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The design of heteroclytic antigens with high MHC binding capacity is of particular interest
to overcome the weak immunogenicity of peptide epitopes derived from tissue antigens expressed
by tumors. In the present study, double-substituted peptide analogues of the tumor-associated
antigen MART-1(27-35) incorporating a substitution at a primary anchor residue and a â-amino
acid residue at different positions in the sequence were synthesized and evaluated for binding
to the human histocompatibility class I molecule HLA-A2 and for recognition by tumor-
infiltrating lymphocytes. Interestingly, by combining a Leu for Ala substitution at P2 (which
alone is deleterious for antigenic activity) with a â-amino acid substitution at a putative TCR
contact residue, recognition by tumor-infiltrating lymphocytes was partially restored. The
analogue [Leu28,â-HIle30]MART-1(27-35) displays both a higher affinity to HLA-A2 and a more
prolonged complex stability compared to [Leu28]MART-1(27-35). Overall, these results suggest
that double-substitution strategies and â-amino acid replacements at putative TCR contact
residues might prove useful for the design of epitope mimics with high MHC binding capacity.

Introduction

Metastatic melanoma is the major cause of death in
patients with skin cancer. In recent years, the identi-
fication of a number of melanoma-associated antigens
(MAA) recognized by CD8+ CTL from cancer patients
has raised new prospects in the development of mela-
noma vaccines. Identified MAAs include (i) antigens
derived from tumor-specific mutations, (ii) over-
expressed or inappropriately expressed antigens (such
as the product of genes MAGE, BAGE, or GAGE which
are silent in normal tissues except male germline cells
but are expressed in a significant proportion of tumors),
and (iii) tissue-specific differentiation antigens (such as
melan-A/MART-1 (hereafter referred to as MART-1),
tyrosinase, gp100, TRP1, and TRP2 proteins which are
expressed by normal melanocytes as well as by mela-
noma cells).1

MART-1 is expressed in about 88% of primary and
metastatic melanoma.2 The MART-1 gene product is
recognized by tumor-infiltrating lymphocytes (TILs)
from most HLA-A2 melanoma patients.3 Recently,
screening of peptides derived from MART-1 led to the
identification of two immunodominant overlapping pep-
tides, MART-1(27-35) and MART-1(26-35), that could
elicit tumor-reactive CTL upon in vitro stimulation of
peripheral blood mononuclear cells (PBMC) and TILs

from HLA-A2 melanoma patients.4 Taken together,
these results and first in vivo experiments5 suggest that
MART-1-derived peptides either alone or in combination
with other tumor antigens might represent attractive
candidates for the development of a melanoma vaccine
in HLA-A2 patients.

However, despite encouraging results, early vaccina-
tion trials with peptides derived from gp100, MART-1,
tyrosinase, MAGE-1, and MAGE-3 have experienced
difficulty in inducing CTL immunity. Peptide epitopes
derived from differentiation antigens including MART-1
generally display only weak to moderate binding affinity
for HLA-A2 due to the absence of an optimal residue at
the second anchor position (P2). Since differentiation
antigens are nonmutated normal “self-proteins”, the
lack of immunodominant peptides with high affinity
probably results from negative selection or tolerance
induction of the specific T cell repertoire during thy-
mocyte differentiation. In the case of viral antigens,
several studies have established that immunogenicity
correlates with MHC class I binding affinity and also
with complex stability.6 Hence, optimization of HLA-
A2 binding by amino acid substitution at major anchor
positions has been proposed as a potential strategy to
enhance the immunogenicity of tumor peptide epitopes.
Improved induction of melanoma-specific CTL in vitro
has been reported for gp100 epitopes modified at the
P2 anchor position.7 Surprisingly, in the case of MART-
1(27-35), we and others found that substitution of Ala28

at P2 by Leu or Met, although it considerably improved
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binding to HLA-A2, resulted in dramatic reduction of
the antigenic activity of the peptide.8

