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A cytotoxic T lymphocyte (CTL) clone was derived from a tumor-infiltrating lymphocyte
(TIL) population infused to a melanoma patient who remained relapse free for 10 yr after
this adoptive transfer. This clone recognized all melanoma cell lines tested and, to a lower
extent, melanocytes, in the context of human histocompatibility leukocyte antigen A2
(HLA-A2), but it did not recognize other tumor cell types. The gene coding for the antigen
recognized by this clone was identified by the screening of a melanoma complementary
DNA expression library. This antigen is overexpressed in melanomas, compared with other
cancer cell lines and healthy tissues, and was thus called melanoma-overexpressed antigen
(meloe). Remarkably, the structure of meloe was unusual, with multiple short open reading
frames (ORFs). The peptide recognized by the CTL clone was encoded by one of these ORFs,
called MELOE-1. Using a specific HLA-A2/peptide tetramer, we showed a correlation
between the infusion of TILs containing MELOE-1–specific T cells and relapse prevention
in HLA-A2 patients. Indeed, 5 out of 9 patients who did not relapse were infused with TILs
that contained MELOE-1–specific T cells, whereas 0 out of the 21 patients who relapsed
was infused with such TIL-containing lymphocytes. Overall, our results suggest that this
new antigen is involved in immunosurveillance and, thus, represents an attractive target
for immunotherapy protocols of melanoma.
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In the last 20 yr, many human melanoma antigens recognized by T cells have been identified
using various methods such as cDNA cloning,
MHC-bound peptide purification, or T cell induction against candidate peptides or proteins.
These antigens have been classified into several
groups: melanocytic differentiation antigens
(such as Melan-A/MART-1) (1); cancer-germline antigens, shared by several tumors and male
germline cells (such as MAGE antigens) (2, 3);
mutated antigens generated by genetic alterations (such as CDK4) (4); antigens overexpressed
in various tumor types (such as PRAME) (5);
and antigens aberrantly expressed in tumors (such
as NA17-A and NA88-A) (6, 7). However, despite their high number, the immunogenicity
of these antigens has not been elucidated yet,
with the exception of Melan-A/MART-1. Indeed, the immunogenicity of the Melan-A antigen in melanoma has been strongly suggested
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by the analysis of several active (8, 9) and passive (10–15) immunotherapy protocols targeting
this antigen. The identification of such tumor
antigens with a documented immunogenic potential remains a major issue to address for future immunotherapy protocols.
To this aim, we studied tumor-infiltrating
lymphocyte (TIL) populations that had been
infused to melanoma patients in an adjuvant
setting between 1994 and 2006, and who are
still relapse free (14, 16). We previously showed
that the prevention of relapse was correlated
with the infusion of tumor-specific T cells (17),
and specifically for HLA-A*0201 patients, with
the infusion of Melan-A–specific TILs (14).
© 2008 Godet et al. This article is distributed under the terms of an Attribution–Noncommercial–Share Alike–No Mirror Sites license for the first six months
after the publication date (see http://www.jem.org/misc/terms.shtml). After six
months it is available under a Creative Commons License (Attribution–Noncommercial–Share Alike 3.0 Unported license, as described at http://creativecommons
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Nonetheless, in several TIL populations infused to relapsefree patients, a significant fraction of tumor-specific TILs
remains of unknown specificity. To fully characterize these
tumor-specific TILs and to look for new tumor antigens involved in relapse prevention, we used a TIL population infused to patient M170 in 1998, who is still relapse free today
(18). This HLA-A2 TIL population contained a significant
fraction of melanoma-reactive TILs, among which Melan-A/
A2–specific lymphocytes and lymphocytes of unknown
specificity were present. In this study, we show that this TIL
population contained tumor-reactive lymphocytes specific for
a new tumor antigen overexpressed in melanomas, melanoma-overexpressed antigen 1 (MELOE-1), and recognized
by autologous TILs in the HLA-A2 context. Our study clearly
shows a correlation between the infusion of T cells reactive
against this new tumor epitope and relapse prevention of
TIL-treated patients. Thus, this new antigen represents an attractive target for immunotherapy protocols of melanoma.

Identification of the cDNA coding for the antigen
We screened a cDNA library derived from the M134 melanoma cell line (20) in COS-7 cells cotransfected with pHLAA*0201 to characterize the antigen recognized by the M170.48
T cell clone. Among 800 pools of 100 pcDNA tested, one
plasmid pool proved positive in this test, and the individual
plasmid coding for the recognized antigen was recovered from
2 of 10
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RESULTS
T cell clone selection and characterization
The M170 TIL population contained 16% of melanomareactive lymphocytes, among which 5% were specific for the
Melan-A/A2 epitope and 11% were of unknown specificity
(Fig. 1 A). This TIL population was then tested for recognition of a large panel of known antigens (Table I) transfected
into COS cells with the class I HLA molecules of patient
M170 (14, 19), and no response aside from the Melan-A/A2
response could be detected (unpublished data), suggesting that
this population contained lymphocytes specific for new tumor antigens. To characterize them, we derived tumor-reactive CD8+ T cell clones by limiting dilution. Eight of these
CTL clones showed reactivity patterns consistent with the
recognition of new antigens, and one of them, hereafter referred to as M170.48, was further characterized to determine
the HLA context restricting its recognition. As illustrated by
Fig. 1 B, the recognition of the autologous melanoma cell line
occurs in the HLA-A2 context. To establish the distribution
of the target antigen, we tested M170.48 reactivity toward
various HLA-A2 tumor cell lines, including melanomas, ovarian carcinomas, lung carcinomas, breast carcinomas, renal carcinomas, and colon carcinomas, using a TNF release assay. As
shown in Fig. 1 C, this T cell clone recognized all of the
HLA-A2 melanoma cell lines tested but none of the other
HLA-A2 tumor cell types. In addition, the M170.48 T cell
clone weakly recognized HLA-A2 melanocytes (Fig. 1 D).
However, this reactivity was much lower than that seen with
a Melan-A/A2–specific T cell clone (Fig. 1 D, hatched bars).

