
Abstract. Melanoma-associated antigens, MART-1, tyro-
sinase, gp100 and MAGEs, are typical melanoma-specific
tumor antigens which can potently induce immune responses
in metastatic melanoma patients treated with peptide vaccines.
In the present study, we established a dendritic cell (DC)-
based HLA-A2 melanoma-associated peptide (MART-1 or
gp100)-specific CTL induction method and characterized the
CTLs using HLA-A2 tetramer staining in 6 cases of HLA-
A2+ melanoma treated with DC vaccines. Peripheral blood
mononuclear cells (PBMC) from patients were stimulated
twice with MART-1 A2 peptide-pulsed DCs in the presence
of a low dose of IL-2. To boost CTL populations, CTL lines
were further stimulated twice with MART-1 A2 peptide-
pulsed T2 cells. The frequency of MART-1 A2 tetramer-
positive CTLs increased from 0.16% (prior to stimulation) to
2.15% (after DC stimulation), and reached 46.5% on average
(after additional T2 stimulation) in 4 cases which showed
a successful expansion. The absolute numbers of MART-1
A2 tetramer-positive CTLs increased from 187- to 619-fold
(average, 415-fold) compared to prior to DC stimulation.
CTL assays using MART-1-specific CTL lines demonstrated
potent killing activity against MART-1 peptide-pulsed T2
cells or HLA-A2+ melanoma cell lines in accordance with
the frequency of tetramer-positive CTLs. Finally, we were
successful in identifying melanoma peptide-specific T-cell
receptor (TCR) cDNAs in 2 cases for MART-1 and 1 case
for gp100 using the anti-TCR MoAb-based sorting as a novel

approach instead of a conventional cell cloning, and confirmed
peptide-specific IFN-γ production in TCR cDNA-trans-
duced naïve T cells. The results showed that cloned TCR
cDNAs were efficient in reconstituting tumor-specific cyto-
toxicity and good candidates for novel immunotherapy.

Introduction

Melanoma-associated antigens are categorized as class I
human leukocyte antigen (HLA)-restricted cancer/testis
antigens (1) which are considered to be immunogenic to the
immune system because they are hardly expressed in normal
tissues except testis. However, malignant melanoma is the
most well known cancer in which multiple tumor-specific anti-
gens have been defined and utilized in vaccination strategies
as peptide vaccines or peptide-pulsed DC vaccines (2,3). Our
group has been running a clinical phase I/II trial of peptide
cocktail-pulsed DC vaccines in metastatic melanoma patients
for some years. We reported that almost all cases showed
more than 2 peptide-specific CTL responses in blood and 2
cases had clinical responses (1 CR, 1 PR) (4).

Few studies have focused on the characterization or
determination of peptide-oriented single specific CTL clones
from melanoma patients treated with DC vaccines. Recently,
specific CTLs or tumor-infiltrating lymphocytes (TILs) have
been successfully cloned from blood or tumors of melanoma
patients (5-8). In some cases, MART-1 or gp100-specific
CTL clones obtained from the tumor tissue were expanded,
and could be utilized for adoptive immunotherapy (7,8).
As to other types of cancers, a very small number of TILs
were expanded to isolate tumor-specific clones from a bulk
of TILs and utilized to search for novel tumor antigens in a
tumor-derived complementary DNA library (9,10). However,
cloning from a bulk of CTLs is time-consuming and usually
costly.

In the present study, we established an easy and efficient
method for the expansion and separation of a very small
number of melanoma peptide-specific CTLs using HLA-A2
peptide tetramer or TCR-specific MoAb-based cell sorting.

INTERNATIONAL JOURNAL OF ONCOLOGY  33:  433-441,  2008 433

Novel approach to the characterization of melanoma
associated-peptide-specific CTL lines from

Japanese metastatic melanoma patients

YASUTO AKIYAMA1,  KOUJI MARUYAMA1,  SACHIKO TAI1,  MASAKO TAKIKAWA1,  CHIE OHSHITA1,

AKIFUMI YAMAMOTO4,  NAOYA YAMAZAKI3,  YOSHIO KIYOHARA2 and KEN YAMAGUCHI1

1Immunotherapy Division, Shizuoka Cancer Center Research Institute, 2Department of Dermatology, Shizuoka Cancer

Center Hospital, 1007 Shimonagakubo, Nagaizumi-cho, Sunto-gun, Shizuoka 411-8777; 3Department of Dermatology,