Although MART-1(27-35) and [Leu28]MART-1(27-
35) differ only at a major HLA-A2 anchor position,
molecular modeling studies of HLA-A2/MART-1(27-35)
and HLA-A2/[Leu28]MART-1(27-35) complexes sug-
gested some differences in the surface accessible to the
TCR, which could account for the deleterious effect
observed. On the basis of these results, the aim of the
present study was to design and synthesize analogues
of [Leu28]MART-1(27-35) that could restore at least
partially the recognition by TILs while still retaining
high HLA-A2 binding capacity. We envisioned that
single â-amino acid insertion in the sequence of [Leu28]-
MART-1(27-35), because of the additional rotational
freedom, could prevent unwanted conformational changes
associated with the Leu for Ala substitution at P2 while
still preserving side chain functionalities of the peptide.
Herein, we prepared a series of [Leu28]MART-1(27-35)-
derived peptides containing a â-amino acid substitution
at various positions in the sequence. The capacity of
these double-substituted MART-1(27-35) analogues to
bind to HLA-A2 and to be recognized by TILs is
described.

Results and Discussion
Chemistry. MART-1(27-35) analogues 1-11 (Table

1) were synthesized by solid-phase methodology using
a Fmoc/tert-butyl strategy on an automated peptide
synthesizer.

N-Fmoc-protected â3-amino acids were prepared by
Arndt-Eistert homologation of the commercially avail-
able N-Fmoc-protected R-amino acids as described pre-
viously.9 Peptides 1-11 were synthesized on Wang or
o-chlorotrityl chloride10 resins (60-µmol scale) using
conventional solid-phase peptide synthesis procedures.
N-Fmoc-protected amino acids were activated using
BOP/HOBt/DIEA in DMF, and all coupling reactions
were performed twice for 10 min. The purity of the crude
peptides, obtained after cleavage from the resin and
lyophilization, was between 78% and 96% as checked
by RP-HPLC. The analogues were purified by C18 RP-
HPLC and lyophilized. All peptides were identified by
matrix-assisted laser desorption/ionization mass spec-
trometry (MALDI-MS), and their homogeneity was
assessed by C18 RP-HPLC and CZE (purity of all
peptides determined to be >90%). Experimental 1H
NMR data for compound 4 in DMSO-d6 are given in the
Supporting Information.

HLA-A2/Peptide Binding and Stability of Com-
plexes. Double-substituted analogues 1-9, MART-
1(27-35), and [Leu28]MART-1(27-35) were tested for
their capacity to bind to HLA-A2 molecules11 (Figure
1). HLA-A2/peptide complexes were detected after in-
cubation at 4 °C.

Although, both N- and C-termini were not permissive
to amino acid homologation (the methylene insertion at
P1, P2, P8, and P9 probably results in a strong pertur-
bation of the highly conserved hydrogen bond network
which involves in part main chain atoms of these
residues), we found that each central P3-P7 residue
with the exception of P5 could be replaced by the
corresponding â-amino acid residue without affecting
the ability of the peptide to bind to HLA-A2 molecules.
Compound 4 was more potent than [Leu28]MART-1(27-
35) in binding to HLA-A2 at 10-5 and 10-7 M. Interest-
ingly, the benefit of the â-amino substitution at P4 was
also observed for the single-substituted analogue 10
which at 10-7 M was found to be more potent than
MART-1(27-35). The flexibility of the central region of
the bound peptide that can account for the tolerance to
methylene insertion observed in our study is well-
documented. Although, the optimal length of natural
HLA-A2 peptide ligands is 9 residues, HLA-A2 mol-
ecules can accommodate peptides varying in length from
8 to 11 residues. In the case of longer peptides, the