it after a cloning step. This insert, namely meloe, spanning 2,128
bp, was sequenced and was found to contain a poly(A) tail and
to be similar to the clone BC008026 isolated by the National
Institutes of Health (NIH) Mammalian Gene Collection consortium (21). After expression vector cloning, cotransfection of
BC008026 cDNA with HLA A*0201 into COS-7 cells also
induced the recognition by the M170.48 T cell clone (Fig. 2 A),
although these two sequences differed by four single nucleotide polymorphisms (SNPs; Fig. 2 B). To control the impact of
these SNPs on the recognition of the M170.48 T cell clone,
we sequenced the cDNA isolated from recognized (M134 and
M117) and nonrecognized cell lines (A498 and SW480), and
showed that this polymorphism did not affect tumor cell line
recognition. The meloe sequence analysis showed a perfect colinearity with the genomic DNA, obtained by comparison with
the sequence of the human genome released by Celera (22),

Figure 1. T cell clone selection and characterization. (A) Percentage
of TNF-producing T cells and of HLA-A2/Melan-AA27L tetramer–positive T
cells in the M170 TIL population in response to the autologous melanoma
cell line. 105 TILs and 2 × 105 melanoma cells were incubated for 5 h in the
presence of Brefeldin A, stained with HLA-A2/Melan-AA27L tetramer, fixed,
and stained with anti-TNF antibody in a permeabilization buffer. 104 T cells
were then analyzed by flow cytometry. (B) TNF secretion by the M170.48 T
cell clone in response to the autologous melanoma cell line. 104 CTLs were
added to 3 × 104 M170 melanoma cells in the presence of blocking antibodies directed against class I, A2, and B/C HLA, diluted to 1:50 (shaded
bars), 1:500 (hatched bars), and 1:5,000 (open bars). CTL clone reactivity was
assessed by a TNF release assay. (C) TNF response of the M170.48 CTL clone
to HLA-A*0201 tumor cell lines. The M6 cell line (HLA-A2 negative) was used
as a negative control. (D) IFN-␥ response of the M170.48 CTL clone (shaded
bars) and of a Melan-A/A2–specific CTL clone (hatched bars) to HLA-A*0201
melanocytes. The M170 cell line was added as a positive control.
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which indicated absence of splicing. Finally, this sequence was
found to be located in the third intron of the histone deacetylase
(HDAC) 4 gene (Ensembl accession no. ENSG00000068024),
on chromosome 2, in anti-sense orientation compared with
the sequence of the HDAC-4 gene.
Identification of the peptide recognized by the M170.48
T cell clone
The meloe cDNA does not contain a long open reading frame
(ORF) but multiple short ORFs. ORFs longer than 90 bp

Table I.

Antigen-coding cDNAs transfected into COS cells

Shared tumor specific

Mutated/other

Overexpressed

JEM

Name

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

MAGE-1
MAGE-2
MAGE-3
MAGE-4
MAGE-6
MAGE-12
GAGE-1
GAGE-2
GAGE-3
GAGE-4
GAGE-5
GAGE-6
Lage-1a
Lage-1b
Lage-2
NA88-A
NA17-A
NA-134-A
BAGE
MAGE-C2
Melan-A
gp100
Tyrosinase
MC1R
TRP-2
gp75
NY-Mel-1
Ras wild type
Mutated Ras
HSP70
h-TERT
survivin
RAGE-1
RAGE-2
RAGE-3
RAGE-4
P53
PRAME
Her2-neu
EphA2
STEAP

Figure 2. Characterization of the cDNA coding for the recognized
antigen. (A) M170.48 TNF responses to COS-7 cells (E/T ratio = 1:3) transfected with the indicated plasmids. The T cell clone was added 2 d after
the transfection, and the CTL clone reactivity was assessed by a TNF release assay. (B) Comparison of the nucleotide sequences of meloe and
BC008026 cDNAs and the localization of this sequence on the HDAC-4
gene. The indicated nucleotides correspond to SNPs between the meloe
sequence isolated from M134 and A498 tumor cell lines and the meloe
sequence isolated from the M117 and SW480 cell lines, and the BC008026
cDNA sequence.
3 of 10
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Differentiation

No.

are illustrated in Fig. 3 A. The putative ORF described by
the NIH Mammalian Gene Collection consortium was located between 486 and 689 bp (21). We tested this ORF and
three additional ORFs (Fig. 3 A, black boxes) for recognition
by M170.48, after transfection into COS-7 cells, with the
HLA-A*0201 cDNA (Fig. 3 B). The ORFs tested (Table II)
were chosen on the basis of preliminary results obtained on
PCR fragments of meloe (unpublished data).
The ORF 1,230–1,370 bp encodes the protein bearing
the peptide recognized by the specific T cell clone. This
ORF encodes a 46–amino acid protein that contains two
peptides (positions 16–24 and 36–44 on the protein sequence) able to bind to the HLA A*0201, with a high stability as predicted by BioInformatics and Molecular Analysis
Section analysis (http://www-bimas.cit.nih.gov; Fig. 3 C).
These two nonapeptides were tested for their recognition
by the M170.48 T cell clone after loading onto T2 cells.
Only the sequence 36–44 (TLNDECWPA) was recognized
(Fig. 3 D and not depicted). We then tested the recognition
of two additional peptides derived from this nonapeptide.
We observed that addition of the serine at the C terminus
(position 45) dramatically decreased the response of our
CTL clone (Fig. 3 D, closed circles) and that deletion of the
alanine at the C-terminal end (position 44) abrogated the
CTL clone response (Fig. 3 D, open circles). In conclusion,
the optimal peptide appeared to be the nonapeptide 36–44
(TLNDECWPA), with a half-maximal lysis of 10⫺8 M (Fig.
3 D, closed squares).

Published October 20, 2008

transfection of meloe or meloe-1 cDNA in HLA-A2 nonrecognized tumor cell lines induced their recognition by the
M170.48 T cell clone (Fig. 4 B), showing that the absence of
recognition of these tumor cell lines was caused by the underexpression of meloe cDNA. Finally, to address the question of
the expression of this antigen in healthy tissues, we performed
qPCR on a panel of 16 tissues. It appears that the expression
of meloe in healthy tissues was always lower than in melanocytes. The highest meloe expression was found in the whole
and fetal brain but remained, respectively, 1.5- and 1.8-fold
below its expression in melanocytes (Fig. 4 C). Overall, these
results suggest that this antigen could be safely targeted in
immunotherapy protocols in melanoma, provided that its
immunogenicity could be documented.

