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CHAPTER 1

On the Role of Melanoma-Specific CD8* T-Cell
Immunity in Disease Progression of Advanced-
Stage Melanoma Patients.

Adriaan Bins!, Monique van Oijen', Sjoerd Elias’, Johan Sein’, Pauline
Weder', Gijsbert de Gast’, Henk Mallo', Maarten Gallee’, Harm van
Tinteren®, Ton Schumacher! and John Haanen'?

Divisions of ! Immunology, > Medical Oncology, > Oncologic Diagnostics, and *
Statistics, The Netherlands Cancer Institute, Amsterdam, the Netherlands

Abstract

Cytotoxic T-cell immunity directed against melanosomal differentiation antigens
is arguably the best-studied and most prevalent form of tumor-specific T-cell
immunity in humans. Despite this, the role of T-cell responses directed against
melanosomal antigens in disease progression has not been elucidated. To address
this issue, we have related the presence of circulating melanoma-specific T
cells with disease progression and survival in a large cohort of patients with
advanced-stage melanoma who had not received prior treatment. In 42 (68%) of
62 patients, melanoma-specific T cells were detected, sometimes in surprisingly
large numbers. Disease progression during treatment was more frequent in patients
with circulating melanoma-specific T cells, and mean survival of patients with
circulating melanoma-specific T cells was equal to the survival of patients without
melanoma-specific T cells. These data suggest that the induction of melanosomal
differentiation antigen-specific T-cell reactivity in advanced stage melanomais a
late event most likely due to antigen load and spreading and is not accompanied
by a clinically significant antitumor effect. These melanoma-specific T cells may
be functionally distinct from T cells raised during spontaneous regression or upon
vaccination.
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Introduction

Melanoma is considered one of the most immunogenic tumors. Spontaneous
remissions occasionally occur in melanoma patients albeit infrequently
and immunotherapy-induced remissions correlate with autoimmune skin
depigmentation ! % > 4. These phenomena have, at least in part, been attributed
to a cellular immune response, because the presence of tumor-infiltrating T
lymphocytes in primary melanoma and in melanoma lymph node metastases are
independent positive prognostic factors ¢-©.

In past years, extensive efforts to identify target molecules for melanoma-reactive
T cells have resulted in the identification of a large set of melanoma-associated
antigens 7. These antigens can be classified as melanocyte lineage-specific antigens
(MART-1/Melan-A, tyrosinase, gp100) and antigens derived from genes expressed
in testis and a variety of cancers (including MAGE-family, NY-ESO-1, PRAME).
Melanocyte lineage antigens are expressed in a large fraction of melanomas, and a
substantial number of epitopes from these antigens that are recognized by cytotoxic
T cells have been mapped ®. With the aid of soluble tetramerized MHC complexes
containing these epitopes, melanosomal antigen-specific CD8" T cells have been
detected in peripheral blood from melanoma patients . Large expansions of these
T cells are primarily observed in the peripheral blood or tumor-infiltrated lymph
nodes from stage III and particularly stage IV melanoma patients. In patients with
tumors that are confined to the primary site, such as in stage [ and I melanoma, MHC
tetramer-positive T cells have been found, but at significantly lower frequencies '
. Despite the presence of naturally occurring melanoma-specific T-cell immunity
in a large proportion of melanoma patients, spontaneous remissions in this group
of patients are extremely rare and it is currently unclear what the significance is of
spontaneous melanoma-specific T-cell immunity for these patients.

Patients & Methods
Patients.

Peripheral blood samples were taken from 62 HLA-A*0201 advanced-stage
melanoma patients (stage IV) at the time that they had been diagnosed with
metastatic melanoma. None of the patients had undergone prior treatment for
metastatic melanoma. Patients were treated with standard chemotherapy with or
without cytokine therapy mostly as part of a clinical trial 'V, as indicated in Table 1

MHC Tetramers.

MHC class I tetrameric complexes were prepared as previously described with minor
modifications !?. HLA-A2.1-peptide complexes were generated with the following
five antigenic peptides: (a) influenza-A matrix, .; (b) GILGFVFTL, MART-
L, . (¢) ELAGIGILTV (A27L variant "); (d) tyrosinase, ..., YMDGTMSQV
(N370D variant '); and (e) gp100,,, .., YLEPGPVT (A288V variant *). MHC
class I-peptide complexes were subsequently purified, biotinylated by biotin
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ligase, purified and converted to tetramers by the addition of phycoerythrin-labeled
streptavidin (Molecular Probes), and stored at —20°Cin 16% glycerol/0.5% BSA.

MHC-Tetramer Staining.

