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Abstract We characterized a new melanoma antigen
derived from one of the multiple open reading frames
(ORFs) of the meloe transcript. The meloe gene is overex-
pressed in melanomas as compared to other cancer cell
lines and normal tissues. The corresponding transcript is
rather unusual, in that it does not contain a long unique
ORF but multiple short ORFs. We recently characterized a
tumor epitope derived from a polypeptide (MELOE-1)
encoded by the ORF1230–1370 and involved in relapse pre-
vention of melanoma patients treated with autologous
tumor inWltrating lymphocytes (TIL). Here we show that
the ORF285–404 encodes a polypeptide called MELOE-2 that
also generated a HLA-A2 epitope recognized by a mela-
noma-speciWc T cell clone derived from the same TIL pop-
ulation from which we derived the MELOE-1-speciWc T

cell clone. We also showed that HLA-A2 melanoma cells
were spontaneously recognized by the MELOE-2-speciWc
T cell clone, and we detected the presence of MELOE-2
reactive T cells in another TIL population infused to a
patient who remained relapse-free after TIL treatment.
These results demonstrate that translation of meloe tran-
script in melanoma cells can produce at least two immuno-
genic polypeptides, MELOE-1 and MELOE-2, from two
distinct ORFs that could be relevant target for melanoma
immunotherapy.
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Introduction

Many tumor associated-antigens (TAA), targets of autolo-
gous CD8+ cytotoxic T lymphocytes (CTL), have been
identiWed during the last 20 years (see [1] for a review).
According to the pattern of expression in neoplastic and
normal tissues, TAAs can be roughly subdivided into two
main classes: proteins expressed speciWcally by tumor
cells and proteins also expressed at a signiWcant level by
normal cells. In the Wrst category are found cancer-germ-
line antigens, proteins expressed by unconventional gene
expression and mutated antigens. The main advantage of
these proteins is their tumor speciWcity, but they are
expressed by a limited fraction of tumors. TAA belonging
to the second category are the diVerentiation antigens,
mainly expressed in the melanocytic lineage, and the anti-
gens overexpressed by various tumor tissues. Tumor anti-
gen discovery has resulted in the molecular identiWcation
of several major histocompatibility complex HLA-
restricted tumor peptides, which has opened the way for
antigen-targeted immunotherapies. However, although
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the immunogenicity of a number of TAA has been docu-
mented in clinical trials, the therapeutical potential of
only few of these antigens has been suggested. Indeed, the
therapeutical potential of the Melan-A antigen in mela-
noma has been strongly suggested by the analysis of sev-
eral active [2, 3] and passive [4–9] immunotherapy
protocols targeting this antigen. Furthermore, we recently
showed a correlation between the infusion of T cells reac-
tive against a HLA-A2 epitope derived from the mela-
noma antigen MELOE-1, and relapse prevention of
patients treated with autologous tumor inWltrating lym-
phocytes (TIL) [10]. This antigen is encoded by the meloe
gene, located on chromosome 2 and overexpressed in
melanoma cell lines, compared to other cancer cell lines
and normal tissues. The structure of the corresponding
transcript was rather unusual, in that it lacked a long open
reading frame (ORF) but contained only multiple short
ORFs. The ORF1230–1370 encodes the protein MELOE-1
that contains the HLA-A2 restricted epitope recognized
by several melanoma TIL populations [10].

Here, we describe an additional antigen encoded by the
ORF285–404 of the meloe cDNA, recognized by a CTL clone
derived from the TIL population from which we previously
derived the MELOE-1-speciWc CTL clone (M170). This
protein was thus called MELOE-2, and we characterized a
HLA-A2-restricted epitope derived from this polypeptide
and recognized by the speciWc CTL clone. Using speciWc
tetramers, we demonstrated the presence of MELOE-2
reactive T cells in an additional TIL population, also
infused to a patient who is still relapse-free. These results
show that at least two of the multiple ORFs of the meloe
cDNA are translated in melanoma cells, and generate pep-
tides able to induce an immune response in melanoma TIL
populations.