Figure 3. Characterization of meloe-derived peptide recognized by
the M170.48 T cell clone. (A) Structure of meloe cDNA. Boxes illustrate
ORFs >120 bp present along the meloe sequence, and black boxes correspond to ORFs tested for recognition by the CTL clone. (B) M170.48 TNF
responses to COS-7 cells (E/T ratio = 1:3) transfected with the indicated
plasmids. The T cell clone was added 2 d after the transfection, and the CTL
clone reactivity was assessed by a TNF release assay. (C) Nucleotide and
amino acid sequences of the ORF 1,230–1,370 of meloe isolated from the
M134 cDNA library. The two candidate peptides are bolded. (D) Cytotoxicity
of the M170.48 CTL clone against peptide-pulsed T2 cells. Target cells were
51Cr-labeled for 60 min and incubated for 30 min with a range of the indicated peptides. The M170.48 T cell clone was added (E/T ratio = 10:1), and
chromium release was then measured after a 4-h incubation period.

Presence of MELOE-1–specific lymphocytes in TIL
populations infused to relapse-free patients
To address the question of the immunogenicity of this new
epitope, we used a specific HLA-A2/peptide tetramer to look
for the presence of specific lymphocytes among 30 HLA-A2
TIL populations derived from melanoma-invaded lymph
nodes. All of those TIL populations had been infused to melanoma patients in an adjuvant setting between the years 1998
and 2002. After this treatment, 21 of these patients relapsed
and 9 remained relapse free. Using a specific HLA/peptide
tetramer, we detected the presence of MELOE-1/A2–specific
T cells in five out of nine TIL populations that had been infused
to relapse-free patients, with frequencies ranging from 0.07 to
3.8% among CD8+ TILs (Fig. 5 A, top). In contrast, we did
not observe the presence of such T cells among the TILs infused to the 21 HLA-A2 patients who relapsed. An example of
5 out of these 21 negative TIL populations is shown in Fig. 5 A
(bottom). These results document the existence of a correlation between the presence of MELOE-1–specific lymphocytes among infused TILs and relapse prevention (P < 0.001),
and thus, suggest the potential immunogenicity of this new
HLA-A2 melanoma epitope.
Finally, to address the question of the diversity and tumor
reactivity of the MELOE-1/A2–specific repertoire, specific
lymphocytes were sorted by monomer-based immunomagnetic
sorting (23) from the five positive TIL populations. Fig. 5 B
(insets) illustrates the purity of sorted TILs assessed by specific
tetramer labeling. We also attempted to sort five negative TIL
populations with monomer-coated beads, but no MELOE-1–
specific cells were obtained (unpublished data). This last result
formally documented the absence of such cells in those populations, or at least showed that the frequencies of MELOE-1–
specific T cells were too low to allow their purification by
multimer sorting. The diversity of TCR V␤ usage of sorted
populations was assessed with a panel of 25 anti-V␤ antibodies representing the most frequently expressed V␤ chains
within a normal repertoire. In M117, M170, and M278 sorted
populations, eight or six different V␤ chains were significantly expressed (>1%) by MELOE-1/A2–specific TILs, indicating the presence of a rather polyclonal-specific TCR
repertoire (Fig. 5 B). TCR diversity of M134 sorted TILs
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meloe is overexpressed in melanomas
To explain the absence of recognition of tumor cell lines
other than melanomas, we examined the transcription level of
meloe cDNA by quantitative PCR (qPCR; Table II) in a panel
of HLA-A2 tumor cell lines and melanocytes. The mean level
of meloe expression in two HLA-A2 melanocytes was used as
a reference to establish its relative expression in other cell
lines. This analysis showed that meloe expression in melanomas
was higher than in melanocytes, with values ranging from 3to 34-fold higher, whereas this expression was significantly
lower in other tumor cell lines, with values ranging from 5- to
338-fold lower (Fig. 4 A). These results show that this antigen
is overexpressed in melanomas, and thus, the protein encoded
by the ORF 1,230–1,370 was called MELOE-1. Furthermore,
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was much lower, with a strong dominance of lymphocytes
expressing the V␤13.1 chain (Fig. 5 B). This may be related
to the low fraction of MELOE-1–specific T cells present in
this population before sorting (0.3% of CD8+ TILs; Fig. 5 A),
which was probably poorly diverse. Finally, we could not
determine the dominant V␤ chain expressed by TILs sorted
from M180 with our panel of antibodies. Therefore, no dominant V␤ usage could be observed within these three sorted TIL
populations. Finally, to support the potential role of MELOE-1/
A2–specific TIL transfer in relapse prevention, we studied the
reactivity of sorted TIL populations on HLA-A*0201 melanoma cell lines that spontaneously express the MELOE-1 antigen. All sorted T cell lines were lytic against melanoma cell
lines (Fig. 6 A and not depicted) and produced IFN-␥ and
TNF upon stimulation by these cells, with levels similar to the
M170.48 CTL clone, and to a lower extent IL-2 (Fig. 6 B and
not depicted).

Table II.

Sequences of primers used for qPCR and ORF subcloning

Primers
qPCR
RPLPO forward
RPLPO reverse
␤2-microglobulin forward
␤2-microglobulin reverse
meloe forward
meloe reverse
ORF subcloning
(285–404) forward
(285–404) reverse
(486–689) forward
(486–689) reverse
(1,105–1,194) forward
(1,105–1,194) reverse
(1,230–1,370) forward
(1,230–1,370) reverse

5ⴕ–3ⴕ sequences
GTGATGTGCAGCTGATCAAGA
GATGACCAGCCCAAAGGAGA
TTCACCCCCACTGAAAAAGAT
GGCATCTTCAAACCTCCATGAT
GTCCTCCCCAGCACCAGAGT
AGCCTGCCATCTGCAATCCT
aaaGAATTCgccaccATGAGTGAAAATGCAGGAGG
aaaCTCGAGTCACTGGCACAGTGCAG
aaaGAATTCgccaccATGTCCGTAGGGAGACGC
aaaCTCGAGTCACCCTAGAGCTGCCAAG
aaaGAATTCgccaccATGAAATTTGAATTAATTTGCAGAAC
aaaCTCGAGTTAATTCCTAAGGCATTCATTC
aaaGAATTCgccaccATGAGTTGTGTAGGTTATCC
aaaCTCGAGTCACAGGGATGCCGGCC

