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Abstract

While treating stage Ill melanoma patients with autologous therapeutic TIL in an adjuvant setting, we previously reported a
significant benefit of treatment on both progression-free survival and overall survival in patients with only one invaded
lymph node (early stage Ill) compared to patients with more than one invaded lymph nodes (advanced stage lll). In this
context, in order to understand the difference of activity of TIL therapy according to the progression of the illness at stage
Ill, the first objective of the present study was to determine potential differences in the characteristics of TIL populations
obtained from an early stage Il and a more advanced stage Il when tumor burden is more important. The second objective
was to determine possible differences in tissue expression level of several molecules involved in interactions between tumor
cells and T cells between early and advanced stage lll considering that the tumor microenvironment of invaded lymph
nodes could become more tolerant with the progression of the disease. A total of 47 samples of melanoma invaded LN from
stage lllb (AJCC 2007) melanoma patients treated with TIL plus IL-2 were included in this study. We confirmed that both PFS
and OS were significantly associated to the presence of tumor-reactive T-cells among TIL injected to the patients and that
these tumor reactive T cells were more frequently observed at the early stage Ill. Moreover, while analyzing the expression
of 17 markers on 34/47 tumor specimens using immunohistochemistry, we identified that 3 tissue markers involved in
interactions between melanoma cells and T cells have a significant difference of expression between early and advanced
stage lll: MHC class |, adhesion molecule ICAM-1 and the co-stimulation molecule LFA-3 had a significantly weaker
expression in melanoma tissue specimens from advanced stage lll. In addition, the expression of the alpha chain of the IL-2
receptor (CD25) and the nuclear transcription factor Foxp3 was significantly increased in the melanoma tissue specimens
from advanced stage lll. Our results suggest differences in the immunological status of the tumor microenvironment
between early and advanced stage Ill, which could explain the difference in clinical response to TIL infusion in an adjuvant
setting between early and advanced stage Il
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Introduction In advanced-stage (stage IV, AJCC, American Joint Committee
on Cancer) melanoma patients, clinical trials using TIL combined
with interleukin-2 (IL-2) have shown a response rate of 35% [3—4],
and more recently, while using rapidly expanded tumor infiltrating
lymphocyte cultures and high-dose IL-2 therapy after lymphode-
pleting conditioning, authors reported a 51% rate of objective
clinical responses [5]. Another group reported that that lympho-
depleting chemotherapy followed by transfer of short-term
cultured TIL can mediate tumor regression in 50% of metastatic
melanoma with manageable toxicity [6]. While treating stage III
(AJCC 2007) melanoma patients with autologous therapeutic TIL,
our group previously reported that both progression-free survival
(PFS) and overall survival (OS) were significantly increased in the
group of patients with only one invaded lymph node (early stage
III) compared to the group of patients with more than one invaded
lymph node (advanced stage III) [7]. With a long-term follow-up
of 7 years, we confirmed that both PF'S and OS were prolonged in
the group of patients with early stage III (p-adjusted 0.0285) [8].

Metastatic melanoma prognosis remains poor and clinical
success 1s still limited at this stage of the illness even if new
treatments appear promising such as therapies targeting the
CTLA-4 (cytotoxic T-lymphocyte associated antigen-4) or the
mutated form of BRAF. Molecular markers that are able to
predict patient prognosis after lymph node resection are therefore
of clinical relevance. Independent prognostic factors could thus
enable the identification of patients with a high risk of progression
and who therefore would most benefit from adjuvant treatment.
During the last decade, new insights in cellular and molecular
biology have lead to the development of both active (vaccination)
and adoptive immunotherapy protocols, the latter based on the
transfer of high amounts of autologous expanded tumor infiltrating
lymphocytes (TIL) extracted from the tumor tissue to melanoma
patients [1-2]. The success of this immunotherapeutic approach
would thus be directly related to the immunological status of the
tumor microenvironment.
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Moreover, while evaluating the presence of tumor-reactive T-cells
among infused TIL in this 2 groups, we observed an absence of
tumor-reactive TIL in advanced stage III only [9], and that the
infusion of tumor-reactive TIL was statistically correlated with a
prolonged PFS of early stage III patients [10].

In addition to a decrease in the number of tumor-reactive T-
cells in several invaded lymph nodes, another hypothesis
potentially explaining the difference of clinical results could be
the development of in situ tumor escape mechanisms together with
the progression of the illness. One of our challenges now is to
identify which mechanisms could be involved in the development
of this immune-tolerance between early and advanced stages.
Melanoma tumor cells are discussed as cells able to induce an
immune-tolerance in the tumor microenvironment. Tumor cells
themselves may thus induce impairment of melanoma antigen
presentation or secretion of immunosuppressive molecules such as
IL-10 or TGF-B. Regulatory T-cells (Tregs) present in the tumor
might also inhibit anti-tumor immune responses [11-12].