Materials and methods

Cell lines and TIL cultures

Twenty T cell populations were expanded from cryopre-
served samples of TIL (derived from tumor invaded
lymph nodes) infused to melanoma patients included in a
phase I/II protocol between 1994 and 1998. This clinical
trial aimed at comparing the survival of stage III mela-
noma patients randomly treated by IL-2 alone or
TIL + IL-2, in an adjuvant setting [11]. Ten additional
HLA-A2 stage III melanoma patients, treated with TIL
and IL-2 in a similar adjuvant setting but not included in
the clinical trial, were also analyzed in the present study.
All the patients were enrolled between December 2001
and June 2006. The randomized clinical trial was
approved by the local ethics committee (CPP Ouest IV,

Nantes, France) and the French security agency (Afssaps).
Concerning the ten additional patients, only the Afssaps
authorization was necessary. TIL samples were expanded
according a procedure previously described [12, 13].
M170 TIL population containing tumor-speciWc T cells
was cloned by limiting dilution [14], and tumor-speciWc
T cell clones were ampliWed as previously described [12].
Melanoma cells lines and colorectal carcinoma cell line
C4-A were established, respectively, in the Unit of cellu-
lar therapy and in our laboratory. Mouse Wbrosarcoma
WEHI 164 clone 13 and COS-7 cells were obtained from
T. Boon (LICR, Brussels, Belgium). Renal carcinoma
cell line A498 was a gift from C. Saï (INSERM U892,
Nantes, France). Colorectal carcinoma cell lines (CaCo-2,
Sw480, Sw707, LS174T, HTC116), 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 and melanoma cell line A375 were purchased
from the ATCC. Normal melanocytes (98M09 and 01M08),
were gifts from M. Regnier (L’Oréal Laboratory, Paris,
France).

Functional analysis of T cells

Cytotoxic activity of MELOE-2-speciWc T cells was mea-
sured in a standard 4-h assay against 51Cr-labeled peptide-
loaded T2 cells at an E:T ration of 10/1. Measurement of
TNF produced by M170.51 T cell clone in response to
tumor cells or transfected COS-7 cells was performed as
previously described [15], using WEHI 164 clone 13 cells
[16]. mAb against HLA class I (clone W6.32), HLA-B/C
(clone B1.23.2), HLA-A2 (clone BB7.2) added to cultures
in some experiments, were produced in our laboratory
from hybridomas obtained from the ATCC for W6.32 and
BB7.2 antibodies and from F. Lemonier (Pasteur Institute,
France) for B1.23.2 antibody. For intracytoplasmic cyto-
kine staining, after a 6-h stimulation period with mela-
noma cells at an E:T ration of 1:2, in presence of brefeldin
A at 10 �g/mL (Sigma, St Louis, MO, USA), T cells were
labeled with an APC-coupled anti-CD8 antibody (BD
Biosciences, France), and Wxed for 10 min at room tem-
perature in PBS 4% paraformaldehyde (Sigma). Fixed
lymphocytes were stained for cytokine production using
anti-TNF-�, anti-IFN-�, anti-GM-CSF and anti-IL2 spe-
ciWc antibodies (BD Biosciences, France), as previously
described [17]. After staining, cells were resuspended in
PBS and analyzed on a LSR Xow cytometer using Cell
Quest software. Concerning CD107a mobilization experi-
ment, 105 MELOE-2-speciWc T cells were stimulated with
2 £ 105 M6 or M170 melanoma cells for 4 h at 37°C in
the presence of PE conjugated mAb speciWc for CD107a
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(BD Biosciences, France). The T cells were then stained
with an APC conjugated anti-CD8 mAb and analyzed by
Xow cytometry.

ORFs constructs

The various ORFs from meloe sequence, and the partial
sequences of the ORF285–404 were generated either by PCR,
or direct annealing of the two forward and reverse comple-
mentary primers (see Table 1 for primers). Oligonucleo-
tides were designed with EcoRI and XhoI sites included
for subcloning in pcDNA3, and with a Kozak sequence
(gccaccATG) for upper primer and a stop codon for lower
primer. After subcloning in expression vector, sequencing
was carried out by the DNA Sequencing Facility of the IFR
26 (Nantes, France).

Synthetic peptides

Peptides were purchased from Eurogentec (Angers,
France). Purity (>70 or >90% for tetramer production) was
controlled by reversed-phase high-performance liquid chro-
matography. Peptides were lyophilized, dissolved in
DMSO at 10 mg/mL and stored at ¡20°C.

