similar
objective melanoma tumor regression was
observed in individual studies in patients
vaccinated with peptides derived from different
melanoma antigens such as Melan A/MART-1 and
gp100™®, We reported a patient with complete
regression of subcutaneous melanoma metastases
and partial regression of melanoma metastases to
the lungs after vaccination with Melan A/MART-
17 In cases where objective regression was not
observed, we reported patients with stabilization of
subcutaneous and visceral melanoma metastases
for one year. Similar to the results obtained with
vaccination with Melan A/MART-1, adoptive
transfer of TILs recognizing gpl00, gp-75, and
tyrosinase melanoma antigen-derived peptides
showed that these antigens could be used as tumor
rejection antigens®? %, These studies are paralleled
by the ones in which vaccination with peptides
derived from the MAGE-3 antigen resulted in
tumor regression in 7 of 25 melanoma patients®,
and where a three-month vaccination with a
combination of MAGE-1 and MAGE-3 antigen-
derived peptides resulted in partial regression of
lung and liver metastases (E. Jager et al -
unpublished data).

Recently, the melanoma common tumor antigen
Melan A/MART-1 received further attention as a
potent antigen for melanoma vaccine immuno-
therapy. We provided evidence of direct
involvement of this antigen in tumor regression in
patients with multiple primary melanoma®™. The
analysis of the melanoma primary tumors from
these patients revealed that the concept of immune
surveillance against cancer is operative in humans.
The last primary tumor in the multiple primary
patients showed statistically higher percentage of
spontaneous histopathological tumor regression
compared to the first primary tumor of the same
patients and to matched tumors from single
primary melanoma patients. Such tumor regression
was associated with significantly higher number of
TILs and with significant loss of the melanoma
common tumor antigen Melan A/MART-1 as
measured by image analysis. Such loss of Melan
A/MART-1 was also significantly associated with
Melan A/MART-1 specific CTLs in the peripheral
blood of the multiple primary patients as measured
by ELISPOT. Similar findings with Melan
A/MART-1 were seen in another group of patients
where an immune reaction against the melanoma
tumor could be more prominent. These patients are
occult primary melanoma patients in whom the
melanoma has spread to the lymph nodes and this
was associated with complete regression of the
initial primary cutaneous melanoma tumor. We
believe that T lymphocytes in the melanoma-
affected lymph nodes of these patients recognized
Melan A/MART-1 in the initial primary cutaneous
melanoma tumor, which led to its complete
regression. Unlike Melan A/MART-1, no similar
results were seen when the antigens gpl00 and
CD63 were analyzed in our study®?.

IMPROVED MELANOMA VACCINES

There are two frequent questions that people
from different background including clinicians,
scientists, and cancer sufferers and their families
usually ask: First, why do melanoma and cancer
vaccines work on certain occasions and in certain
people while they do not work in others? Second,
what should be done to improve the current and
future clinical trials aiming at providing the
ultimate melanoma and cancer vaccine? The
answers probably lie in the very basic foundation of
tumor immunology and more specifically in
preventing the different mechanisms used by
tumors to escape a confrontation with the patient’s
immune system. These mechanisms include loss or
down regulation of HLA/MHC class | expression,
the absence of co-stimulatory molecules, the
presence of immune suppressive factors, changes
occurring in the tumor environment, and a
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Fig. 2: Modified after Roitt et al. 1996,

breakdown in the CD95 system. Although it is
beyond the scope of this review to describe in
details each of the above mechanisms, we will
tackle the important issues that underlie such
mechanisms.

MHC expression is needed for a proper
presentation of tumor antigens to CTLs.
Accordingly, if such expression becomes low (down
regulated) or is lost, CTLs become incompetent in
dealing with such antigens, and therefore the
tumor will evade CTL attack. This issue has been
confirmed in leukemia, lymphoma, and many solid
tumorst#l, This is even more evident in melanoma
and prostate cancer where up to 35% of primary
tumors and up to 80% of lymph node metastases
have been found to totally lack expression of MHC
class I®®  Such defects are caused by loss of
chromosome six where HLA class | heavy chains
are encoded, or by deletion of class | genes.
Experimental studies have shown that melanoma
cells lacking class | expression become resistant to
CTL lysis, while others which have partial loss of
MHC class | were partially resistant to such
lysis®#l, The latter condition was found to improve
when exogenous melanoma antigen-derived
peptides such as Melan A/MART-1 were added to
the culture®,