National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104; 4Department of Dermatology,

Saitama Medical University, 38 Moroyama, Iruma-gun, Saitama 350-0495, Japan

Received March 26, 2008;  Accepted May 21, 2008

DOI: 10.3892/ijo_00000025

_________________________________________

Correspondence to: Dr Yasuto Akiyama, Immunotherapy
Division, Shizuoka Cancer Center Research Institute, 1007
Shimonagakubo, Nagaizumi-cho, Sunto-gun, Shizuoka 411-8777,
Japan
E-mail: y.akiyama@scchr.jp

Key words: DC vaccine, metastatic melanoma, melanoma-
associated HLA-A2 peptide, tetramer sorting, electroporation

433-441  1/8/08  13:37  Page 433



Through the molecular cloning of melanoma peptide
(MART-1 or gp100)-specific TCRs, the biological character-
ization of each CTL line was performed in Japanese
metastatic melanoma patients given DC vaccines.

Materials and methods

Reagents and cell lines. Recombinant human (rh) granulocyte
macrophage colony-stimulating factor (GM-CSF), rh-inter-
leukin (IL)-2, rhIL-4, rhIL-7, and TNF-α were purchased from
PeproTech Inc. (Rocky Hill, NJ). GM-CSF and IL-4 were
used at 50 ng/ml for dendritic cell (DC) cultures. Mouse
monoclonal antibodies (MoAbs) to human CD1a, CD3,
CD8, CD11c, HLA-ABC (class I), HLA-DR (class II), CD80,
CD83, CD86 and FITC as well as PE-labeled anti-human
IFN-γ antibody were all obtained from PharMingen (San
Diego, CA, USA). HLA*0201 MART-1 (ELAGIGILTV),
gp100 and Influenza matrix protein (Flu-MP) tetramers were
purchased from MBL (Nagoya, Japan). TCR Vß repertoire
kit and FITC-labeled anti-specific TCRVß repertoire MoAbs
were from Beckman Coulter Inc. (CA, USA). The T2 cell
line was purchased from the American Type Culture
Collection (Manassas, VA, USA). Human melanoma cell
lines, C32 and RPMI7951, were obtained from ATCC and
NCC-KT was provided by Dr Y. Hamanaka (Yamaguchi
University School of Medicine, Ube, Japan).

Synthetic peptides. The sequences of melanoma-associated
peptides used in the present study are MART-127-35

(AAGIGILTV), gp100209-217 (IMDQVPFSV) and Flu-MP58-66

(GILGFVFTL). These peptides were synthesized as reported
previously (11).

CTL induction cultures. PBMCs from 6 cases of HLA-
A*0201+ metastatic melanoma were used for in vitro CTL
inductions. The clinical research using PBMC from melanoma
patients was approved by the Institutional Review Board of
Shizuoka Cancer Center, Shizuoka, Japan. All patients gave
written informed consent. All cases of metastatic melanoma
were given HLA-A2 melanoma-associated peptide-pulsed
DC vaccines in clinical trial reported previously (4). Briefly,
after non-adherent PBMCs were stimulated twice with
MART-1 A2 peptide-pulsed mature DCs (most cells
positively stained with CD83 MoAb), cells were boosted
in RPMI-1640 medium containing L-glutamine (2 mM),
penicillin (100 U/ml), streptomycin (100 U/ml) and 5% AB
human serum referred to as CTL medium with 2 rounds of
stimulation with MART-1 peptide-pulsed T2 cells. In case 3,
gp100 peptide was also used for the induction. Finally,
expanded peptide-specific CTLs were utilized for various
experiments or cell sorting.

TCR repertoire staining with anti-TCR MoAb panel. The
staining profile of CTLs during the expansion procedure
was monitored using a TCR Vß repertoire kit, and after DC
plus T2 cell-based expansion, major populations positively
stained with the specific anti-TCR antibody were determined. 

Tetramer staining. Cultured CTLs were stained with both
FITC-anti-CD8 MoAb and PE-labeled HLA-A2 MART-1,

gp100, or Flu-MP tetramer as previously described (12).
Cells were analyzed on a flow cytometer.

