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Abstract A panel of cytolytic T lymphocyte (CTL)
clones was isolated from metastases and blood samples
of a melanoma patient vaccinated with MAGE-3.A1-
pulsed autologous dendritic cells. We report here the
identification of a new antigen encoded by the MAGE-
C2 cancer-germline gene. This antigen is recognized by
some of these CTL on HLA-B*4403. The sequence of
the peptide is SESIKKKVL. It is processed in various
melanoma cell lines expressing MAGE-C2 and HLA-
B*4403. Because of the expression pattern of gene
MAGE-C2, this new antigen is strictly tumor-specific and
could therefore be used for peptide-based antitumoral
vaccination.
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Introduction

Among antigens recognized on tumors by autologous
T lymphocytes [22], antigens encoded by cancer-germ-
line genes, such as members of the MAGE gene family,
represent an interesting category. These genes are
expressed in tumors of various histological types but
not in normal tissues except male germline cells [23].
Because germline cells do not express MHC molecules
[9], they do not display antigenic peptides on their sur-
face. Therefore peptides encoded by cancer-germline
genes are strictly tumor-specific and of particular inter-
est for cancer immunotherapy. Based on the use of
defined antigens encoded by cancer-germline genes,
various clinical trials of therapeutic vaccination have
been initiated in melanoma patients. So far, less than
10% of patients have shown an objective clinical
response, irrespective of the antigen or the vaccination
modality used [2, 18].

Melanoma patient LB2586 received repeated injec-
tions of autologous mature dendritic cells pulsed with
the MAGE-A3,4 176 peptide presented by HLA-A1
for the treatment of multiple in transit skin metastases
of the right lower leg. The patient displayed a mixed
tumor response involving regression of most and pro-
gression of a limited number of cutaneous metastases.
A monoclonal cytolytic T lymphocyte (CTL) response
to the vaccine antigen was documented in the blood of
the patient (J. Carrasco et al., manuscript in prepara-
tion). Tumor cell cultures were established from cuta-
neous metastases that were resected from this patient
during the course of the therapeutic vaccination. These
cells were used to stimulate autologous tumor infiltrat-
ing lymphocytes. Many CTL clones were obtained that
lysed specifically the autologous melanoma cells but
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did not recognize the MAGE-3.A1 vaccine antigen.
Some of these tumor-derived CTL clones were found
to recognize a new antigen encoded by gene MAGE-
C2, which is also recognized by CTL derived from the
blood of this patient.

Materials and methods
Patient and cell lines

Melanoma patient LB2586 (HLA-A*0101, -A*2902,
-B*27052, -B*4403, -Cw*0202, -Cw*1601) was vacci-
nated repeatedly with mature, monocyte-derived
autologous dendritic cells pulsed with the HLA-A1-
restricted MAGE-A3 peptide EVDPIGHLY ¢4 176 [6]
and the HLA-DP4-restricted MAGE-A3 peptide
KKLLTOHFVQENYLEY 43 5s¢ [19]. The detailed
vaccination schedule and the analysis of the response
will be reported elsewhere (J. Carrasco et al., manu-
script in preparation). Cultures of tumor cells were
derived from two progressing cutaneous metastases,
one resected after two cycles of six vaccinations and
the other after two additional cycles. These cultures
were established according to the procedure described
by Brasseur [3]. Cultured melanoma cells were rapidly
obtained in large numbers from the former metastasis,
further referred to as LB2586-MEL.B, and could be
easily propagated for several passages but a permanent
line could not be established. Cultures from the other
metastasis gave rise to melanoma line LB2586-MEL.G.
Melanoma cells, EBV-transformed B cells and K562
cell line were cultured in Iscove’s modified Dul-
becco’s medium (IMDM) (Invitrogen, Carlsbad, CA,
USA) supplemented with 10% fcetal calf serum (FCS)
(Invitrogen). COS-7 cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (Invitrogen) sup-
plemented with 10% FCS. WEHI 164 clone 13 cells
were cultured in RPMI 1640 medium (Invitrogen) sup-
plemented with 5% FCS. Media were supplemented
with L-arginine (116 mg/l), L-asparagine (36 mg/l) and
L-glutamine (216 mg/l). Lymphocytes were cultured in
IMDM supplemented with 10% human serum (HS)
and 5 x 107> M 2-mercaptoethanol.