MELOE-2C28L/A2-speciWc tetramer labeling

HLA-A*0201/MELOE-2 �3-mutated monomers were
generated by the recombinant protein facility (IFR26,
INSERM U892, Nantes, France), as previously
described [18]. TIL populations and M170.51 T cell
clone were co incubated for 1 h at 4°C in the dark with
PE or APC-conjugated MELOE-2 tetramer (10 �g/mL)
and CD8 mAb (5 �g/mL), and 104 events were analyzed
on a FACSCalibur.

Immunomagnetic cell sorting and expansion 
of T cell-sorted populations

HLA-A*0201/MELOE-2 monomers (20 �g/mL) were
incubated for 1 h at room temperature with 6 £ 106 strepta-
vidin-coated beads (Dynabeads M-280 streptavidin,
DYNAL, Compiegne, France) and washed in PBS-0.1%
BSA. 5 £ 106 TIL were rotated for 4 h at 4°C with mono-
mer-coated beads [18, 19]. After ten washes, bead coated
cells were expanded using a polyclonal T cell stimulation
protocol [12]. A panel of 24 anti-V� mAbs (V�1, ¡2, ¡3,
¡4, ¡5.1, ¡5.2, ¡5.3, ¡7, ¡7.2, ¡8, ¡9, ¡11, ¡12,
¡13.1, ¡13.2,¡13.6, ¡14, ¡16, ¡17, ¡18, ¡20, ¡21.3,

Table 1 Sequences of primers used ORFs subcloning

a Italics enzyme restriction sites, lower case Kozak sequence

Primers 5�–3� sequencesa

ORF subcloning

(285–404) forward aaaGAATTCgccaccATGAGTGAAAATGCAGGAGG

(285–404) reverse aaaCTCGAGTCACTGGCACAGTGCAG

(486–689) forward aaaGAATTCgccaccATGTCCGTAGGGAGACGC

(486–689) reverse aaaCTCGAGTCACCCTAGAGCTGCCAAG

(1105–1194) forward aaaGAATTCgccaccATGAAATTTGAATTAATTTGCAGAAC

(1105–1194) reverse aaaCTCGAGTTAATTCCTAAGGCATTCATTC

(1230–1370) forward aaaGAATTCgccaccATGAGTTGTGTAGGTTATCC

(1230–1370) reverse aaaCTCGAGTCACAGGGATGCCGGCC

ORF285–404 partial sequence subcloning

(285–341) forward AATTCgccaccATGAGTGAAAATGCAGGAGGTGCCGTAGCGAGAACAGCGACAGCATTC
TGCGCATTGTGAC

(285–341) reverse TCGAGTCACAATGCGCAGAATGCTGTCGCTGTTCTCGCTACGGCACCTCCT
GCATTTTCACTCATggtggcG

(285–371) forward AATTCgccaccATGAGTGAAAATGCAGGAGGTGCCGTAGCGAGAACAGCGACAGCATTCTGCG
CATTGGTGAGCCCGACTCCCCAGCCTCGGTGCCCATGAC

(285–371) reverse TCGAGTCATGGGCACCGAGGCTGGGGAGTCGGGCTCACCAATGCGCAGAATGCTGTCGCTG
TTCTCGCTACGGCACCTCCTGCATTTTCACTCATggtggcG

(345–404) forward AATTCgccaccATGAGCCCGACTCCCCAGCCTCGGTGCCCACCGAAGCCCCCTCTGGCT
GCACTGTGCCAGTGAC

(345–404) reverse TCGAGTCACTGGCACAGTGCAGCCAGAGGGGGCTTCGGTGGGCACCGAGGCTGG
GGAGTCGGGCTCATggtggcG
123



434 Cancer Immunol Immunother (2010) 59:431–439
¡22 and –23) was used to analyze the diversity of M278-
sorted TIL population (Immunotech Beckman-Coulter,
Marseille, France).