CTL killing assay. CTL killing was assessed with the DELFIA
non-radioactive cytotoxicity assay (Perkin-Elmer Inc.,
Waltham, MA, USA). Briefly, target cells (T2 cells, melanoma
cell lines) were labeled with a fluorescence enhancing
ligand, BATDA, and mixed with effector cells at an E/T ratio
of 10 for 4 h. The supernatant collected from the CTL culture
was incubated with europium solution, and the EuTDA level
was measured in real-time on a fluorometer, ARVOsx-2
(Perkin-Elmer Inc.).

Intracellular IFN-γ staining. CTLs from 4 melanoma cases
were pre-incubated with MART-1 peptide-pulsed or un-pulsed
T2 cells for 4 h, and stained intracellularly with anti-human
IFN-γ MoAb, HLA-A2 MART-1 peptide-specific tetramer,
and/or anti-specific TCR MoAb. The stained cells were
analyzed on a flow cytometer.

CTL sorting by MACS. HLA-A2 MART-1 and gp100 peptide
tetramer-based or TCR MoAb-based CTL sorting was
performed using the autoMACS (magnetic cell sorting) system
(Miltenyi, Germany). Briefly, we used a specific PE-labeled
tetramer or FITC-labeled TCR-specific MoAb as primary anti-
body, and anti-PE or FITC MoAb microbeads as secondary
antibody. The purity of the tetramer+ or specific TCR+ CTLs
was >98% (data not shown). Purified CTLs were sequentially
used for PCR cloning of the TCR gene.

T2-stimulated IFN-γ production from peptide-specific CTL
line sorted by TCR-specific MoAb. Expanded CTL lines
from case 2 were sorted by FITC-labeled anti-TCR BV28
or anti-TCRBV12 MoAb using the autoMACS. After an over-
night incubation with CTL medium, sorted CTLs (1x105)
and peptide-pulsed T2 cells (1x105) were co-incubated in a
round bottomed-96-well microculture plate for 24 h. Finally,
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Table I. Analysis of peptide-specific CTL production from
HLA-A*0201-positive melanoma patients.
–––––––––––––––––––––––––––––––––––––––––––––––––
Case Total cell no. (x107) HLA-A2 tetramer (%)
no. ––––––––––––––––––– –––––––––––––––––––––

Pre 2DC 2DC+2T2 Pre 2DC 2DC+2T2
–––––––––––––––––––––––––––––––––––––––––––––––––
1 2.4 2.5 2.0 0.14 0.89 31.7

2 2.0 3.6 3.9 0.35 4.64 78.8

3 2.0 2.2 4.8 0.12 1.73 40.5

3* 2.0 9.3 - 0.13 44.3 -

4 2.0 1.4 0.62 0.02 1.32 35.0

5 2.0 1.2 - 0.05 0.12 N.D.

6 1.7 0.48 - 0.03 0.11 N.D.
–––––––––––––––––––––––––––––––––––––––––––––––––
Pre, before starting CTL induction; 2DC, after 2 rounds of peptide-
pulsed DC stimulation; 2DC+2T2, after 2 rounds of peptide-pulsed
T2 stimulation in addition to 2DC; N.D., not detected. Each value
shows the mean for 2 experiments. *gp100 A2 peptide.
–––––––––––––––––––––––––––––––––––––––––––––––––
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supernatants were collected and IFN-γ levels were measured
using an ELISA kit specific for human IFN-γ (Biosource,
Camarillo, CA, USA).

PCR cloning and sequencing of MART-1 or gp100 peptide-
specific TCRBV cDNA. Total RNA of sorted CTLs was
prepared with a kit, Nucleospin RNA II (Machery-Nagel,
Germany), and aliquots of 2 μg were subjected to reverse
transcription using oligo (dT) primer and SuperScript II
(Invitrogen, CA, USA). The first strand cDNA was amplified
by PCR using KOD Polymerase (Toyobo, Japan) according
to the manufacturer's instructions and coding region-specific
primers for TCRBV28 and TCRBC1 (MART-1 peptide-
specific TCR), or TCRBV12-4 and TCRBC2 (gp100 peptide-
specific TCR). The primer sequences are as follows: 5'-GC
AGCCATGGGAATCAGGCTCCTCTGT-3' for TCRBV28,
5'-TCAGAAATCCTTTCTCTTGACCATGGC-3' for
TCRBC1, 5'-TCTGCCATGGACTCCTGGACCCTCTGC-3'
for TCRBV12-4, and 5'-CTAGCCTCTGGAATCCTTTCTC
TTGAC-3' for TRBC2. The PCR product was separated
by electrophoresis on a 1.5% agarose gel, and the band of
appropriate size (bp) was excised and extracted from the gel.
The recovered DNA fragment was cloned into the plasmid
pCR-Blunt (Invitrogen), and its sequence was determined using
BigDye Terminator reagent and a 3130xl Genetic Analyzer
(Applied Biosystems, CA, USA). To confirm DNA sequences,
>12 independent clones were analyzed for each TCR gene.
The confirmed cDNA sequences for each TCR gene were
analyzed by a WEB tool of IMGT (JunctionAnalysis,
http://imgt.cines.fr/).

