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ABSTRACT

The MAGE-3 geneis a memberof a multigenefamily that is selectively
expressed by subsets ofdifferent human tumor types, including malignant
melanoma, but not by normal tissues except for testis and placenta. A
cytolytic T lymphocyte (CTL)-deflned MAGE-3 antigen, corresponding to
the MAGE.3 peptide 271-279 associated with the human leukocyte anti
gen (HLA)-A2 molecule, has been recently identified using T lymphocytes
from a normal individual stimulated in vitro with peptide-pulsed autolo
gous antigen-presenting cells. Because MAGE-3 is expressed in 76% of
metastatic melanomas, the HLA-A2-restricted MAGE-3 antigen should be
expressed by approximately 37% of Caucasians bearing a metastatic
melanoma tumor, thus representing an attractive candidate for the elici
tation of specific CTL immune responses in vivo. In this study, we deter
mined the proportion of HLA-A2@melanoma patients displaying detect
able MAGE-3 peptide 271â€”279-specificCTh precursors m peripheral
blood. Peptide-specific CTL populations were obtained from at least 4 of
11 HLA-A2@ patients. Peptide-specific CU lines derived from these
populations readily lysed HLA-A2-positive target cells that were pulsed
with MAGE-3 peptide 271â€”279at nanomolar concentrations yet were
unable to recognize (as assessed by cytolysis and cytokine production)
MAGE-3-expresslngautologousor allogeneicHLA-A2-positive melanoma
lines.Similarly, the CTL lines failed to recognizeMAGE-3-negativeliLA
A2-positive tumor lines after transfection with the MAGE-3 gene, al
though they were able to recognize COS-7 cells transfected with MAGE-3.
In contrast, HLA-A1-positive melanoma lines transfected with MAGE-3
were efficiently recognized by Cli lines directed against the MAGE-3
peptide 168â€”176,a known liLA-Al-restricted CTL epitope. These results
suggestthat the expressionlevel of the MAGE-3 peptide 271â€”279,unlike
that of MAGE-3 peptide 168â€”176,in melanomas may be too low to allow
efficient recognition by specific CTLs. Thus, it appears that despite the
presence of CTh precursors against MAGE-3 peptide 271â€”279in some
HLA-A2' melanoma patients, the usefulness of this peptide for specific
immunotherapy of melanoma may be limited.

INTRODUCTION

The MAGE gene family includes a series of at least 12 closely related
genes located on chromosome X and coding for proteins whose function
remains unknown (1). Six genes of the MAGE family, MAGE-1,
MAGE-2, MAGE-3, MAGE-4, MAGE-6, and MAGE-12, are selectively
expressedby a significant proportion of tumors of several histological
types, including melanornas (2), lung tumors, head and neck tumors,
sarcomas,breast tumors, and gastric cancer, but not by normal tissues
except for testis (reviewed in Ref. 3). For this reason,the protein products
encoded by this family of genes represent attractive candidates for the
elicitation o( specific anticancer immune responses.

Tumor-specific CTLS2 can be obtained by culture of blood lym
phocytes or tumor-infiltrating lymphocytes with irradiated autologous
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tumor cells (4). Using this approach, tumor-specific HLA-A1-re
stricted Cli clones were derived from a melanoma patient and used
to identify antigenic peptides encoded by MAGE-1 (5) or MAGE-3
(6), respectively.

An alternative approach for the identification of CTL epitopes takes
advantage of the finding that conserved amino acid residues are
frequently found at certain positions of the sequenceof natural pep
tides associated with a given HL.4 allele (7, 8). Such residues, named
anchor residues, are directly implicated in the binding of the peptide
to the MHC molecule. Anchor residues have been identified for the
most common human HLA-A alleles, including HLA-A1 and HLA
A2.1 (9, 10). Thus, it is possible to identify candidate CTh epitopes by
searching a given protein sequence for short peptides containing
HLA-specific anchor residues (11). The candidate peptides are chem
ically synthesized, and their ability to specifically associate with the
chosen MHC class I allele can be assessed in a variety of peptide
binding assays (12â€”15).