Results

T cell clone selection and characterization

A TIL population, which had been infused in 1998 to a
melanoma patient M170 who is still relapse-free, was
cloned by limiting dilution. Aside from Melan-A-speciWc
T cell clones, we derived eight CTL clones that showed a
reactivity pattern consistent with the recognition of (a)
new antigen(s). One of these clones, characterized in a
previous study [10], was speciWc for a new melanoma
overexpressed antigen, called MELOE-1. In the present
study, we focused on another CD8+ T cell clone, hereafter
referred to as M170.51. As illustrated by Fig. 1a, the rec-
ognition of the autologous melanoma cell line was
restricted by the HLA-A2 molecule, since the TNF release
of this T cell clone was inhibited by an anti-HLA-A2-spe-
ciWc antibody but not by an anti-B/C antibody. In order to
determine the distribution of the target antigen, we tested
M170.51 reactivity toward HLA-A2 melanocytes (98M09
and 01MO8) and various HLA-A2 tumor cell lines,
including melanomas, ovarian, lung, breast, renal and
colon carcinomas, using a TNF release assay. As shown in
Fig. 1b, this T cell clone recognized all the HLA-A2 mel-
anoma cell lines tested but none of the other HLA-A2
tumor cell types. In addition, M170.51 T cell clone also
weakly recognized the two HLA-A2 melanocyte cell lines
tested.

IdentiWcation of the cDNA coding for the antigen

Since the tumor cell line recognition pattern was similar to
that of MELOE-1-speciWc T cell clone previously identiWed
[10], we tested M170.51 T cell clone for recognition of
COS-7 cells co-transfected with the meloe cDNA (Fig. 2a)
and the HLA-A*0201 cDNA. As shown in Fig. 2b, COS-7
cells co-transfected with those two plasmids were recog-
nized by this CD8+ T cell clone. The meloe cDNA does
not contain a long ORF, but multiple short ORFs. The
ORF1230–1370 recognized by MELOE-1-speciWc T cell clone
[10] is indicated with a hatched box on the Fig. 2a. Upon
co-transfection into COS-7 cells with the HLA-A*0201
coding cDNA, we tested this ORF together with three addi-
tional ORFs (black boxes in Fig. 2a) for recognition by
M170.51 CTL clone (Fig. 2b). Results showed that the
ORF285–404 encoded the polypeptide, thereafter called
MELOE-2, containing the epitope recognized by this T cell
clone.

IdentiWcation of the peptide recognized by M170.51 T cell 
clone

Using HLA BIMAS prediction analysis (http://
www.bimas.cit.nih.gov), we could not identify peptides
able to bind to the HLA-A*0201 with a high stability
within the 39 amino-acid protein encoded by the ORF285–404

(Fig. 3a). In order to restrict the region that encodes the
peptide recognized by M170.51 CTL clone, we tested three
cDNA regions of MELOE-2 for recognition by the speciWc
CTL clone, upon transfection into COS-7 cells (Fig. 3b).
The region including 385–404 bp was recognized by
M170.51 T cell clone, whereas the region 285–341 bp and
the overlapping region 285–371 bp did not induce T cell
clone activation. Thus, the region encoding the peptide rec-
ognized by M170.51 CTL clone was comprised between
amino acids 21 and 39, indicated in bold on Fig. 3a. We
tested various decapeptides located within this region and
showed that MELOE-227–36 peptide “RCPPKPPLAA” was

Fig. 1 T cell clone selection and characterization. a TNF secretion by
M170.51 T cell clone in response to the autologous melanoma cell line.
104 CTL were added to 3 £ 104 M170 melanoma cells, in the presence
of blocking antibodies directed against class I, A2 and B/C HLA, dilut-
ed to 1/5,000 (thin hatched bars) 1/500 (thick hatched bars) and 1/50
(black bars). b TNF response of M170.51 CTL clone to HLA-A*0201
tumor cell lines. M6 cell line, HLA-A2 negative, was used as a nega-
tive control. 09M08 and 01M08 were HLA-A*0201 melanocyte cell
lines
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Fig. 2 Characterization of the 
cDNA coding for the recognized 
antigen. a Structure of meloe 
cDNA. Black boxes and hatched 
box, illustrating the ORF coding 
for the MELOE-1 antigen, were 
tested for recognition by the 
CTL clone M170.51. b TNF 
response of MELOE-2-speciWc 
clone to COS-7 cells (E/T ratio 
1/3) transfected with indicated 
plasmids. The speciWc T cell 
clone was added 2 days after the 
transfection, and its reactivity 
was assessed by a TNF release 
assay