Table 1. Sequence and Analytical Data of MART-1(27-35), [Leu28]MART-1(27-35), Double-Substituted MART-1(27-35) Analogues
1-9, and Single-Substituted MART-1(27-35) Analogues 10 and 11

tR (min) purity (%)

peptide compound HPLC CZE HPLC CZE MS

MART-1(27-35) H-Ala-Ala-Gly-Ile-Gly-Ile-Leu-Thr-Val-OH
[Leu28]MART-1(27-35) H-Ala-Leu-Gly-Ile-Gly-Ile-Leu-Thr-Val-OH 14.00 23.55 96 >98 856.9
1 H-â-HAla-Leu-Gly-Ile-Gly-Ile-Leu-Thr-Val-OH 14.47 24.23 >96 93 871.3
2 H-Ala-â-Hleu-Gly-Ile-Gly-Ile-Leu-Thr-Val-OH 14.16 24.12 >95 92 870.9
3 H-Ala-Leu-â-HGly-Ile-Gly-Ile-Leu-Thr-Val-OH 14.07 23.81 99 97 871.0
4 H-Ala-Leu-Gly-â-HIle-Gly-Ile-Leu-Thr-Val-OH 14.20 23.73 98 98 871.4
5 H-Ala-Leu-Gly-Ile-â-HGly-Ile-Leu-Thr-Val-OH 14.14 23.52 96 93 871.3
6 H-Ala-Leu-Gly-Ile-Gly-â-HIle-Leu-Thr-Val-OH 14.24 23.10 98 >98 871.7
7 H-Ala-Leu-Gly-Ile-Gly-Ile-â-HLeu-Thr-Val-OH 13.72 23.03 98 83 871.3
8 H-Ala-Leu-Gly-Ile-Gly-Ile-Leu-â-HThr-Val-OH 13.56 23.53 >96 95 871.5
9 H-Ala-Leu-Gly-Ile-Gly-Ile-Leu-Thr-â-HVal-OH 14.14 22.07 97 >98 871.4
10 H-Ala-Ala-Gly-â-HIle-Gly-Ile-Leu-Thr-Val-OH 12.50 22.87 99 >94 829.5
11 H-Ala-Ala-Gly-Ile-Gly-Ile-Leu-â-HThr-Val-OH 11.92 22.84 98 97 829.1

Figure 1. Binding of peptides to purified HLA-A2 molecules.
Results are given for peptide concentrations of 10-5 and 10-7

M and are expressed as fluorescence arbitrary units measured
at 355/460 nm. Peptides used were MART-1(27-35), [Leu28]-
MART 27-35, and analogues 1-11. Negative peptide was NP
383-391 from nucleoprotein (NP) of influenza virus associating
with HLA-B27.
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central part of the peptide zigzags12 or bulges out13 of
the cleft. The permeability of the P3-P7 region to
chemical modification is further illustrated by current
strategies in the design of MHC blocking agents which
are based on the replacement of the central residues
by nonpeptidic spacers.14-16

Since it has been proposed in viral systems that
immunogenicity correlates better with stability of HLA-
A2/peptide complexes,6b we also evaluated the stability
at 37 °C of the formed complexes. The greater potency
of analogue 4 over [Leu28]MART-1(27-35) was con-
firmed in the stabilization assay (Figure 2). HLA-A2
complexes formed with compound 4 were stable over a
24-h period (about 50% of remaining complexes), while
those formed with [Leu28]MART-1(27-35) dissociated
almost completely in the same time (about 15% remain-
ing complexes). Conversely, HLA-A2 complexes formed
with MART-1(27-35) and compound 10 show no sig-
nificative difference in stability, thus suggesting that
in the absence of an optimal anchor residue at P2, the
â-amino substitution alone at P4 does not contributes
significantely to stabilization of the complexes.

Recognition by TILs. CTL clones (expressing dif-
ferent TCR Vâ segments) derived from human TILs,
restricted by the HLA-A2 molecule, and specific to the
MART-1(27-35) peptide were tested for their ability to
recognize [Leu28]MART-1(27-35) and the various sub-
stituted MART-1(27-35) analogues in a 51Cr release
cytolytic assay using T2 cells as target cells (Figure 3).