In this context, the first objective of the present study was to
complete the analysis of TIL characteristics between early and
advanced stage III melanoma (number of TIL, phenotype,
proportion of tumor-reactive T-cells). The second objective was
to determine possible differences in in-situ immunoreactivity of the
tumor microenvironment between early and advanced stage III by
studying the tissue expression level of several molecules involved in
interactions between melanoma cells and T cells (tumor-associated
antigens, major histocompatibility complex (MHC) molecules,
cytokines, molecules implicated in T cell activation).

Materials and Methods

Melanoma samples

A total of 47 samples of melanoma invaded lymph nodes (LN)
from stage I1Ib (AJCC 2007) melanoma patients treated with TIL
plus IL-2 were included in this study, corresponding to TNM
classification T1-4b/Nla or N2a/MO0 and T1-4a/N1b or N2b or
N2c¢/MO (AJCC 2010). Twenty-seven patients had only one
invaded node (early stage III melanoma) and 20 patients had more
than one invaded node (advanced stage III melanoma). The
primary melanomas of these patients were all of the superficial
spreading subtype (SSM) and of stage IIb or Ilc corresponding to
TNM classification T3b or T4a or T4b/N0/MO (AJCC 2010).

After lymph node resection, one part of the invaded LN was
used for producing therapeutic autologous TIL; another part was
used for the immunohistochemical analysis and to establish the
autologous tumor cell-line. The third part of invaded lymph node
was processed for pathologic examination. Metastases were
macrometastases. Written informed consent was provided by all
patients and the study was approved by the Ethics Committee of
Pays de La Loire (France).

TIL production from the invaded LN

The same number of tumor fragments were placed in culture
for both groups of patients. TIL were cultured according to a
procedure previously described [2,9]. Briefly, short term cultured
TIL were isolated by culturing fragments of stage III metastatic
LN into 12-well tissue culture plates with X-VIVO 15 serum-free
medium (BioWhittaker, Walkersville, MD, USA) containing
150 U/mL recombinant interleukin-2 (rIL-2) (Eurocetus, Rueil
Malmaison, France) and glutamine (1 mM, BioWhittaker) for 10—
14 days. Ex vivo expanded TIL were derived as follows: 1.8x10°
short term cultured TIL were plated at 300 viable lymphocytes/
well with irradiated feeder cells (allogeneic peripheral blood
leukocytes (PBL) and B-EBV cells: Epstein-Barr virus infected B-
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cells) into U-bottom microplates in 150 pL of rIL-2 medium.
PHA-L (phytohemagglutinin-L or leucoagglutinin) (Difco, Detroit,
ML, USA) was added on day O (1 ug/mL). Ten days later,
lymphocytes were recovered from the culture plates, adjusted to
1x10° cells/mL in rIL-2 medium and transferred into culture cell
bags for an additional 10 days. The final TIL harvest was obtained
by centrifuging, washing and suspending the TIL in 4% human
serum albumin (LFB, Les Ulis, France). A second TIL expansion
was performed within one month of the first, starting from
cryopreserved short-term cultured TIL. Aliquots of TIL suspen-
sions injected in the patients were cryopreserved to study their
tumor specificity, which was carried out later once the autologous
tumor cell line had been established in culture.

Establishment of melanoma cell lines

Melanoma cell lines were established as previously described
[13-14] and were successfully established for the 47 tumor
samples.

Briefly, fresh LNs with metastasis were minced into small tumor
pieces (approximately 1-2 mm®) with scissors and biopsy punch.
The resultant fragment suspension was centrifuged and then pieces
were inoculated (at a rate of 2 or 3 per well) in a 24-wells plate
(NUNC) and 1.5 ml per well of RPMI (Roswell Park Memorial
Institute) medium supplemented with 10% fetal calf serum (FCS)
was added. Plates were placed at 37°C in a humidified incubator
with 5% CO, and observed under a light microscope every week
and sub-cultured if necessary. The presence of tumor cells within
established melanoma cell lines was assessed using both polymer-
ase chain reaction (PCR) and flow cytometry based on the
intracellular expression of tumor associated antigens (gpl00,
Melan-A/MART-1, tyrosinase, NY-ESO-1 and MAGE).

