
Journal of Immunofherapy 
21(4):237-246 0 1998 Lippincott-Raven Publishers, Philadelphia 

Third Keystone Symposium on Cellular Immunology 
and the Immunotherapy of Cancer 

Tumor Antigens Recognized by T Cells 

The Use of Melanosomal Proteins in the Immunotherapy 
of Melanoma 

Yutaka Kawakami, Paul F. Robbins, Rong Fu Wang, Maria Parkhurst, Xiaoqiang Kang, and 
Steven A. Rosenberg 

Surgery Branch, National Cancer Institute, National Institutes of Health, Bethesda, Maryland, U.S.A. 

Summary: Clinical observations in the interleukin (IL) 2-based immunotherapies 
suggest that T cells play a central role in the rejection of melanoma. Using cDNA 
expression cloning, we have isolated genes encoding melanoma antigens recognized 
by tumor-infiltrating T lymphocytes. These antigens are categorized as (a) melanocyte- 
specific melanosomal proteins (MART-Urnelan A, gp100, tyrosinase, TW-1, and 
TR€-2), (b) tumor-specific mutated proteins (p-catenin), and (c) others (p15). A va- 
riety of mechanisms has been identified for the generation of T cell epitopes on tumor 
cells. Some of the HLA-A2 binding epitopes from the melanosomal antigens appear to 
be subdominant self-determinants with relatively low major histocompatibility com- 
plex binding affinity. The effectiveness of adoptive transfer into patients of cytotoxic 
T lymphocytes recognizing the melanosomal antigens, the significant correlation be- 
tween vitiligo development and clinical response in patients receiving IL-2-based 
immunotherapies, and the sporadic tumor regressions observed in some patients fol- 
lowing immunization with the MART-1 or gpl00 peptides in incomplete Freund’s 
adjuvant or recombinant viruses expressing the MART-1 antigen suggest that these 
epitopes may represent tumor rejection antigens. Phase I immunization trials using 
peptides or recombinant viruses containing genes encoding the melanosomal antigens 
MART-1 or gp100, with or without co-administration of cytokines such as IL-2, IL-12, 
or granulocyte-macrophage colony-stimulating factor, are being conducted in the Sur- 
gery Branch of the National Cancer Institute. These studies may demonstrate the 
feasibility of using melanosomal proteins for the immunotherapy of patients with 
melanoma. Key Words: Melanoma antigens-MART- 1-gp 100-Subdominant 
epitopes-Immunotherap y . 

T cells play an important role in  in vivo tumor regres- 
sion in many animal tumor models. Adoptive transfer of 
cultured cytotoxic T lymphocytes (CTLs) derived from 
tumor-infiltrating T lymphocytes (TILs) along with in- 

terleukin (IL) 2 resulted in tumor regression in 3040% 
of patients with metastatic melanoma (1,2). The presence 
of T cell infiltrates in regressing tumors after IL-2-based 
immunotherapy as well as the correlation between the 
accumulation of injected T cells in tumor sites and clini- 
cal response to TIL therapy suggested that T cells play an 
impo,.tant role in the in ,,iv0 rejection of (3). 
Identification Of antigens recognized by these 
may provide insight into tumor recognition by autolo- 
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gous T cells as well as the development of new immu- 
notherapies for patients with cancer. Many antigens rec- 
ognized by T cells have recently been identified (4), but 
a number of issues still need to be resolved concerning 
their optimal use in immunotherapy (Table 1). 

MOLECULAR IDENTIFICATION OF ANTIGENS 
RECOGNIZED BY TIL 

In the Surgery Branch of the National Cancer Institute, 
several human melanoma antigens recognized by TILs 
have been identified by either testing candidate mol- 
ecules or by using TILs to screen cDNA expression li- 
braries (3). Methods for isolation of antigens presented 
by major histocompatibility complex (MHC) class I have 
now been well established; however, efficient methods 
for the isolation of MHC class II-restricted antigens re- 
main to be developed. The majority of antigens isolated 
in our laboratory represent melanocyte lineage-specific 
melanosomal proteins (MART- l/melan A, gp100, tyros- 
inase, TRP- 1, and TRP-2). A tumor-specific mutated 
protein (p-catenin) as well as a nonmutated protein that 
is expressed in a variety of tissues (p15) have also been 
isolated (Table 2). 

Melanosomal Proteins 

Many cultured TILs recognize autologous melanoma 
cells in vitro as well as allogeneic melanoma cells and 
cultured melanocytes that share MHC class I molecules, 
but do not recognize cells derived from other tissues 
(5-7). A correlation between the development of vitiligo 
and favorable prognosis or responses of melanoma pa- 
tients to chemoimmunotherapy has previously been re- 

TABLE 1. Important questions in tumor antigen research 

A. Molecular identification of tumor antigens 
Recognition by autologous or allogeneic cells 
Development of methods to identify tumor antigens (CD8' 

Nature of immunogenic tumor antigens (mechanisms involved 
T cells, CD4' T cells, antibodies) 

in generation of T cell epitopes) 
B. Roles of identified antigens in in vivo tumor rejection 

Development of animal models (mutated peptides, 

Clinical trials (immune-monitoring methods, passive and active 
tissue-specific proteins) 

immunotherapy) 
C. Frequency and mechanisms of tumor escape 

Loss of recognition molecules (antigen, MHC, 

Negative immune regulation against antitumor immune 
&-microglobulin, TAP, LMP) 

responses [tolerance (deletion, anergy), suppressive factors, 
altered T cell signaling, Fas ligand expression, Thl/Th2 
shift] 

MHC, major histocompatibility complex. 
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TABLE 2. Human melanoma antigens recognized by 
T lymphocytes 

Presenting No. of identified 
Melanoma MHC epitopes 

A. Melanosomal proteins 
gp100" HLA-A1 

HLA-A2 
HLA-A3 
HLA-A24 

Tyrosinase" HLA-A1 
HLA-A2 
HLA-A24 
HLA-B44 
HLA-DR4 

MART- l/melan-Aa HLA-A2 
TRP- la HLA-A3 1 
TRP-2" HLA-A3 1 

HLA-A33 
B. Tumor-specific mutated antigens 

p-Cateninu HLA-A24 
C D M  HLA-A2 
MUM- 1 HLA-B44 

C. Tumor-specific shared antigens 
a. Proteins expressed in testis and other cancers 

MAGEl HLA-A1 
HLA-CW 16 

MAGE3 HLA-A1 
HLA-A2 

BAGE HLA-Cwl6 
GAGE HLA-Cw6 

b. GnT-V HLA-A2 
D. Others 

p15" HLA-A24 

1 
10 
2 
l b  
1 
2 
2 
1 
2 
2 
1 
1 
1 

1 
1 
I b  

1 
1 
1 
1 
1 
1 
1 

1 

MHC, major histocompatibility complex. 
a Antigens were recognized by tumor-infiltrating T lymphocytes in 

the Surgery Branch (National Cancer Institute). 
Epitopes encoded by sequences derived from introns. 