It has previously been shown that CD8 can play a critical role in the binding of
MHC tetramers to antigen-specific T cells !5 '"-'® _ In particular, in case of low-
affinity T-cell receptors, the simultaneous binding of CD8 to the MHC a3 domain
is necessary to obtain a sufficiently stable complex between MHC tetramers and
antigen-specific T cells, and in such cases, costaining with CD8 can block MHC
tetramer binding “%'7'® _ In line with this, we observed diminished MHC tetramer
staining of a tyrosinase-specific T-cell clone in the presence of CD8 monoclonal
antibody. Likewise, a large fraction of the tyrosinase-specific CD8" T cells in the
peripheral blood of advanced-stage melanoma patients became undetectable by
MHC tetramer staining in the presence of CD8 monoclonal antibody (data not
shown). To overcome this issue, peripheral blood mononuclear cells (PBMCs)
were stained with a set of lineage (lin) marker antibodies specific for B-cells
(CD19), natural killer cells (CD16), monocytes (CD14) granulocytes (CD13), and
CD4" T cells (CD4), and the lin™#"* lymphocyte subset was used for analysis.
Lin"#tv lymphocytes are >95% CD8-positive and HLA-A2.1/tyrosinase tetramer-
positive cells within the lin™&®* population are likewise >95% CD8-positive,
thereby validating this strategy (Fig. 1)

Thawed PBMC samples were incubated overnight at 37°C in Iscove’ s medium
with 10% FCS to recover PBMCs and eliminate apoptotic cells (9) . After washing,
the cells were incubated for 5 min in cold PBS with 0.5% BSA and 1% normal
mouse serum to block Fe-receptors. Two million cells per sample were incubated
for 10 min with 2 pg/ml phycoerythrin-labeled MHC-tetramer at 37°C 9. CD8" T
cells were negatively selected by staining with a large set of FITC-labeled lineage
marker antibodies (CD4, CD13, CD14, CD16, CD19; Becton-Dickinson). Cells
were stained with propidium iodide to be able to gate out dead cells. Samples were
analyzed by flow cytometry using a FACScalibur and Cell Quest software (Becton
Dickinson). Forward and side scatter parameters were used to define lymphocyte
populations.

Background and detection limits were separately established for each tetramer by
staining of PBMCs from four HLA-A2-negative individuals with phycoerythrin-
labeled MHC-tetramers and the panel of FITC-labeled antibodies. If more than
50,000 CD3"/CD8" cells could be analyzed by flow cytometry in the HLA-A2-
positive samples, the mean percentage of MHC-tetramer positive cells +3x SD of
four HLA-A2-negative PBMC samples was used as the detection limit for positive
MHC-tetramer staining. If less than 50,000 CD3*/CD8" cells could be analyzed, the
mean percentage +6x SD was used as the detection limit.

Immunohistochemistry.
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Formalin-fixed paraffin-embedded material of melanoma metastases was
available from 17 of 62 patients. Sections (4-pm) were stained for MART-1
(Ab-3; Neomarkers; 1:250), tyrosinase (clone T311; Neomarkers; 1:100), gp100
(HMB-45; DAKO; 1:200) or HLA-A (HC-A2; generously donated by J. Neefjes,
Netherlands Cancer Institute, Amsterdam; 1:400). For all stainings except for
gpl00, microwave antigen retrieval in citrate buffer was performed. Stainings were
performed with standard alkaline-phosphatase three-step immunohistochemistry.

Statistics.

End point of the study was overall survival, measured from start of treatment
until death or last follow-up. Patients alive at the time of analyses were censored.
Survival estimates and curves were made with the Kaplan-Meier technique, and
differences between groups were tested by a log-rank test. Cox proportional
hazard analysis was used to estimate the size of the effect (hazard ratio) with 95%
confidence intervals. The relation of MART-1 with response (in three categories)
was tested by a Cochrane-Armitage trend test. Wilcoxon test was used to perform
a statistical analysis on the phenotypical characteristics that distinguish naive and
effector/memory MART-1-specific T cells.

Results
Patients.

Between 1998 and 2002, 62 HLA-A*0201-positive patients were enrolled (Table
1). All patients had advanced-stage melanoma (stage 1V) with a median organ
involvement of 2 (range 1-5). The majority (42 of 62) of the patients had visceral
metastases, mostly in lung and/or liver. Nonvisceral metastases (20 of 62) were
most often located in lymph nodes and subcutis. Five patients were treated with
standard dacarbazine (800 mg/m?, every 3 weeks), 10 patients were treated with
temozolomide (200 mg/m, for 5 days, every 4 weeks) and 47 patients were treated
with combined chemobiotherapy (temozolomide for 5 days, triple cytokine
interleukin 2, interferon-a, granulocyte macrophage colony-stimulating factor for
12 days, every 4 weeks). The latter two treatments were given as part of Phase II
and III clinical trials.

Analysis of Patient-Derived Peripheral Blood Samples.

Peripheral blood samples were obtained before initiation of therapy and were
analyzed for the presence of melanoma-specific CD8" T cells (Fig. 2) . In 33
patients (53%) MART-1-specific CD8" T cells were detectable, and 17 patients
(27%) displayed expansions of tyrosinase-specific CD8" T cells. Eight of these
latter patients also had MART-1-specific T cells. Only | patient tested positive
for gp100-specific CD8" T cells; this patient also had high numbers of circulating
MART-1-specific T cells (18% of total CD8" T-cell pool). In the vast majority of
samples that contained tyrosinase-specific T cells, these CD8" T cells were clearly
detectable when counterstained using the panel of lineage marker antibodies but
were difficult to detect when costaining with anti-CD8 antibody was performed. In
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line with this, the avidity of tyrosinase-specific T cells appears lower than that of
MART-1- or gp100-specific T cells, as judged from the intensity of MHC tetramer
staining. As a control, influenza A virus-specific CD8" T cells could be detected in
70% of patients analyzed (n = 36). In the majority of patients [27 (64%) of42] with
MHC tetramer™ T cells, the frequencies of melanoma-specific T cells in peripheral
blood were above 1:1000 CD8* T cells, ranging from 1:6 to 1:900.