The italicized letters correspond to the enzyme restriction sites. The lowercased letters correspond to the Kozak sequence, which is described in the Materials and methods.
JEM
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DISCUSSION
The meloe gene is located on the third intron of the HDAC-4
gene and translated in anti-sense orientation in comparison
with the HDAC-4 gene (24). There is a perfect colinearity
between the meloe gene and its corresponding cDNA, showing an absence of splicing of this gene. Furthermore, the
structure of this 2.1-kb cDNA is rather unusual, with multiple short ORFs instead of a unique long ORF. The protein
encoded by the ORF1230-1370 (MELOE-1) contains a peptide
that was recognized by a CTL clone derived from melanomaspecific TILs, in the HLA-A*0201 context. This CTL clone
recognized all of the HLA-A*0201 melanoma cell lines
tested, and to a lower extent HLA-A*0201 melanocytes. On
the other hand, this T cell clone failed to recognize any of the
other tumor cell lines tested (Fig. 1 C). Moreover, another
epitope derived from the protein encoded by an alternative

ORF, also recognized in the HLA-A*0201 context by a CTL
clone deriving from the same TIL population, is under characterization. This suggests that meloe could be an interesting
source of tumor epitopes recognized by melanoma TILs.
The meloe antigen could be classified into the family of
“melanocytic differentiation antigens” because of its expression
in melanocytes and melanoma cell lines (25). Nonetheless, it
could be also classified into the family of aberrantly expressed
antigens because of the particular location of meloe gene in the
third intron of the HDAC-4 gene, according to the example
of NA17-A antigen, located in an intron of the GnT-V gene
(6). Unlike classical differentiation antigens such as Melan-A
or tyrosinase (18, 26, 27), we detected by qPCR a residual
expression of the meloe gene in other cancer cell lines, even if
this expression level was too low to induce their recognition
by our specific CTL clone, as recently shown for a mouse
prostate tumor epitope derived from histone H4 (28). meloe
also differs from a classical differentiation antigen by its overexpression in melanomas, compared with normal melanocytes. Thus, meloe seems to be specifically overexpressed in
melanomas, and therefore, this new antigen presents both the
properties of tissue specificity and overexpression in cancer.
The reasons for its overexpression in melanomas could be because of the regulation of meloe promoter. As described for the
MAGE-1 gene, a transient and general process of demethylation in tumors could be followed by a persistent inhibition of
remethylation caused by the presence of melanoma-specific
transcription factors (29). In this way, meloe overexpression in
melanomas could be caused by the hypomethylation of its
promoter in melanoma cell lines. In another way, melanomaspecific transcription factors, such as microphthalmia-associated transcription factor, which controls the expression of the
three main melanocytic differentiation antigens (30, 31), could
also control the overexpression of meloe in melanomas.
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cytes. This expression level is similar to that measured in healthy
tissues by qPCR (Fig. 4 C), suggesting that an immunization
with this antigen should not induce deleterious reactions in
healthy tissues, although we could expect the induction of some
vitiligo because of the expression of meloe in melanocytes.
The second point concerns the immunogenicity of this
new antigen and especially the immunogenicity of the HLAA*0201–restricted epitope. To answer this main question,
we checked the presence of MELOE-1–specific lymphocytes
among TIL populations, which had been infused to stage III
melanoma patients after lymph node excision, in an adjuvant
setting. In retrospective studies of this adoptive transfer protocol, we already showed that the infusion of melanoma-specific TILs had a significant impact on the relapse prevention
of treated patients (17). More recently, we found that prolonged relapse-free survival of TIL-treated patients correlated
with the infusion of Melan-A–specific lymphocytes (14), although a significant fraction of tumor-specific TILs remains
of unknown specificity in several TIL populations infused to
relapse-free patients. We detected a significant fraction of
MELOE-1–specific lymphocytes, by tetramer labeling, in

Figure 4. Preferential expression of meloe cDNA in melanoma cell lines measured by qPCR, and impact of meloe expression on specific CTL
clone activation. (A) Four melanoma, one breast cancer, two renal carcinoma, and one lung cancer cell lines were tested by qPCR for the expression of meloe.
RPLPO and ␤2-microglobulin gene expression were used as internal controls. The relative expression of meloe was calculated after normalization on the efficiency of the PCR reaction and the mean expression of these two housekeeping genes, reported to its normalized expression in melanocytes. (B) TNF secretion by the M170.48 CTL clone in response to HLA-A2 tumor cell lines nontransfected (open bars) or transfected with meloe (hatched bars) or meloe-1 (shaded
bars) expression plasmids. Tumor cells were transiently transfected with 100 ng of each plasmid with a lipofectamine reagent kit. 104 CTLs were added to 3 × 104
target cells, and the CTL clone reactivity was assessed by a TNF release assay. (C) meloe relative expression measured by qPCR in 16 human healthy tissues.
6 of 10
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Because of its expression widely shared by melanoma cell
lines, and to the existence of an epitope recognized by a melanoma-reactive CTL in the HLA-A*0201 context, the MELOE-1
antigen could be a promising target for future immunotherapy
protocols of melanoma, provided that its usage remains safe in
patients and that its immunogenicity could be documented.
Our data provide some arguments concerning the safety
of immunization of patients with this antigen or of adoptive
transfer with specific CTLs. Indeed, the expression level of
meloe in healthy tissues is always lower than in melanocytes,
which are weakly recognized by the MELOE-1–specific CTL
clone to a lower extent than by Melan-A–specific CTLs
(Figs. 1 D and 4 C). Furthermore, none of the other HLAA*0201 cancer cell lines was able to spontaneously induce any
reactivity of the MELOE-1–specific CTLs (Fig. 1 C), even
after a 48-h treatment with IFN-␥ (not depicted). MELOE-1–
specific CTL clones could only be activated by such tumor
cell lines when they were previously transfected by the meloe
cDNA or the cDNA coding for ORF1230-1370 (Fig. 4 B),
showing that the expression level of meloe in other cancer cell
lines was too low to induce the activation of specific lympho-
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5 out of 9 TIL populations infused to HLA-A2 patients who
remained relapse free from 7 to 13 yr, whereas no MELOE-1–
specific lymphocytes could be observed in 21 TIL populations
infused to patients who relapsed. The statistical analysis of
these results performed by a 2 test documents a correlation
between the prevention of the relapse of TIL-treated HLAA2 patients and the presence of MELOE-1–specific CTLs
among those TILs (P < 0.001). This main result provides a
strong argument in favor of the implication of MELOE-1
antigen in the immunosurveillance of patients treated by
adoptive transfer of TILs. This role in immunosurveillance
has not been formally elucidated for the majority of melanoma antigens identified, except for Melan-A/MART-1, which
seems clearly involved in clinical responses of melanoma patients treated by immunotherapy (10–12, 14, 15).