ported (8,9). In addition, a correlation between vitiligo 
development and melanoma regression after IL-2-based 
immunotherapies has been observed in our institute (10). 
These in vitro and in vivo observations suggest that au- 
toreactive T cells specific for nonmutated peptides de- 
rived from melanocyte lineage-specific proteins may be 
involved in in vivo tumor regression. To date, five me- 
lanocyte-specific proteins (MART- l/melan A, gp 100, ty- 
rosinase, TRP-1, and TRP-2) have been identified as 
antigens recognized by TILs (1 1-16). These proteins are 
present in melanosomes where melanin is synthesized, 
and a number of them have been shown to be enzymes 
directly involved in the synthesis of melanin. These 
melanosomal proteins have been found to be presented 
by a variety of HLA alleles, suggesting high immunoge- 
nicity in a broad range of patients with diverse HLA 
types. Tyrosinase and gpl00 epitopes have been found to 
be presented by HLA-Al, -A2, -A24, -B44, -DR4, or 
HLA-A1, -A2, -A3, respectively (1 1,13,17-25; Y. 
Kawakami, unpublished results) (Table 2). 
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Tumor-Specific Antigens 

The variety of genetic alterations found- in tumors 
would be expected to lead, in at least some cases, to the 
generation of an immunogenic T cell epitope. Some T 
cell clones were shown to recognize only autologous 
melanoma cells in vitro. We isolated a mutated p-catenin 
cDNA following the screening of a cDNA library with 
HLA-A24-restricted T cells (26). A single C-to-T tran- 
sition in this product that may be the result of UV- 
induced DNA damage generated a peptide that con- 
formed to the optimal HLA-A24 binding motif. A dra- 
matic regression of tumor was found following adoptive 
immunotherapy treatment of the autologous patient, 
suggesting that this may represent a tumor regression 
antigen. 

MECHANISMS INVOLVED IN GENERATING 
T CELL EPITOPES ON TUMOR CELLS 

The identification of epitopes from tumor antigens re- 
vealed a variety of mechanisms capable of generating T 
cell epitopes on tumor cells (Table 3). Many melanoma- 
reactive T cells have been shown to recognize nonmu- 
tated self-peptides derived from melanosomal proteins, 
indicating that these represent highly immunogenic an- 
tigens (3). It is not clear why melanosomal proteins are 
highly immunogenic, although melanosomal proteins 
may be transferred to Langerhans cells, which may en- 
hance their immunogenicity. In addition, melanosomes 
and lysosomes may be derived from a similar intracel- 
lular pathway, which may also enhance the immunoge- 
nicity of these proteins. 

To characterize these immunogenic nonmutated self- 
epitopes, we determined the affinity of the HLA-A2 

TABLE 3. Mechanisms involved in generating T cell 
epitopes on melanoma cells 

Mechanism Antigen 
~ ~~ 

A. Translation of normal MART- llmelan-At\," gp100," 
nonmutated genes tyrosinase," TRP-2," p15," 

MAGEl, MAGE3, BAGE, GAGE 
B. Translation of TRP- 1" 

alternative ORF 
C. Mutation of widely 

expressed genes 
p-Catenin," CDK4, MUM-I 

D. Incomplete splicing gp100," MUM-I 
E. Posttranslational Tyrosinase 

F. Transcription from N-Acetylglucosaminyl transferase-V 
modification 

cryptic promoter 

Antigens were recognized by tumor-infiltrating T lymphocytes in 
the Surgery Branch (National Cancer Institute). 

binding epitopes that had been identified from melano- 
somal antigens (23). In comparison with peptides that 
have previously been isolated directly from cell surface 
HLA-A2 molecules as well as viral peptide epitopes, a 
number of the melanoma epitopes appeared to possess 
relatively low HLA-A2 binding affinities. This may re- 
sult from the presence of nondominant anchor residues 
such as the alanine or threonine residues found at P2 or 
the alanine residues found at P9 in certain peptides. 
MHC binding affinity is one of the important factors that 
influence the density of peptides on the cell surface. 
Thus, these melanoma epitopes may represent subdomi- 
nant determinants expressed at low levels on the surface 
of melanocytes or even cryptic epitopes that are not pre- 
sent at detectable levels on the surface of normal mela- 
nocytes in situ (23,27,28). 

When 10 HLA-A2 binding peptides from MART-1 
were examined for their ability to induce responses in 
patient peripheral blood lymphocytes (PBLs), cytotoxic 
T lymphocytes (CTLs) could be induced with peptides 
that bind with intermediate affinity but not with peptides 
that bind with high affinity (29). One possible explana- 
tion for these findings is that peptides that are efficiently 
processed and presented on the surface of normal cells at 
high levels can induce T cell tolerance, whereas sub- 
dominant or cryptic determinants may not be capable of 
efficiently inducing T cell tolerance. Thus, CTLs that 
recognize subdominant or cryptic determinants and are 
not activated in a normal individual might be activated in 
patients bearing tumors. This could be a result of the 
increased expression of antigen, MHC, or accessory mol- 
ecules on the tumor cell surface. In addition, tissue de- 
struction present at the tumor site and the resulting in- 
flammatory cytokines might activate T cells directly or 
act indirectly to augment antigen or MHC expression in 
the tumor. Tumor-reactive T cells that have been acti- 
vated in vivo can then be further expanded by in vitro 
culture with IL-2 and used for adoptive immunotherapy. 

Nonmutated self-epitopes derived from the MAGE, 
BAGE, and GAGE families of proteins have been found 
by Boon and colleagues to be expressed in normal adult 
testis as well as in a variety of cancers (30). These were 
identified using T cells from a single patient; however, 
TILs reactive with these proteins have not as yet been 
identified in the Surgery Branch. In contrast to the pep- 
tides derived from melanosomal proteins, these epitopes 
may not represent autoreactive or subdominant epitopes, 
since spermatocytes and spermatogonia do not express 
MHC class I molecules and therefore should not be able 
to present these peptides on the cell surface. 