MART-1-specific CD8* T cells have been detected in the peripheral blood of healthy
individuals in frequencies up to 1 of 1,000 @?. Data from Dutoit et al. @ indicate
that these populations are a direct reflection of a high thymic output of T cells with
this specificity, and, in line with this, these MART-1-specific T cells display a naive
phenotype. To establish whether the MART-1-specific T-cell populations detected
in our cohortarose through antigen-driven expansion, the MHC tetramer-positive
CD8" T cell subset was analyzed directly ex vivo for cell surface expression of
naive-, effector-, and memory-type-associated markers. In humans, the CD45RA
and CD45RO surface antigens have been used to identify naive and memory T
cells, respectively, and costaining for CD27 expression may be used to distinguish
between effector cells and naive or memory T cells @?. Using the Wilcoxon test,
we found two statistically distinct patterns of cell surface expression (Table 2) .
In patients with low but detectable frequencies (< 0.2%) of MART-1-specific T
cells, expression of CD45RA and CD27 were high (P = 0.033 and P = 0.0015,
respectively); and expression of CD45RO was low (P = 0.0004). This pattern of
cell surface expression reflects a naive phenotype. In contrast, in patients with high
frequencies (> 0.5%) of MART-1-specific T cells CD4RO expression was high,
whereas expression of CD45RA and CD27 was often reduced as compared with
naive T cells. In patients with 0.2—-0.5% MART-1-specific T cells, both naive and
antigen-experienced phenotypes were found.

In summary, in line with prior data @, two groups of patients can be distinguished:
one group [15 (45%) of 33 with low numbers of MART-1-specific CD8" T cells
in peripheral blood and a second group [18 (55%) of 33] with high numbers
of MART-1-specific T cells. The phenotype of the MART-1-specific T cells of
the majority of these patients has been analyzed; the analysis confirms that in
patients with low numbers of MART-1-specific T cells, these cells display a naive
phenotype, whereas those cells in patients having high numbers are phenotypically
antigen experienced.

Melanoma-Specific T cells and Survival.

Although the presence of melanocyte differentiation antigen-specific T cell
immunity in patients with stage IV disease is well documented, the relevance
of these T-cell responses in terms of response to treatment or survival remain
unknown. We, therefore, attempted to relate the presence of melanoma-specific T
cells to survival in this large cohort of HLA-A*0201* stage [V melanoma patients.

Median follow-up was 46 months. At the time of analysis, 55 patients had died
and the median survival of all patients was 7.8 months (Fig. 3 ; 95% confidence
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interval, 6.0-9.7 months). This is in close agreement with the median survival
observed in several randomized clinical trials using dimethyltriazeno-imidazole-
carboxamide- or temozolomide-based treatment regimens for advanced-stage
melanoma patients 329,

To test whether the presence of circulating melanoma-specific CD8" T cells was
related to clinical outcome, survival of patients that had detectable numbers of
circulating melanoma-specific T cells was compared with those without these
cells (Fig. 4A). This analysis revealed that the presence of T cells specific for
melanocyte lineage antigens is not associated with a survival benefit (log-rank, P
= 0.354). Survival curves of patients with either MART-1 or tyrosinase-specific T
cells compared with patients without any melanoma-specific T cells, likewise, do
not show any detectable survival advantage (P =0.721 and P = 0.346 respectively;
Fig. 4, B and C). To test whether a possible antitumor effect would manifest itself in
patients with MART-1-specific T cells displaying an effector/memory phenotype,
survival was also analyzed for this group (n = 8; Fig. 4D). No statistically
significant difference between survival of patients with effector/memory T cells
and those without circulating T cells was observed (log-rank, P = 0.224).

In summary, the presence of melanoma-specific T cell populations in peripheral
blood does not lead to a survival benefit for patients with advanced-stage
melanoma.

We considered the possibility that the melanoma-specific T cells we observed could
have a limited capacity to kill tumor cells, for instance, because of a low avidity. In
such a scenario, a high T-cell response would not predict a subsequent antitumor
effect but would merely be a reflection of a growing tumor mass. To test this
hypothesis, patients were divided into three groups: those with disease progression
within 2 months after blood sampling, those with stable disease, and those with
partial/complete response within this time period. When comparing these groups
for the presence of circulating MART-1-specific T cells, we found a statistically
significant (two-sided P = 0.0133, Cochran-Armitage trend test) predominance
of high numbers (=0.1%) MART-1 specific T cells in the group of patients with
progressive disease in the first 2 months after blood sampling (Table 3)

Immune Escape through Loss of HLA-A Expression.

