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Abstract Gene MAGE-A3 encodes tumor-speciWc
antigenic peptides recognized by T cells on many
tumors. MAGE-A3 peptides presented by HLA class I
molecules have been identiWed using CD8 lymphocytes
stimulated with cells that either expressed gene
MAGE-A3 or were pulsed with candidate peptides.
One antigen identiWed with the latter method is pep-
tide MAGE-A3195–203 IMPKAGLLI, presented by
HLA-A24 molecules. It has been used to vaccinate
advanced cancer patients. Here, we have used HLA/
peptide tetramers to detect T cells recognizing this
peptide. Their frequency was estimated to be 2 £ 10¡8

of the blood CD8 cells in non-cancerous HLA-A24+

individuals, which is tenfold lower than the reported
frequencies of T cells against other MAGE peptides.
In the blood of a patient vaccinated with MAGE-A3,
the estimated frequency was 5 £ 10¡7. Anti-MAGE-
3.A24 cytolytic T cell clones were derived, that lysed
peptide-pulsed cells with half-maximal eVect at the low
concentration of 500 pM. However, these CTL did not
recognize a panel of HLA-A24+ tumor cells that

expressed MAGE-A3 at levels similar to those found in
HLA-A1+ tumor cells recognized by anti-MAGE-3.A1
CTLs. Furthermore, 293-EBNA cells transfected with
MAGE-A3 and HLA-A24 constructs were hardly rec-
ognized by the anti-MAGE-3.A24 CTL clones. These
results suggest that peptide MAGE-A3195–203 is poorly
processed and is not an appropriate target for cancer
immunotherapy.
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Abbreviations
CTL Cytolytic T lymphocytes
DC Dendritic cells
EBV Epstein-Barr virus
MLPC Mixed lymphocyte peptide culture
PBMC Peripheral blood mononuclear cells
TCR T cell receptor

Introduction

The ‘cancer-germline’ genes are a small number of
gene families that are expressed in male germline cells,
not in other normal adult tissues, and in many tumors
[5]. Male germline cells do not express HLA genes, and
therefore cannot present antigenic peptides to T lym-
phocytes. Therefore, the cancer-germline genes encode
antigenic peptides that are strictly tumor-speciWc and
that can be recognized by CD4 or CD8 T cells on many
tumors [20]. The prototype cancer-germline genes are
the MAGE genes [21]. They are ranged in three fami-
lies of genes located on chromosome X: MAGE-A, -B,
and -C [5, 7]. The MAGE-A family comprises 12 genes,
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including genes MAGE-A1 and MAGE-A3, the Wrst
cancer-germline genes found to code for tumor-speciWc
antigenic peptides recognized on human tumors by
cytolytic T lymphocytes (CTL) [8, 21]. These antigenic
peptides were identiWed by using tumor-speciWc CTL
clones derived from blood lymphocytes restimulated
in vitro with autologous tumor cells.

Many groups have contributed to the identiWcation
of more than 50 combinations of MAGE peptides and
HLA class I or class II molecules, recognized by CD8
or CD4 T cells, respectively [20]. For most of these
identiWcations, the T cells were obtained using one of
the following two methods. The Wrst is to use T cells,
preferably T cell clones, derived after in vitro stimula-
tion of blood or tumor-inWltrating lymphocytes with
either tumor cells or antigen-presenting cells infected
with a recombinant virus encoding a MAGE gene. This
procedure normally ensures that the anti-MAGE T
lymphocytes recognize cells that naturally process and
present the antigenic peptide, which is then identiWed.
The other strategy is to stimulate T cells with a candi-
date peptide selected because it contains an appropri-
ate HLA-binding motif. Its binding to the HLA is then
veriWed with cells or puriWed HLA molecules. Next,
peptide-speciWc T cells are obtained, usually through
an in vitro priming of blood lymphocytes with the pep-
tide. The last and crucial step is then to examine
whether the candidate antigenic peptide is naturally
processed in tumor cells that express the appropriate
HLA and MAGE genes, by testing their recognition by
the peptide-speciWc lymphocytes.