Anti-tumor CTL clones

Surgically resected progressing cutaneous metastases
were used as a source of tumor infiltrating lympho-
cytes (TIL). A fresh tumor sample was chopped into
small pieces that were distributed into wells in 1.5 ml
of IMDM containing 1% autologous serum, recombi-
nant human IL-2 (50 U/ml) (Chiron, Amsterdam, The
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Netherlands), gentamycin (15 pg/ml) and nystatin
(200 U/ml). After 14 days, the TIL were pooled in
three groups of 4 x 10° lymphocytes and incubated
with 2 x 10° irradiated (10,000 rads) LB2586-MEL.B
tumor cells pretreated for 48 h with IFN-y (100 U/ml)
(Peprotech, Rocky Hill, NJ, USA), in 2ml IMDM
containing 10% HS, IL-2 (50 U/ml), IL-4 (1.5 ng/ml)
(produced in our laboratory) and IL-7 (5ng/ml)
(R&D Systems, Minneapolis, MN, USA). Lympho-
cytes from the mixed lymphocyte tumor cultures
(MLTC) were restimulated at days 7 and 14 in the
same conditions. At day 20, they were cloned by limit-
ing dilution in microwells containing irradiated
LB2586-MEL.B tumor cells (5,000/well) pretreated
with 100 U/ml IFN-y for 48 h, irradiated allogenic
LG2-EBV feeder cells (3 x 10*well) and the cytokine
cocktail. Restimulations were done at days 7 and 14
and a !Cr lysis assay was performed at day 20. CTL
clones specific for the tumor were amplified in 2 ml
cultures containing irradiated LB2586-MEL.B tumor
cells pretreated with IFN-y (2 x 10°/well) and irradi-
ated LG2-EBV feeder cells (10%well) in IMDM con-
taining 10% HS and the cytokine cocktail. TFN-y
treatment of tumor cells upregulated the HLA expres-
sion and consistently increased the level of specific
lysis in >!Cr assay.

Blood CD8* lymphocytes purified from thawed
PBMC by sorting with anti-CD8 magnetic beads and
an autoMACS separator (Miltenyi Biotec, Bergisch
Gladbach, Germany) were used to isolate anti-tumor
CTL. Lymphocytes were seeded at 200-6,000 cells/
well in 48 or 96 V-bottom microwells (Nunc, Roskilde,
Denmark) and stimulated by the addition of irradiated
(10,000 rads) LB2586-MEL.B cells (5,000/well) pre-
treated with 100 U/ml IFN-v in a final volume of 200 ul
IMDM supplemented with 10% HS, IDO inhibitor
1-methyl-L-tryptophan (200 uM), IL-2 (50 U/ml), IL-4
(3 ng/ml) and IL-7 (10 ng/ml). The microcultures were
restimulated at days 7 and 14 by the addition of irradi-
ated LB2586-MEL.B cells (3,000-5,000/well) and the
same cytokine cocktail. Around day 21, aliquots col-
lected from all microcultures were used as effector
cells in a cytotoxicity assay, with >!Cr-labeled targets
including IFNy treated LB2586-MEL.B cells, LB2586
EBV-transformed B cells and K562 (1,000 cells/well);
a 50-fold excess of unlabeled K562 was added to
quench the activity of NK-like effectors. Microcultures
displaying a high level of tumor specific cytotoxic
activity and prone to be clonal according to the Pois-
son distribution law were further restimulated in the
same conditions and a second lytic assay was per-
formed 2 weeks later in the absence of unlabeled K562
cells. To derive anti-tumor CTL clones from confirmed
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lytic microcultures, CD8" cells were sorted and cloned
at 1 cell/microwell by use of a FACS Vantage cell
sorter (Becton Dickinson, San Jose, CA, USA) and
restimulated with irradiated IFN-y-treated LB2586-
MEL.B cells (5 x 10%well), irradiated allogenic
LG2-EBYV feeder cells (3 x 10*well) in 200 pl medium
containing IL-2 (50 U/ml) and IL-7 (10 ng/ml). Cloned
CTL were finally grown in 24-well plates (10° cells/
well) with irradiated IFN-y-treated LB2586-MEL.B
cells (2 x 10°/well), irradiated allogenic LG2-EBV
feeder cells (10%well) in 2 ml medium containing IL-2
(50 U/ml) and IL-7 (10 ng/ml).