Tumors may evade the action of tumor-specific T cells by down-regulation of either
MHC class I cell surface expression or by reducing antigen expression. To address
this issue, we examined antigen and HLA-A expression by immunohistochemistry
in tumor material that was available from only 17 of the 62 patients (data not
shown). All 17 melanoma metastases expressed MART-1 and tyrosinase, whereas
gpl100 expression was homogeneously expressed in tumor material of 13 of 17
patients. Twelve of these 17 patients had circulating MART-1-specific T cells, 3
patients had tyrosinase-specific T cells, and 1 patient had gp100-specific T cells.
In 7 of 17 metastases, HLA-A expression was lost. Lack of HLA-A expression was
observed in 5 of 12 metastases from patients with detectable melanoma-specific T
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cells, and 2 of 5 patients without detectable melanoma-specific T cells. These data
demonstrate that although MHC class I loss does not directly correlate with the
presence of detectable tumor-specific T-cell responses, the frequent occurrence of
class I loss suffices to explain the lack of antitumor effect in a substantial fraction
of the advanced-stage melanoma patients.

Discussion

Several groups have reported the presence of naturally occurring melanoma-specific
T-cell reactivity in melanoma patients - 925 26:27.28.29.30.3D “pyt little is known on
the time frame of appearance and even less on the possible role of these cells in
limiting tumor outgrowth. To address this issue, we have examined spontaneous
cytotoxic T-cell immunity against melanosomal antigens, MART-1, tyrosinase, and
gpl100in a large group of advanced-stage (IV), HLA-A*0201-positive melanoma
patients and have correlated these responses with patient survival. T-cell responses
were analyzed before the initiation of treatment and should, therefore, reflect the
natural response of the immune system to the growing tumor mass.

These data demonstrate that, in accordance with other studies, substantial
expansions of CD8" T cells specific for melanosomal antigens can occur in patients
with metastatic disease, amounting up to 18% of the total CD8" T-cell population
in peripherai blood. Importantly, these high numbers of tumor-specific CD8" T cells
do not have a measurable positive influence on patient survival.

Although the primary goal of this study was to evaluate a postulated benefit of
spontaneous melanocyte lineage-specific T-cell responses, it may be useful to
discuss these data in relation to immunotherapeutic approaches in this patient group.
Several mechanisms may account for the fact that the T-cell populations specific
for these melanoma antigens do not measurably impinge on tumor growth, and,
depending on the mechanism involved, immunotherapeutic approaches that aim
to strengthen these responses may or may not be worth pursuing. We considered
two mechanisms: “immune escape” and “insufficient number or activity of tumor-
specific T cells.

With regard to immune escape, tumors may evade the action of tumor-specific
T cells by down-regulation of either MHC class I cell surface expression or by
reducing antigen expression. In the tumor samples available for this study, we
found loss of HLA-A expression in a substantial portion of the cases, whereasin all
of the cases, antigen expression was maintained. This frequent occurrence of class
I loss suffices to explain the lack of antitumor effect in a substantial fraction of the
advanced-stage melanoma patients. In addition, it cannot be excluded that ini part of
the remaining cases, escape from T-cell attack is achieved by other means.

With regard to insufficient number or activity of tumor-specific T cells, in 7 of 12
patients with detectable tumor-specific T-cell reactivity, there was no concomitant
loss of HLA-A or antigen expression. It is tempting to speculate that in these
patients the number and/or activity (be it either homing capacity or cytolytic
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function) of the tumor-specific T cells was insufficient to mediate a significant
antitumor effect. Because vitiligo is associated with successful immunotherapy -
39 further indirect evidence for this notion is provided by the observation that none
of the 42 patients with detectable T-cell responses against melanosomal antigens
showed signs of vitiligo. Lack of vitiligo despite substantial numbers of T cells in
some of the patients may point to functional differences between T cellsinduced by
immunotherapy and the spontaneous responses observed in this study.

MHC tetramers used in this study are indicative of the T-cell receptor specificity
of the different melanoma-associated antigen-specific T-cell populations. It has
been demonstrated that MHC tetramer binding does not always fully correlate with
functionality ©». However, in one patient the available blood samples did allow
simultaneous MHC tetramer and intracellular IFN-y staining. In this patient with
high numbers of both MART-1 and gp100-specific T cells, intracellular IFN-y was
produced against peptide-pulsed target cells directly ex vivo. This result, however,
does not preclude the possibility that for other patients the detected melanoma-
specific T-cell populations were nonfunctional or tolerized.