Lack of co-stimulatory molecules, such as B7,
can lead to a state of T cell anergy (Fig. 2&9). This
state of anergy is characterized by lack of response

of T cells in terms of proliferation and IL-2
production upon exposure to cancer antigens even
when the tumor cells express the proper MHC class
I molecules. This was confirmed in experimental
studies in which long-term survival of pancreatic
islets transplantation was achieved after blocking
of B7 by a high-affinity inhibitor CTLA4-41g™,
Another surface molecule that is needed as a ligand
for the T cell activation molecules CD28/CTLA.4 is
B7.2. It has been shown that B7.2 is an important co-
stimulatory molecule for T cells early in the process
of activation®, The importance of the presence of
co-stimulatory molecules stems from the fact that
most neoplasms originate from mesenchymal or
parenchymal cells that do not express B7 or B7.2,
and accordingly become weak or non-
immunogenic. This in turn could explain the lack of
proper cancer immune surveillance in cancer
patients as well as the ineffectiveness of a variety of
cancer vaccines that are currently in use. This state
of poor immunogenicity has been shown to
improve following the insertion of B7 gene into
squamous cell carcinomas of the head and neck in a
phase I clinical trial conducted by Gleich et al®,

Another important hurdle that cancer vaccines
have to overcome is the presence of immune
suppressive factors including tumor growth factor
beta (TGF-b) and IL-10 in the tumor environment.
These factors have been involved in inhibiting
lymphokine production, macrophage recruitment,
TIL and CTLproliferation, and secretion of IL-2, IL-
4, IL-12, INF-g, and TNF-a, which are often
associated with immune responses against cancer.
TGF-b and IL-10 have been demonstrated in culture
supernatants of tumor cells derived from
melanomas, basal cell carcinomas, endometrial,
colorectal and breast carcinomas, neuroblastomas,
and glioblastomas, and have been found to be
associated with altered expression of IL-2 and
MHC receptors®*!, The list of immune suppressive
factors is on the increase and includes insulin-like
growth factor-1 (IGF-1), vascular endothelial
growth factor (VEGF), prostaglandin E2 (PGE2),
and lymphocyte blastinogenesis-inhibiting factor®
13 VEGF and PGE2 are associated with interfering
with the maturation of cancer antigen-specific DC
precursors and with down regulation of MHC class
Il expression respectively.

Extra-tumor factors that also play a role in
resisting tumor destruction by the immune system
and in enhancing tumor invasion and metastasis
include decreased expression or total lack of
adhesion molecules such as ICAM-1, ICAM-2,
VCAM-1, N-cadherin, vitronectin, and fibronectin®*,
This has been demonstrated in various types of
cancer including melanoma, where resistance of
cancer cells to lysis by monocytes was observed
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following reduced expression of adhesion
molecules™™, Such resistance was overcome by
transfection of adhesion molecule genes into the
cancer cells™®. Tumor invasion and metastasis has
also been attributed to proteolysis of tissue barriers
by enzymes degrading collagens, proteoglycans, or
gelatin®™”, A well-known proteolytic enzyme is
metalloproteinase whose gene and the product of
its gene (stromelysin-3 or ST3) are specifically
expressed respectively in stromal cells and cells
proper of invasive but not in situ breast
carcinomast®, Added to proteolytic enzymes,
angiogenesis or new blood vessel formation
remains an important tool for tumor invasion and
metastasis. It depends on a variety of regulatory
factors including fibroblast growth factor (FGF),
TGF-b, and other cytokines, which are often
secreted by malignant cellst® ],

Lastly, another mechanism that is involved in
tumor escape from immune destruction and that
the scientists and clinicians should take into
consideration when developing melanoma and
cancer vaccines is the breakdown in the CD95
system. It has been demonstrated that CTLs can kill
target cells through Fas/APO-1 to Fas Ligand
interaction leading to lysis of the cells®. This
process is initiated through the binding of a death
receptor, APO-1/Fas/CD95 present on the surface
of the tumor cell, to its natural ligand APO-
1L/FasL/CD95L on the surface of the T cell (Fig.
3=, Accordingly, loss of CD95 would result in
failure of tumor cell lysis, a condition demonstrated
in solid and lymphoid tumors*2, Such failure is
also demonstrated in conditions involving blocking
of T cell CD95 ligands by soluble CD95 or defects in
the CD95 signaling pathway®=14,