According to the example of Melan-A antigen, a diverse
and tumor-reactive T cell repertoire is necessary to develop
protocols of adoptive transfer of specific T cells in melanoma
patients, as well as for vaccination trials. We addressed this last
issue by analyzing the diversity and reactivity of an MELOE-1–
specific repertoire in the five TIL populations that contained MELOE-1–specific T cells. After the selection of
MELOE-1–specific T cells from TILs by immunomagnetic
sorting with multimer-coated beads (23), we showed that the
MELOE-1–specific repertoire was diverse in three out of
five TIL populations and much more limited for the M134
TIL population, which contained a low fraction of MELOE-1–
specific T cells (Fig. 5, A and B), which could explain this
poorer diversity. We could not determined the dominant V␤
chains expressed by M180 sorted TILs with our panel of antibodies (Fig. 5 B). The repertoire analysis of these TIL populations did not reveal any recurrence of a particular V␤ usage,
as previously described for the Melan-A–specific repertoire (23).
Downloaded from jem.rupress.org on October 21, 2008

Figure 5. Detection of MELOE-1/A2–specific CTLs in TILs infused
to relapse-free melanoma patients and analysis of their repertoire
diversity. (A) HLA-A2 TIL populations labeled with the A2/MELOE-136-44 tetramer. (top) TILs infused to relapse-free patients. (bottom) TILs infused to
patients who relapsed. TILs were coincubated with MELOE-1 tetramer and antiCD8 mAb. Values indicate the percentage of tetramer-positive cells among
CD8+ TILs. (B) Repertoire diversity of multimer-sorted populations was evaluated by labeling with 25 anti-V␤ mAbs. Insets illustrate the purity of each
sorted TIL population, assessed by MELOE-1–specific tetramer labeling.
JEM