Tumor-reactive T cells have now been shown to rec- 
ognize mutated peptide epitopes derived from p-catenin, 
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MUM-1, and CDK4 (26,31,32). Although mutated anti- 
gens appear to represent ideal targets for immunotherapy 
in that they are truly tumor specific, it is unclear how 
often mutations that give rise to immunogenic peptides 
can be identified. Most tumors have acquired a large 
number of mutations, at least some of which would be 
expected to be immunogenic. Nevertheless, for most tu- 
mor types, it has been difficult to induce T cell responses 
against autologous tumor cells. In melanoma, although 
the relatively strong response against melanosomal pro- 
teins may mask responses to mutated antigens when bulk 
melanoma-reactive CTLs have been used for analysis, 
autologous tumor-specific CTLs could be detected (33) 
and more mutated epitopes are likely to be identified in 
the future. A number of factors such as the binding to 
MHC molecules and the efficiency of antigen processing 
have been shown to influence expression of epitopes on 
the cell surface, and thus the chances that any particular 
mutated peptide would actually get expressed on the cell 
surface may be fairly low. In addition, it has been re- 
ported that p53 mutations found in lung tumors derived 
from HLA-A2 patients were not located in regions that 
contain potential HLA-A2 binding peptides, suggesting 
that tumor cells that express highly immunogenic mu- 
tated peptides might be eliminated before the tumors 
grew to a clinically detectable size (34). The mutated 
p-catenin and CDK4 proteins may play a role in tumori- 
genesis, however, and thus these might represent excep- 
tional cases where there is a selective advantage con- 
ferred by the mutation. Tumor cells might not easily lose 
expression of these mutations, so that these mutated pep- 
tides might have been detected as tumor antigens recog- 
nized by autologous T cells. 

During the isolation of T cell epitopes in melanosomal 
proteins, other unexpected mechanisms involved in the 
generation of T cell epitopes have been found. One epi- 
tope was found to be derived from the protein encoded 
by an alternative open reading frame of the known mela- 
nosomal protein TRP-1 (35). It is not yet clear whether 
this peptide was derived from a nonfunctional translated 
product or from an alternatively spliced product. Another 
epitope was found to be derived from proteins encoded 
by an intron of gpl00 because of incomplete splicing 
(36). This incomplete gpl00 protein seems to be present 
at a low level in tumor cells and normal melanocytes, 
since the mRNA containing the intron is present at low 
levels. An epitope derived from an intron sequence has 
also been reported in the antigen MUM-1 (31). In an- 
other case, we could not identify any epitope in tyrosi- 
nase recognized by one TIL even after screening over- 
lapping synthetic peptides spanning the region contain- 
ing the T cell epitope based on the analysis of truncated 

tyrosinase cDNA fragments, suggesting that posttransla- 
tional modification may be necessary to generate this T 
cell epitope (13). Recently, deamidation of an asparagine 
residue has been shown to be involved with generation of 
a tyrosinase epitope (37). 

ROLE OF IDENTIFIED ANTIGENS IN IN VIVO 
' TUMOR REJECTION AND IMPLICATIONS 

FOR IMMUNOTHERAPY 

Possibly Autoreactive Antigens 
(Melanosomal Proteins) 

Melanoma-reactive T cells specific for nonmutated 
peptides of melanosomal proteins can be induced from 
many patients of diverse HLA types, suggesting that it 
will be possible to use these antigens for the develop- 
ment of widely applicable tumor vaccine therapies. T 
cells reactive with these antigens have generally been 
found to recognize peptides in the picomolar range and, 
in addition, appear to efficiently recognize cultured as 
well as uncultured tumor cells (23,38). 

A significant correlation has been observed between 
vitiligo development and tumor regression in patients 
receiving IL-2-based immunotherapies, suggesting that 
autoreactive T cells may be involved in in vivo mela- 
noma regression (10). In particular, a significant corre- 
lation between gpl00 reactivity and tumor regression in 
the adoptive transfer of HLA-A2-restricted melanoma- 
reactive CTLs has been observed (23). In addition, tumor 
regression has been observed in some patients in active 
immunization protocols using MART- 1, gp 100, or tyros- 
inase (39,40). The observation that melanoma metastases 
that have lost expression of melanosomal antigens grew 
progressively, while other multiple metastases regressed, 
suggests that immune responses against these melano- 
soma1 proteins may be involved in the tumor regression 
seen in those patients (40). 

The role of tissue-specific proteins in tumor rejection 
has not been well studied in animal tumor models. How- 
ever, recent murine studies targeting the melanosomal 
proteins including TRP-1, TRP-2, and gp 100 suggested 
that responses to nonmutated peptides from these pro- 
teins may be capable of leading to tumor rejection (41- 
43). Model systems have utilized administration of anti- 
body or T cells specific for these antigens as well as 
immunization with recombinant viruses expressing these 
antigens. These in vitro and in vivo observations suggest 
that nonmutated melanosomal proteins may be useful for 
the development of immunotherapies applicable in a 
broad range of patients. 

There are several potential limitations to the use of 
self-peptides derived from tissue-specific proteins (27). 
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Subdominant epitopes may not be efficient immunogens 
because of relatively low MHC binding affinity or inef- 
ficient antigen processing. However, more immunoge- 
neic form of the antigens can be generated by modifica- 
tion of epitopes and the use of high protein expression 
systems as described below. 

These self-antigens may only induce low-avidity T 
cells in some patients or may be expressed at only rela- 
tively low densities on surface of tumor cells in vivo 
(44). As a result, these T cells may not efficiently rec- 
ognize tumor cells. A significant correlation was found 
between tumor regression following adoptive transfer of 
TILs and the ability of these cells to respond to gp100, 
but clinical responses did not correlate with responses to 
MART-1 (23). However, it has been more difficult to 
induce responses in vitro against the gpl00 epitopes that 
possess higher affinities to HLA-A2 than the MART-1 
epitope (29,45). Again, it is possible that the gpl00 epi- 
topes may be present at higher densities on the cell sur- 
face than the MART-1 epitope and therefore may more 
readily induce T cell tolerance, making it more difficult 
to induce responses against these peptides. However, T 
cells that recognize the gpl00 epitopes, when they are 
induced, may recognize tumors more efficiently. The 
possible inverse relationship between immunogenicity 
and tumor recognition in nonmutated self-peptides on 
tumor cells may indicate some difficulties when self- 
peptides are used in the immunotherapy. 

Augmentation of immune responses has not been ob- 
served in patients that had been immunized with 
gplOO,,,.,,,, the peptide with the highest affinity of all 
of the HLA-A2 binding gp 100 peptides identified to 
date, suggesting that this peptide may induce T cell tol- 
erance in many patients (46). Some peptides may be 
expressed at sufficient levels on the surface of normal 
melanocytes to lead to the deletion of high-affinity T 
cells, leaving only T cells with low-affinity antigen re- 
ceptors. CTLs that recognized peptide-pulsed target 
cells, but not tumor cells, were induced from PBLs of 
some patients by in vitro stimulation with peptides. The 
tolerance status against each peptide may be different 
among patients. Low-avidity T cells may be preferen- 
tially expanded in vitro in some patients in whom toler- 
ance is induced in high-avidity T cells. 