On the basis of the current data, it seems that spontaneously occurring melanocyte
lineage-specific immunity in stage IV melanoma patients is largely a reflection of
increasing tumor mass and spreading, and stage IV melanoma patients are unlikely
to benefit from these immune responses other than in exceptional cases. These
melanoma-specific T cells may be functionally distinct from T cells that play a role
in situations of spontaneous regression that rarely occur in these patients or from T
cells that are detected on successful immunotherapy. Escape from immunity by loss
of expression of target molecules either by immune selection or genetic instability
of tumor cells forms one major factor that limits the effect of tumor-specific CTLs
in part of this advanced-stage patient group. In the remaining patients, the limited
efficacy of the tumor-specific T-cell response may well be related to the poor
quality and suboptimal numbers of tumor-specific T cells at early time points
during the disease. Efforts to enhance these responses by vaccination strategies or
through adoptive therapy are, therefore, worth pursuing and are meeting increasing
success “:33:39,
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Table 1 Patient characteristics

No. OF PATIENTS 62
MEDIAN AGE 48 YR (RANGE, 21-79 YR)

SEX
FEMALE 24 (39%)
MaLE 38 (61%)
METASTATIC SITES, N (MEDIAN) 2(1-5)
VISCERAL 42 (68%)
NONVISCERAL 20 (32%)
SERUM LACTATE DEHYDROGENASE (MEDIAN) 370

TREATMENT
DTIC 5(5.1%)
TEMOZOLOMIDE 10 (6.2%)
CHEMOBIOTHERAPY 47 (76%)

2 DTIC, dimethyltriazeno imidazole carboxamide.
Cell sorting Counterstaining

HLA-AY tyrosinase

CD4, CD13, CD14, CD16, CD19

CD4, CD13, CD14, CD16, CD19

96%

—» (D8

Fig. 1. Peripheral blood cells were stained with HLA-A2.1 tetramers containing the
tyrosinase, ... peptide followed by staining with a panel of lineage antibodies, as
described in “Patients and Methods.” Cells were analyzed by flow cytometry (left
panel), and lineage antigen negative and MHC tetramer-positive cells were sorted
by fluorescence-activated cell sorting (Cell sorting). Enriched MHC tetramer-
positive, lineage antigens negative cells (middle panel) were briefly incubated at
37°C, stained with CD8 monoclonal antibody, and reanalyzed by flow cytometry

(right panel). Typically >95% of these cells are CD8".
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+CIV-VIH

-C¢V-VIH

10

CD4,13,14,16and19 ——— >

Fig. 2. A, representative dot plots of MHC-tetramer staining versus lineage
antibodies. Top three panels, HLA-A*0201 melanoma patients (HLA-A2+)
with detectable MART-1,. .. ,, -, tyrosinase . .. s> and gpl00,e, oo o -
specific CD8" T cells in peripheral blood. Bottom three panels, control staining
of HLA-A2.1-negative melanoma patients (HLA-A2—-) with HLA-A2.1/MART-1,
tyrosinase, and gp100 tetramer.
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B, scatter diagram of all patients with circulating melanoma-specific T cells,
separated by antigen-specificity (MART-1, tyrosinase, or gp100). On the basis
of the literature, presence of naive MART-1-specific T cells (MART-sp. T cells)
amounts to about 0.1% ©% . Tm-positive, MHC tetramer-positive.
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MART-
1-seec.' T
Patient No. | CD45RA (%) CD27 (%) CD45RO (%) CCR7 (%) CELLS (%)
Grour A
NKI9822 92 93 17 NT 0.5
NKI9834 100 100 45 NT 0.2
NKI9829 85 80 15 NT 0.2
NKI9852 75 100 30 NT 0.2
NKI9839 65 83 28 NT 0.1
NKI9843 91 100 0 NT 0.1
NKI9818 75 100 13 NT 0.1
NKI10032 91 79 9 82 0.1
NKI0057 94 95 23 76 0.05
Grour B
NKI9835 34 64 76 NT 17.3
NKI9836 51 31 52 NT 2.8
NKI9828 81 26 51 NT 2.6
NKI9849 14 97 98 NT 0.9
NKI9810 30 38 87 NT 0.9
NKI0002 99 31 64 1 0.5
NKI10043 3 27 93 3 0.2
NKI0021 84 54 28 7 0.2

* MART-1-spec., MART-1-specific; nt, not tested.

Table 2 Naive versus effector/memory phenotype of MART-1-specific T cells.

Panel antibody negative and MHC tetramer-positive T cells were costained with the
indicated antibodies. Numbers represent percentages surface antigen positive cells
from total MART-1-specific CD8" T cells. On the basis of differential expression of
CD45RA, CD45RO, and CD27, patients with circulating MART-1-specific T cells
can be divided into two statistically distinct groups, A and B. Group A, MART-
I-specific T cells displaying a naive phenotype with high CD45RA (Wilcoxon
test, 2-sided P = 0.033), high CD27 (Wilcoxon test, 2-sided P = 0.0015), and low
CD45RO (Wilcoxon test: 2-sided P = 0.0004). When tested, CCR7 expression was
high, supporting a naive phenotype. The frequency of these T cells in peripheral
blood is low, mostly <0.2% of peripheral CD8" T-cell pool. Group B, MART-1-
specific T cells present at higher frequency in peripheral blood (mostly <0.5%
of CD8" T-cell pool) display an effector/memory phenotype with mostly high
expression of CD45RO and low CCR7 expression (when tested).
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1.0

0.8

0.2
| I—
0071 62 16 4 3 1
0 12 24 36 48

Months

Fig. 3. Kaplan-Meier survival curve of total cohort of HLA-A*0201"* stage IV
melanoma patients. The median survival is 7.8 months (95% confidence interval,
6.0-9.7 months) with 55 deaths.