Peptide MAGE-A3195–203, IMPKAGLLI, was iden-
tiWed using this peptide stimulation approach [17]. Pep-
tide-speciWc CTL lines were reported to lyse HLA-
A24+ MAGE-A3+ carcinoma cell lines but not cell
lines that expressed only HLA-A24 or MAGE-A3
[17]. On this basis, several groups have vaccinated
HLA-A24+ cancer patients with autologous dendritic
cells (DC) pulsed with peptide MAGE-A3195–203. Six
patients with advanced gastrointestinal carcinoma
received i.v. injections of peptide-pulsed DC, and one
patient displayed regression of a metastatic lymph
node [16]. Four patients with advanced bladder carci-
noma received s.c. injections of a similar vaccine, and
objective tumor regressions were observed in three
patients [15]. Blood lymphocytes from one regressor
patient lysed autologous tumor cells after in vitro
restimulation with peptide-pulsed DC. Finally, four
HLA-A24+ patients with metastatic melanoma
received DC pulsed with KLH and Wve antigenic pep-
tides corresponding to deWned melanoma antigens,
including peptide MAGE-A3195–203 [1]. Regressions of
metastases were observed in two patients, with T cell

responses to the peptide mix detected using an ELI-
SPOT assay performed after an in vitro restimulation
over 2 weeks.

We undertook the present work to estimate the fre-
quency of circulating anti-MAGE-A3195–203 CD8 T cells
in normal HLA-A24+ individuals and in vaccinated
patients. We used the method that we had set up for
other tumor-speciWc antigens, namely restimulation of
blood lymphocytes with the antigenic peptide followed
by detection with the appropriate tetramer [6, 10]. The
anti-MAGE-A3195–203 lymphocytes that we could detect
were less frequent than the CTL against other MAGE
peptides, but we discontinued these frequency analyses
when we realized that the T cell clones derived from
these experiments did not recognize a panel of HLA-
A24+ melanoma lines expressing MAGE-A3.

Results

Detecting anti-MAGE-3.A24 CD8 T cells in the blood 
of a melanoma patient

We Wrst tried to detect anti-MAGE-3.A24 T cells in
blood lymphocytes collected from a melanoma
patient, LB2673, who was vaccinated with a recombi-
nant MAGE-A3 protein and three peptides including
peptide MAGE-A3195–203, referred to below as
MAGE-3.A24, and peptide MAGE-A10254–262, which
is presented by HLA-A2. Using the MAGE-A10 pep-
tide as an internal control, we focused on these two
peptides and used our mixed lymphocyte peptide cul-
ture (MLPC) approach involving the stimulation of
lymphocytes with the antigenic peptides for 2 weeks
under limiting dilution conditions, followed by labeling
the responder cells with tetramers [6, 10]. An overview
of the procedure is shown in Fig. 1. The tetramer
screening was performed on day 14 with a mix of
recombinant HLA-A24 molecules folded with peptide
MAGE-A3195–203, and HLA-A2 folded with MAGE-
A10254–262. Six out of the 156 microcultures contained
CD8 cells stained by this mix of tetramers (Fig. 1).
Three days later, cells of these six microcultures were
labeled with each tetramer separately. One microcul-
ture contained anti-MAGE-3.A24 T cells, and the Wve
others contained anti-MAGE-A10 lymphocytes (Fig. 1).
Considering that the proportion of CD8 T cells in the
peripheral blood mononuclear cells (PBMC) used in
this experiment was 24%, the estimated frequency of
precursors of anti-MAGE-3.A24 T cells is 1.3 £ 10¡7 of
the blood CD8 T cells. In two other experiments, the
estimated frequencies were 4.5 and 9.7 £ 10¡7 of the
CD8 cells (Table 1).
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To conWrm the speciWcity of the tetramer-stained
cells, stable T cell clones were derived from tetramer-
positive cells sorted at one cell per well and restimulated
with HLA-A24+ Epstein-Barr virus (EBV)-transformed
B cells pulsed with the antigenic peptide. Two indepen-
dent clones were obtained, which expressed diVerent
T cell receptors (TCR) (Table 1). One clone, named
CTL 789, is shown in Fig. 2. It was stained by the A24/
MAGE-A3 tetramer but not by a control HLA-A2 tet-
ramer folded with the same peptide MAGE-A3195–203.

It lysed EBV-B cells incubated with peptide MAGE-
3.A24. Half-maximal eVect required only 500 pM of
peptide, which is signiWcantly less than what we usually
observe for tumor-speciWc CTL clones, i.e., 1–30 nM.
This result indicated that CTL clone 789 had a very good
functional aYnity for the peptide.