A new MAGE-3 antigen, consisting of the nonapeptide-comprising
residues 271â€”279(FLWGPRALV) associated with the HLA-A2 mol
ecule, has been recently identified using the latter approach. Its

potential as a CTh-deflned epitope was established by in vitro stim
ulation experiments using PBLs from a normal donor (16). This
antigen could represent a good target for antigen-specific immuno
therapy of melanoma patients, because approximately 37% of Cau
casians bearing a metastatic melanoma tumor could be eligible for
vaccination or adoptive T-cell therapy since the HLA-A2 allele is
expressed in 49% of this population (17), and MAGE-3 is expressed
in 76% of metastatic melanomas (2, 3). The feasibility of such an
approach depends on: (a) the presence of antigen-specific Cli pre
cursors in melanoma patients that can be expanded either in vitro for
adoptive T-cell therapy or in vivo by immunization with the MAGE-3
peptide 271â€”279;and (b) the ability of MAGE-3 peptide 27 1â€”279-
specific CTLs derived from those patients to effectively recognize
MAGE-3-expressing tumor cells.

As a first step toward the use of MAGE-3 peptide 271â€”279for
immunotherapy of patients with melanoma, we screened PBLs from a
panel of HLA-A2@ melanoma patients for their ability to respond to
in vitro stimulation with MAGE-3 peptide 271â€”279.Here, we show
that MAGE-3 peptide 271â€”279-specificCU precursors are detecta
ble in peripheral blood and can readily be expanded in vitro in a
significant proportion of HLA-A2@ melanoma patients. MAGE-3
peptide 271â€”279-specific CU lines were very active when tested
against peptide-pulsed target cells. Moreover, they were able to rec
ognize the MAGE-3 antigen when overexpressed in transfected

COS-7 cells. In contrast, they were generally unable to significantly
recognize HLA-A2-positive MAGE-3-expressing melanoma cell lines
or MAGE-3-negative tumor cell lines after transfection with MAGE-3.

MATERIALS AND METHODS

Cell Lines. Tumorcell lines and EBV-transformedB-cell lines were cul
tured in DMEM (Life Technologies,Gaithersburg,MD) supplementedwith
10%FCS,0.55nmiL-arginine,0.24 @k,L-asparagine,and1.5mML-glutamine.
Cell lines MZ-2-Mel 3.0, SK23-MEL, and SK29-MEL were a gift from Dr. P.
Coulie (Ludwig Institute for Cancer Research, Brussels, Belgium). NA8-MEL
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cells were kindly provided by Dr. F. Jotereau (U211, Institut National de la

Santeet de la RechercheMÃ©dicale,Nantes,France).Melanomacell linesMe
257,Me 261,andMe 237 wereestablishedin our laboratoryfrom surgically
excised melanoma metastases from patients LAU 145, LAU 42, and LAU 86,
respectively. CU clone 20/38 specific for MAGE-3 168â€”176peptide pre
sented by HLA-Al (6) was a kind gift of Dr. B. Van den Eynde (Ludwig
Institutefor CancerResearch,Brussels,Belgium).

Synthetic Peptides. Peptideswere synthesizedon solid phaseusingF-moc
for transientNH2-terminalprotectionasdescribedby Athertonet a!. (18) and
were characterized by mass spectrometry. All peptides were >90% pure as
indicatedby analyticalhigh-pressureliquidchromatography.Lyophilizedpep
tides were diluted in PBS 10% acetic acid and stored at â€”20Â°C.

Cytokines. Human rIL-2 (Glaxo, Geneva, Switzerland) was kindly pro
vided by Dr. M. Nabholz (ISREC, Epalinges, Switzerland), and human
rIL-7 was donated by Sanofi Recherche (Labege, France). One unit/ml of
IL-2 is defined as the concentration that gives 50% maximal proliferation
of CTLL-2.

Generation of Peptide-specific CTLs. PBLs from melanoma patients or
normal donors were purified by centrifugation in Ficoll-Paque (Pharmacia,
Uppsala, Sweden). After enrichment for CD3@lymphocytes by treatment with
Lympho-Kwik T (One Lambda, Canoga Park, CA), PBLs were depleted of
CD4@andCDl6@cellsby sortingon a MACS magneticcell sorter(Miltenyi
Biotec, Inc., Sunnyvale,CA). The resultingpopulationscontained75â€”90%
CD8@T cellsandwereusedasrespondercell populations.Cellswereplated
at 2 X 106 cells/well, together with 2 X 106 stimulator cells/well in 24-well

plates in a total volume of 2 ml of Iscove's mediumsupplementedwith 10%
human serum,0.55 mi@iL-arginine,0.24 missL-asparaglne,and 1.5 nM L
glutamine(CM) in the presenceof IL-7 (10 ng/ml).