Cytotoxicity assay

Cytolytic activity was estimated in a chromium release
assay as described previously [1]. Briefly, CTL were
mixed with 1,000 >'Cr-labeled target cells; after 4 h, the
radioactivity released in the supernatant was mea-
sured. For the peptide assay, >Cr-labeled autologous
EBV-transformed B cells (LB2586-EBV) were incu-
bated with serially diluted peptides for 30 min before
addition of the CTL. Peptides were synthesized on
solid phase Fmoc for transient N-terminal protection
and characterized by mass spectrometry. The 9-mer
and 11-mer optimal peptides were further purified by
rp-HPLC to give >99% purity. Lyophilized peptides
were dissolved at 10mg/ml in dimethylsulfoxide
(DMSO) and stored frozen.

TNF release assay

Target cells (2 x 10*/microwell) were incubated with
CTL (2 x 10%) in 100 pul of culture medium supple-
mented with IL-2 (25 U/ml). After 24 h of coculture,
the supernatant was collected and its TNF content was
determined by testing its cytotoxic effect on WEHI 164
clone 13 cells as described [5, 20].

Transient transfection of COS-7 cells

Transfection was performed by the Lipofectamine
method according to the manufacturer recommenda-
tions (Invitrogen). Briefly, COS-7 cells (1.5 x 10%)
distributed in flat bottom microwells the day before
transfection were cotransfected in triplicate with
50 ng of pcDNAI/Amp or pcDNA3 plasmid contain-
ing the cDNA of one of the HLAs corresponding to
the patient typing, together with 50 ng of a plasmid
containing the cDNA of a gene encoding a tumor
antigen, in the presence of 1 pl of Lipofectamine in
serum-free OPTIMEM medium (Invitrogen) in a final
volume of 50 ul. After a 5-h incubation at 37°C, 200 ul

of DMEM medium supplemented with 10% FCS was
added and incubation continued for 20 h. The trans-
fection medium was discarded and the CTL to be
tested for antigen recognition were added (2 x 10%
microwell) together with IL-2 (20 U/ml) in a final
volume of 100 pl. After 24 h, the supernatants were
collected and their TNF content estimated as
described above.

RT-PCR assay for expression of gene MAGE-C2

Expression of gene MAGE-C2 in different cell lines was
analyzed by reverse transcription-PCR as described,
using primers SL102 and SL103 [14].

TCR analysis of CTL clones

TCR Va and VB chains were assessed by reverse tran-
scription-PCR essentially as described [8], except that
fluorescently labeled downstream primers (Co-HEX
and CB-NED) (Eurogentec, Licge, Belgium) were
used, allowing fast and accurate size determination
simultaneously for the Va and VB PCR products that
could be distinguished by their different fluorescence
using the ABI PRISM 3100 Genetic Analyzer and the
GeneScan software (Applied Biosystems, Foster City,
CA, USA). PCR products were purified and sequenced
using the BigDye Terminator Sequencing Ready Reac-
tion Kit (Applied Biosystems) and the ABI PRISM
3100 Genetic Analyzer to obtain a complete identifica-
tion of the CDR3 region.