As shown in Table 1, two MLPC/tetramer experi-
ments were carried out with PBMC from a lung carci-
noma patient vaccinated with peptide MAGE-3.A24,
and no positive microculture was found.

Fig. 1 Detection of anti-
MAGE-3.A24 T cells using 
the MLPC/tetramer method-
ology. Blood lymphocytes 
from melanoma patient 
LB2673 were stimulated on 
days 0 and 7–8 with peptides 
and cytokines, and labeled on 
day 14 with anti-CD8 antibod-
ies coupled to FITC, HLA-
A24 tetramers containing 
peptide MAGE-A3195–203 and 
HLA-A2 tetramers contain-
ing peptide MAGE-A10254–

262, all coupled to phycoery-
thrin. Microcultures that con-
tained cells stained with 
tetramers were retested at day 
17 with each tetramer sepa-
rately. For the analysis of day 
14, the proportions of CD8+ 
lymphocytes that were stained 
by the tetramer mix are indi-
cated. The dotted line square 
in the plot of microculture #18 
indicates the cells from which 
CTL clone 789 was derived
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Frequency of anti-MAGE-3.A24 CD8 T cells in the 
blood of non-cancerous individuals

MLPC/tetramer experiments were carried out with
blood mononuclear cells from four donors, enriched
for CD8+ cells by positive or negative selection with
magnetic microbeads (Table 1). A total of 102 £ 106

CD8 cells were used in Wve experiments, and only Wve
microcultures were found to contain cells stained by
the A24/MAGE-A3 tetramer. The resulting frequency
of naive anti-MAGE-3.A24 lymphocytes was 5 £ 10¡8

of blood CD8 cells, which is tenfold lower than that
observed in melanoma patient LB2673. It leaves open
the possibility, but by no means proves, that this
patient mounted a T cell response against peptide
MAGE-3.A24. The frequency of 5 £ 10¡8 is also ten-
fold lower than that of naive T cells recognizing pep-
tide MAGE-A3168–176 presented by HLA-A1, which
we estimated to be around 4 £ 10¡7 of the CD8 cells in
several donors [4, 12].

In view of these very low frequencies of anti-
MAGE-3.A24 T cells detectable with our tetramer, we

Table 1 Mixed lymphocyte-peptide cultures (MLPC) carried out with peptide MAGE-A3195–203

a This patient received four injections of a vaccine consisting of a recombinant MAGE-A3 protein [13] combined with adjuvant SBAS-
15 (GlaxoSmithKline Biologicals), and peptides MAGE-A3195–203, MAGE-A3243–258, and MAGE-A10254–262 injected without adjuvant.
PBMC were collected 3 weeks after the fourth vaccination
b CTL clone 789 was derived from this experiment
c This CTL clone was named 806. It expressed another TCR than CTL clone 789. Its lytic activity is shown in Fig. 4
d This patient had undergone surgery for stage IV (pT4N0M0) non-small cell lung cancer when he was vaccinated with 300 �g of peptide
MAGE-A3195–203 combined with the streptococcal preparation OK-432 [14]. PBMC were collected before and 2 weeks after a course of
six vaccinations, given over a period of 7 weeks
e Non-cancerous hemochromatosis patient
f PBMC, which contained 7% CD8 T cells, were enriched for CD8+ cells by depleting CD4+ and CD56+ cells with magnetic microbeads
g Responder cells were CD8+ cells enriched from PBMC with magnetic beads, stimulated by the CD8¡ cells incubated with the antigenic
peptide

Patient Responding cells Number of 
microcultures

Cells per 
well

Percentage
of CD8

Tet + CTL 
clone

LB2673 Melanomaa Post-vacc PBMC 156 200,000 24 1 £b

Post-vacc PBMC 67 134,000 23 2 £c

Post-vacc PBMC 75 140,000 21 1
HATT Lung cancerd Pre-vacc PBMC 11 200,000 9 0

Post-vacc PBMC 23 200,000 21 0
LB2052 Non-cancerouse CD4¡ CD56¡f 528 200,000 21 1

CD8+g 191 30,000 87 0
LB2690 Non-cancerouse CD8+g 718 200,000 45 1
LB2348 Non-cancerouse CD8+g 93 28,000 93 1
LB2422 Non-cancerouse CD8+g 297 30,000 87 2