DISCUSSION AND CONCLUSIONS

Fifty years ago, cancer was a taboo and people
suffering from it were considered as being
“sentenced to death” due to both lack of proper

understanding of the disease and the absence of
proper and effective treatment options. Although
there are nowadays people still dying from cancer,
the journey that we have traveled aiming at finding
a cure for such a debilitative disease has been quite
impressive. The cancer treatment options that are
currently available and which include surgery,
chemotherapy, radiotherapy, and vaccine
immunotherapy have saved so many lives.
Nevertheless, our battle with cancer is yet to be
conquered and cancer vaccine and immunotherapy
will hopefully help in providing the means to
achieve this goal, especially in melanoma.
Melanoma is a skin cancer that affects mostly
people with fair skin, and it constitutes a serious
problem in both developed and developing
countries. Once a melanocytic lesion invades the
dermis of the skin and the subcutaneous tissue, the
chances of metastasizing to vital organs in the
human body become very high. An important
phenomenon seen in some types of melanoma is
their tendency to spontaneously regress. Such
regression was found to be associated with
infiltration of the tumor by TILs, which implies that
the tumor destruction is immunologically-
mediated™®, This phenomenon resurrected the
concept of immune surveillance against cancer that
was introduced early in this century by Paul Ehrlic
and followed up thereafter by Burnet?d. Such a
concept states that there are numerous cells in our
body that undergo changes including DNA
damage and repair and from which abnormal cells
might develop. However, such abnormal cells,
which have the tendency to develop into cancer
cells, are recognized and destroyed by our immune
system before they grow into tumors. In cases
where these cells develop into tumors, the authors
attributed this defect to either the cells being
weakly immunogenic or they employ different
immune-escape mechanisms or to both. Accordingly,
boosting the immunogenicity of cancer tumors
and/or suppressing the different escape
mechanisms are currently the focus of research on
melanoma and cancer vaccine immunotherapy.
What distinguishes melanoma from other
cancer tumors is that melanoma antigens are
differentiation antigens that are shared by most
melanoma tumors, which implies that developing
an “elixir’ vaccine that could be used to treat
different types of melanoma including the deadly
metastatic ones might be possible in the near future
or on the long run. Moreover, melanoma-associated
antigens are now well identified, and CTL-defined
cancer vaccines in melanoma and other epithelial
cancers have provided the first clear evidence of
useful induced tumor immunity. Two recent studies
added more support to the existing evidence of
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useful induced tumor immunity, and demonstrated
that vaccination against melanoma, be it in patients
with early stage or advanced melanoma, could be
quite effective. In one study, vaccination with
peptides derived from the melanoma common
tumor antigen Melan A/MART-1 administered
with incomplete Freund’s adjuvant resulted in the
generation of peptide-specific CTLs in 50% of
melanoma patients recruited for a phase | clinical
trial, with a tendency towards a significant
increased patient survival™. In the other study,
DCs loaded with peptides derived from the
melanoma antigen MAGE-3 and administered to
patients with advanced stage IV melanoma
produced significant CTL expansion in eight out of
11 patients which correlated with significant CD8+
T cell infiltration and regression of the melanoma
tumors in six of the 11 patients™.

An important aspect for establishing a proper
melanoma vaccine immunotherapy protocol is the
efficient recruitment of T lymphocytes to infiltrate
the metastatic tumor. It has been demonstrated that
T cell memory has two subsets expressing
differently the chemokine receptor, CCR7, which is
involved in homing of lymphocytes to secondary
organst. The first subset consists of CCR7-ve
effector cells that express receptors for migration to
inflamed tissues and that display immediate
effector function. The second subset consists of
CCR7+ve central memory T cells, which lack
immediate effector function but which stimulate
DCs efficiently and differentiate into CCR7-ve
effector cells following secondary stimulation.
Accordingly, any melanoma or other cancer
vaccines should include activation of the central
memory T cells in the draining lymph node to
convert them into T cells capable of infiltrating the
tumor. Such vaccines should also provide means to
overcome factors involved in tumor escape from
the different arms of the immune system which
include poor immunogenicity of cancer cells due to
lack of expression of co-stimulatory molecules,
poor antigen processing and presentation, presence
of immune suppressive factors such as TGF and IL-
10, and/or the heterogeneity of cancer, as
mentioned earlier.

Early in this century, opposers to cancer vaccine
immunotherapy used to believe that using the
immune system to eradicate cancer is as impossible
as attempting to destroy the right ear while keeping
the left one intact. Nevertheless, and since the
seventies, clinical trials and experimental studies
have shown that the outcomes from such therapy
could be as effective as increasing the survival of
cancer patients, partial regression of the cancer
tumors, or complete regression/remission of the

neoplasm. This has been demonstrated in primary
and metastatic melanoma as well as in other types
of cancer including lymphoma, prostate, bladder,
and uterine cervical carcinomas, to name a few. In
addition, using vaccine as a preventive measure has
proven to be very effective in preventing the
occurrence of certain cancer types including
hepatocellular carcinoma and uterine cervical
neoplasia that are associated with infection with the
hepatitis B and papilloma viruses respectively®1],
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