Results
Isolation of anti-tumor CTL from a metastasis

Seven months after the onset of vaccinations with
autologous dendritic cells pulsed with the MAGE-3.A1
peptide, a cutaneous metastasis was resected. Part of it
was taken for establishment of a tumor cell culture,
further referred to as LB2586-MEL.B. Another frag-
ment was chopped into small pieces that were distrib-
uted into 20 wells in 1.5 ml culture medium containing
autologous serum and IL-2. Two weeks later, lympho-
cytes which had exited from the tumor pieces and
divided, were collected and restimulated in three pools
of 4 x 10° cells with the LB2586-MEL.B tumor cells in
a MLTC. After 14 days, a >!Cr release assay was per-
formed on each MLTC; Fig. 1 is representative of one
of them. It revealed that all three MLTCs contained
cells that lysed the autologous tumor cells but did not
lyse autologous EBV-transformed B cells and NK
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Fig.1 Lysis of autologous melanoma cells LB2586-MEL.B by
TILs maintained in MLTC for 14 days. LB2586-MEL.B
melanoma cells were treated with 100 U/ml IFN-y for 48 h before
the test. Autologous EBV-transformed B cell line LB2586-EBV
(either pulsed or not with 1 pM MAGE-3.A1 peptide), and K562

target cells K562. Moreover, autologous EBV-B cells
pulsed with the vaccine antigen MAGE-3.A1 were not
lysed, suggesting that the TIL were not directed against
the vaccine antigen. After cloning by limiting dilution,
cytotoxic CDS8* clones were obtained. One T cell
receptor was observed in several CTL clones derived
from two of the three MLTCs, indicating the presence
of at least two members of the same clonotype in the
tumor. This clonotype is VB19-Jp1.4, with CDR3
sequence tagtTTACGACAGGGCGGAgaaaaa... and
Va9.2-Ja37 with CDR3 sequence tctgGGAGGATtctg...
and will be referred to as clonotype A. CTL 2.4 that
belonged to this clonotype was able to lyse the autologous
LB2586-MEL.B tumor cells but not the autologous
EBV-B cells (Fig. 2a). It secreted TNF upon incuba-
tion with the autologous tumor cells (Fig.2b). TNF
secretion was inhibited by monoclonal antibody
B1.23.2, indicating that the epitope is presented by
HLA-B or -C molecules.
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Fig. 2 a Specific lysis of autologous melanoma cells LB2586-
MEL.B by CTL 2.4. Melanoma cells were treated with 100 U/ml
IFN-y for 48 h before the test. Autologous EBV-transformed B
cell line LB2586-EBV was used as control target. >'Cr release was
measured after 4 h. b Recognition of autologous melanoma cells
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cells were used as control targets. The lymphocytes were incu-
bated at various effector-to-target ratios with 1,000 >'Cr-labeled
targets; unlabeled K562 were added in a 50-fold excess to avoid
nonspecific lysis. 3'Cr release was measured after 4 h

Identification of the antigen recognized by CTL 2.4

CTL 2.4 was incubated with COS-7 cells transiently
cotransfected with plasmids containing cDNA of
HLA-B or C corresponding to the patient alleles,
together with the cDNA obtained from a set of genes
known to encode tumor antigens. Secretion of TNF by
the CTL was observed with COS cells cotransfected
with cDNAs of HLA-B*4403 and MAGE-C2 (Fig. 3).
To delimit the peptide-coding sequence, COS-7 cells
were cotransfected with HLA-B*4403 cDNA and
three different expression plasmids containing parts of
the MAGE-C2 cDNA sequence [16]. The results indi-
cated that the peptide recognized by CTL 2.4 was
encoded within the last 211 nucleotides of the MAGE-
C2 open reading frame (Fig.3). Several peptides
encoded within this region and bearing the HLA-
B*4403 binding motif with E in position 2 and/or Y or
F at the carboxyterminus, were synthesized. They were

0 20 40 60
TNF released by CTL (pg/ml)