Antibodies and flow cytometric analysis

The following antibodies were used: PE anti-CD?2 (clone S5.2),
PE anti-CD56 (clone MY31), PE anti-CD25 (clone 2A3), all from
BD Pharmingen, Le Pont de Claix, France. We also used PC5
anti-CD3 (clone UCHT1), PE anti-CD8 (clone B9.11), APC anti-
CD4 (clone 13B8.2), APC anti CD19 (clone J3-119), PC7 anti-
CD45 (clone J.33), PE anti-CD16 (clone 3G8), all from Beckman
Coulter, Marseille, France. Lymphocytes were gated according to
their forward and size scatter characteristics, and FACSCanto
analysis was performed using the BDFACS Diva software (BD
Biosciences, San Jose, CA, USA).

Cytokine production assay for evaluating the proportion
of tumor-specific TIL

The fraction of tumor-reactive TIL was determined from the
measurement of the fraction of interferon-gamma (IFN-v)-
secreting T cells among TIL stimulated by the autologous
melanoma cell line, as described previously [9]. Briefly, about
1x10° lymphocytes were stimulated by 3x10° autologous
melanoma cells in 200 pL of X-VIVO 15 medium in the presence
of brefeldin A, 10 pg/ml (Sigma, St Louis MO, USA) in round-
bottom 96-well plates. The cultures were incubated for 6 h at
37°C in 5% CO2 humidified atmosphere. Then cells were stained
for surface markers with fluorochrome-labeled monoclonal anti-
bodies (anti-human CD4 APC, anti-human CD8 FITC, BD
Biosciences, France). For intracytoplasmic cytokine staining, cells
were then fixed 10 min at room temperature in a solution of
phosphate-buffered saline (PBS) 4% paraformaldehyde (Sigma),
washed and stored at 4°C until labeling. Fixed stimulated
lymphocytes were stained for cytokine production using the
method described by Jung et al. [15]. Anti-IFN-y specific antibody
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was purchased from BD Biosciences, France and diluted in PBS
containing 0.1% bovine serum albumin (BSA) and 0.1% saponin
(Sigma). After staining, cells were resuspended in PBS and 10°
events were analyzed on a FACScalibur flow cytometer using the
BDFACS Cell Quest Pro software (BD Biosciences, San Jose, CA,
USA). T cell responses were considered significant when the mean
fluorescence labeling of TIL stimulated by the autologous tumor
cell line exceeded, by at least half a log, the mean fluorescence of
the background responses of non-stimulated TIL and/or of TIL
stimulated by an HLA-mismatched melanoma line. A value of
0.3% was considered as the significance threshold.

Immunohistochemistry on tumor LN

Immunohistochemistry (IHC) was performed using the strepta-
vidin/peroxidase technique as previously described [16]. Deep-
frozen sections were incubated for 30 minutes at room temper-
ature with the primary antibody. 17 different monoclonal
antibodies were used to explore the expression of tumor-associated
antigens: anti-gpl100 (clone HMB45, 8 ug/ml, Dako, Trappes,
France), anti-Melan-A (clone Al103, 8 ug/ml, Dako, Trappes,
France), anti-tyrosinase (clone T311, 4 pg/ml, Novocastra);
adhesion molecules: anti-ICAM-1 (CD54, clone 84H10, 5 pg/
ml, Beckman Coulter), anti-LFA-3 (CD58, clone BRICS, 10 pg/
ml, AbSerotec); immunosuppressive cytokines: anti-IL-10 (clone B-
S10, 2 pg/ml, Diaclone), anti-TGF-B (clone TB21, 2 pg/ml,
AbSerotec); MHC molecules: anti-MHC class I (clone G46-2.6,
5 nug/ml, Becton Dickinson), anti-MHC class II (clone TU39,
5 ug/ml, Becton Dickinson); and T-cell associated molecules: anti-
CD4 (clone MT310, 2.5 pug/ml, Dako), anti-CD25 (clone ACTT1,
2 ug/ml, Dako), anti-Foxp3 (clone 236A/E7, 5 pg/ml,
ebioscience, San Diego, California, USA), anti-PD-1 (clone J105,
5 pug/ml, ebioscience), anti-CD80 (clone MAB104, 5 pg/ml,
Beckman Coulter), anti-CD86 (5 ug/ml, Lifespan), anti-PD-L1
(clone MIHI, 5 ug/ml, ebioscience), anti-PD-L2 (clone MIH18,
5 pg/ml, ebioscience). Negative controls were done using a mouse
monoclonal immunoglobulin-G1 (IgG1) isotype control or a
monoclonal immunoglobulin-G2a (IgG2a) isotype control (Dako-
Cytomation). Slides were read with a Leica microscope (magni-
fication x25). In each immunostained serial section, the entire
tumour area was evaluated. Each score was evaluated on a five-
point scale: an absence of expression, weak (1-25% of positive
cells), moderate (26-50%), intermediate (51-75%) and strong
expression (>75%) was represented respectively by levels 0, 1, 2, 3
and 4. Photographs were taken using a digital SLR Nikon D70S
camera. To avoid the subjectivity of the reading, all the slides were
read by two independent examiners in a blinded reading.