Fig. 2 Characterization of anti-MAGE-A3.A24 CTL clone 789.
a Cells were labeled with an anti-CD8 monoclonal antibody cou-
pled to FITC, and with either an HLA-A24 tetramer containing
peptide MAGE-A3195–203 or an HLA-A2 tetramer containing the
same peptide, coupled to phycoerythrin. b Lytic activity of the

CTL against HLA-A24+ EBV-transformed B cells incubated
with the indicated concentrations of peptide MAGE-A3195–203.
Chromium release was measured after 4 h of incubation at a CTL
to target ratio of 10
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considered the possibility that the structure of the
refolded antigen did not match exactly that of the natu-
ral HLA-A24/peptide complex, leading to false nega-
tives. We therefore screened an MLPC experiment by
measuring the lytic activity against HLA-A24+ EBV-B
cells pulsed or not with the antigenic peptide, which is,
in our hands, the most sensitive functional assay for
human CD8 T cells. Reconstruction experiments for
the detection assay were performed by spiking MLPC
eVector cells with a known CTL clone. They indicated
a threshold of CTL detection of 1% among the eVec-
tors, i.e., about 30-fold higher than with a tetramer. We
then used the lysis assay to screen an MLPC experi-
ment, and found only one out of 96 microcultures with
a low level of peptide-speciWc lytic activity. This micro-
culture contained 0.9% of tetramer positive cells.
Therefore, this experiment did not reveal the presence
of anti-MAGE-3.A24 CTL that could not be stained by
our tetramer preparation.

Lack of tumor recognition by anti-MAGE-3.A24 CTL 
clones

Even though CTL clone 789 recognized peptide
MAGE-3.A24 presented by EBV-B cells (Fig. 2), it
failed to signiWcantly lyse any of three HLA-A24+

melanoma cell lines expressing MAGE-A3 (Fig. 3).
This absence of lysis was not due to a low level of
expression of HLA-A24 molecules, because the
tumor cells were lysed after incubation with the anti-
genic peptide (Fig. 3). Furthermore, the melanoma
cells were still not recognized after treatment with
IFN-� over 2 days, even though the surface expres-
sion of HLA-A24 molecules had increased, together
with the sensitivity to lysis after peptide pulse (Fig. 3).
Similar results were obtained with another CTL
clone, named 806, derived from the same melanoma
patient as CTL clone 789. As shown in Fig. 4, this
CTL recognized peptide MAGE-A3195–203 very well,
with half-maximal lysis of peptide-pulsed EBV-B
cells obtained at 1 nM, and failed to signiWcantly rec-
ognize melanoma cells LB39-MEL, unless these cells
were pulsed with peptide.

MAGE-A3 expression by the melanoma lines was
quantiWed with real-time PCR. The ratios between the
numbers of MAGE-A3 and ß-actin transcripts were
0.17, 0.13, and 0.06 (Fig. 3). To verify that these levels
of expression were suYcient for recognition by anti-
MAGE-A3 CTLs, we compared them with those of
three other melanoma lines, which carried HLA-A1
molecules and which were tested with a CTL clone rec-
ognizing peptide MAGE-A3168–176 presented by HLA-
A1. The MAGE-A3/ß-actin ratios were 0.1, 0.01, and

0.004 in these lines. The Wrst two were lysed by the
anti-MAGE-3.A1 CTL clone (Fig. 5). The third line
was hardly lysed, but was recognized after peptide
pulse, indicating that a MAGE-A3 expression level of
0.004 was too low for CTL recognition (Fig. 5). It is
important to note that the functional aYnity of the
HLA-A1-restricted anti-MAGE-A3 CTL clone was
signiWcantly lower than that of CTL clone 789, as half-
maximal lysis of EBV-B cells required 100 nM of the
antigenic peptide (data not shown), i.e. 200 times more
than what is required for CTL 789. We conclude that
the three HLA-A24+ melanoma lines that were not
recognized by CTL 789 expressed MAGE-A3 at levels
that were suYcient for CTL recognition. Therefore, it
had to be the amount of processed antigenic peptide
that limited CTL recognition.