Stimulator cells were prepared by two different procedures as follows: in the

first procedure, 2 x 106/mlautologous PBLs were incubated for 2 h at 37Â°C
in serum-free medium (X-VIVO 10, BioWhittaker, Walkersville, MD) with

MAGE-3 271â€”279peptide (20 @g/ml)and human (32microglobulin (3 @g/ml;
Sigma, Buchs, Switzerland). Alternatively, PBLs were briefly exposed to low
pH before peptide loading as described (19). Peptide-pulsed or acid-treated and
peptide-loaded PBLs were then washed, irradiated (3000 rads), and adjusted to
the appropriate concentration before addition to the CD8@-enriched responder

cell populations.

On day7, cells wererestimulatedwith peptide-pulsedautologousPBLs in
CM supplemented with IL-7 (10 ng/ml) and IL-2 (10 units/ml). Subsequent
restimulations were performed weekly with peptide-pulsed and irradiated

(10,000 rads) T2 cells (1 X l05/well; Ref. 20) as a source of antigen and
irradiated (10,000 rads) cells from the EBV-transformed lymphoblastoid cell
line ROSI (5 X 105/well) as feeder cells in CM supplemented with 50 units/mi

rhlL-2. CTL activity was first tested at the end of the second cycle of
restimulation.

Chromium Release Assay. Target cells were labeled with 51Crfor 1 h at
37Â°Cin the presence or absence of 1 p.g/ml of the antigenic peptide and
washed twice. Labeled target cells (1000 cells in 100 p.1)were then added to
varying numbers of effector cells (100 p.1)in V-bottomed microwells. In the
peptide titration experiments, target cells (1000 cells in 50 p1) were incubated
in thepresenceof variousconcentrationsof peptide(50 pJ)for 15 mmatroom
temperaturebeforetheadditionof effectorcells.In eachcase,theeffectorcells
were preincubated for at least 20 mm at 37Â°Cin the presence of unlabeled

K562 cells(50,000/well)to eliminatenonspecificlysisdueto naturalkiller
like effectors present in stimulated T-cell populations. Chromium release was

measured after incubation for 4 h at 37Â°C,and specific lysis was calculated by:

Experimental releaseâ€” spontaneous release
% specific lysis X 100

Transfection of NA8-MEL and COS-7 Cells and CTL Stimulation
Assay. For transienttransfections,COS-7 cells and NA8-MELmelanoma
cellswereplatedin 96-wellplates(l0,000/well) andtransfectedusingN-[l-(2,
3-dioleoyloxy)propyl]-N,N,N-trimethylammonium methylsulfate (Boehringer
Mannheim, Rotkreuz, Switzerland) according to the manufacturer's instruc

tions. NA8-MEL cells were transfected with plasmid pcDNAI/Amp containing
the cDNA for MAGE-3 (0. 1 ,.@g/l00 p.IIwell). COS-7 were costransfected with

the same MAGE-3 plasmid and either a plasmid carrying the cDNA for

HL4-A2.O1 or a plasmid carrying the cDNA for HLA-A1 (0.1 @gof each

DNA/lOO @.t1/well).All plasmidswerea gift from P. Coulie (Ludwig Institute
for Cancer Research, Brussels, Belgium). For permanent transfection of NA8-
MEL cells with MAGE-3, cells were cotransfected with pBK-CMV (Strat
agene, ZUrich, Switzerland) and the MAGE-3-containing plasmids (2 and 0.4
@.Lg/mlof DNA, respectively). After 48 h, the transfected cells were selected
with G4l8 (500 @g/ml;Geneticin,Life Technologies).Thepool of neomycin
resistant cells was single-cell cloned in 96-well microtiter plates using a cell
sorter. Clone E7 was finally selected on the basis of mRNA expression and
Western blot analysis.