As expected, none of the three clones could induce
lysis of target cells pulsed with [Leu28]MART-1(27-35).
Although the reactivity of TILs specific for MART-1(27-
35) has been shown to be partially degenerate17 (numer-
ous peptides derived from a variety of endogeneous and
foreign proteins and showing sequence similarity to
MART-1(27-35) were found to be recognized by TILs
and anti-MART-1 CTLs), it appears to be extremely
sensitive to the modification at P2. Deleterious effect

on CTL recognition as a consequence of changes at the
peptide anchor residue has previously been described
in another system.18 In the case of the [Leu28]MART-
1(27-35) analogue, conformational changes in the
region accessible to the TCR suggested by molecular
modeling of the HLA-A2/peptide complex, as well as fast
dissociation of the complex, may account for the loss of
antigenic activity observed. Attempts to restore activity
in the cytolytic assay by using our double-substitution
strategy failed in the case of HLA-A2 binding peptides
3 and 5-7 (data not shown). However, the double-
substituted MART-1(27-35) analogue 4 with a meth-
ylene insertion at P4 which we identified as a good HLA-
A2 binder completely restored the recognition and lysis
activity of one of the clones (LT12). The effect of peptide
concentration on cell lysis was measured (Supporting
Information). Half-maximal lysis of T2 cells by clone
LT12 was observed at a concentration of 1.1 × 10-9 M
for MART-1(27-35) vs 7.0 × 10-8 M for 4 (∼64-fold
decrease in recognition). A similar pattern of recognition
was observed in the case of monosubstituted analogue
10 (Figure 3).

Compound 8, which was found to bind only weakly
to HLA-A2 in the assembly test, was also able to restore
partial lysis activity for two of the clones (LT11 and
LT12). Not surprisingly, target cells sensitized with the
corresponding single â-amino-substituted analogue 11,
which was found not to bind to HLA-A2 (see Figure 1),
were not able to induce CTL lysis.

Conclusion
Among various strategies proposed to overcome the

weak immunogenicity of peptides derived from tissue
differentiation antigens expressed by tumors including
MART-1, immunization with heteroclytic antigens with
high MHC binding capacity is of particular interest.
Such altered peptide ligands are usually designed by
single or double susbtitutions at MHC primary or
secondary anchor residues. Here, we show, in the case
of the MART-1(27-35) CTL epitope that combining an
Ala for Leu substitution at P2, which alone is deleteri-
ous for antigenic activity (although it improves binding
to HLA-A2), with a â-amino acid susbstitution at a
putative TCR contact residue (P4, P8) can partially
restore recognition by TILs. In addition, the resulting
analogue [Leu28,â-HIle30]MART-1(27-35) displays both

Figure 2. Stability of in vitro formed HLA-A2/peptide com-
plexes. Detection of complex stability was assessed after
formation of a maximal number of complexes at 4 °C with 10-5

M positive peptide, as specified in the direct assay (Experi-
mental Section), unbound peptides being eliminated. Further
incubation varying from 1 to 48 h at 37 °C was performed,
and remaining complexes were detected in microplates. Pep-
tides used were MART-1(27-35) (4), [Leu28]MART-1(27-35)
(0), analogue 4 (9), and analogue 10 (2).

Figure 3. Recognition of MART-1(27-35), [Leu28]MART-
1(27-35), and analogues 4, 8, 10, 11 by TILs. The cytolytic
activity of TILs (LT8, LT11, LT12) was analyzed on T2 cells
pulsed with peptides MART-1(27-35), [Leu28]MART-1(27-35),
and analogues in a 4 h 51Cr release assay.
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a stronger binding to HLA-A2 and a more prolonged
stability of formed complexes than the corresponding
monosubstituted analogue [Leu28]MART-1(27-35). Com-
pounds 4 and 8 thus represent potential candidates for
the generation of CTL responses that could cross-react
with the original poorly immunogenic antigen MART-
1(27-35). Such heteroclytic analogues could be particu-
larly useful to bypass the tolerance that can result from
immunization with a self-antigen such as MART-1(27-
35). It is worth mentioning that the â-amino acid
insertion might contribute to increased resistance to
enzymatic degradation and therefore might lead to
improved in vivo activity. This is particularly relevant
in view of the very short half-life of MART-1(27-35) in
human plasma.19 Hence, the immunogenicity of 4 will
be tested in a transgenic mouse model expressing HLA-
A2 to evaluate the potential benefit of increased peptide
stability in human plasma. Furthermore, optimization
of this double-substitution strategy by introduction of
peptide bond isosteres in the central region that could
compensate for the negative effect of the substitution
at P2 is in progress in our laboratories.