LB2586-MEL.B by CTL 2.4 is inhibited by anti-HLA-B,C anti-
body. CTL 2.4 was cocultured with the IFN-y-treated autologous
melanoma cells in the absence or presence of anti-HLA-B,C anti-
body clone B1.23.2. After 24 h of coculture, the amount of TNF
in the supernatant was measured by its toxicity on WEHI-13 cells
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Fig. 3 Representation of the MAGE-C2 cDNA and minigenes
used to identify the region coding for the antigenic peptide.
Exons appear as open boxes, spliced introns as kinky lines, and
the open reading frame as a black box. The minigene constructs
corresponding to truncated fragments of the MAGE-C2 cDNA
obtained by PCR are presented as gray boxes, with nucleotide

tested for recognition by CTL 2.4 onto autologous
EBV-B cells. Peptidesy;_3;; and analogs elongated at
the C-terminus were recognized, albeit at a relatively
high concentration (Fig. 4). The undecapeptide con-
tained two overlapping candidates, a nonapeptide
starting at position 307 and a decapeptide starting at
position 308. Only nonapeptidesy; 3;5 SESIKKKVL
was recognized, with half-maximum lysis obtained at
40 nM (Fig. 4). This nonapeptide appeared to be the
optimal peptide, as peptides truncated by one residue
either at the C-terminus or the N-terminus were not
efficiently recognized.

Many additional independent CTL clones recogniz-
ing peptide SESIKKKVL on autologous EBV-B cells
and expressing the same TCR (clonotype A) were fur-
ther isolated, either from other skin metastases resected
at later time points, or from blood lymphocytes

Fig. 4 Lysis by CTL 2.4 and
CTL 6.11.6 of autologous
EBV-transformed B cell line

LB2586-EBV pulsed with the 70

—l— SESIKKKVL
—&— SESIKKKVLEF
—&— SESIKKKVLEFLA

positions numbered starting from the first ATG of the ORF.
These constructs were cotransfected into COS-7 cells with the
HLA-B*4403 cDNA. Twenty-four hours later, recognition of the
transfected cells by CTL 2.4 was tested in a TNF production as-
say. The antigenic peptide sequence (see Fig. 4) is underlined

collected in the course of vaccination. One of these
clones is CTL 6.11.6 isolated from blood taken after
one cycle of six vaccinations. This CTL recognized the
antigen with affinity similar to CTL 2.4 (Fig. 4). It pro-
liferated better in vitro and was used in further experi-
ments.

Recognition of allogenic melanoma cell lines
expressing MAGE-C2

CTL 6.11.6 was tested on the LB2586-MEL.G autolo-
gous melanoma cell line and on four allogenic mela-
noma lines expressing MAGE-C2 and HLA-B44. Two
of them expressed B*4403 like the autologous line, one
expressed B*4404 and one expressed B*4402. Recogni-
tion by CTL 6.11.6 was restricted to the cell lines
expressing MAGE-C2 and HLA-B*4403 (Fig. 5). This

—@— SESIKKKVLEFLAKL
—O— SESIKKKV
—A—  ESIKKKVL

indicated peptides. The >'Cr-
labeled LB2586-EBV B cells
were pulsed for 30" with vari-
ous concentrations of pep-
tides. CTL 2.4 and CTL 6.11.6
were then added at an effec-
tor-to-target ratio of 10 and 3,
respectively. >'Cr release was
measured after 4 h

% of specific lysis

CTL24

CTL6.11.6

10-1

10 108 104

103
peptide concentration ( nM)
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Fig. 5 Recognition of mela- melanoma HLA MAGE-C2
noma cell lines expressing cell line expression  expression
MAGE-C2 by CTL 6.11.6 is ‘
restricted by HLA-B*4403. LB2586-MEL.G B*4403 +
The melanoma cell lines,
expressing various HLA-B44 LB1773-MEL.D B*4403 +
molecules, were treated with
IFN-vy and further incubated LB2518.MEL B*4403 +
in the presence of CTL 6.11.6.
After 24 h, the production of LB4-MEL B*4404 +
TNF was measured
LB373-MEL B*4402 +
MZ2-MEL.43 B*4403 —
no target

restricted recognition was confirmed in lysis assay
showing that CTL 6.11.6 was able to lyse MAGE-C2*
HLA-B*4403* tumor cells exclusively, with 60% spe-
cific lysis at an effector-to-target ratio of 10 (data not
shown).