Statistical analysis

Statistical analysis was performed using Wilcoxon test and t test
to compare results from the group of patients with more than one
mvaded LN to results from the group with only one invaded LN.
Correlation between the number of invaded LN and each
parameter was assessed using Spearman correlation test.

Opverall survival (OS) was defined as the time elapsed from the
date of surgery to the date of death from any cause. Progression-
free survival (PFS) was defined as the time elapsed from the date of
surgery to the date of the first event. Survival curves were
estimated using the Kaplan-Meier method. The Cox proportional
hazard model was used for assessment of the predictive value of
continuous parameters. R statistical software was used and
statistical significance was set at p<<0.05. No correction for
multiple testing was applied in this exploratory study.
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Results

A total of 47 samples of melanoma invaded LN from stage IIIb
(AJCC 2007) were included in this study. Mean age of the 47
patients from which melanoma samples were obtained was
55.1%x11.3 years (median: 53; min.-max.: 34-75); sex ratio was
27 males for 20 females. For the 47 stage IIIb melanoma patients,
median event-free survival was 26.2 months and median survival
was 37.5 months.

PFS was confirmed significantly associated to the number of
invaded nodes, being worse in the group of more than one invaded
nodes (p=0.00289). OS was also confirmed significantly associ-
ated to the number of invaded nodes, being worse in the group of
more than one invaded nodes (p =0.00496). The median survival
duration without death or relapse was 5.25 months for the group
of more than one invaded LN (advanced stage III) and 157.02
months for the group with only one invaded LN (early stage III).

TIL obtained from the invaded LN

The 47 samples of melanoma invaded LN were used for
producing therapeutic autologous TIL.

Amount of TIL produced between early and advanced stage 111
melanoma lymph nodes Patients with advanced stage III
melanoma received significantly more therapeutic TIL (t test,
p=0.000585; Wilcoxon, p=0.000539) (early stage III, 1*
expansion, mean 4.89x10” TIL, gnd expansion, mean 4.5x10°
TIL; advanced stage III, 1** expansion, mean 7.95x10° TIL, 2"
expansion, mean 10.22x10° TIL). This result was confirmed using
Spearman correlation test (p =0.000319).

Phenotype of TIL

There was no significant difference in the phenotype of
expanded TIL infused to the patients between the two groups,
regarding CD2-positive cells, CD3-positive cells, CD3/CD4
double positive cells, CD3/CD8 double positive cells or CD3/
CD25 double positive cells (Table 1).

Cytokine production assay for evaluating the proportion
of tumor-reactive TIL

The same 47 samples of melanoma invaded LN from which
TIL were obtained, were used to evaluate the proportion of T cells
reactive to the autologous melanoma cell line among TIL infused
to the patients (Table 2, Figures 1 and 2).

In the global population, we first observed that both PFS and
OS were associated to the presence of tumor-reactive T-cells
(Figure 1A and 1B): the duration of survival without death or
without death or relapse, was increased by the injection of
melanoma-reactive TIL (PFS: p=0.00289; OS: p=0.00279). The
median survival duration without death or relapse was 31.4
months for patients that received tumor-reactive T-cells and 5.2
months for patients that did not receive tumor-reactive T-cells.
Moreover, the presence of tumor-reactive TIL in the cellular
expansion, was significantly associated to the stage of the illness
number of invaded LN: 27/27 early stage III patients received
melanoma-reactive  TIL whereas 10/20 advanced stage III
patients received melanoma-reactive TIL (t test, p=10.000401;
Wilcoxon, p=0.000401): this result was confirmed using Spear-
man correlation test (p =0.000401).