Experimental Section
Chemistry. Optical rotations were measured at 25 °C on a

Perkin-Elmer 241 polarimeter (Saint Quentin Yvelines, France).
Column chromatographic separations were performed with
silica gel 60, 230-400 mesh ASTM (Merck, Darmstadt,
Germany). Analytical HPLC was run on a Beckman instru-
ment (Gagny, France) with a Nucleosil C18 column 5 µm (4.6
× 150 mm) using a linear gradient of (A) 0.1% TFA and (B)
acetonitrile containing 0.08% TFA, at a flow rate of 1.2 mL/
min with UV detection at 214 nm. Preparative reverse-phase
HPLC was performed using a Perkin-Elmer apparatus on an
Aquapore ODS-20 µm column (100 × 10) by elution with a
linear gradient of (A) aqueous 0.06% TFA and (B) 80%
acetonitrile/20% (A), at a flow rate of 6 mL/min with UV
detection at 220 nm. Mass spectra were obtained by matrix-
assisted laser desorption/ionization mass spectrometry (MALDI-
MS) on a Protein TOF apparatus (Bruker Spectrospin, Bre-
men, Germany). Amino acids and derivatives were from
Neosystem (Strasbourg, France). All reagents and solvents
were of analytical grade. N-Fmoc-â3-amino acids bearing the
side chains of Ala, Val, Leu and Ile were synthesized as
described starting from the corresponding N-Fmoc-protected
R-amino acids and gave spectroscopic data in good agreement
with those previously reported.9

(3S,4R)-4-(tert-Butoxy)-1-diazo-3-{[(9H-fluoren-9-
ylmethoxy)carbonyl]amino}pentan-2-one (Fmoc-(3S,4R)-
Thr(t-Bu)-CHN2) (12). To a cold -20 °C solution of Boc-Thr(t-
Bu)-OH (15.39 g, 40 mmol) in THF under Ar were sucessively
added i-BuOCOCl (5.71 mL, 44 mmol) and NMM (4.81 mL,
44 mmol). After 20 min of stirring at -20 °C the resulting
white suspension was filtered rapidly and a solution of CH2N2

in Et2O was added to the filtrate. Stirring was continued for
3h as the mixture was allowed to warm to room temperature.
Excess CH2N2 was destroyed by vigorous stirring. The mixture
was diluted with Et2O and washed with saturated NaHCO3

solution, water, 1 M KHSO4 and saturated NaCl solution. The
organic phase was dried over MgSO4 and concentrated in
vacuo. Flash chromatography (EtOAc/hexane 1:5) yielded 12
(14.58 g, 84%) as a yellow oil: HPLC tR 16.51 min (linear
gradient, 30-100% B, 20 min); 1H NMR (200 MHz, CDCl3) δ
0.92 (d, J ) 7.2 Hz, 3 H), 1.22 (s, 9 H), 4.03-4.26 (m, 3 H),
4.38-4.56 (m, 2 H), 5.60 (s, 1 H), 5.84 (d, J ) 6.8 Hz, 1 H),
7.23-7.44 (m, 5 H), 7.62 (d, J ) 7.2 Hz, 2 H), 7.75 (d, J ) 7.0
Hz, 2 H); 13C NMR (50 MHz, CD3CN) δ 18.9, 28.4 (CH3), 47.4,
54.3, 63.6 (CH), 66.8 (CH2), 67.2 (CH), 74.8 (C), 120.1, 125.1,
127.1, 127.8 (CH), 141.4, 143.8, 156.1, 192.5 (C).