A, Melanoma-specific T cells
08
£
B
Zo0s
£
A~
g
g 0.4
02
0.0 detectable
0 12 24 36 48
Months

Fig. 4. Kaplan-Meier survival curves of HLA-A*0201" patients with and without
circulating melanoma-specific T cells. A, MART-1, tyrosinase- and gp100-specific
CDS8" T cells; log-rank P = 0.354; hazard ratio, 1.32 [95% confidence interval (CI),
0.74-2.33].
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B o Tyrosinase-specific T cells
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£
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8 1 effector
0.0 54 3 25 15 ° 10 7 4 no effector
0 4 8 12 16 20 24

B, tyrosinase-specific T cells only; log-rank P = 0.721; hazard ratio, 0.89 (95% CI,
0.48-1.63). C, all MART-1-specific T cells; log-rank P = 0.346; hazard ratio, 1.29
(95% CI, 0.75-2.21). D, established effector/memory MART-1-specific T cells (n
= 8); log-rank P = 0.224.
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Table 3 Expanded MART-1-specific T cells preferentially in patients with
rapid progressive disease®. Patients were divided into three groups depending
on their evaluated response to two courses of treatment. Treatment consisted of
chemotherapy + biotherapy (see Table 1 ). Responses were evaluated according
to RECIST® criteria ®>. The presence of expanded (>0.1%) MART-1-specific cells
was compared with the presence of no or few MART-1-specific T cells (<0.1%).

MART-1-speciFic CD8+ T ceLLS

RESPONSE <0.1% >0.1% ToraL
CR/PR 12 2 14
SD 11 0 11

PD 21 16 37

TotAL 44 18 62

* Statistical analysis was performed with Cochran-Armitage trend test.

® RECIST, response evaluation criteria in solid tumors; CR/PR, complete or partial
response; SD, stable disease; PD, progressive disease.

38



1. Yee, C., Thompson, J. A., Roche, P., Byrd, D. R., Lee, P. P., Piepkorn,
M., Kenyon, K., Davis, M. M., Riddell, S. R., and Greenberg, P. D. Melanocyte
destruction after antigen-specific immunotherapy of melanoma: direct evidence of
t cell-mediated vitiligo. J Exp Med, 192: 1637-1644, 2000.

2. Phan, G. Q., Attia, P., Steinberg, S. M., White, D. E., and Rosenberg, S.
A. Factors associated with response to high-dose interleukin-2 in patients with
metastatic melanoma. J Clin Oncol, 19: 3477-3482, 2001.

3. Phan, G. Q., Yang, J. C., Sherry, R. M., Hwu, P., Topalian, S. L.,
Schwartzentruber, D. J., Restifo, N. P., Haworth, L. R., Seipp, C. A., Freezer, L. J.,
Morton, K. E., Mavroukakis, S. A., Duray, P. H., Steinberg, S. M., Allison, J. P.,
Davis, T. A., and Rosenberg, S. A. Cancer regression and autoimmunity induced by
cytotoxic T lymphocyte-associated antigen 4 blockade in patients with metastatic
melanoma. Proc Natl Acad Sci U S A, 100: 8372-8377, 2003.

4. Dudley, M. E., Wunderlich, J. R., Robbins, P. F., Yang, J. C., Hwu, P,
Schwartzentruber, D. J., Topalian, S. L., Sherry, R., Restifo, N. P., Hubicki, A.
M., Robinson, M. R., Raffeld, M., Duray, P., Seipp, C. A., Rogers-Freezer, L.,
Morton, K. E., Mavroukakis, S. A., White, D. E., and Rosenberg, S. A. Cancer
regression and autoimmunity in patients after clonal repopulation with antitumor
lymphocytes. Science, 298: 850-854, 2002.

5. Clemente, C. G., Mihm, M. C., Jr., Bufalino, R., Zurrida, S., Collini, P., and
Cascinelli, N. Prognostic value of tumor infiltrating lymphocytes in the vertical
growth phase of primary cutaneous melanoma. Cancer, 77: 1303-1310, 1996.

6. Mihm, M. C,, Jr., Clemente, C. G., and Cascinelli, N. Tumor infiltrating
lymphocytes in lymph node melanoma metastases: a histopathologic prognostic
indicator and an expression of local immune response. Lab Invest, 74: 43-47,
1996.

7. Boon, T., Cerottini, J. C., Van den Eynde, B., van der Bruggen, P., and Van
Pel, A. Tumor antigens recognized by T lymphocytes. Annu Rev Immunol, 12:
337-365, 1994.

8. Kawakami, Y., Robbins, P. F., Wang, R. F., Parkhurst, M., Kang, X., and
Rosenberg, S. A. The use of melanosomal proteins in the immunotherapy of
melanoma. J Immunother, 21: 237-246, 1998.

9. Lee, P. P, Yee, C., Savage, P. A., Fong, L., Brockstedt, D., Weber, J. S.,
Johnson, D., Swetter, S., Thompson, J., Greenberg, P. D., Roederer, M., and Davis,
M. M. Characterization of circulating T cells specific for tumor-associated antigens
in melanoma patients. Nat Med, 5: 677-685, 1999.