Figure 6.
Reactivity of MELOE-1/A2–specific TILs against HLA-A2
tumor cell lines. (A) Lysis of the M170 melanoma cell line (closed circles)
and of the 1355 lung carcinoma cell line (open circles) by the M170.48 CTL
clone and MELOE-1–specific TIL populations. 51Cr-labeled tumor cells were
co-cultured with T cells at various E/T ratios. Chromium release in the supernatants was measured after a 4-h incubation period. (B) Cytokine production by the M170.48 CTL clone and MELOE-1–specific TIL populations in
response to M170 melanoma cells. Effector and target cells were incubated
at a 1:2 ratio in the presence of Brefeldin A and stained with anti-TNF antibody (open bars), anti– IFN-␥ antibody (hatched bars), or anti–IL-2 antibody (closed bars), and 104 T cells were analyzed by flow cytometry.
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MATERIALS AND METHODS
Cell lines and TIL cultures. 20 T cell populations were expanded from
cryopreserved samples of TILs (derived from tumor-invaded lymph nodes) infused to melanoma patients included in a phase I/II protocol between the years
1994 and 1998. This clinical trial aimed at examining the survival of stage III
melanoma patients randomly treated by IL-2 alone, or TIL plus IL-2, in an adjuvant setting (16). 10 additional HLA-A2 stage III melanoma patients, treated
with TIL and IL-2 in an adjuvant setting, were also analyzed in the present
study. They have been enrolled between December 2001 and June 2006 either in a clinical open study or in a multicentric trial. All of these clinical trials
were approved by the local ethics committee Comité de Protection des Personnes Ouest IV–Nantes and the Agence française de sécurité sanitaire des
produits de santé. TIL samples were expanded according to a previously described procedure (32, 33). TILs containing tumor-specific T cells were cloned
by limiting dilution (34), and tumor-specific T cell clones were amplified as
previously described (33). Melanoma cells lines and colorectal carcinoma cell
line C4-A were established, respectively, in the Unit of Cellular Therapy and
in our laboratory. Mouse fibrosarcoma WEHI 164 clone 13 and COS-7 cells
were obtained from T. Boon (Ludwig Institute for Cancer Research, Brussels,
Belgium). Ovary carcinoma cell lines (OVCAR-3 and O114) and renal carcinoma cell line A498 were gifts from C. Saï (Institut National de la Santé et de
la Recherche Médicale [INSERM] U892, Nantes, France). Colorectal carcinoma cell lines (CaCo-2, Sw480, Sw707, and LS174T), renal carcinoma
cell line HTC116, and breast carcinoma cell line 734-B were gifts from M.
Grégoire (INSERM U601, Nantes, France), S. Chouaib (INSERM U487,
Villejuif, France), and D. Jäger (Klinik und Poliklinik für Onkologie, Zürich,
Germany). Breast cancer cell line MCF-7 was obtained from the American
Type Culture Collection. Normal melanocytes (98M09 and 01M08) were
gifts from M. Regnier (L’Oréal Laboratory, Paris, France). EBV-B cell lines
were gifts from H. Vié (INSERM U601, Nantes, France).
Functional analysis of T cells. Cytotoxic activity of T cells was measured
in a standard 4-h assay against 51Cr-labeled cells (peptide-loaded T2 cells or
tumor cell lines) (23). Measurement of TNF produced by T cells in response
to tumor cells or transfected COS-7 cells (19) was performed as previously
described, using WEHI 164 clone 13 cells (35). mAb against HLA class I
(clone W6.32), HLA-B/C (clone B1.23.2), and HLA-A2 (clone BB7.2),
added to cultures in some experiments, were produced in our laboratory
from hybridomas obtained from the American Type Culture Collection for
W6.32 and BB7.2 antibodies and from F. Lemonier (Pasteur Institute, Paris,
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France) for B1.23.2 antibody. Intracellular staining of cytokines was performed as previously described on stimulated T cells (36).
cDNA library and ORF constructs. The M134 cDNA library has been
inserted in pcDNA3.1, as described previously (20), and recombinant plasmids were electroporated into Escherichia coli XL1 (Stratagene). For screening, 800 pools of 100 ampicillin-resistant bacteria were constituted. Plasmid
DNA was extracted from each pool with the QIAprep Spin Miniprep kit
(QIAGEN). The positive plasmid was sequenced by the DNA Sequencing
Facility of the Institut Fédératif de Recherche 26. The various ORFs from
the meloe sequence were generated by PCR (primers are available in Table II).
Oligonucleotides were designed with EcoRI and XhoI adaptators for subcloning in pcDNA3, and with a Kozak sequence (gccaccATG) for the upper
primer and a stop codon for the lower primer.
Synthetic peptides. Peptides were purchased from Eurogentec. Purity
(>70 or >90% for tetramer production) was controlled by reversed-phase
HPLC. Peptides were lyophilized, dissolved in DMSO at 10 mg/ml, and
stored at ⫺20°C.
Real-time PCR. Total RNA was extracted from tumor cell lines, melanocytes, and B-EBV cell lines by TRIzol reagent (Invitrogen). RNA
from healthy tissues were purchased from Clontech Laboratories, Inc. The
quality of RNA samples was controlled using a bioanalyzer (Agilent 2100
Bioanalyzer; Agilent Technologies), and all of the samples exhibited an
RNA integrity number >7. Retrotranscription was performed using 1 μg
of total RNA, random hexamers, and SuperScript II reverse transcriptase
(Invitrogen). Relative quantification of meloe, RPLPO, and ␤2-microglobulin expression was performed using Brilliant SYBR Green QPCR
in an Mx4000 machine (Stratagene). 10 ng of cDNA from samples was
added to SYBR Green Master Mix in an Mx4000 machine with forward
and reverse primers (Table II) at 200 nM in a final volume of 25 μl.
Thermal cycling was one step at 95°C for 10 min, followed by 40 cycles
at 95°C for 30 s, 63°C for 1 min, and 72°C for 1 min. The efficiency of
PCR reaction was determined with a series of 10-fold–diluted cDNA
from patient M170, performed in parallel to plot the standard curves for
meloe, RPLPO, and ␤2-microglobulin. Duplicate dilution series were included as standards in each run. Mean threshold cycle (CT) values from
duplicate PCR reactions were normalized to mean CT values for two
housekeeping genes (␤2-microglobulin and RPLPO) from the same cDNA
preparations. The relative expression ratio of a target gene was calculated
based on the PCR efficiency (E) and the CT deviation between a given
cell line (x) and a reference cell line (calibrator), expressed in comparison with
the mean of the housekeeping genes (37): ratio = (Etarget)ΔCTtarget(calibrator⫺x)/
mean((Ehousekeeping)ΔCThousekeeping(calibrator⫺x)).
Tetramer and V␤ labeling. HLA-A*0201/MELOE-1 and HLA-A*0201/
Melan-A ␣3-mutated monomers were generated by the recombinant protein facility (INSERM U892), as previously described (38). TIL populations
and the M170.48 T cell clone were coincubated for 1 h at 4°C in the dark
with 10 μg/ml of MELOE-1 tetramer and 5 μg/ml CD8 mAb, and 104 events
were analyzed on a FACSCalibur (BD Biosciences). A panel of 25 anti-V␤
mAbs (V␤1, -2, -3, -4, -5.1, -5.2, -5.3, -6, -7, -7.2, -8, -9, -11, -12, -13.1,
-13.2, -13.6, -14, -16, -17, -18, -20, -21.3, -22, and -23) was used to analyze the diversity of sorted TIL populations (Beckman Coulter).
Immunomagnetic cell sorting and expansion of T cell–sorted populations. 20 μg/ml of HLA-A*0201/MELOE-1 monomers were incubated for 1 h at room temperature with 6.7 × 106 streptavidin-coated beads
(Dynabeads M-280 streptavidin; Invitrogen) and washed in PBS/0.1% BSA.
5 × 106 TILs were rotated for 4 h at 4°C with monomer-coated beads
(23, 38). After 10 washes, bead-coated cells were expanded using a polyclonal
T cell stimulation protocol (33).
We acknowledge Professor F. Lang and Dr. M. Bonneville for carefully reading the
manuscript. We thank the recombinant platform facility of the Institut Fédératif
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These five MELOE-1–specific TIL populations were as reactive as the M170.48-specific T cell clone against HLA-A2 melanoma cell lines, as shown by lysis (Fig. 6 A) and IFN-␥ and
TNF-␣ production in response to melanoma cells, and, to a
lower extent, IL-2 production. Furthermore, we recently demonstrated that MELOE-1–specific T cells could be also selected and amplified from the PBMCs of melanoma patients
(unpublished data), which remain the most convenient source
of tumor-specific T cells usable for all HLA-A2 patients enrolled in adoptive transfer protocols.
In conclusion, this new melanoma antigen, meloe, appears
to be a very relevant target for immunotherapy protocols. Its
overexpression by all melanoma cell lines tested, the particular structure of the transcript with multiple ORFs, its potential as a source of class I and II epitopes, the characterization
of an epitope derived from one of these ORFs and recognized in the frequently expressed HLA-A2 context, and, finally, its implication in the immunosurveillance of TIL-treated
HLA-A2 melanoma patients are convincing arguments to use
this antigen in vaccination trials or to target it by the adoptive
transfer of specific T cells.

Published October 20, 2008

ARTICLE

de Recherche 26 for the production of HLA–peptide complexes, and C. Gratas for
helpful assistance in qPCR experiments.
This work was supported by grants from the Ligue Nationale contre le Cancer
and Comite 44, INSERM, Institut National du Cancer (PL074), and the European
Network for the Identification and Validation of Antigens and Biomarkers In Cancer
and their Application In Clinical Tumor Immunology network (503306).
The authors have no conflicting financial interests.

14.