(3R,4R)-4-(tert-Butoxy)-3-{[(9H-fluoren-9-ylmethoxy)-
carbonyl]amino}pentanoic Acid (Fmoc-(R,R)-â-HThr(t-

Bu)-OH) (13). To a cold -20 °C solution of 12 (14.38 g, 34
mmol) in THF containing 10% H2O was added under exclusion
of light a solution of silver trifluoroacetate (826 mg, 3.74 mmol)
in NMM (9.3 mL, 85 mmol) and the resulting mixture was
allowed to warm to room temperature in 4 h in the dark. It
was diluted with saturated NaHCO3 solution and extracted
with Et2O. The aqueous phase was acidified to pH 2-3 with 1
M KHSO4 at 0 °C and extracted with EtOAc. The organic layer
was dried over MgSO4 and concentrated in vacuo. Flash
chromatography (EtOAc/hexane 3:5) yielded 13 (8.24 g, 59%)
as a solid foam: [R]25

D + 9.6 (c 1.04, CHCl3); HPLC tR 14.59
min (linear gradient, 30-100% B, 20 min); 1H NMR (200 MHz,
CD3OD) δ 1.02 (d, J ) 6.3 Hz, 3 H), 1.18 (s, 9 H), 2.34 (dd, J
) 9.1 Hz, J ) 15.9 Hz, 1 H), 2.62 (dd, J ) 5.05 Hz, J ) 15.9
Hz, 1 H), 3.66-3.84 (m, 1 H), 3.97-4.05 (m, 1 H), 4.16 (t, J )
6.5 Hz, 1 H), 4.33 (d, J ) 7.3 Hz, 2 H), 7.23-7.39 (m, 5 H),
7.62 (d, J ) 7.2 Hz, 2 H), 7.75 (d, J ) 6.7 Hz, 2 H); 13C NMR
(50 MHz, CD3CN) δ 18.5, 28.9 (CH3), 35.4 (CH2), 48.6, 54.3
(CH), 67.7 (CH2), 68.9 (CH), 75.2 (C), 121.0, 126.3, 128.2, 128.8
(CH), 142.7, 145.2, 145.5, 158.4, 175.6 (C); MS (MALDI-TOF)
m/z 451 [M + K]+, 434 [M + Na]+.

Peptide Synthesis. Peptides 1-11 were synthesized in
Fmoc chemistry by the stepwise solid-phase methodology.
Assembly of the protected peptide chains was carried out on
a 60-µmol scale starting from either Fmoc-Val-Wang resin
(peptides 1-8, 10, 11) or o-chlorotrityl chloride resin (peptide
9). The Fmoc group was removed using 20% piperidine in DMF
(1 × 5 min, 1 × 15 min) under nitrogen bubbling. The resin
was then filtered and washed with DMF (6 × 3 min). For each
coupling step, a solution of the Fmoc-R- or -â-amino acid (5
equiv), BOP (5 equiv), and HOBt (5 equiv) in DMF and DIEA
were added successively to the resin, and the suspension was
mixed for 10 min. A double coupling was performed systemati-
cally. Monitoring of the coupling reaction was generally
performed with the Kaiser ninhydrin test or with 2,4,6-
trinitrobenzene sulfonic acid (TNBS). After the removal of the
last Fmoc protecting group, the resin was washed with CH2-
Cl2, Et2O and dried under nitrogen. Side chain deprotection
and cleavage of the peptide from the resin was performed by
treatment with King’s reagent (TFA/phenol/water/thioanisole/
1,2-ethanedithiol 82.5:5:5:2.5) for 150 min at 20 °C. After
precipitation in cold ether and centrifugation, the peptide was
solubilized and lyophilized. The crude peptides were finally
purified by HPLC (linear gradient, 5-65% B, 30 min) and
lyophilized. Analytical data are reported in Table 1.