In addition, early stage III patients received significantly more
specific TIL (1* expansion: 6.89+/—7.87%, mean 0.37 %107, ond
expansion: 5.76+/—5.74%, mean 0.27 x10°) than advanced stage
III patients (1** expansion: 1.17+/—1.47%, mean 0.11x10%, 2
expansion: 0.99+/—1.29%, mean 0.13x10?) (1" expansion: t test,
p=0.004027; Wilcoxon, p=0.000934, 2"¢ expansion: t test,
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Table 1. Phenotype of large-scale expanded TIL from melanoma-invaded lymph nodes of 47 patients treated by TIL.
Patients  Relapse-free survival® % CD2-positive® % CD3-positive® % CD3/CD4-positive® % CD3/CD8-positive® % CD3/CD25-positive®
E1° E2 E1 E2 E1 E2 E1 E2 E1 E2
M88* + ND ND 100 100 27 39 71 56 ND 19
M110 —(7) 100 99 99 99 78 84 18 18 51 40
M113 —(6.5) 100 100 99 100 36 75 63 28 9 42
M117 + 100 100 100 100 30 3 70 97 41 14
M125 —(3) 100 100 99 100 71 65 30 36 56 27
M131 —(5) 100 100 100 100 35 40 62 57 38 60
M132 —(2) 100 100 100 100 39 20 58 80 45 27
M134 + 100 100 100 100 55 62 45 38 25 22
M140 + 100 100 100 100 81 81 19 19 30 22
M153 —(3) 100 100 100 100 34 35 61 56 12 19
M154* —(156) 100 100 100 100 59 63 40 39 12 17
M158 —(5) 100 100 100 100 30 31 70 63 9 16
M164 —(26) 100 100 100 100 60 61 38 39 28 14
M167 —(4) 100 100 100 100 24 18 74 79 15 12
M170* + 100 100 100 100 30 32 67 67 16 36
M171 —(3) 100 100 100 100 48 42 52 58 19 11
M177* + 100 100 100 100 42 63 56 32 34 24
M182 + 100 100 100 100 87 25 13 71 54 31
M187 + 100 100 100 100 16 24 86 76 5 10
M193 —(4) 100 100 100 100 14 27 86 73 7 15
M196* —(6) 100 100 100 100 40 22 58 74 17 8
M197* B 100 100 100 100 48 32 52 68 13 14
M199 —(2) 100 100 100 100 25 14 75 86 33 19
M200 —(7) 100 100 100 100 38 37 42 57 11 16
M204 —(3) 100 100 100 100 92 88 8 17 1 7
M212 —(8) 100 100 99 98 52 33 47 57 13 13
M218* + 99 100 100 100 44 5 55 96 ND ND
M234* —(26) 100 100 100 100 62 49 42 51 ND ND
M241* —(13) 100 100 100 100 2 25 99 75 ND ND
M245* —(8) 100 100 100 100 32 26 68 74 ND ND
M252* —(2) 100 ND 100 ND 26 ND 71 ND ND ND
M254* + 100 100 100 100 13 19 87 78 16 37
M263* —(14) 100 100 100 100 22 30 77 68 1 5
M275* —(8.5) 99.95 99.9 99.9 99.8 14.45 19.9 85.57 79.78 20.62 4.43
M278* + 99.93 99.98 99.84 99.87 6.11 4.8 93.17 93.91 2.02 226
M284* + 99.98 99.95 99.97 99.99 63.94 53.89 37.7 59.25 7.75 18.12
M288* + 99.97 99.95 100 99.71 3448 59.72 65.07 57.73 8.88 8.56
M301* —(6) 99.93 99.99 99.74 99.92 2443 30.64 7244 66.83 2.06 3.22
M305* + 99.98 99.92 99.93 100 19.1 20.08 80.9 79.99 6.22 297
M314* —(3.5) 99.9 99.94 97.64 98.86 62.64 61.72 32 34.36 6.92 16.74
M329* —(27) 99.86 100 98.63 99.45 34.65 39.97 62.88 57.22 16.2 13.09
M379* —(4) 99.9 99.9 100 999 31.2 29.9 68.8 71 18.4 6.4
M386* + 99.8 98.9 98.5 98.8 714 69.4 27.7 263 41.6 26
M415* + 99.7 100 92 84.1 514 42.7 40.2 413 18.3 43.7
M417* + 99.9 99.8 97.6 95.8 19 36.1 68.6 56.1 11.8 10.3
M424* + 99.5 99.9 99.9 99.9 41.7 44 57.2 50.4 6.2 6.2
M428* + 99.6 99.4 99.9 99.7 543 36.9 444 57.2 20.2 52
*Melanoma patients bearing only one metastatic lymph node (early stage Ill patients).
?E1 and E2 were TIL populations obtained and reinjected to the patient from respectively the first and the second ex-vivo expansions.
Ppercentages of CD-positive TIL were estimated by membrane labeling. Cells were analyzed on a FACScalibur.
“Relapse-free survival of patients (—): patients who relapsed,(months); (+): patients who did not relapse.
doi:10.1371/journal.pone.0048729.t001
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Table 2. Fractions of tumor-reactive lymphocytes in large-
scale expanded TIL from melanoma-invaded lymph nodes of
47 patients treated by TIL.
patients % IFN-y-positive lymphocytes® Relapse-free survival®
E1® E2
Mm8g* ND 04 +
M110 0 0 —(7)
M113 103 08 —(6.5)
M117 ND 25 +
M125 0 24 -3)
M131 0 0 ~(5)
M132 0 0 -
M134 0.7 0 +
M140 0 0 +
M153 0 0 -@3)
M154% 7.2 13.8 —(156)
M158 0 0 —(5)
M164 0 0 —(26)
M167 0.7 1.8 —(4)
M170* 12 ND +
M171 0 0 -3
M177% 1.1 22 +
M182 0 0.7 +
M187 29 0.4 +
M193 35 4 —(4)
M196* 1 0 —(6)
M197* 29 o +
M199 27 24 -(2)
M200 1 0.4 —(7)
M204 0 34 -3
M212 0.4 1 —(8)
M218* 9 13 +
M234* 49 23 —(26)
M241* 277 9.1 —(13)
M245* 197 113 —(8)
M252* 14 ND -2
M254*  ND 22 +
M263* 256 149 —(14)
M275* 122 13 —(8.5)
M278* 215 116 +
M284* 2 4.7 +
M288* 0 15 +
M301* 132 147 —(6)
M305* 1875 19.8 +
M314* 05 0.2 —(3.5)
M329* 34 4.2 —(27)
M379* 1.2 1.3 —(4)
M386* 1.1 0.9 +
M415* 58 22 +
M417* 056  0.89 +
M424*  ND 8 +
M428* 66 6.9 +
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*Melanoma patients bearing only one metastatic lymph node (early stage IlI
patients).