After 24 h of incubationat 37Â°C,the COS-7andNA8-MEL transfectants
weretestedfor their ability to stimulatethe releaseof TNF-a by appropriate
CTL lines(21). In brief, CTLs wereaddedat theappropriateE:Scell ratio in
100 @.dof Iscove's mediumsupplementedwith 10%humanserumand 20
units/miIL-2. After a24h incubationat37Â°C,supernatantswerecollected,and
the TNF-a contentwas determinedin a functional assayusing WEHI-164
clone 13 cells (22) as described (23).

Analysis of mRNA Expression. The analysis of mRNA expression was
performed as described (2). Briefly, total cellular RNA was extracted by the

guanidine-isothiocyanate/cesium chloride procedure for tumors or by using
Trizol reagent (Life Technologies). cDNA synthesis from 2 @gof RNA was
accomplished by priming with oligodeoxythymidylic acid, and aliquots corre

spending to 100 ng of RNA were amplified by 30 cycles of PCR using
oligonucleotide primers ensuring specificity for gene MAGE-3 (2). A 10-pi
aliquot of each reaction was run on a 2% agarose gel and visualized by
ethidium bromide fluorescence. To verify RNA integrity, a 21-cycle PCR
assay with primers specific for /3-actin was carried out in each case.

RESULTS

Generation of MAGE-3 Peptide 271â€”279-specific CTLs. To fa
vor the expansion in vitro of peptide-specific CTLs, we used highly
enriched CD8@ responder cell populations that were incubated in
parallel with two different stimulator cell populations. In the first case,
autologous PBLs were pulsed with MAGE-3 peptide 271â€”279for 2 h
at 37Â°Cin the presence of human @2-microglobulin in serum-free
medium. Alternatively, autologous PBLs were first incubated at low
pH to promote the release of endogenous peptides bound to MHC
class I molecules, and then loaded with MAGE-3 peptide 27 1â€”279
(19, 24). IL-7 was added to all cultures for the first 14 days. The
cultured cells were restimulated on day 7 with peptide-pulsed, auto!
ogous PBLs, and on day 14 with peptide-pulsed T2 cells. Cytolytic
activity was measured on day 21. As shown in Fig. 1, MAGE-3

peptide 271â€”279-specific CTh activity was readily detectable in stim
ulated responder cells derived either from a melanoma patient (Fig.
1A) or a normal donor (Fig. 1B) regardless of the stimulation proce
dure used. The peptide concentration required to obtain half-maximal
target cell lysis by the various effector populations was also very
similar and ranged between 3 and 6 nM (data not shown).

The same approach was then used to determine the proportion of
HLA-A2 melanoma patients with detectable circulating MAGE-3
peptide 271â€”279-specific CTh precursors. Of 10 patients tested, at
least 4 were clearly positive, although the observed Cli responses
were variable (Table 1). Positive CU responseswere obtained more
frequently in cultures stimulated with acid-treated and peptide-loaded
PBLs than in cultures stimulated with peptide-pulsed PBLs. It is
interesting that low but significant MAGE-3 peptide 271â€”279-specific
CTh responses were detected in two melanoma patients whose tumors
did not express the MAGE-3 gene. Moreover, MAGE-3 peptide 271â€”
279-specific CTh responses were also detected among responder cells
derived from HLA-A2@ healthy donors (2 of 4; Fig. 1 and data not
shown).

Recognition by MAGE-3 Peptide 271â€”279-specific CTLs of
HLA-A2 Cells Expressing MAGE-3. Next, we investigated whether
MAGE-3 peptide 271â€”279-specificCU lines derived from mela
noma patients were able to recognize the endogenously produced