Tumors may escape recognition through loss of ex- 
pression of these apparently nonessential gene products 
for tumor growth. Conversely, the induction of more 
potent immune responses could potentially lead to induc- 
tion of autoimmune problems similar to those found in 
autoimmune diseases directed against melanocytes such 
as Vogt-Koyanagi-Harada syndrome or sympathetic 
ophthalmia. Patients may develop symptoms such as viti- 

ligo, poliosis, uveitis, dysacusis, or meningismus as a 
result of melanocyte destruction in skin, uvea, retina, 
internal ear, and choroid plexus. However, dramatic tu- 
mor regression was observed in some patients who re- 
ceived IL-2-based immunotherapies here with only oc- 
casional vitiligo (2,11,47), and no ophthalmic problems 
have been observed in these patients. Since the suscep- 
tibility of normal cells and tumor cells to immune re- 
sponses may be different because of tissue structure or 
inflammatory status (48), autoimmune side effects may 
be minimal. 

Tumor-Specific Shared Antigens 
(MAGE, BAGE, GAGE Family) 

MAGEI, MAGE3, BAGE, and GAGE antigens have 
been isolated from a patient with prolonged survival after 
treatment (30). Although it appears to be difficult to in- 
duce T cells specific for the MAGE antigens from PBLs 
of patients (49), immunization with the MAGE3 HLA- 
A1 binding peptide has been reported to result in tumor 
regression in some melanoma patients (50). These anti- 
gens are expressed on a variety of tumor cells other than 
melanoma and may be useful for the immunotherapy of 
these cancers. 

Tumor-Specific Unique Antigens 

In murine models, mutated unique peptides appear to 
be strong rejection antigens (51-53). In the human, mu- 
tated peptides were found to be derived from molecules 
such as p-catenin, MUM-1, and CDK4, which were iso- 
lated using T cells from patients who were disease-free 
after treatment, suggesting that the responses to these 
mutated peptides may be directly responsible for tumor 
regression seen in these patients (26,3 1,32). In addition, 
antigen loss might not occur, since these mutated mol- 
ecules may play a role in the growth or metastasis of 
these tumors. However, it is not clear whether immuno- 
genic mutated epitopes are generally presented by MHC 
molecules on the cell surface of human tumor cells and 
mutated peptides are strong rejection antigens in human 
tumors, since tumor cells that expressed highly immu- 
nogenic peptides may already have been eliminated. The 
general role of mutated epitopes in human tumor regres- 
sion needs to be further evaluated. 

IMMUNO-GENE THERAPY OF CANCER USING 
MELANOSOMAL PROTEINS 

Development of Immunotherapy 

Mutated epitopes that are expressed in tumors from 
only a small percentage of patients do not represent 
widely applicable targets for immunotherapy unless 
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TABLE 4. Clinical immunization protocols against melanoma in Surgery Branch (National Cancer Institute) 

protocol Dose Schedule Date started 

MART- 1 27-35 peptide in incomplete Freund’s adjuvant 
gpl00 peptides (154-162, 209-217, 280-288) in incomplete Freund’s adjuvant 
Modified gpl00 peptides (209-2M, 280-9V) in incomplete Freund’s adjuvant 
MART-1 27-35 peptide in incomplete Freund‘s adjuvant plus systemic IL-12 
Recombinant adenovirus encoding MART-1 (alone or with systemic IL-2) 
Recombinant adenovirus encoding gpl00 (alone or with systemic IL-2) 
Recombinant fowlpox virus encoding MART-1 (alone or with systemic IL-2) 

Recombinant vaccinia virus encoding gpl00 (alone or with systemic IL-2) 

Adoptive transfer of PBLs sensitized in vitro to peptide 

0.1, 0.3, 1, 3, 10 mg 
1, 3, 10 mg 
1 mg 
1 mg 
107-1011 pfu 
1o9-1ol1 pfu q4W x 2 April 23, 1996 
107-109 pfu 

107-109 pfu 

q3W x 4 
q3W x 4 
q3W x 4 
q3W x 4 
q4W x 2 

q4W x 4 

q4W x 4 

February 2, 1995 
June 20, 1995 
November 21, 1995 
January 14, 1996 
December 8, 1995 

June 6, 1996 

September 5, 1996 

July 9, 1996 

Recombinant fowlpox virus encoding gpl00 (alone or with systemic IL-2) 

Recombinant vaccinia virus encoding MART-1 (alone or with systemic IL-2) 

lo7-3 x 10’ pfu 

10’-3 x 10’ pfu 

q 4 w  x 4 

q 4 w  x 4 

See text for abbreviations. 

more efficient techniques can be developed for the iden- 
tification of tumor antigens. Alternatively, strategies that 
do not require the identification of specific antigens can 
be utilized. Patients can be immunized with modified 
autologous tumor cells (54), dendritic cells pulsed with 
peptide mixtures eluted from autologous tumor cells 
(5.9, or heat shock protein (gp96)-peptide complexes ex- 
tracted from autologous tumor cells (56). Although non- 
mutated self-peptides may not represent strong immuno- 
gens or tumor rejection antigens, techniques that utilize 
these antigens are readily applicable in a broad range of 
patients. The HLA-A2 allele is expressed in -50% of 
patients, and to date, 10 epitopes in gpl00 and 2 epitopes 
in MART-] presented by HLA-A2 have been identified 
(11,23,24,38,57). In the Surgery Branch of the National 
Cancer Institute we have begun testing a variety of im- 
munotherapy strategies using the melanosomal proteins 
MART-1 and gpl00 (Table 4). 

A variety of reagents may be considered for cancer 
immunotherapy (Table 5). To efficiently induce T cells 
specific for subdominant or cryptic self-epitopes, it may 
be important to utilize methods that allow high expres- 
sion of these epitopes on the cell surface of antigen- 
presenting cells (APCs). This may be accomplished 
through the use of methods that result in high-level ex- 
pression of proteins such as use of recombinant viral 
vectors containing tumor antigen genes (58) or profes- 
sional APCs such as dendritic cells exogenously pulsed 
with peptides (28,59) (Table 6). Recombinant vaccinia 
virus, fowlpox virus, and adenovirus containing 
MART-1 or gpl00 have been constructed, and clinical 
immunization trials using these recombinant viruses 
have begun in the Surgery Branch of the National Cancer 
Institute (42). In addition to the high-level expression of 
antigens, strong antiviral response may facilitate activa- 
tion of relatively weak antitumor T cell responses. Viral 
vectors have potential risks of pathogenic infection and 
cannot be used repeatedly to boost immune responses 

because antiviral T cell responses decrease the efficacy 
of subsequent immunizations. Immunization with recom- 
binant vaccinia virus may not be effective in patients 
who were immunized in their childhood. High titers of 
neutralizing antibodies against adenoviruses have been 
detected in patients, which may reduce the efficacy of 
immunization with recombinant adenovirus. In contrast 
to recombinant viruses, immunization with ‘‘naked 
DNA” is safe, and multiple injections can be performed 
but usually result in less efficient induction of T cell 
responses (60). This method may be useful to boost im- 
mune responses. 