E1 and E2 were TIL populations obtained and reinjected to the patient from
respectively the first and the second ex-vivo expansions.

Ppercentages of IFN-y secreting TIL were estimated by intracellular labeling. TIL
were stimulated 6 h by autologous melanoma cells in presence of brefeldin A.
Then, cells were fixed, permeabilized, stained for cytokine production and
analyzed on a FACScalibur.

“Relapse-free survival of patients (—): patients who relapsed,(months); (+):
patients who did not relapse.

doi:10.1371/journal.pone.0048729.t002

p =0.000734; Wilcoxon, p =0.000811) (Table 2, Figure 2). These
results were confirmed using Spearman correlation test (1™
expansion: p = 0.000401, 2™ expansion: p=0.001414).

Immunohistochemistry on tumor LN

A total of 34/47 tissue specimens of tumor invaded LNs from
stage IIIb (AJCC) melanoma patients were available for protein
expression using immunohistochemistry (21 early stage III and 13
advanced stage III). While analyzing a total of 17 markers, we
found that the expression of 5 of them was significantly different
between early stage III specimens and advanced stage III
specimens.

The expression of MHC class I molecules was significantly
decreased in LN samples from advanced stage III patients
(Figures 3A and 3B) (early stage III, mean expression: 2.8;
advanced stage III, mean expression: 1.2; t test, p=0.00002;
Wilcoxon, p=0.000132): this result was confirmed using Spear-
man correlation test (p =0.0000342).

The expression of intercellular adhesion molecule-1 ICAM-1
(CD54) and co-stimulation molecule lymphocyte function-associ-
ated antigen 3 LFA-3 (CD58) was also significantly decreased in
LN samples from advanced stage III patients (Figures 3C and 3D)
(CD54: early stage III, mean expression: 2; advanced stage III,
mean expression: 1.2; t test, p=0.03715; Wilcoxon, p =0.04918;
CD58: early stage III, mean expression: 1.4; advanced stage III,
mean expression: 0.3; t test, p=0.0057; Wilcoxon, p =0.00727):
these results were confirmed using Spearman correlation test for
CD58 only (p =0.008).