Fig. 3 Characterization of 
meloe derived peptide recog-
nized by M170.51 T cell clone. 
a Nucleotide and amino acid 
sequence of the ORF 285–404 
of meloe isolated from M134 
cDNA library. The peptidic 
region containing the recognized 
peptide is indicated in bold. 
b M170.51 TNF responses to 
COS-7 cells (E/T ratio 1/3) 
transfected with indicated plas-
mids. The speciWc T cell clone 
was added 2 days after the trans-
fection, and its reactivity was 
assessed by a TNF release assay. 
c Cytotoxicity of M170.51 CTL 
clone against peptide-pulsed T2 
cells. Target cells were chro-
mium labeled for 60 min and 
incubated for 30 min with a 
range of the indicated peptides. 
M170.51 T cell clone was added 
at an E/T ratio of 10/1, and chro-
mium release was then measured 
after a 4-h incubation period
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recognized by M170.51 CTL clone, with an EC50 of
7 £ 10¡8 M (black squares on Fig. 3c). We then tested the
recognition of two additional peptides derived from this
decapeptide. We observed that deletion of the arginine at
the N-terminal end (position 27) completely abrogated the
CTL response (open squares on Fig. 3c), whereas deletion
of the alanine at the C-terminal end (position 36) slightly
increased the CTL clone response (circles on Fig. 3c). In
conclusion, the optimal natural nonapeptide appeared to be
MELOE-227–35 (RCPPKPPLA), recognized with an EC50
of 3 £ 10¡8 M. However, the sequence of MELOE-227–35

peptide was not optimal for binding to the HLA-A*0201
molecule, since it lacks the dominant anchor amino acid
residues (leucine or methionine) at position 2, and valine at
position 9 [20, 21]. This suboptimal binding prevents us
from producing a HLA-A2 tetramer folded with this natural
peptide. Thus, with the aim to produce a MELOE-2-spe-
ciWc tetramer folded with a peptide exhibiting an improved
binding to the HLA molecule, we introduced a single
amino acid substitution (C28L) in the natural peptide
sequence. We Wrst checked the recognition of this modiWed
peptide by our MELOE-2-speciWc CTL clone as shown in
Fig. 3c, the peptide analog MELOE-2C28L was better recog-
nized by M170.51 CTL clone, with a half maximal lysis of
10¡9 M (triangles), compared to 3 £ 10¡8 M for the natural
peptide (circles).

Presence of MELOE-2-speciWc lymphocytes in another 
TIL population

As we previously documented the existence of a correlation
between the presence of MELOE-1-speciWc lymphocytes
among TIL infused to melanoma patients and relapse pre-
vention (P < 0.001) [10], we looked for the presence of
MELOE-2-speciWc lymphocytes among the same 30 HLA-
A2-positive TIL populations using a HLA-A2/peptide tet-
ramer loaded with the MELOE-2C28L analog peptide. In
addition to the M170 TIL population that contained less
than 0.1% of MELOE-2-speciWc cells (data not shown), we
detected the presence of MELOE-2/A2-speciWc T cells in
another TIL population, M278, also infused to a relapse-
free melanoma patient, that also contained MELOE-1-spe-
ciWc T cells (Fig. 4a, left panel). After multimer sorting and
expansion [22], we obtained a pure MELOE-2-speciWc
population (Fig. 4a, right panel). The diversity of TCR V�
usage of this sorted populations was assessed with a panel
of 24 anti-V� antibodies representing the most frequently
expressed V� chains within a normal repertoire. In M278-
sorted TIL population, three diVerent V� chains were
expressed above 1% (Vß9, Vß21.3 and Vß22), indicating
the presence of a rather polyclonal-speciWc TCR repertoire
(Fig. 4b). In order to assess the reactivity of this sorted pop-
ulation toward the natural MELOE-227–35, we measured its

cytotoxicity against T2 cells loaded with the natural and
modiWed MELOE-2 peptides. As illustrated on Fig. 4c,
M278-sorted TIL population (squares) recognized the
MELOE-2C28L analog (black symbols) better than the natu-
ral peptide (open symbols), with an EC50 similar to that of
the M170.51 T cell clone (black and open circles). This bet-
ter recognition (about tenfold) of the modiWed peptide is
likely due to its improved aYnity and/or stability for the
HLA-A2 molecule. Finally, we documented the reactivity
of M278-sorted TIL population on HLA-A*0201 mela-
noma cell lines that spontaneously express the MELOE-2
antigen, by intracellular cytokine labeling. Similar to
M170.51 T cell clone, M278-sorted TIL population was
able to produce TNF-�, IFN-�, GM-CSF and IL-2 in
response to HLA-A2 melanoma cell lines, as illustrated by
responses toward M170 and M113 melanoma cell lines,
M6 being a HLA-A2-negative melanoma cell line (Fig. 4d).
As illustrated by CD107 mobilization experiment (Fig. 4e),
M170.51- and M278-sorted TIL populations were also able
to degranulate in response to M170 melanoma cell line,
showing that MELOE-2-speciWc T cells could be lytic
against HLA-A2 melanoma cell lines, although their lytic
potential appears rather low.