Peptides may be used for immunization in conjunction 
with adjuvants or lipids. Clinical trials using MART-] or 
gpl00 peptides with incomplete Freund’s adjuvant are 
being conducted in melanoma patients in the Surgery 
Branch of the National Cancer Institute (39,61). Evi- 
dence of minor regression of some tumor nodules has 
been observed in 3 of 23 melanoma patients who were 
immunized with the peptide. Professional 
APCs such as dendritic cells pulsed with the peptides or 
transfected with DNA-encoding tumor antigens (62) may 

TABLE 5. Reagents for active immunization of 
cancer patients 

~ ~ 

A. Antigenic peptides or whole proteins (with adjuvants, combined 
with lipids or liposomes, with gp96, Hsp70, or Hsp90) 

B. Recombinant viruses containing tumor antigen genes 
(adenovirus, fowlpox virus, vaccinia virus) 

C. Naked DNA-encoding tumor antigen genes (intramuscular or by 
“gene gun”) 

D. Recombinant bacteria containing tumor antigen genes (Bacillus 
Culmette-GuCrin, Salmonella, Listeria) 

E. Cells expressing tumor antigens (dendritic cells pulsed with 
epitopes, cells transfected with tumor antigens, HLA and B7 
genes, cells transfected with epitope/HLA fusion genes) 

F. Cytokines that may augment efficacy of immunization and 
tumor recognition (IL-2, IL- 12, GM-CSF, interferon) 

IL, interleukin; GM-CSF, granulocyte-macrophage colony- 
stimulating factor. 
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TABLE 6. Methods for  induction of T cells specific for  
subdominant self-detenninants 

A. Use of high-protein expression system (recombinant viral 

B. Cells pulsed with epitopes exogenously (epitope-pulsed 

C. Use of epitopes modified to have high MHC binding affinity 
D. Use of cells expressing epitope-linked MHC molecules 

vectors) 

dendritic cells) 

MHC, major histocompatibility complex. 

be used as immunogens, and heat shock proteins may be 
useful as peptide delivery vehicles for APCs (63). Potent 
melanoma-reactive T cells can be induced from the PBLs 
of some patients by repeated in vitro stimulation with the 
melanoma epitopes (29,45); however, these CTLs may 
be more efficiently induced from patients who are im- 
munized with peptides (61) or recombinant antigens and 
may be useful in adoptive transfer protocols. 

Many melanoma epitopes have relatively low MHC 
binding affinities; therefore, we have attempted to in- 
crease their immunogenicity by increasing the MHC 
binding affinity of these peptides. By changing the non- 
dominant anchor amino acids to dominant amino acids at 
the primary anchor positions of the gpl00 epitopes, pep- 
tides with higher HLA-A2 binding affinity could be cre- 
ated. These modified epitopes were also found, in some 
cases, to induce melanoma-reactive CTLs in vitro more 
efficiently than the native epitopes (64). These modified 
peptides may be useful for induction of melanoma- 
reactive T cells in vitro and in vivo. Immunization trials 
using these modified peptides have begun in the Surgery 
Branch of the National Cancer Institute, and preliminary 
results suggest that the gpl00 209-2M peptide in which 
a methionine residue was substituted for threonine at the 
P2 primary anchor position could immunize patients 
more effectively than did the native peptide. These 
amino acid changes have also been incorporated into the 
gpl00 cDNA, which will be used for the construction of 
recombinant viruses or naked DNA vaccines. Use of 
these modified reagents in vitro and in vivo may induce 
low-avidity T cells that do not recognize tumor cells 
efficiently, and conversely immunization with these 
modified antigens may result in autoimmune problems. 
In another attempt to express melanoma epitopes at high 
density on the cell surface, melanoma epitopes have been 
covalently linked to HLA-A2.1 molecules with a spacer 
to promote association of peptides in the groove of HLA- 
A2 molecules. B cells transfected with the epitope-HLA- 
A2 fusion DNA expressed fusion proteins at high density 
on the cell surface. Melanoma-reactive CTLs could be 
efficiently induced in vitro from PBLs of patients by 
stimulation with the B cells expressing the MART-1 or 
gpl00 epitope-HLA-A2 fusion protein (65). 

Administration of cytokines such as IL-2, IL-12, 
granulocyte-macrophage colony-stimulating factor, or 
interferon may increase the efficacy of immunotherapies 
through improving immunization as well as enhancing 
tumor recognition at the effector phase by increasing the 
level of expression of epitope/MHC complexes on the 
tumor cell surface (40,66). These cytokines may be pro- 
duced locally by incorporating cytokine genes in the same 
recombinant viral vectors containing tumor antigen genes. 

Since melanocytes and melanoma cells may induce 
tolerance in T cells in vivo, repeated immunizations may 
be necessary until tumors completely regress (67,68). To 
maintain antitumor T cell responses, sequential immuni- 
zations with multiple antigens using different immuniza- 
tion methods including multiple recombinant viral vec- 
tors are planned in the Surgery Branch. 

Immune Monitoring of Patients Immunized with 
Tumor Antigens 

It is important to monitor the efficiency of immuniza- 
tion with specific antigens in Phase I protocols (69). 
However, it has been difficult to quantitatively assess 
CD8+ T cell immune responses specific for melanoma 
antigens. CTL precursor frequencies are too low (<1/105) 
to measure using standard limiting dilution techniques in 
most cases even after immunization. However, after in 
vitro expansion of specific T cells by one to three re- 
stimulations with antigenic peptides, immune augmenta- 
tion has been detected in most patients immunized with 
MART-1 or gpl00 peptides (39,46,61). It is important to 
distinguish high-avidity T cells that recognize melanoma 
cells expressing endogenously processed epitopes at a 
low density on the cell surface from low-avidity T cells 
that may be induced during in vitro stimulation with 
relatively high concentrations of peptides. Elispot assays 
and analysis of T cell receptor variable regions have also 
been investigated for monitoring immunization efficacy 
(70,71) (Table 7). 