10.  Palermo, B., Campanelli, R., Mantovani, S., Lantelme, E., Manganoni, A.
M., Carella, G., Da Prada, G., della Cuna, G. R., Romagne, F., Gauthier, L., Necker,
A., and Giachino, C. Diverse expansion potential and heterogeneous avidity in

39



ON THE ROLE oF MELANOMA-SPECIFIC CD8+ T-CELL IMMUNITY IN PROGRESSION OF ADVANCED-STAGE MELANOMA

tumor-associated antigen-specific T lymphocytes from primary melanoma patients.
Eur J Immunol, 31: 412-420, 2001.

11.  de Gast, G. C., Klumpen, H. J., Vyth-Dreese, F. A., Kersten, M. J., Verra,
N. C., Sein, J., Batchelor, D., Nooijen, W. J., and Schornagel, J. H. Phase I trial
of combined immunotherapy with subcutaneous granulocyte macrophage colony-
stimulating factor, low-dose interleukin 2, and interferon alpha in progressive
metastatic melanoma and renal cell carcinoma. Clin Cancer Res, 6: 1267-1272,
2000.

12.  Altman, J. D., Moss, P. A., Goulder, P. J., Barouch, D. H., McHeyzer-
Williams, M. G., Bell, J. I., McMichael, A. J., and Davis, M. M. Phenotypic
analysis of antigen-specific T lymphocytes. Science, 274: 94-96, 1996.

13.  Valmori, D., Fonteneau, J. F., Lizana, C. M., Gervois, N., Lienard, D.,
Rimoldi, D., Jongeneel, V., Jotereau, F., Cerottini, J. C., and Romero, P. Enhanced
generation of specific tumor-reactive CTL in vitro by selected Melan-A/MART-1
immunodominant peptide analogues. J Immunol, 160: 1750-1758, 1998.

14.  Mosse, C. A., Meadows, L., Luckey, C. J., Kittlesen, D. J., Huczko, E.
L., Slingluft, C. L., Shabanowitz, J., Hunt, D. F., and Engelhard, V. H. The class
I antigen-processing pathway for the membrane protein tyrosinase involves

translation in the endoplasmic reticulum and processing in the cytosol. J Exp Med,
187:37-48, 1998.

15.  Zarour, H., De Smet, C., Lehmann, F., Marchand, M., Lethe, B., Romero,
P., Boon, T., and Renauld, J. C. The majority of autologous cytolytic T-lymphocyte
clones derived from peripheral blood lymphocytes of a melanoma patient recognize
an antigenic peptide derived from gene Pmell7/gp100. J Invest Dermatol, 107: 63-
67, 1996.

16.  Daniels, M. A. and Jameson, S. C. Critical role for CDS8 in T cell receptor
binding and activation by peptide/major histocompatibility complex multimers. J
Exp Med, 191: 335-346, 2000.

17.  Campanelli, R., Palermo, B., Garbelli, S., Mantovani, S., Lucchi, P., Necker,
A., Lantelme, E., and Giachino, C. Human CD8 co-receptor is strictly involved in
MHC-peptide tetramer-TCR binding and T cell activation. Int Immunol, 14: 39-44,
2002.

18.  Denkberg, G., Cohen, C. J., and Reiter, Y. Critical role for CDS in binding
of MHC tetramers to TCR: CDS8 antibodies block specific binding of human tumor-
specific MHC-peptide tetramers to TCR. J Immunol, 167: 270-276, 2001.

19.  Whelan, J. A., Dunbar, P. R., Price, D. A., Purbhoo, M. A., Lechner, F., Ogg,
G. S., Griftiths, G., Phillips, R. E., Cerundolo, V., and Sewell, A. K. Specificity of
CTL interactions with peptide-MHC class I tetrameric complexes is temperature
dependent. J Immunol, 163: 4342-4348, 1999.

40



20.  Pittet, M. J., Valmori, D., Dunbar, P. R., Speiser, D. E., Lienard, D.,
Lejeune, F., Fleischhauer, K., Cerundolo, V., Cerottini, J. C., and Romero, P.
High frequencies of naive Melan-A/MART-1-specific CD8(+) T cells in a large
proportion of human histocompatibility leukocyte antigen (HLA)-A2 individuals.
J Exp Med, 190: 705-715, 1999.

21.  Dutoit, V., Rubio-Godoy, V., Pittet, M. J., Zippelius, A., Dietrich, P. Y,
Legal, F. A., Guillaume, P., Romero, P., Cerottini, J. C., Houghten, R. A., Pinilla,
C., and Valmori, D. Degeneracy of antigen recognition as the molecular basis for
the high frequency of naive A2/Melan-a peptide multimer(+) CD8(+) T cells in
humans. J Exp Med, 196: 207-216, 2002.

22.  Hamann, D., Baars, P. A., Rep, M. H., Hooibrink, B., Kerkhof-Garde, S. R.,
Klein, M. R., and van Lier, R. A. Phenotypic and functional separation of memory
and effector human CD8+ T cells. J Exp Med, 186: 1407-1418, 1997.