Discussion

We previously described a melanoma epitope
[(MELOE-136–44)] derived from the meloe gene that is
potentially involved in relapse prevention of TIL-treated
melanoma patients [10]. Here we describe, in two patients,
the existence of spontaneous T cell responses to an epitope
derived from a polypeptide encoded by an additional ORF
of the meloe cDNA. This ORF located between base pairs
285 and 404 codes for a polypeptide thereafter called
MELOE-2, also recognized in the HLA-A*0201 context by
a CTL clone derived from the same TIL population (M170).
The MELOE-2-speciWc CTL clone exhibited a similar
recognition proWle as MELOE-1-speciWc CTL clone, with
the recognition of all HLA-A*0201 melanoma cell lines
tested, and to a lower extent of HLA-A*0201 melanocytes.
Similar to MELOE-1-speciWc CTL clone, this T cell clone
failed to recognize any of the other tumor cell lines tested
(Fig. 1b), which is fully consistent with the expression
proWle of meloe gene [10].

The optimal natural epitope recognized by M170.51-
speciWc CTL clone was the nonapeptide MELOE-227–35

(Fig. 3c). According to BIMAS analysis (http://www.
bimas.cit.nih.gov), this peptide did not bind to the HLA-
A*0201 molecule with a high stability, due to poor anchor
residues. This was conWrmed by our unsuccessful attempts
to eYciently fold HLA-A2 complexes with this peptide.
Hence, we designed a modiWed peptide MELOE-2C28L to
123
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include the optimal leucine residue in position 2. This pep-
tide was more eYciently recognized by the speciWc CTL
clone than the natural peptide (Fig. 3c). Furthermore, its
enhanced binding to HLA-A2 allowed us to produce HLA-
peptide tetramers and use these tetramers to look for the
presence of MELOE-2-speciWc T cells within 30 HLA-A2
TIL populations. We thus detected a signiWcant fraction of
MELOE-2C28L/A2 tetramer-positive lymphocytes in one
additional TIL population (M278) that also contained

MELOE-1-speciWc lymphocytes (Fig. 4a, left panel). After
sorting with MELOE-2C28L/A2 multimers and ampliWca-
tion (Fig. 4a, right panel), we provide evidence that this
MELOE-2-speciWc population was oligoclonal as shown
by diverse V� usage (Fig. 4b) and reactive against the
MELOE-227–35 natural peptide, as shown by reactivity on
T2 cells loaded with the natural peptide or on HLA-A2
melanoma cell lines (Fig. 4c–e). Although cytokine produc-
tion of MELOE-2-speciWc T cells in response to HLA-A2

Fig. 4 Detection and analysis of MELOE-2/A2-speciWc CTLs in TIL
infused to M278 relapse-free melanoma patient. a Labeling of A2/
MELOE-227–35-speciWc T cells in M278 TIL population before and
after multimer sorting and expansion. Left panel M278 HLA-A2 TIL
population co-labeled with CD8 antibody, A2/MELOE-136–44 and A2/
MELOE-227–35 tetramers. Values indicate the fraction of positive T
cells among CD8-positive TIL. Right panel multimer-sorted M278
TIL population labeled with CD8 antibody and MELOE-2-speciWc tet-
ramer. b V� chains expressed by the M278 multimer-sorted popula-
tion. The expression of V� was evaluated by labeling the T cell
population with a panel of 24 anti-V� mAbs. c Cytotoxicity of
M170.51 CTL clone (circles) and M278-sorted TIL population