15.
Submitted: 23 June 2008
Accepted: 25 September 2008

REFERENCES

JEM

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

9 of 10

Downloaded from jem.rupress.org on October 21, 2008

1. Kawakami, Y., S. Eliyahu, C.H. Delgado, P.F. Robbins, K. Sakaguchi,
E. Appella, J.R. Yannelli, G.J. Adema, T. Miki, and S.A. Rosenberg.
1994. Identification of a human melanoma antigen recognized by tumor-infiltrating lymphocytes associated with in vivo tumor rejection.
Proc. Natl. Acad. Sci. USA. 91:6458–6462.
2. van der Bruggen, P., C. Traversari, P. Chomez, C. Lurquin, E. De
Plaen, B. Van den Eynde, A. Knuth, and T. Boon. 1991. A gene encoding an antigen recognized by cytolytic T lymphocytes on a human
melanoma. Science. 254:1643–1647.
3. Gaugler, B., B. Van den Eynde, P. van der Bruggen, P. Romero, J.J.
Gaforio, E. De Plaen, B. Lethe, F. Brasseur, and T. Boon. 1994. Human
gene MAGE-3 codes for an antigen recognized on a melanoma by autologous cytolytic T lymphocytes. J. Exp. Med. 179:921–930.
4. Wolfel, T., M. Hauer, J. Schneider, M. Serrano, C. Wolfel, E. KlehmannHieb, E. De Plaen, T. Hankeln, K.H. Meyer zum Buschenfelde,
and D. Beach. 1995. A p16INK4a-insensitive CDK4 mutant targeted by cytolytic T lymphocytes in a human melanoma. Science. 269:
1281–1284.
5. Kessler, J.H., N.J. Beekman, S.A. Bres-Vloemans, P. Verdijk, P.A.
van Veelen, A.M. Kloosterman-Joosten, D.C. Vissers, G.J. ten Bosch,
M.G. Kester, A. Sijts, et al. 2001. Efficient identification of novel HLAA(*)0201–presented cytotoxic T lymphocyte epitopes in the widely
expressed tumor antigen PRAME by proteasome-mediated digestion
analysis. J. Exp. Med. 193:73–88.
6. Guilloux, Y., S. Lucas, V.G. Brichard, A. Van Pel, C. Viret, E. De
Plaen, F. Brasseur, B. Lethe, F. Jotereau, and T. Boon. 1996. A peptide
recognized by human cytolytic T lymphocytes on HLA-A2 melanomas
is encoded by an intron sequence of the N-acetylglucosaminyltransferase V gene. J. Exp. Med. 183:1173–1183.
7. Moreau-Aubry, A., S. Le Guiner, N. Labarriere, M.C. Gesnel, F. Jotereau,
and R. Breathnach. 2000. A processed pseudogene codes for a new antigen recognized by a CD8+ T cell clone on melanoma. J. Exp. Med.
191:1617–1624.
8. Jager, E., M. Maeurer, H. Hohn, J. Karbach, D. Jager, Z. Zidianakis,
A. Bakhshandeh-Bath, J. Orth, C. Neukirch, A. Necker, et al. 2000.
Clonal expansion of Melan A-specific cytotoxic T lymphocytes in a
melanoma patient responding to continued immunization with melanoma-associated peptides. Int. J. Cancer. 86:538–547.
9. Jager, E., H. Hohn, A. Necker, R. Forster, J. Karbach, K. Freitag, C.
Neukirch, C. Castelli, R.D. Salter, A. Knuth, and M.J. Maeurer. 2002.
Peptide-specific CD8+ T-cell evolution in vivo: response to peptide
vaccination with Melan-A/MART-1. Int. J. Cancer. 98:376–388.
10. Dudley, M.E., J.R. Wunderlich, P.F. Robbins, J.C. Yang, P. Hwu, D.J.
Schwartzentruber, S.L. Topalian, R. Sherry, N.P. Restifo, A.M. Hubicki,
et al. 2002. Cancer regression and autoimmunity in patients after clonal
repopulation with antitumor lymphocytes. Science. 298:850–854.
11. Mackensen, A., N. Meidenbauer, S. Vogl, M. Laumer, J. Berger, and
R. Andreesen. 2006. Phase I study of adoptive T-cell therapy using antigen-specific CD8+ T cells for the treatment of patients with metastatic
melanoma. J. Clin. Oncol. 24:5060–5069.
12. Meidenbauer, N., J. Marienhagen, M. Laumer, S. Vogl, J. Heymann, R.
Andreesen, and A. Mackensen. 2003. Survival and tumor localization of
adoptively transferred Melan-A-specific T cells in melanoma patients.
J. Immunol. 170:2161–2169.
13. Vignard, V., B. Lemercier, A. Lim, M.C. Pandolfino, Y. Guilloux, A.
Khammari, C. Rabu, K. Echasserieau, F. Lang, M.L. Gougeon, et al.
2005. Adoptive transfer of tumor-reactive Melan-A-specific CTL clones