Tumor Escape from T Cell Immune Responses 

Heterogeneous expression of melanosomal proteins 
and HLA molecules has been observed in metastatic 

TABLE 7. Immune monitoring of patients immunized with 
tumor antigens 

In vivo Delayed-type hypersensitivity 

In vitro 
Tumor regression 
Tumor-reactive T cell precursor frequency (Elispot, 

limiting dilution) 
Tumor-reactive T cell induction 
T cell receptor analysis 
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melanoma, and tumor cells that lost expression of anti- 
gens, HLA, or &-microglobulin have been found in 
some patients (40,72,73). Tumor cells may escape from 
T cell responses through loss of other molecules in- 
volved in antigen processing. Antitumor immune re- 
sponses may be down-regulated through the induction of 
tolerance, a shift from Thl to TH2, altered T cell signal- 
ing, Fas ligand expression by tumor cells, as well as 
suppressive factors released from tumor cells (74,75). 
The frequency and mechanisms of tumor escape need to 
be carefully evaluated in clinical protocols as well as 
animal tumor models. It may be important to select pa- 
tients eligible for the antigen-specific immunotherapy by 
screening expression of antigens and MHC molecules in 
tumor cells. It may also be necessary in many cases to 
combine other types of treatment such as chemotherapy 
with immunotherapy to completely eradicate tumors. 

CONCLUDING REMARKS 

During the last several years, many tumor epitopes 
recognized by autologous CD8' T cells, as well as a 
variety of mechanisms involved in generating these epi- 
topes, have been identified in patients with melanoma. 
However, the role of T cell responses to these antigens in 
tumor rejection in vivo as well as their usefulness in 
cancer immunotherapy are not yet clear. In addition, the 
role of CD4+ T cells in melanoma rejection has not been 
evaluated, although autologous tumor-specific and 
shared antigens have been observed in MHC class II- 
restricted melanoma-reactive TILs in the Surgery Branch 
of the National Cancer Institute. Clinical trials and analy- 
sis using relevant animal tumor models may give us 
clearer insights into the role of the identified antigens, 
including mutated and nonmutated peptides, in in vivo 
tumor rejection, and should lead to the development of 
more effective cancer immunotherapies. 

REFERENCES 

1. Rosenberg SA, Packard BS, Aebersold PM, et al. Use of tumor 
infiltrating lymphocytes and interleukin-2 in the immunotherapy of 
patients with metastatic melanoma. Preliminary report. N Engl J 
Med 1988;3 19: 1676-80. 

2. Rosenberg SA, Yannelli JR, Yang JC, et al. Treatment of patients 
with metastatic melanoma with autologous tumor-infiltrating lym- 
phocytes and interleukin 2. JNCI 1995;86: 1159-66. 

3. Kawakami Y, Robbins PF, Wang RF, Rosenberg SA. Identifica- 
tion of melanoma antigens recognized by T lymphocytes and their 
use in the immunotherapy of cancer. In: Devita VT, Hellman S, 
Rosenberg SA, eds. Principle and practice of oncology, update. 
Philadelphia: Lippincott-Raven, 1997: 1-20. 

4. Robbins PF, Kawakami Y. Human tumor antigens recognized by T 
cells. Curr Opin Immuiiol 1996;8:628-36. 

5. Kawakami Y, Zakut R, Topalian SL, Stotter H, Rosenberg SA. 
Shared human melanoma antigens. Recognition by tumor infiltrat- 

ing lymphocytes in HLA-A2.1 transfected melanomas. J Zmmunol 
1992; 148:638-43. 

6. O'Neil BH, Kawakami Y, Restifo NP, Bennink JR, Yewdell JW, 
Rosenberg SA. Detection of shared MHC-restricted human mela- 
noma antigens after vaccinia virus-mediated transduction of genes 
coding for HLA. J Immunol 1993;151:1410-18. 

7. Anichini A, Maccalli C, Mortarini R, et al. Melanoma cells and 
normal melanocytes share antigens recognized by HLA-A2 re- 
stricted cytotoxic T cell clones from melanoma patients. JExp Med 

8. Nordlund JJ, Kirkwood JM, Forget BM, Milton G, Albert DM, 
go in patients with metastatic melanoma: a good 

prognostic sign. J Am Acad Dermatol 1983;9:689-95. 
9. Richards JM, Mehta N, Ramming K, Skosey P. Sequential che- 

moimmunotherapy in the treatment of metastatic melanoma. J Clin 
Oncol 1992;101338&3. 

10. Rosenberg SA, White DE. Vitiligo in patients with melanoma: 
normal tissue antigens can be target for cancer immunotherapy. J 
lmmunother 1996; 19:8 1-4. 

11.  Kawakami Y, Eliyahu S, Delgado CH, et al. Identification of a 
human melanoma antigen recognized by tumor infiltrating lym- 
phocytes associated with in vivo tumor rejection. Proc Nut1 Acad 
Sci USA 1994;91:6458-62. 

12. Kawakami Y, Eliyahu S, Delgaldo CH, et al. Cloning of the gene 
coding for a shared human melanoma antigen recognized by au- 
tologous T cells infiltrating into tumor. Proc Nafl Acad Sci USA 
1994;91:35 15-9. 

13. Robbins PF, El-Gamil M, Kawakami Y, Stevens E, Yannelli J, 
Rosenberg SA. Recognition of tyrosinase by tumor infiltrating 
lymphocytes from a patient responding to immunotherapy. Cancer 
Res 1994;543124-6. 

14. Wang RF, Robbins PF, Kawakami Y, Kang XQ, Rosenberg SA. 
Identification of a gene encoding a melanoma tumor antigen rec- 
ognized by HLA-A3 1-restricted tumor-infiltrating lymphocytes. J 
Exp Med 1995;181:799-804. 

15. Wang RF, Appella E, Kawakami Y, Kang X, Rosenberg SA. Iden- 
tification of TRP2 as a human tumor antigen recognized by cyto- 
toxic T lymphocytes. J Exp Med 1996;184:2207-16. 

16. Kawakami Y, Battles JK, Kobayashi T, et al. Production of re- 
combinant MART-I proteins and specific anti-MART-1 poly- 
clonal and monoclonal antibodies: use in the characterization of the 
human melanoma antigen MART-1. J Immunol Methods 
1997;20213-25. 

17. Brichard V, Van Pel A, Wolfel T, et al. The tyrosinase gene codes 
for an antigen recognized by autologous cytolytic T lymphocytes 
on HLA-A2 melanomas. J Exp Med 1993;178:489-95. 

18. Kang XQ, Kawakami Y, Sakaguchi K, et al. Identification of a 
tyrosinase epitope reocognized by HLA-A24 restricted tumor- 
infiltrating lymphocytes. J Immunol 1995; 155: 1343-8. 

19. Topalian SL, Rivoltini L, Mancini M, et al. Human CD4+ T cells 
specifically recognize a shared melanoma-associated antigen en- 
coded by the tyrosinase gene. Proc Natl Acad Sci USA 1994;91: 

20. Topalian SL, Gonzales MI, Parkhurst M, et al. Melanoma- specific 
CD4' T cells recognize nonmutated HLA-DR-restricted tyrosinase 
epitopes. J Exp Med 1996183: 1965-71. 