Total release â€”spontaneous release

736

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/4/735/2861332/cr0570040735.pdf by guest on 19 M

ay 2023



Table I CTLresponse to MAGE-3peptide271-279 in HL4-A2@ melanomapatientsPercentage

specific lysisfromPatient

codeAgeMAGE-3t'expressionE/T'@cultures

stimulatedwith'Â°Peptide-pulsed

Acid-treatedand
autologous peptide-loaded

PBLs'@ autologousPBLsLAU4250+50

17

64

2 16
3 3 7

0 46LAU5369â€”50

17
60

23 0
3 11 2
2 66LAU5637+50

17

683

48 78
67 37 59
34 1626LAU8668+50

17
66

15 18
4 6 17
0 35LAU

10759ND50
17
617

77 31
11 83 20
7 6911LAU11147ND50

17

612

35 83
1 22 67
1 1342LAU12961â€”50

17
61

0 18
2 0 5
2 14LAU13234ND50

17

62

4 0
4 5 4

3 32LAU
14582+50

17

611

33 3
6 17 3
2 111LAU15553ND50

17
630

47 37
18 44 36
14 25 22

MAGE-3-SPECIFICCl'Ls IN MELANOMA

A HLA-A1-associated peptide 168â€”176,but not the HLA-A2-associ
ated peptide 271â€”279.

To assessthe extent to which these results reflect a more general
phenomenon, we tested additional MAGE-3 peptide 271â€”279-specific
CU lines derived from HLA-A2@ melanoma patients for their ability
to recognize HLA-A2 and MAGE-3-expressing melanoma cell lines.
As shown in Fig. 3, the two MAGE-3 peptide 271â€”279-specificCTh
lines LAU198 NS and LAU198 AS failed to lyse the MAGE-3-
expressing HLA-A2@ melanoma cells SK23-MEL (Fig. 3B), although
they lysed the same target cells very efficiently in the presence of
exogenously added MAGE-3 peptide 271â€”279.These results were
confirmed and extended in the experiment illustrated in Fig. 4. CTh
line LAU198 NS lysed the SK29-MEL cells, which coexpress the
HLA-A2 and the MAGE-3 genes only weakly (Fig. 4, A and C). As
expected, no specific lysis was detected on the melanoma line NA8-
MEL, which expresses HLA-A2 but not MAGE-3. After transfection
of MAGE-3 into NA8-MEL cells (Fig. 4, A and C), only weak lysis
was observed. Nevertheless, all the tumor targets tested were effi
ciently lysed in the presence of MAGE-3 peptide 271â€”279,ruling out
a general lack of susceptibility to lysis. Furthermore, in each case,
there was no detectable TNF-cs release in the absence of exogenously
added antigen (Fig. 4B). Exposure of the tumor cells to IFN-'y during
1 to 2 days before the functional assaysdid result in increased surface
expression of HLA class I antigenbut did not modify the patternsof
target cell lysis and 1'NF release (data not shown). Similar results
were obtained with a panel of nine independent MAGE-3 peptide
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a Lytic activity was assayed 7 days after the third restimulation.

b Expression of MAGE-3 gene was assessed by reverse transcription-PCR using

specificoligonucleotideprobesasdescribedin â€œMaterialsandMethods.â€•ND, not deter
mined.

C Lymphocyte to target cell ratio titration was performed for every assay.

d Numbers represent the result of subtracting the percentage lysis obtained from T2

cells alone from that obtained in the presence of the MAGE-3 peptide 271-279 (1 pM).
Each number represents the geometric mean of duplicate cultures. Differences 15%
were considered significant and are shown in bold. A patient was considered a responder
when a significant specific lysis was detected in at least one of the cultures.
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Fig.1.LysisofT2targetcellspulsedwithpeptideMAGE-3.A2byresponderCD8@
T lymphocytesfroma melanomapatient(LAU198;A) anda normaldonor(NM;B). The
respondercell populationswere obtainedby stimulatingCD8@-enrichedT cells with
eitherpeptide-pulsedautologousPBL(NS)oracid-treatedandpeptide-loadedautologous
PBL (AS).Forthe assay,T2 cells were51Crlabeledandpreincubated(â€¢)or not (0) with
1 ,.&asMAGE-3 peptide271â€”279.Effector cells were addedat the indicatedratios in the
presenceof a 50-fold excessof cold K562competitors.Chromiumreleasewasmeasured
after 4 h.