in melanoma patients is followed by increased frequencies of additional
Melan-A-specific T cells. J. Immunol. 175:4797–4805.
Benlalam, H., V. Vignard, A. Khammari, A. Bonnin, Y. Godet, M.C.
Pandolfino, F. Jotereau, B. Dreno, and N. Labarriere. 2007. Infusion
of Melan-A/Mart-1 specific tumor-infiltrating lymphocytes enhanced
relapse-free survival of melanoma patients. Cancer Immunol. Immunother.
56:515–526.
Yee, C., J.A. Thompson, D. Byrd, S.R. Riddell, P. Roche, E. Celis, and
P.D. Greenberg. 2002. 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. USA. 99:16168–16173.
Dreno, B., J.M. Nguyen, A. Khammari, M.C. Pandolfino, M.H. Tessier,
S. Bercegeay, A. Cassidanius, P. Lemarre, S. Billaudel, N. Labarriere, and
F. Jotereau. 2002. Randomized trial of adoptive transfer of melanoma
tumor-infiltrating lymphocytes as adjuvant therapy for stage III melanoma. Cancer Immunol. Immunother. 51:539–546.
Labarriere, N., M.C. Pandolfino, N. Gervois, A. Khammari, M.H.
Tessier, B. Dreno, and F. Jotereau. 2002. Therapeutic efficacy of melanoma-reactive TIL injected in stage III melanoma patients. Cancer Immunol.
Immunother. 51:532–538.
Khammari, A., J.M. Nguyen, M.C. Pandolfino, G. Quereux, A. Brocard,
S. Bercegeay, A. Cassidanius, P. Lemarre, C. Volteau, N. Labarriere,
et al. 2007. Long-term follow-up of patients treated by adoptive transfer of melanoma tumor-infiltrating lymphocytes as adjuvant therapy for
stage III melanoma. Cancer Immunol. Immunother. 56:1853–1860.
Benlalam, H., N. Labarriere, B. Linard, L. Derre, E. Diez, M.C.
Pandolfino, M. Bonneville, and F. Jotereau. 2001. Comprehensive
analysis of the frequency of recognition of melanoma-associated antigen
(MAA) by CD8 melanoma infiltrating lymphocytes (TIL): implications
for immunotherapy. Eur. J. Immunol. 31:2007–2015.
Godefroy, E., A. Moreau-Aubry, E. Diez, B. Dreno, F. Jotereau, and
Y. Guilloux. 2005. ␣v␤3-dependent cross-presentation of matrix metalloproteinase–2 by melanoma cells gives rise to a new tumor antigen.
J. Exp. Med. 202:61–72.
Mammalian Gene Collection Program Team. 2002. Generation and initial analysis of more than 15,000 full-length human and mouse cDNA
sequences. Proc. Natl. Acad. Sci. USA. 99:16899–16903.
Venter, J.C., M.D. Adams, E.W. Myers, P.W. Li, R.J. Mural, G.G.
Sutton, H.O. Smith, M. Yandell, C.A. Evans, R.A. Holt, et al. 2001.
The sequence of the human genome. Science. 291:1304–1351.
Labarriere, N., N. Gervois, A. Bonnin, R. Bouquie, F. Jotereau, and F.
Lang. 2008. PBMC are as good a source of tumor-reactive T lymphocytes as TIL after selection by Melan-A/A2 multimer immunomagnetic
sorting. Cancer Immunol. Immunother. 57:185–195.
Grozinger, C.M., C.A. Hassig, and S.L. Schreiber. 1999. Three proteins
define a class of human histone deacetylases related to yeast Hda1p. Proc.
Natl. Acad. Sci. USA. 96:4868–4873.
Boon, T., P.G. Coulie, B.J. Van den Eynde, and P. van der Bruggen.
2006. Human T cell responses against melanoma. Annu. Rev. Immunol.
24:175–208.
Coulie, P.G., V. Brichard, A. Van Pel, T. Wolfel, J. Schneider, C.
Traversari, S. Mattei, E. De Plaen, C. Lurquin, J.P. Szikora, et al.
1994. A new gene coding for a differentiation antigen recognized by
autologous cytolytic T lymphocytes on HLA-A2 melanomas. J. Exp.
Med. 180:35–42.
Brichard, V., A. Van Pel, T. Wolfel, C. Wolfel, E. De Plaen, B. Lethe,
P. Coulie, and T. Boon. 1993. The tyrosinase gene codes for an antigen
recognized by autologous cytolytic T lymphocytes on HLA-A2 melanomas. J. Exp. Med. 178:489–495.
Savage, P.A., K. Vosseller, C. Kang, K. Larimore, E. Riedel, K.
Wojnoonski, A.A. Jungbluth, and J.P. Allison. 2008. Recognition of a
ubiquitous self antigen by prostate cancer-infiltrating CD8+ T lymphocytes. Science. 319:215–220.
De Smet, C., A. Loriot, and T. Boon. 2004. Promoter-dependent
mechanism leading to selective hypomethylation within the 5⬘ region
of gene MAGE-A1 in tumor cells. Mol. Cell. Biol. 24:4781–4790.
Du, J., A.J. Miller, H.R. Widlund, M.A. Horstmann, S. Ramaswamy,
and D.E. Fisher. 2003. MLANA/MART1 and SILV/PMEL17/GP100

Published October 20, 2008

31.

32.

33.

34.

are transcriptionally regulated by MITF in melanocytes and melanoma.
Am. J. Pathol. 163:333–343.
Bentley, N.J., T. Eisen, and C.R. Goding. 1994. Melanocyte-specific
expression of the human tyrosinase promoter: activation by the microphthalmia gene product and role of the initiator. Mol. Cell. Biol. 14:
7996–8006.
Pandolfino, M.C., N. Labarriere, M.H. Tessier, A. Cassidanius, S.
Bercegeay, P. Lemarre, F. Dehaut, B. Dreno, and F. Jotereau. 2001. Highscale expansion of melanoma-reactive TIL by a polyclonal stimulus: predictability and relation with disease advancement. Cancer Immunol. Immunother.
50:134–140.
Jotereau, F., M.C. Pandolfino, D. Boudart, E. Diez, B. Dreno, J.Y.
Douillard, J.Y. Muller, and B. LeMevel. 1991. High-fold expansion of
human cytotoxic T-lymphocytes specific for autologous melanoma cells
for use in immunotherapy. J. Immunother. 10:405–411.
Gervois, N., N. Labarriere, S. Le Guiner, M.C. Pandolfino, J.F.
Fonteneau, Y. Guilloux, E. Diez, B. Dreno, and F. Jotereau. 2000.

35.

36.

37.

38.

High avidity melanoma-reactive cytotoxic T lymphocytes are efficiently
induced from peripheral blood lymphocytes on stimulation by peptidepulsed melanoma cells. Clin. Cancer Res. 6:1459–1467.
Espevik, T., and J. Nissen-Meyer. 1986. A highly sensitive cell line,
WEHI 164 clone 13, for measuring cytotoxic factor/tumor necrosis factor from human monocytes. J. Immunol. Methods. 95:99–105.
Jung, T., U. Schauer, C. Heusser, C. Neumann, and C. Rieger. 1993.
Detection of intracellular cytokines by flow cytometry. J. Immunol. Methods.
159:197–207.
Pfaffl, M.W., I.G. Lange, A. Daxenberger, and H.H. Meyer. 2001.
Tissue-specific expression pattern of estrogen receptors (ER): quantification of ER alpha and ER beta mRNA with real-time RT-PCR.
APMIS. 109:345–355.
Bodinier, M., M.A. Peyrat, C. Tournay, F. Davodeau, F. Romagne,
M. Bonneville, and F. Lang. 2000. Efficient detection and immunomagnetic sorting of specific T cells using multimers of MHC class I and
peptide with reduced CD8 binding. Nat. Med. 6:707–710.

Downloaded from jem.rupress.org on October 21, 2008

10 of 10

MELOE-1: AN ANTIGEN INVOLVED IN IMMUNOSURVEILLANCE | Godet et al.