To conWrm that peptide MAGE-3.A24 was poorly
processed, we resorted to a transfection approach
resulting in high levels of expression of the MAGE-
A3 gene product. 293-EBNA cells, derived from the
human embryonic kidney 293 cell line, constitutively
express the EBNA-1 protein, which drives the ampli-
Wcation of transfected expression vectors containing
the EBV origin of replication. These cells were
cotransfected with EBV-ori(+) pCEP4 containing a
MAGE-A3 cDNA and EBV-ori(¡) pcDNA3 contain-
ing HLA-A24 or HLA-A1 constructs. This strategy
results in a very high level of expression of protein
MAGE-A3, and a lower but suYcient level of expres-
sion of the HLA presenting molecules. As shown in
Fig. 6, CTL 789 produced TNF after stimulation with
293-EBNA cells transfected with HLA-A24 and
pulsed with peptide MAGE-3.A24, but produced
much less after stimulation with cells co-transfected
with HLA-A24 and increasing doses of MAGE-A3.
As a control, 293-EBNA cells transfected with HLA-
A1 and low doses of MAGE-A3 stimulated the anti-
MAGE-3.A1 CTL clone very well. Altogether, these
results conWrmed that peptide MAGE-3.A24 was
poorly processed.

Finally, we tested the recognition of the colon carci-
noma cell line WiDR, which expresses HLA-A24 and
MAGE-A3, and was previously shown to be lysed by
anti-MAGE-3.A24 T cells [17]. We also observed lysis
by CTL clone 789, reaching about 25% at a CTL to
tumor ratio of 30 (Fig. 7). However, this lysis could not
be competed out by an excess of unlabeled peptide-
pulsed EBV-B cells, whereas lysis of chromium-
labeled peptide pulsed cells was completely abolished
in the same assay. We provisionally conclude that this
lytic activity is not a consequence of the recognition of
peptide MAGE-3.A24 by the CTL, and did not explore
its mechanism.
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Discussion

The main result of this report is that peptide MAGE-
A3195–203 seems to be poorly if at all processed. None of
three HLA-A24+ MAGE-A3+ melanoma lines could
stimulate the anti-MAGE-3.A24 CTL clone 789, which
recognizes the peptide pulsed onto HLA-A24+ cells.
Similar results were obtained with another anti-
MAGE-3.A24 CTL clone from patient LB2673. The
problem is not limited to these three melanoma cell
lines: transfected 293 cells were also hardly recognized.
It is only when a high amount of MAGE-A3 cDNA
was transfected into 293-EBNA cells, with an expres-
sion vector that is ampliWed in these cells, that stimula-
tion of the CTL was observed. Similarly, the CTL clone
recognized COS-7 cells transfected with a MAGE-A3
cDNA cloned into vector pcDNA3, which contains the

SV40 origin of replication and is ampliWed through the
SV40 T protein that is present in COS-7 (data not
shown). The levels of protein expression that are
obtained in these transfectants are very high, and
recognition by CTL under these conditions gives no
indication as to the level of antigen processing in physi-
ological conditions.

Even though we have no indication that the low
level of processing of peptide MAGE-A3195–203
involves the proteasome, we performed exploratory
experiments with a synthetic precursor peptide digested
in vitro by puriWed proteasomes (data not shown). Mass
spectrometry analysis of the digests suggested the
absence of the cleavage after isoleucine 203, which gen-
erates the C-terminus of the peptide. This C-terminal
cleavage is considered to be an important step in the
processing of antigenic peptides by proteasomes [11].

Fig. 3 Lytic activity of anti-MAGE-A3.A24 CTL clone 789
against HLA-A24+ melanoma cells expressing gene MAGE-A3.
a Levels of lysis of three melanoma lines, treated or not over
2 days with 100 U/ml of IFN-�, and incubated or not with peptide
MAGE-A3195–203 at 100 nM. b Expression of HLA-A24 mole-
cules at the surface of the melanoma cells pretreated (thick lines)

or not (thin lines) with IFN-�. Cells were labeled with a monoclo-
nal anti-HLA-A24 antibody followed by goat anti-mouse Ig anti-
bodies coupled to FITC. Dotted lines represent the staining of
cells by the secondary antibodies alone. The levels of expression
of gene MAGE-A3 by the melanoma lines are expressed as (copy
number of MAGE-A3/copy number of ß-actin)
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In addition, several fragments in the digests appeared
to result from destructive cleavages within the anti-
genic peptide, after the glycine residue at P6 and the
leucine at P7. If conWrmed in a more detailed analysis,
these results could help to explain why peptide
MAGE-3.A24 is poorly processed.