(squares) against peptide-pulsed T2 cells. Target cells were chromium
labeled for 60 min and incubated for 30 min with a range of the
[MELOE-227–35] natural peptide (open symbols) or MELOE-2C28L analog
peptide (black symbols). T cells were added at an E/T ratio of 10/1, and
chromium release was then measured after a 4-h incubation period.
d Production of TNF-�, IFN-�, GM-CSF and IL-2 by the MELOE-2-
speciWc T cell clone (M170.51) and the MELOE-2-sorted speciWc
population (s-M278), in response to two HLA-A2-positive melanoma cell
lines and a HLA-A2-negative melanoma cell line. e CD107a mobilization
by M170.51 T cell clone (upper panel) and M278-sorted TIL popula-
tion (lower panel), in response to a HLA-A2-negative melanoma cell
line (M6) and to a HLA-A2-positive melanoma cell line (M170)
123
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melanoma cell lines appeared signiWcant (Fig. 4d), their
lytic potential, measured by CD107a mobilization remains
somewhat low, suggesting that their potential antitumor
activity could rather result from an indirect activity.

These data show that the ORFs 285–404 and 1230–1370
are actually translated from the meloe mRNA and give rise
to two HLA-A2 restricted epitopes recognized by mela-
noma-speciWc TILs.

Although most tumor epitopes recognized by CTLs
derive from tumor associated proteins that are encoded by
the main ORF of the corresponding mRNA, the use of
alternative ORFs for the generation of non classically
encoded tumor epitopes has previously been described. The
Wrst demonstration of alternative ORF usage was the char-
acterization of a peptide derived from an alternative reading
frame of the gp75 antigen [23]. In this case, the translation
was initiated at an internal start codon and led to the pro-
duction of a 24 aa polypeptide. The production of this poly-
peptide, recognized by melanoma TIL in the HLA-A31
context, did not occur exclusively in tumors, as lympho-
cytes directed against this antigen also recognized normal
melanocytes. In another case reported, an epitope from the
CAMEL protein was described in melanoma that originated
from the translation product of an alternative ORF in the
LAGE-1 gene, starting at the second ATG of the mRNA
[24]. Another example of a CTL epitope derived from an
alternative ORF is the NA17-A1–9 peptide produced by the
translation of an intron of the N-acetylglucosaminyltrans-
ferase gene [25]. The mechanism involved in the generation
of this tumor antigen was supposed to be a defect of splic-
ing of this intronic region in tumor tissues, associated with
a promoter located near the end of the relevant intron that
could be activated in tumor cells. Other alternative reading
frames leading to the production of tumor epitopes have
been identiWed, such as the melanoma restricted expressed
BING-4 protein encoded in a gene-rich region of the
extended class II MHC [26], or frameshifts products of
CDKN2A tumor suppressor gene [27]. All these non-classi-
cally generated epitopes are produced either by transcrip-
tional mechanisms, such as the activation in transformed
cells of naturally silent promoters within introns or UTRs
[25, 26], or by splicing events [25] or frameshifts [23, 24,
27].

One could hypothesize that the generation of MELOE-1
and MELOE-2 polypeptides from the same messenger
could result from the existence in melanomas of low levels
of shorter transcripts (generated either by splicing or by the
existence of a cryptic promoter) in addition to the main
unspliced transcript that we previously described. To test
this hypothesis, we performed in depth PCR analyses of
meloe transcripts in melanoma cells, but failed to detect any
other transcripts than the full length unspliced messenger
(data not shown). We thus favor the hypothesis that the

production of both MELOE-1 and MELOE-2 polypeptides
from meloe messenger is controlled at the translational
level. It could result either from re-initiation of translation,
where the 40S subunit of a ribosome does not dissociate
from the messenger and begins another translation at a
downstream AUG codon [28–30], or to internal initiation
of translation due to an IRES sequence located between
MELOE-2 and MELOE-1, as previously described for sev-
eral viral and cellular mRNAs [29, 31, 32] and also for a
tumor antigen, MPD6 eliciting immune responses in pros-
tate cancer patients [33].

Due to their generation at presumably low concentra-
tions, it has been proposed that unconventionally derived
tumor epitopes would be less able to induce negative
selection events in the thymus [34]. Thus, unconventional
epitopes may allow the expansion of a high avidity
tumor-speciWc T cell repertoire. However, as we found
CTL responses against MELOE-2-derived peptide in only
two relapse-free patients, its therapeutic potential needs to
be further documented.

In conclusion, our data strongly suggest that the transla-
tion of distinct ORFs of the meloe mRNA in melanoma
cells, by a mechanism that remains to be formally eluci-
dated, generates immunogenic polypeptides that could
represent interesting targets for the immunotherapy of
melanoma.
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