21. Brichard VG, Herman J, Van Pel A, et al. A tyrosinase nonapeptide 
presented by HLA-B44 is recognized on a human melanoma by 
autologous cytolytic T lymphocytes. Eur J Immunol 1996;26:224- 
30. 

22. Cox AL, Skipper J, Cehn Y, et al. Identification of a peptide 
recognized by five melanoma-specific human cytotoxic T cell 
lines. Science 1994;264716-9. 

23. Kawakami Y, Eliyahu S, Jennings C, et al. Recognition of multiple 
epitopes in the human melanoma antigen gpl00 associated with in 
vivo tumor regression. J Immunol 1995;154:3961-8. 

24. Tsai V, Southwood S, Sidney J, et al. Induction of subdominant 
CTL epitopes of the gpl00 melanoma associated tumor antigen by 

1993;177:989-98. 

9461-5. 

J Immunother, Vol. 21, No. 4, 1998 



USE OF MELANOSOMAL PROTEINS IN IMMUNOTHERAPY 245 

primary in vitro immunization with peptide pulsed dendritic cells. 
J Immunol 1997;158: 1796-802. 

25. Skipper JCA, Kittlesen DJ, Hendrickson RC, et al. Shared epitopes 
for HLA-A3 restricted melanoma reactive human CTL include a 
naturally processed epitope from Pmel-l7/gp100. J Immunol 1996; 
1575027-33. 

26. Robbins PF, El-Gamil M, Li YF, et al. A mutated p-catenin gene 
encodes a melanoma-specific antigen recognized by tumor infil- 
trating lymphocytes. J Exp Med 1996;183: 1 185-92. 

27. Kawakami Y ,  Rosenberg S. T-cell recognition of self peptides as 
tumor rejection antigens. Imrnunol Res 1995;15:179-90. 

28. Schoenberger SP, Sercarz EE. Harnessing self-reactivity in cancer 
immunotherapy. Semin Immunol 1996;8:303-9. 

29. Rivoltini L, Kawakami Y ,  Sakaguchi K, et al. Induction of tumor- 
reactive CTL from peripheral blood and tumor-infiltrating lym- 
phocytes of melanoma patients by in vitro stimulation with an 
immunodominant peptide of the human melanoma antigen MART- 
1.  J Immunol 1995;154:2257-65. 

30. Van Pel A, Van der Brugen P, Coulie PG, et al. Genes coding for 
tumor antigens recognized by cytolytic T lymphocytes. Immunol 
Rev 1995;145:229-50. 

3 1. Coulie PG, Lehmann F, Lethe B, et al. A mutated intron sequence 
codes for an antigenic peptide recognized by cytolytic T lympho- 
cytes on a human melanoma. Proc Natl Acad Sci USA 1995;92: 

32. Wolfel T, Hauer M, Schneider J, et al. A pl6INK4a-insensitive 
CDK4 mutant targeted by cytolytic T lymphocytes in a human 
melanoma. Science 1995;269: 128 1 4 .  

33. Anichini A, Mortarini R, Maccalli C, et al. Cytotoxic T cells di- 
rected to tumor antigens not expressed on normal melanocytes 
dominate HLA-A2.l-restricted immune repertoire to melanoma. J 
Immunol 1996;156208-17. 

34. Wiedenfeld EA, Fernandez-Vina M, Berzofsky JA, Carbone DP. 
Evidence for selection against human lung cancers bearing p53 
missense mutations which occur within the HLA A-0201 peptide 
consensus motif. Cancer Res 1994;54:1175-7. 

35. Wang RF, Parkhurst M, Kawakami Y, Robbins PF, Rosenberg SA. 
Utilization of an alternative open reading frame of a normal gene 
in generating a novel human cancer antigen. J Exp Med 1996;183: 
113140. 

36. Robbins PF, El-Gamil M, Li YF, Fitzgerald E, Kawakami Y, 
Rosenberg SA. The intronic region of an imcompletely-spliced 
gpl00 gene transcript encodes an epitope recognized by melanoma 
reactive tumor infiltrating lymphocytes. J Immunol (in press). 

37. Skipper JCA, Hendrickson RC, Gulden PH, et al. An HLA-A2- 
restricted tyrosinase antigen on melanoma cells results from post- 
translational modification and suggests a novel pathway for pro- 
cessing of membrane proteins. J Exp Med 1996; 183527-34. 

38. Kawakami Y, Eliyahu S, Sakaguchi K, et al. Identification of the 
immunodominant peptides of the MART- 1 human melanoma an- 
tigen recognized by the majority of HLA-A2 restricted tumor in- 
filtrating lymphocytes. J Exp Med 1994;180:347-52. 

39. Corrnier JN, Salgaller ML, Prevette T, et al. Enhancement of cel- 
lular immunity in melanoma patients immunized with a peptide 
from MART-l/Melan A. Cancer J Sci Am 1997;3:3744. 

40. Jager E, Ringhoffer M, Karhach J, Arand M, Oesch F, Knuth A. 
Inverse relationship of melanocyte differentiation antigen expres- 
sion in melanoma tissues and CD8' cytotoxic-T-cell responses: 
evidence for immunoselection of antigen-loss variants in vivo. Znt 
J Cancer 1996;66:470-6. 

41. Bloom MB, Lalley DP, Robbins PF, et al. Identification of TRP2 
as a tumor rejection antigen for the B16 melanoma. J Exp Med 
1997;58: 177-210. 

42. Zhai Y, Kawakami Y, Yang JC, et al. Antigen-specific tumor 
vaccines: development and characterization of recombinant adeno- 
viruses encoding MART-1 or gp 100 for cancer therapy. JImmunol 
1995; 156:70O- 10. 

43. Hara I, Takechi Y ,  Houghton AN. Implicating a role for immune 

' 

7976-80. 

recognition of self in tumor rejection: passive immunization 
against the Brown locus protein. J Exp Med 1995;182:1609-14. 

44. Theobald M, Biggs J, Hernandez J, Lustgarten J, Labadie C, Sher- 
man LA. Tolerance to p53 by A2.1-restricted cytotoxic T lympho- 
cytes. J Exp Med 1997;185:83341. 

45. Salgaller M, Marincola F, Rivoltini L, Kawakami Y, Rosenberg 
SA. Recognition of multiple epitopes in the human melanoma 
antigen gpl00 by antigen specific peripheral blood lymphocytes 
stimulated with synthetic peptides. Cuncer Res 1995;55:4972-9. 

46. Rosenberg SA. Development of cancer immunotherapies based on 
identification of the genes encoding cancer regression antigens. 
JNCI 1996;88:163544. 