peptide antigen on the surface of HLA-A2@ cells expressing
MAGE-3. To this end, COS-7 monkey cells were cotransfected with
plasmids carrying a MAGE-3 cDNA insert and either an HIA-Al or an
HLA-A2 cDNA insert. In parallel, the human melanoma cell line
NA8-MEL (HLA-A1@, HLA-A2@, MAGE-3-negative) was trans
fected with the plasmid carrying MAGE-3 cDNA. To verify that the
MAGE-3 gene product was adequately processed by the transfected
cells, we took advantage of the availability of CU clones specific for
MAGE-3peptide168â€”176,aCli epitopeknownto bepresentedby
HLA-Al (6).As shownin Fig.2, bothCOS-7andNA8-MELcells
stimulated a high level of TNF-a release by the MAGE-3 168â€”176-
specific CTL clone 20/38 after transfection with MAGE-3 plus
HLA-A1 or MAGE-3 alone, respectively. Furthermore, COS-7 cells

transfected with both MAGE-3 and HLA-A2 also stimulated the
MAGE-3 peptide 271â€”279-specificCU line 198N5 to release sig
nificant levels of TNF-a. However, the NA8-MEL cells transfected
with MAGE-3 failed to stimulate a significant level of TNF-a release
by the MAGE-3 peptide 271â€”279-specificCli line 198NS. The
failure of the transfected NA-8 cells to activate this CTL line was not
due to a gross deficit of HLA-A2 expression, because addition of the
MAGE-3 peptide 271â€”279 led to specific TNF-a release. These
results suggested that, although MAGE-3 peptide 271â€”279-specific
cTLs are able to detect the endogenously produced antigen when it is
overexpressedby transfectionof MAGE-3in COS-7 cells, MAGE-3
expression in NA-8 MEL cells results in efficient presentation of the
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Transientlytransfoctedcells

NM-MEL (HLA-A1,-A2)COS-7 Transfected cDNA

I

Effectors Transfected cDNA

CTLLAU 198NS

HLA-A2

HLA-A2+ MAGE-3

HLA-A2+ FLWGPRALV

CTL 20/38

I
HLA-A1

NA

MAGE-3

â€”+FLWGPRALVI
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- +EVDPIGHLY

0 10 20 30 40

TNF release (pg/mi)

Fig. 2. Recognitionby MAGE-3 peptide271â€”279-specificCTLsofCOS-7 andNA8-MEL cellstransientlytransfectedwith theMAGE-3gene.COS-7cellswerecotransfectedwith
pcDNAI/Amp vectorscontainingthe cDNAs for HL4-A1, HLA-A2, or MAGE-3 genes.NA8-MEL melanomaline (HLA-Al@ andHLA-A2@)was transfectedwith the MAGE-3
cDNA-containing plasmid alone. HLA-Al restricted clone CTL 20/38 specific for MAGE-3 168â€”176(6) and HLA-A2 restricted CTL line LAU198 NS were added to the transfected
cells24 h after transfectionat an E:S ratio of 3:1 and 10:1, respectively.After 24 h incubationat 37Â°C,theTNF-cscontentof theculturesupematantwasmeasuredby testingits toxicity
on WEHI-164 clone 13 cells. As controls, TNF-a release was measured after treatment with N-[l-(2, 3-dioleoyloxy)propyl]-N.N,N-trimethylammoniummethylsulfate reagent without
DNA(â€”)or aftertransfectionwithHLA-A1or HLA-A2aloneor in presenceof thecorrespondingantigemcpeptide.NA,not applicable.

271â€”279-specificCTh cultures derived from melanoma patients (data
not shown).

Since autologous MAGE-3-expressing tumor lines were available
for melanoma patients LAU 42, LAU 86, and LAU 145, we tested
whether MAGE-3 peptide 271â€”279-specific CTLs derived from au

.1 90â€¢

U 70'
E
U
a
U)

@ 30â€¢

@ 10â€¢

tologous PBLs recognized the corresponding melanoma line. Fig. 5
shows that specific CU cell lines obtained from the three melanoma
patients failed to lyse the autologous tumor targets despite the pres
ence of MAGE-3 mRNA as assessed by reverse transcription-PCR,
and the presenceof MAGE-3 protein as revealed by Western blotting
ofcelllysates with a specific mAb [57B; a kind gift from G. Spagnoli,
Basel, Switzerland (Ref. 25 and data not shown)].