On the contrary, the expression of the alpha chain of the IL-2
receptor (CD25) and of the nuclear transcription factor forkhead/
winged helix transcription factor 3 (Foxp3) was significantly
increased in LN samples from advanced stage III patients
(Figures 3E and 3F) (CD25: early stage III, mean expression:
0.7; advanced stage III, mean expression: 1.2; t test, p=0.0335;
Wilcoxon, p=10.04299; Foxp3: early stage III, mean expression:
0.2; advanced stage III, mean expression: 0.8; t test, p =0.001626;
Wilcoxon, p=0.003021). These results were confirmed using
Spearman  correlation test (CD25, p=0.02968; Foxp3,
p =0.000486).

The expression of the remaining 12 markers (gp100, Melan-A,
tyrosinase, MHC class 1I, CD4, interleukin-10 (IL-10), transform-
ing growth factor B (TGF-B), programmed cell death 1 (PD-1),
programmed cell death ligands 1 and 2 (PD-L1 and PD-L2),
CD80 and CD86) was not significantly different between the two

groups.

Discussion

In the present study, regarding the treatment, that consists to
infuse ex-vivo expanded TIL to autologous melanoma patients, we
first confirm our previously reported observation showing that
both PFS and OS of patients treated with TIL were correlated
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Figure 1. The presence of tumor-reactive TIL is associated to increased PFS and OS. PFS (A) and OS (B) curves for 47 patients from
metastatic melanoma based on the presence of tumor-reactive TIL: cases were divided into two groups, presence of tumor-reactive TIL and absence

of tumor-reactive TIL.
doi:10.1371/journal.pone.0048729.9001

with the presence of tumor-reactive T-cells among TIL infused to
the patients [9-10].

In addition, we report here that despite patients in advanced
stage III received a significantly higher amount of total TIL than

patients in ecarly stage III; early stage III patients received

Our results suggest that the pattern of infiltrating T lymphocytes
in melanoma metastasis (from which TIL populations are
obtained) in early stage III is different from that of advanced
stage III. The earlier stages of the illness would thus be associated
with a greater number of tumor-reactive T-cells that might explain

significantly more tumor-reactive TIL than advanced stage III that we obtain more specific T cells with a higher efficacy against
patients. melanoma cells within TIL expansions.
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Figure 2. Number of tumor-reactive TIL injected in 47 patients. Black bars indicate relapse-free patients. * Indicates patients with only one

melanoma-metastatic lymph node (early stage Il patients).
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Figure 3. Representative pictures of MHC class I, ICAM-1 and
Foxp3 expression using immunohistochemistry on tumor
specimens of melanoma invaded LN. (A) and (B): MHC class |
expression, (C) and (D): ICAM-1 expression, (E) and (F): Foxp3 expression
(magnification x25). (A), (C) and (E) are specimens from the group with
only one invaded LN whereas (B), (D) and (F) are specimens from the
group with more than one invaded LN.

doi:10.1371/journal.pone.0048729.9g003

Melanoma patients usually display a spontaneous T cell
response against their tumor, thanks to the presence of tumor-
reactive T lymphocytes. However, at some point, the responder T
cells become ineffective, probably because of a local immunosup-
pressive process occurring at the tumor sites [17]. Numerous
immunomodulatory mechanisms have been described that either
render tumor cells less sensitive to immune attack (resistance) or
inhibit anti-tumor immune responses (immunosuppression). Con-
sidering that anti-tumor T cells are clearly capable of rallying to
the tumor site, the spontaneous anti-tumoral T cell response must
become ineffective either because the tumor cells have become
insensitive to the effector cells or because the effector cells
themselves have become unable to be stimulated by the antigen or
to exert their function, a state referred as anergy by Boon et al
[17]. Anergy may possibly be caused by tumor cells themselves,
anergyzing directly the potential responder T cells, or by the
generation of regulatory T cells.

In the present study, we then identified 5 tissue markers
associated with a different level of in situ expression between early
and advanced stage III which could potentially explain the
difference of clinical response to the adoptive transfer of TIL
between these two groups. The expression of MHC class I
molecule, adhesion molecule ICAM-1 (CD54) and co-stimulation
molecule LFA-3 (CD58) was significantly decreased in LN tumor
samples from advanced stage III. In addition, the expression of the
alpha chain of the IL-2 receptor (CD25) and the nuclear
transcription factor Foxp3 which are notably expressed by Treg
cells, was significantly increased in LN tissue from the group of
advanced stage III.