47. Rosenberg SA, Lotze MT, Yang JC, et al. Experience with the use 
of high-dose interleukin-2 in the treatment of 652 cancer patients. 
Ann Surg 1989;210:474-84. 

48. Hu J, Kindsvogel W, Busby S, Bailey MC, Shi Y, Greenherg PD. 
An evaluation of the potential to use tumor-associated antigens as 
targets for anti-tumor T cell therapy using transgenic mice express- 
ing a retroviral antigen in normal lymphoid tissues. J Exp Med 

49. Salgaller ML, Weber JS, Koenig S ,  Yanelli JR, Rosenberg SA. 
Generation of specific anti-melanoma reactivity by stimulation of 
human tumor-infiltrating lymphocytes with MAGE-1 synthetic 
peptide. Cancer Immunol Immunother 1994;39: 105-16. 

50. Marchand M, Weynants P, Rankin E, et al. Tumor regression 
responses in melanoma patients treated with a peptide encoded by 
gene MAGE-3. Int J Cancer 1996;63:883-5. 

51. Boon T. Toward a genetic analysis of tumor rejection antigens. Adv 
Cancer Res 1992;58:177-210. 

52. Mumberg D, Wick M, Schreiber H. Unique tumor antigens rede- 
fined as mutant tumor-specific antigens. Semin Immunol 1996;8: 

53. Srivastava PK. Do human cancers express shard protective anti- 
gens? or the necessity of remembrance of things past. Semin Im- 
nzunol 1996;8:295-302. 

54. Dranoff G, Jaffee E, Lazenby A, et al. Vaccination with irradiated 
tumor cell engineered to secrete murine granulocyte-macrophage 
colony-stimulating factor stimulate potent, specific, and long- 
lasting anti-tumor immunity. Proc Nut1 Acad Sci USA 1993;90 
3539-43. 

55. Zitvogel L, Mayordomo JI, Tjandrawan T, et al. Therapy of murine 
tumors with tumor peptide-pulsed dendritic cells: dependence on T 
cells, B7 costimulation, and T helper cell 1-associated cytokines. J 
Exp Med 1996;183:87-97. 

56. Udono H, Srivastava P. Comparison of tumor specific immunoge- 
nicities of stress-induced proteins gp96, Hsp90, and Hsp80. J Zm- 
munol 1994;152:5398-403. 

57. Castelli C, Storkus WJ, Maeurer MJ, et al. Mass spectrometric 
identification of a naturally processed melanoma peptide recog- 
nized by CD8+ cytotoxic T lymphocytes. J Exp Med 1995;181: 
363-8. 

58. Irvine KR, Restifo NP. The next wave of recombinant and syn- 
thetic anticancer vaccines. Semin Cancer Biol 1995;6:33747. 

59. Hsu FJ, Benike C, Fagnoni F, et al. Vaccination of patients with 
B-cell lymphoma using autologous antigen-pulsed dendritic cells. 
Nature Med 1996;2:52-8. 

60. Irvine K, Rao J, Rosenberg SA, Restifo NP. Cytokine enhancement 
of DNA immunization leads to treatment of established pulmonary 
metastases. J Immunol 1996;156:23845. 

61. Salgaller ML, Marincola FM, Cormier JN, Rosenberg SA. Immu- 
nization against epitopes in the human melanoma antigen gpl00 
following patient immunization with synthetic peptides. Cancer 
Res 1996;56:4749-57. 

62. Reeves ME, Royal RE, Lam JS, Rosenberg SA, Hwu P. Retroviral 
transduction of human dendritic cells with a tumor associated an- 
tigen gene. Cancer Res 1996;56:5672-7. 

63. Suto R, Srivastava PK. A mechanism for the specific immunoge- 
nicity of heat shock protein-chaperoned peptides. Science 1995; 

1993; 177: 168 1-90. 

289-93. 

269:1585-8. 

J Inlimnother, Vol. 21, No. 4, 1998 



246 Y. KA W A M I  ET AL. 

64. ParWurst MR, Salgaller M, Southwood S ,  et al. Improved induc- 
tion of melanoma reactive CTL with peptides from the melanoma 
antigen gpl00 modified at HLA-A0201 binding residues. J Zmmu- 
no1 1996;157:253948. 

65. Kang X, Robbins PF, Fitzgerald EB, Wang RF, Rosenberg SA, 
Kawakami Y. Induction of melanoma reactive T cells by stimula- 
tor cells expressing melanoma epitope-MHC class I fusion pro- 
teins. Cancer Res 1997;57:202-5. 

66. Bronte V, Tsung K, Rao JB, et al. IL-2 enhances the function of 
recombinant poxvirus-based vaccines in the treatment of estab- 
lished pulmonary metastases. J Immunol 1995;154:5282-92. 

67. Matzinger P. Tolerance, danger, and the extended family. Annu 
Rev Immunol 1994; 12:991-1045. 

68. Fuchs ELI, Matzinger P. Is cancer dangerous to the immune system? 
Semin Zmmunol 1996;8:271-80. 

69. Salgaller ML. Monitoring of cancer patients undergoing active or 
passive immunotherapy. J Zmmunother 1997;20 1-14. 

70. Herr W, Scheider J, Lohse AW, Meyer Zum Buschenfelde K, 
Wolfel T. Detection and quantification of blood-derived CD8' T 
lymphocytes secreting tumor necrosis factor alpha in response to 

HLA-A2.1 binding melanoma and viral peptide antigens. J Zmmu- 
no1 Methods 1996391: 13 142.  

7 I .  Sensi M, Traversari C, Radrizzani M, et al. Cytotoxic T lympho- 
cyte clones from different patients display limited T-cell receptors 
variable gene usage in HLA-A2 restricted recognition of Melad 
Mart-1 melanoma antigen. Proc Nut1 Acad Sci USA 1995;92: 

72. Restifo NP, Marincola FM, Kawakami Y ,  Taubenberger J, Yanelli 
JR, Rosenberg SA. Loss of functional beta2-microglobulin in 
metastatic melanomas from five patients receiving immuno- 
therapy. JNCZ 1996;88: 100-8. 

73. Ferrone S,  Marincola FM. Loss of HLA class I antigens by mela- 
noma cells: molecular mechanisms, functional significance and 
clinical relevance. Zmmunol Today 1995; 10487-94. 

74. Mizoguchi H, O'Shea JJ, Longo DL, Loeffler CM, McVicar DW, 
Ochoa AC. Alterations in signal transduction molecules in T lym- 
phocytes from tumor-bearing mice. Science 1992258: 1795-8. 

75. Hahne M, Rimoldi D, Schroter P, et al. Melanoma cell expression 
of Fas(Apo-1KD95) ligand: implications for tumor immune es- 
cape. Science 1996;274 13634.  

5674-8. 

J Immunother, Vol. 21, No. 4, I998 