DISCUSSION

Melanoma cells have been shown to express a variety of antigens
recognized by Cli (3, 26). In particular, several peptides derived
from proteins expressed in melanoma cells have been identified that
are recognized by specific CTLs in association with the HLA-A2
molecule. This is expressedin 49% of Caucasians,who represent99%
of patients with melanoma (27). In addition, HLA-A2 has been shown
to be a prevalent restricting element for melanoma-specific CTLs
(28). The majority of HLA-A2-restricted peptide antigens identified
thus far are derived from melanocyte cell lineage-specific proteins,
such as tyrosinase, Melan-AIMART-1, and gplOO. This has raised
some concern regarding the possible development of autoimmune
reactions as a consequence of the clinical use of the corresponding
peptides and specific CTLs for immunotherapy (29). In contrast,
proteins encoded by the MAGE gene family are not expressed by
normal tissues, with the exception of testis, where they appear to be
expressed by immature cells lacking MHC expression (3).

A B

Lymphocyte to target cell ratio

Fig. 3. Lyric activity of anti MAGE-3 peptide 271â€”279-specificlines LAU198 NS (0,
â€¢)and LAU198 AS (0, â€¢)on T2 cells (A)and MAGE-3-expressing cell line SK23-MEL
(B). Target cells were 5tCr labeled in the absence (open symbols) or presence (closed
symbols) of 1 pM MAGE-3 peptide 271â€”279.CTLs were added at the indicated ratios.
Chromiumreleasewasmeasuredafter4 h.

1 10 100 1 10 100

738

I

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/4/735/2861332/cr0570040735.pdf by guest on 19 M

ay 2023



MAGE-3-5PECIFIC Cl@Ls IN MELANOMA

A B
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NA8-MBJM3
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Percent specific lysis TNF release (pglml)

Fig. 4. Lyric activity andTNF-a releaseby MAGE-3 peptide271â€”279-specificCTL line LAU198 NS uponcoculturewith melanomatumor linesexpressingor not theMAGE-3
gene.Forchromium-releaseassay(A), tumortargetsSK23-MEL,SK29-MEL(HLA-A2-positive,MAGE-3-positive),NA8-MEL(HLA-A2positive,MAGE-3negative),and
NA8-MEIJM3 (clone E7, derived from NA8-MEL after transfection with the MAGE-3 gene and cloning) were 51Cr labeled in the presence or absence of 1 pi@ipeptide FLWGPRALV.
CTLs were added at an E:T ratio of 16:1. Chromium release was measured after 4 h. For TNF-a release assay (B), CTLs were added to the different melanoma lines at an E:S ratio
of 10:1. After a 24-h incubation at 37Â°C,the TNF-a content of the culture supernatant was measured by testing its toxicity toward WEHI-164 clone 13 cells. Analysis of mRNA
expression(C)wasperformedasdescribedin â€œMaterialsandMethods.â€•Thepresenceof MAGE-3proteinwasconfirmedbyimmunoblottingusinganti-MAGE-3mAb57B(Ref.25;
data not shown).

For these reasons, the recent identification of CTL precursors
directed against a MAGE-3-encoded peptide antigen (peptide 271â€”
279) associated with HLA-A2 in the peripheral blood of a normal
donor (16) prompted us to investigate in vitro CTL responses
against this antigen in HLA-A2@ melanoma patients. To maximize
the sensitivity of detection of MAGE-3 peptide-specific CTL pre
cursors, we used, in parallel with a conventional stimulation
method (peptide-pulsed APCs), another method that uses APCs
briefly exposed to low pH (to promote the dissociation of surface
MHC class I-bound peptides) and subsequently loaded with large
amounts of exogenously added peptide (to form relevant peptide/
class I MHC complexes at high density on the surface of the APCs;
Refs. 16, 19, and 24). We also used highly enriched CD8@ cell
populations to increase the precursor frequency of CTL precursors
in the responding populations, as well as IL-7 to promote growth
and differentiation of CU precursors (30, 31). Under these culture
conditions, the proportion of positive cultures detected after stim
ulation with acid-exposed and peptide-loaded APCs (14 of 20) was
higher than that obtained with peptide-pulsed APCs (3 of 10; Ref.
19).