Detection of Peptide/HLA Interactions. Direct test:
HLA molecules were purified from B-EBV cell lines by affinity
columns, as previously described20 and stored frozen at -80
°C. 50 µg diluted in 500 µL of PBS plus 0.1% NP40 was mixed
with 100 µL of 1% bovine serum albumin (BSA) and denatured
in the presence of 12.5 mM NaOH pH 11.7 plus 1.5 M urea
(total volume 800 µL) for 1 h at 4 °C. The heavy chain and
â2-microglobulin (â2m) were separated from endogenous pep-
tides on a G25 column (PD10, Pharmacia, Orsay, France)
equilibrated with PBS containing 0.05% Tween 20, 10 mg/mL
BSA, 1 mM PMSF, 10 µg/mL trypsin inhibitor, 3 mM sodium
azide (in PBS-Tween). HLA molecules diluted in a volume of
2.5 mL were added 2 µg/mL exogenous â2m (Sigma, St. Louis,
MO) and 6 mM CHAPS (Sigma, St. Louis, MO). Aliquots of 1
µg of HLA were incubated with exogenous peptides at con-
centrations varying from 10-4 to 10-8 M, in Eppendorf micro-
tubes for 2 h at room temperature then 24 h at 4 °C. Peptide
from the influenza nucleoprotein NP 383-391 (SRYWAIRTR)
was used as negative control. Each aliquot were further
dispatched in 2 wells of microtiter plates (100 µL/well, Max-
isorp Nunc) coated with anti-HLA monoclonal antibody (mAb)
(coating with 10 µg/mL in PBS) and incubated for 20h at 4
°C. Correctly folded HLA/complexes were revealed with anti-
â2m mAb M28 coupled to alkaline phosphatase and 4-methyl-
umbelliferyl phosphate (MUP, Sigma, St. Louis, MO). Fluo-
rescence was measured at 355/460 nm (Victor, Wallac, Evry,
France).

Stability of peptide/HLA complexes: HLA denaturation
and renaturation with 10-5 M exogenous peptide were per-
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formed as specified above. After an overnight incubation at 4
°C, unbound peptides were eliminated by centrifugation on
NANOSEP 10K (Pall Filtron, Northborough, MA). Samples
were diluted in PBS-Tw, and aliquoted in Eppendorf micro-
tubes for further incubations (1, 3, 5, 24 and 48 h) at 37 °C.
An aliquot (time 0) was immediately tested for having the
maximal number of formed complexes. The two incubations
with anti-HLA mAb were performed in microplates at 37 °C
for 1 h. Final detection was performed as described above.

T2 Cell Line. T2 is a variant of the cell line T1 produced
by fusion of the lymphoma cell CEM and the B lymphoblastoid
cell line 721.174. It expresses low amounts of HLA-A2 and no
HLA-B or -C molecules at the cell surface because a lack of
peptide transporters results in an accumulation of HLA heavy
chain in the endoplasmic reticulum.21 HLA-A2 molecules can
be stabilized at the cell surface by the addition of exogenous
peptides associating with them.

TILs. Human T cell clone-infiltrating melanomas, restricted
by the HLA A2.1 molecule and specific to the MART-1(27-
35) peptide, namely LT12 (Vâ2), LT11 (Vâ9), LT8 (Vâ5), were
kindly provided by F. Farace (Institut Gustave Roussy,
Villejuif, France). Cells were grown in complete medium. RPMI
10% human AB serum containing 50 IU/mL penicillin, 50 µg/
mL streptomycin, nonessential amino acids, 10 mM hepes, 1
mM pyruvate, glutamine, 100 U/ml IL-2 (Boehringer) and
TCGF 3%. The mutant T2 cell line was used as target cell in
cytolytic assays. Cells were grown in complete medium: RPMI
10% FCS containing 50 IU/mL penicillin, 50 µg/mL strepto-
mycin, nonessential amino acids, 10 mM hepes, 1 mM pyru-
vate, glutamine.

Cytolytic Activity Assay. Cytolytic activity was detected
by a standard 4-h 51Cr assay. The T2 target cells labeled with
100 µCi of sodium chromate (51Cr, 100 mCi/mL, DuPont-NEN
Research Products, Boston, MA) were incubated for 1 h with
1 µg/mL peptide, washed twice with 0.9% NaCl medium
containing 5% FCS and dispatched at 3000 cells/well. Spon-
taneous release never exceeded 25% of the maximum 51Cr
uptake. The percent specific lysis was determined as: 100 ×
(experimental release - spontaneous release)/(maximum re-
lease - spontaneous release).
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