Discussion

We report the molecular definition of a new antigen
that is encoded by gene MAGE-C2 and presented by
HLA-B44. This identification relies on the recognition
by CTL clones obtained either from metastases or
from the blood of a melanoma patient enrolled in a
vaccination protocol in which autologous mature den-
dritic cells pulsed with the MAGE-3.A1 peptide were
injected. Their emergence in the course of patient
LB2586 vaccination will be discussed elsewhere (J.
Carrasco et al., manuscript in preparation). The clinical
outcome of our patient who remains in complete
remission more than 3 years after the initiation of ther-
apeutic vaccination is encouraging and supports fur-
ther investigation of the SESIKKKVL peptide for the
therapeutic vaccination of HLA-B*4403 positive
patients with MAGE-C2 expressing cancers.

Gene MAGE-C2 is a member of the MAGE gene
family, which comprises several genes located on chro-
mosome X and which displays a cancer-germline
expression pattern [4]. MAGE-C2 is expressed in 40%
of melanomas, 30% of bladder carcinomas, 20% of
head and neck carcinomas and 10% of nonsmall cells
lung carcinomas while silent in normal tissues, except
in male germline cells, which are devoid of MHC class
I molecules [14]. Genes of the MAGE-A cluster were
found to encode a large number of tumor-specific anti-
gens recognized by T lymphocytes [22]. Recently, three
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antigenic peptides were found to be encoded by gene
MAGE-C2, one of the four genes comprised in the
MAGE-C cluster: two presented by HLA-A2 and one
by HLA-B57 [7, 16].

HLA-B44 is expressed by 24% of Caucasians, thus
being the most frequent HLA-B allele in this popula-
tion [11, 13]. This allelic group comprises at least eight
subtypes, among which predominate B*4402 (61%)
and B*4403 (36%). The new MAGE-C2 antigenic pep-
tide described here needs to be presented to clonotype
A CTL in the context of HLA-B*4403. This may be
due to the fact that the peptide binds specifically to
HLA-B*4403 and not to the other B44 subtypes tested,
as shown for other antigenic peptides [10]. Alterna-
tively, assuming the peptide binds to various subtypes,
the specificity of the CTL clone could be due to a par-
ticular conformation adopted by the peptide when
bound to B*4403, for previous reports have shown that
CTL are able to distinguish between various conforma-
tions adopted by the same peptide in two B44 or B35
subtypes [10, 21]. A third potential explanation is that
clonotype A CTL, which is B*4403-restricted, shows
strict specificity for this presenting HLA molecule
although it differs from B*4402 or B*4404 only at resi-
due 156 or residues 156 and 163, respectively; such
strict specificity for one B44 allele has already been
reported for an anti-MAGE-3 CTL derived from a
B*4403 patient [10].

MAGE-C2 antigenic peptide SESIKKKVL pre-
sented by HLA-B*4403 is the fourth MAGE-C2 anti-
genic peptide which has been identified. The first three
MAGE-C2 peptides have been identified in another
melanoma patient who displayed impressive CTL
responses against these antigens, reaching frequencies
in the tumor of several percent of CD8 T cells. Some
of these responses occurred spontaneously before
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vaccination [7, 15]. High spontaneous responses have
also been observed for antigens encoded by LAGE-]
and NY-ESO-I [12, 17]. Whether this makes these anti-
gens particularly useful for anti-tumoral vaccines will
have to be determined by clinical experimentation.
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