In this study, MAGE-3 peptide 271â€”279-specificlytic activity was
induced in circulating CD8@ lymphocytes of a significant fraction of
the HLA-A2@ melanoma patients tested. The magnitude of the
MAGE-3 peptide 271â€”279-specific CU activity was variable be

tween different patients, possibly reflecting differences in the fre
quency of specific Cli precursors in circulating lymphocytes. How
ever, detectable MAGE-3 peptide 271â€”279-specific CTh precursors
did not appear to correlate with tumor antigen expression, because we
could detect them in PBLs from normal HLA-A2@ donors (2 of 4
donors).

Functional analyses indicated that the majority of MAGE-3
peptide 271â€”279-specific CTLs failed to effectively recognize
HLA-A2@ melanoma cells expressing MAGE-3. One possible cx
planation for this phenomenon could be that the CTL lines elicited
by in vitro stimulation with our synthetic peptide preparation could
in fact be specific for a contaminating species. Indeed, purified
synthetic peptide preparations may contain minor contaminants,
such as shorter peptides, as a result of inefficient amino acid
coupling and/or modified peptides resulting from incomplete re
moval of the chemical groups used to protect amino acid side
chains during the chemical reactions of peptide synthesis. To
exclude the possibility that the â€œactiveâ€•contaminant was a peptide
species still protected at residues R and/or W (the only amino acid
residues with side chain protection in the MAGE-3 peptide 271â€”
279), another peptide preparation was synthesized by using two
unrelated F-moc derivatives, F-moc-Arg(Mtr)-OH and F-moc-Trp
OH. This peptide preparation was efficiently recognized by pep
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Fig. 5. Lytic activity of MAGE-3 peptide 271â€”279-specificCTh lines derived from HLA-A2 melanoma patients LAU 86, LAU 145, and LAU 42 on T2, SK23-MEL, and
MAGE-3-expressing autologous tumor lines (Me237, Me257, and Me261, respectively). Target cells were 51Cr labeled in the absence(0) or presence (â€¢)of 1 p@tMAGE-3 peptide
271â€”279.Effector cells were added at the indicated ratios. Chromium release was measured after 4 h. Analysis of mRNA expression was performed as described in â€œMaterialsand
Methods.â€•The presenceof MAGE-3 proteinwasconfirmedby immunoblottingby usinganti-MAGE-3mAb 57B (Ref. 25; datanot shown).

tide-specific CTL lines elicited by in vitro stimulation with the
original peptide preparation.3

Lack of recognition of MAGE-3 endogenous antigen by peptide
specific CTLs could be due to the stimulation of low-affinity CTLs as
a result of the stimulation procedure based on acid-washed and
peptide-loaded APCs. This possibility appears unlikely because sim
ilar results were obtained with peptide-specific cultures obtained with
a conventional stimulation procedure, and the peptide concentration
required to obtain half-maximal CTh-mediated lysis of HLA-A2@
targets ranged between 3 and 6 nrvi.This concentration is consistent
with what hasbeenpublished previously (16) and is comparable to the
peptide concentrations required for other CTL lines that have been
shown to efficiently lyse MAGE-1 or MAGE-3-expressing melanoma
cells (6, 32).

In contrast to the failure of MAGE-3 peptide 271â€”279-specific
CTLs to recognize the endogenously produced antigen after transfec
tion of MAGE-3 into HLA-Al@, HLA-A2@, and MAGE-3 mela
noma cell line NA8-MEL, transfection ofHL4-A2 and MAGE-3 genes
into COS-7 cells resulted in specific recognition by the same CTh
lines. These results suggest that overexpression of MAGE-3 as ob
served in COS-7 cells (33) may be required to achieve the appropriate
level of antigenic peptide at the cell surface. In this context, it is
noteworthy that MAGE-3-transfected NA8-MEL cells were recog
nized by CU lines directed against HLA-A1-restricted MAGE pep
tide 168â€”176, thus indicating that intracellular processing of the
MAGE-3 gene product was taking place in these cells.

Although the present study reveals a major limitation in the use of
the MAGE-3 peptide 271â€”279in melanoma vaccines, it is still pos
sible that immunization of patients with this peptide 271â€”279(maybe

in association with professional APC, such as dendritic cells) could
elicit CTh responses of higher affinity. Moreover, because the
MAGE-3 protein contains several other consensus sequences for
binding to HLA-A2 (16), we are presently exploring the possibility
that other HLA-A2-restricted CTL epitopes may exist for this protein.
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