This peptide is not the Wrst reported candidate
tumor antigen eventually found to be poorly or not
processed in tumor cells. Other clear examples include
peptide MAGE-A3271–279 and a telomerase peptide,

both presented by HLA-A2 molecules, which were
also identiWed with a peptide prediction approach fol-
lowed by in vitro priming of PBMC [2, 19, 22, 23]. It is
probably worth raising a cautionary Xag about the vali-
dation of tumor antigens identiWed with this strategy. It
is essential to verify that the peptide-speciWc T cells
recognize tumor cells, and this should be performed
either with a CTL clone or with a T cell population that
is highly enriched for the peptide-speciWc cells. With
less pure populations, there can be a considerable
background of cytokine secretion or of target cell lysis,
even more so when allogenic tumor cells are used as
stimulators or targets.

The analysis of the blood frequency of HLA-A24-
restricted T cells recognizing peptide MAGE-3.A24 is,
in retrospect, of little interest for cancer immunother-
apy as this antigen is not present on tumor cells. How-
ever, an interesting observation was the frequency
estimate for precursor T cells against this antigen in
non-cancerous individuals: about 5 £ 10¡8 of the blood
CD8 cells. This is tenfold lower than our frequency
estimates for naive CD8 T cells against peptide
MAGE-A3168–176 presented by HLA-A1, and for T
cells against other tumor antigens such as LAGE-1/
NY-ESO-1157–165, for which we recently estimated that
in one donor the frequency of naive CD8 T cells was
3.3 £ 10¡7 of the blood CD8 cells [4, 12, Coulie, unpub-
lished observations]. On the basis of these results, we
consider that the mean frequency of naive human CD8

Fig. 5 Recognition by an anti-MAGE-3.A1 CTL clone of HLA-
A1 melanoma lines with diVerent levels of expression of gene
MAGE-A3. Melanoma lines were treated over 2 days with 100 U/
ml of IFN-� and incubated or not with peptide MAGE-A3168–176,
EVDPIGHLY, at 10 �M before addition of CTL clone LAU147–

810A10. EB81-MEL trf A24 is a clonal line derived from the mel-
anoma cells EB81-MEL, after transfection with an HLA-A24
construct. The levels of expression of gene MAGE-A3 are
expressed as in Fig. 3

Fig. 4 Characterization of anti-MAGE-A3.A24 CTL clone 806.
a Lytic activity against HLA-A24+ EBV-transformed B cells
incubated with the indicated concentrations of peptide MAGE-
A3195–203. Chromium release was measured after 4 h of incubation
at a CTL to target ratio of 5. b Lytic activity on melanoma cell line
LB39-MEL, treated over 2 days with 100 U/ml of IFN-�, and
incubated (open symbols) or not (closed symbols) with peptide
MAGE-A3195–203 at 1 �M
123
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T cells recognizing a given HLA-peptide combination
is 4 £ 10¡7 of the CD8, the highest measured frequency
being 5 £ 10¡4 of the CD8, for the Melan-A/MART-1
peptide EAAGIGILTV [24], and the lowest being
5 £ 10¡8, as shown in this report.

As mentioned in the introduction, peptide MAGE-
3.A24 has been used to vaccinate cancer patients, and a
few tumor regressions have been reported [1, 15, 16].
Our results suggest that anti-MAGE-3.A24 CD8 T
cells played no role in these regressions. In one clinical

Fig. 6 Recognition by CTL clones of 293-EBNA cells transfec-
ted with MAGE-A3 constructs. 293-EBNA cells were transfected
with the indicated amounts of expression vectors pcDNA3 con-
taining HLA-A1 or A24 cDNA clones, and pCEP4 containing a
MAGE-A3 cDNA. After 24 h, untransfected cells were incubated

with peptides MAGE-A3195–203 (30 nM) or MAGE-A3168–176
(1 �M) for 30 min. The indicated CTL clones were then added,
and 18 h later the concentration of TNF released in the medium
was estimated by measuring its cytotoxicity on the TNF-sensitive
WEHI-164-clone 13 cells