23.  Chapman, P. B., Einhorn, L. H., Meyers, M. L., Saxman, S., Destro, A. N.,
Panageas, K. S., Begg, C. B., Agarwala, S. S., Schuchter, L. M., Ernstoff, M. S,
Houghton, A. N., and Kirkwood, J. M. Phase III multicenter randomized trial of
the Dartmouth regimen versus dacarbazine in patients with metastatic melanoma. J
Clin Oncol, 17: 2745-2751, 1999.

24.  Middleton, M. R., Grob, J. J., Aaronson, N., Fierlbeck, G., Tilgen, W., Seiter,
S., Gore, M., Aamdal, S., Cebon, J., Coates, A., Dreno, B., Henz, M., Schadendorf,
D., Kapp, A., Weiss, J., Fraass, U., Statkevich, P., Muller, M., and Thatcher, N.
Randomized phase 111 study of temozolomide versus dacarbazine in the treatment
of patients with advanced metastatic malignant melanoma. J Clin Oncol, 18: 158-
166, 2000.

25. Kawakami, Y., Nishimura, M. 1., Restifo, N. P., Topalian, S. L., O’Neil, B.
H., Shilyansky, J., Yannelli, J. R., and Rosenberg, S. A. T-cell recognition of human
melanoma antigens. ] Immunother, 14: 88-93, 1993.

26.  Topalian, S. L., Hom, S. S., Kawakami, Y., Mancini, M., Schwartzentruber,
D.J., Zakut, R., and Rosenberg, S. A. Recognition of shared melanoma antigens by
human tumor-infiltrating lymphocytes. J Immunother, 12: 203-206, 1992.

27.  D’Souza, S., Rimoldi, D., Lienard, D., Lejeune, F., Cerottini, J. C., and
Romero, P. Circulating Melan-A/Mart-1 specific cytolytic T lymphocyte precursors
in HLA-A2+ melanoma patients have a memory phenotype. Int J Cancer, 78: 699-
706, 1998.

28.  Valmori, D., Dutoit, V., Lienard, D., Rimoldi, D., Pittet, M. J., Champagne,
P, Ellefsen, K., Sahin, U., Speiser, D., Lejeune, F., Cerottini, J. C., and Romero,
P. Naturally occurring human lymphocyte antigen-A2 restricted CD8+ T-cell
response to the cancer testis antigen NY-ESO-1 in melanoma patients. Cancer Res,
60: 4499-4506, 2000.

41



ON THE ROLE oF MELANOMA-SPECIFIC CD8+ T-CELL IMMUNITY IN PROGRESSION OF ADVANCED-STAGE MELANOMA

29.  Jager, E., Ringhoffer, M., Arand, M., Karbach, J., Jager, D., Ilsemann,
C., Hagedorn, M., Oesch, F., and Knuth, A. Cytolytic T cell reactivity against
melanoma-associated differentiation antigens in peripheral blood of melanoma
patients and healthy individuals. Melanoma Res, 6: 419-425, 1996.

30. Jager, E., Nagata, Y., Gnjatic, S., Wada, H., Stockert, E., Karbach, J.,
Dunbar, P. R., Lee, S. Y., Jungbluth, A., Jager, D., Arand, M., Ritter, G., Cerundolo,
V., Dupont, B., Chen, Y. T., Old, L. J., and Knuth, A. Monitoring CD8 T cell
responses to NY-ESO-1: correlation of humoral and cellular immune responses.
Proc Natl Acad Sci U S A, 97: 4760-4765, 2000.

31.  Yamshchikov, G., Thompson, L., Ross, W. G., Galavotti, H., Aquila, W.,
Deacon, D., Caldwell, J., Patterson, J. W., Hunt, D. F., and Slingluff, C. L., Jr.
Analysis of a natural immune response against tumor antigens in a melanoma

survivor: lessons applicable to clinical trial evaluations. Clin Cancer Res, 7: 909s-
916s, 2001.

32.  Rubio-Godoy, V., Dutoit, V., Rimoldi, D., Lienard, D., Lejeune, F., Speiser,
D., Guillaume, P., Cerottini, J. C., Romero, P., and Valmori, D. Discrepancy
between ELISPOT IFN-gamma secretion and binding of A2/peptide multimers to
TCR reveals interclonal dissociation of CTL effector function from TCR-peptide/
MHC complexes half-life. Proc Natl Acad Sci U S A, 98: 10302-10307, 2001.

33.  Yee, C., Thompson, J. A., Byrd, D., Riddell, S. R., Roche, P., Celis, E.,
and Greenberg, P. D. Adoptive T cell therapy using antigen-specific CD8+ T cell
clones for the treatment of patients with metastatic melanoma: in vivo persistence,
migration, and antitumor effect of transferred T cells. Proc Natl Acad Sci U S A,
99:16168-16173, 2002.

34.  Valmori, D., Dutoit, V., Schnuriger, V., Quiquerez, A. L., Pittet, M. J.,
Guillaume, P., Rubio-Godoy, V., Walker, P. R., Rimoldi, D., Lienard, D., Cerottini,
J. C., Romero, P., and Dietrich, P. Y. Vaccination with a Melan-A peptide selects
an oligoclonal T cell population with increased functional avidity and tumor
reactivity. J Immunol, 168: 4231-4240, 2002.

42