The most common cause of resistance to immune cells is
decreased antigenicity owing to MHC class I molecule down
regulation or loss, which frequently occurs in human tumors [18].
In a previous work, we already reported a loss of expression for
MHC class I molecule for 6 out of the 38 LN tissue specimens
analyzed, all of these 6 samples coming from patients with more
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than one invaded LN [19], despite no statistical significance
probably related to low number of patients. Recently, Yuan et al
reported low to no expression of MHC class I and II molecules by
all of the metastatic tumor samples of one patient pre vaccinated
with gp100 and tyrosinase peptides and treated with anti-C'TLA-4
Ipilimumab [20]. The absence or weak immune response against
tyrosinase or gpl00 was consistent with the recurrence of disease
in that patient. Therefore, authors suggest that tumor escape from
immune surveillance could be the consequence of the lack of
expression of MHC class I and II molecules by the tumor tissue
that would prevent effective antigen presentation to T cells. While
studying 15 metastases from 2 vaccinated patients with melanoma
[21], Carretero et al observed a differential activation of genes
mmvolved in inflammatory processes between regressing and
progressing lesions obtained after immunotherapy and detected
upregulation of genes related to antigen presentation in regressing
lesions, particularly HLA expression [22]. Finally, authors propose
that progressing lesions are not recognized by immune cells due to
irreversible alterations in MHC: class I molecules.

Regarding ICAM-1 and LFA-3, a weaker or absence of
expression of these 2 molecules could contribute to a dysfunctional
anti-tumor immune response in advanced melanoma, as suggested
by the present results where tissue specimens from advanced stage
III displayed weaker levels of ICAM-1 and LFA-3 expression. To
our knowledge, the predictive value of ICAM-1 or LFA-3
associated with immunotherapy has never been previously
investigated in human melanoma.

Although recent studies have questioned whether all Tregs are
Foxp3+ or all Foxp3+ T cells are regulatory, Foxp3 remains the
most specific marker of Tregs to date. Our group already recently
reported that quantitation of Foxp3 expression using quantitative
PCR appears as an independent prognostic factor for PFS in stage
III melanoma patients with invaded lymph nodes [23]. We thus
detected a significant reduced PFS in tissue specimens from
patients with Foxp3"8" expression compared with tissue specimens
from patients with FoxpS10W expression. Thus, regulatory T cell
populations represent a proportion of infiltrating cells and offer a
potential for tumor-associated immune dysfunction. In a similar
manner than our results, Hamid et al reported recently significant
associations between clinical activity and high baseline expression
of two Immune-related genes, Foxp3 and indoleamine 2,3-
dioxygenase (IDO) in advanced melanoma patients treated with
anti-CTLA-4 Ipilimumab [24]. They also observed significant
associations between clinical activity of Ipilimumab and increase in
TIL between baseline and 3 weeks after beginning of treatment.
Authors suggest thus that infiltrating lymphocytes may have anti-
tumor activity and that changes in the immune microenvironment
of the tumor may slow disease progression. In a pilot study on 15
patients treated with anti-CTLA-4 Tremelimumab, clinical
response was also associated with increased tumor infiltration by
CD8+ TIL and a variable association with CD4+ TIL [25]. In that
study, the presence of Foxp3+ cells was variably associated with
positive response. In the present work, we did not observe any
difference in the expression of IL-10 or TGF-B between tissue
specimens from early and advanced stage III patients. In a similar
manner, no difference in the expression level of tumor-associated
antigens was noted between the 2 groups. Moreover, we did not
observe any difference in the expression of 5 additional markers
that are relevant for the interaction of lymphocyte and tumor cells
(PD-1, CD80, CD86, PD-L1 and PD-L2). These latest results
suggest that there is no difference in the expression of some co-
stimulatory and co-inhibitory molecules of the B7 family between
early and advanced stage III, at least using an immunohistochem-
ical analysis.

December 2012 | Volume 7 | Issue 12 | e48729



These results are consistent with the development of a growing
Immunosuppressive tumor microenvironment related to the tumor
burden in melanoma. This immunosuppressive state would
notably be induced by a decrease in the expression of molecules
involved in interactions between tumor cells and T cells.

In this context, gene expression profiling in melanoma
metastases has recently identified at least 2 broad subsets of
tumors characterized by expression of immunomodulatory genes
and specific subsets of immune effector cells [26]. While carrying
out an open phase II trial of immunization with the recombinant
MAGE-A3 protein in 72 patients with stage III-IV metastatic
melanoma, a predictive gene signature (GS) that was associated
with a significant improvement in the median OS was identified:
16.2 months in the GS(—) versus 28 months in the GS(+)
population [27]. In particular, patients who responded clinically
showed evidence of a high expression of immune-related cell
markers.

In conclusion, in the present work, we report that in early stage
III melanoma, a higher proportion of tumor-reactive T-cells
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