Fig. 7 Lytic activity of CTL clone 789 against colon carcinoma
cells WiDR. 51Cr-labeled target cells were either HLA-A24+

EBV-transformed B cells incubated for 20 min with peptide
MAGE-A3195–203 at 300 nM and washed, or human colon carci-
noma cells WiDR. CTLs were added to 1,000 labeled target cells

at the indicated CTL to target ratios, in the absence or in the pres-
ence of 50,000 unlabeled peptide-pulsed EBV-B cells. Chromium
release was measured after 4 h. The results are representative of
three independent experiments
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trial, DC were pulsed with several diVerent peptides
including MAGE-3.A24, leaving open the possibility
that T cells directed against the other antigens of the
vaccine initiated the tumor regression process [1]. In
the two other trials, patients received DC pulsed with
peptide MAGE-3.A24 alone [15, 16]. Assuming that
the vaccines caused the regressions of lymph node or
liver metastases that were observed in three out of the
four vaccinated bladder cancer patients of one study
[15], and of lymph node metastases in one out of the
six vaccinated patients with gastrointestinal carcinoma
in the other [16], it is diYcult at this stage to explain
the mechanism of these regressions. One possibility is
the non-antigen-speciWc immunostimulatory eVect of the
DC themselves [18], a possible eVect which has not yet
been tested in human clinical trials. Another possibility
is that peptide MAGE-3.A24, IMPKAGLLI, is taken
up by presenting cells and processed into a shorter
antigenic peptide presented by HLA-A24 or other
HLA molecules. Along this line, we tested whether the
octamer IMPKAGLL, which also contains the HLA-
A24 binding motif, could bind to HLA-A24 molecules,
with negative results.

Materials and methods

Reagents and cell lines

Melanoma cell lines EB81-MEL, LB33-MEL.B-1,
LB39-MEL, LG2-MEL-5-35 and MZ2-MEL.43, and
the colon carcinoma cell line WiDR (ATCC, Lot No
3000366, Date Frozen: 05/18/05) were grown in
Iscove’s modiWed Dulbecco’s medium (Gibco, Grand
Island, NY) with 10% FCS (HyClone, Logan, UT).
WiDr cells were used as targets after less than ten pas-
sages of the cells obtained from the ATCC. Lympho-
cyte stimulation experiments were carried out in
Iscove’s medium supplemented with 10% human
serum (HS), 100 �M 1-methyl-tryptophan, and stan-
dard amino acids. This medium will be referred to
below as complete medium (CM). Human rIL-2 was
from Eurocetus (Amsterdam, the Netherlands), and
human rIL-7 and rIFN-� from PeproTech (Rocky Hill,
NJ). Monoclonal antibody C7709A2 is a murine IgG2a
reagent produced in our laboratory and which recog-
nizes HLA-A24 molecules.

MLPC/tetramer

MLPC were set up as described [6, 10], with as
responder cells either total PBMC or cells enriched for
CD8+ lymphocytes using the MACS microbeads tech-

nology (Miltenyi Biotec, Bergisch Gladbach, Ger-
many). In several experiments, CD8+ cells were
enriched with beads coated with anti-CD8 antibodies,
and in one experiment they were enriched by removing
CD4+ and CD56+ cells with beads coated with the cor-
responding antibodies. The proportion of CD8+ T cells
in the resulting populations was analyzed by Xow
cytometry with anti-CD3 and anti-CD8 antibodies. For
stimulation at day 0, responder cells were incubated
with peptide at 10 �M for 1 h at room temperature in
Iscove’s medium containing 1% HS, washed, and dis-
tributed in microwells in CM supplemented with IL-2
(20 U/ml) and IL-7 (10 ng/ml). Cell numbers are indi-
cated in Table 1. At day 7, all microcultures were
restimulated by the addition of peptide at 5 �M.
Between days 7 and 14, according to proliferation, half
of the medium was replaced by fresh CM containing
IL-2, or cultures were split. On day 14, an aliquot of
cells from each microculture was labeled with an HLA-
A24 tetramer containing peptide MAGE-A3195–203 and
coupled to phycoerythin, a control A24 tetramer
containing PRAME peptide LYVDSLFFL [9] and
coupled to allophycocyanin, and anti-CD8 antibodies
coupled to FITC. The procedure used to distinguish
low numbers of tetramer-positive cells from back-
ground has been described [10]. In the experiment
shown in Fig. 1, MLPC were stimulated simultaneously
with two peptides, MAGE-A3195–203 and MAGE-
A10254–262. For restimulation, one peptide was added at
day 7 while another was added at day 8. As shown in
Fig. 1, the tetramer screening was performed at day 14
with two tetramers coupled to phycoerythin: A24 with
the MAGE-A3 peptide, and A2 with the MAGE-A10
peptide.

Derivation of CTL clones

Two CTL clones were derived that recognized peptide
MAGE-A3165–203 presented by HLA-A24 (Table 1).
BrieXy, tetramer-positive cells were sorted at one cell/
microwell and stimulated with 5,000 irradiated
(100 Gy) HLA-A24 EBV-transformed B cells LG2-
EBV-B pulsed for 1 h with the antigenic peptide at
10 �M and washed, and 50,000 irradiated allogenic
PBMC as feeder cells, in CM containing IL-2 (50 U/ml)
and IL-7 (10 ng/ml). Clones could be transferred into
M24 wells after 3–4 weeks, and were maintained in cul-
ture by weekly restimulation with peptide-pulsed
EBV-B cells and feeder PBMC as above, using 20
times more cells than in microwells. Overall, the clon-
ing eYciency and the proliferation rate of these anti-
MAGE-A3195–203 T cells were however lower than
those we observed for T cells against other MAGE
123
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peptides. We have no satisfactory explanation for this
diVerence.

Functional assays

Lytic activities were assessed with conventional chro-
mium release assays, after a 4 h incubation of CTLs
and targets. For the peptide titration experiment
shown in Fig. 2, target cells (1,000 cells/well) were
HLA24+ LB2348-EBV-B cells incubated with various
concentrations of peptide for 30 min at room tempera-
ture in 100 �l of Iscove’s medium + 1% HS, before
addition of the CTL clone (10,000 cells) in 50 �l of CM.
For the recognition of transfected 293-EBNA cells
shown in Fig. 6, conXuent cultures of 293-EBNA cells
in microwells were cotransfected, using 1 �l of the
Lipofectamine reagent (Invitrogen) and following the
manufacturer’s recommendations, with 50 ng of plas-
mid pcDNA3 containing an HLA-A24 or HLA-A1
cDNA sequence, and 5–135 ng of plasmid pCEP4 con-
taining a MAGE-A3 sequence encoding the full-length
gene product. After 24 h, control untransfected cells
were pulsed for 30 min with peptides MAGE-A3195–203
at 30 nM or MAGE-A3168–176 at 1 �M, before addition
of 10,000 anti-MAGE-3.A24 CTL clone 789 or 5,000
anti-MAGE-3.A1 CTL clone EB81-CTL-35 [10]. After
18 h of coculture, the supernatant was collected and its
TNF content determined by testing its cytotoxic eVect
on WEHI-164 clone 13 cells as described [8].

Quantitative analysis of MAGE-A3 expression

RNA extracted with the QIAgen RNeasy kit (Qiagen,
Hilden, Germany) was treated with DNAse using the
DNA-free kit (Ambion, Austin, TX). Aliquots of 2 �g
were converted to cDNA using an oligo(dT) primer
and 200 units of the M-MLV reverse transcriptase
(Invitrogen, Carlsbad, CA), and 1/40th of the prod-
ucts were used as templates in real-time PCR ampliW-
cations carried out with the ABI PRISM 7700
Sequence Detection System (Applied Biosystems,
Warrington, UK) using the TaqMan methodology as
described [3].

The following primers (sense and antisense) and
probes were used. For MAGE-A3: M3T634 5�-GTC
GTCGGAAATTGGCAGTAT, M3T742 5�-GCA
GGTGGCAAAGATGTACAA, pMAGA3 (Applied
Biosystems) 6FAM-5�-AAAGCTTCCAGTTCCTT-
MGBNFQ. For ß-actin: OPC1652 5�-ATTGCCGA-
CAGGATGCAGAA, OPC1653 5�-GTCATACTCC
TGCTTGCTGA, ACTp2 (Eurogentec, Seraing, Bel-
gium) 6FAM-5�-TCAAGATCATTGCTCCTCCTG
AGCGC-TAMRA (kindly provided by Dr B. Lethé).
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