Construction of expression plasmid. The MART-1 peptide-
specific TCR gene cloned in pCR-Blunt was digested
with PstI and blunted with T4 DNA polymerase (Takara,
Japan), and then digested with BamHI. The resultant DNA
fragment was cloned into the blunted NheI-BglII site of a
pmax expression plasmid (Amaxa, Cologne, Germany). The
EcoRV-BamHI fragment of the gp100 peptide-specific TCR
gene from pCR-Blunt was cloned into pmax as in the case of
the former TCR gene fragment.

TCRBV gene transduction into primary naive T cells. The
plasmid vector pmax was utilized for making the construct
containing GFP, cloned specific TCR genes, or vehicle. A
T cell transfection kit (Nucleofector™, Amaxa) and a Nucleo-
fector device (Amaxa) were used according to the manu-
facturer's instructions. Prior to electroporation, all lympho-
cytes including T cells were usually stimulated with anti-CD3
(2 μg/ml) and CD28 MoAb (1 μg/ml) for 5 days in GT-T503
medium and collected for the gene transduction procedure.
The expression of TCR protein was analyzed on a flow
cytometer using anti-TCRBV9 and BV28 (in MART-1) or
anti-TCRBV12 (in gp100) MoAb.

IFN-γ production by specific TCR gene-transduced naïve T
cells. Two days after electroporation, naïve T cells trans-
duced with mock, GFP, or a specific TCR gene were harvested
and incubated with melanoma peptide-pulsed T2 cells or the
melanoma cell line for 24 h. The supernatant was collected
and the IFN-γ level was measured using an ELISA kit specific
for human IFN-γ.
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Figure 1. Expansion of HLA-A2 peptide tetramer-positive CTLs after stimulation 4 times with peptide-pulsed DCs and T2 cells. MART-1 A2 peptide-specific
CTL lines from case 2 (A) and case 3 (B). Gp100 A2 peptide-specific CTLs from case 3 (C). The left side of the panel shows the staining of influenza
(Flu)-MP A2 peptide tetramer, and the right side, the staining of MART-1 or gp100 A2 peptide tetramer.

433-441  1/8/08  13:37  Page 435



Results

Tetramer+ CTL induction and expansion. After the expansion
of melanoma peptide-specific CTLs, the frequency of
MART-1 tetramer+ CTLs increased to 46.5% (mean of 4
cases) compared with before stimulation (<1%) (Table I).
However, the expansion failed in 2 cases. Case 3 also demon-
strated efficient expansion of gp100 A2 tetramer+ CTLs
(Table I, Fig. 1). In contrast, Flu-MP A2 tetramer+ cells were
not seen.

In Fig. 2, the absolute No. of MART-1 tetramer+ CTLs
was shown to increase from 187- to 619-fold (average
415-fold) after T2 stimulations compared to prior to the
DC stimulation. In case 3, gp100 A2 tetramer+ CTLs were
surprisingly expanded up to 1590-fold (data not shown).
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Figure 2. Expansion of MART-1 A2 peptide tetramer-positive CTLs after
4 rounds of stimulation. PBLs from 4 HLA-A2+ melanoma patients were
stimulated ex vivo up to 4 times. Each column shows the mean value for
results from 2 experiments. Pre-stim, pre-stimulation; 2DC, 2 rounds of DC
stimulation; 2DC+2T2, 2 rounds of stimulation by DCs followed by 2 rounds
of stimulation by T2 cells.

Figure 3. Cytotoxic activity of expanded MART-1 A2 peptide-specific CTL
lines from 4 HLA-A2+ melanoma patients. Target cells were labeled with
fluorescence enhancing ligand and co-incubated with CTLs for 3 h. T2 (-),
untreated; T2 (+), treated with MART1 A2 peptide, melanoma cell lines
(C32: HLA-A*0201+, MART1+; RPMI7951: HLA-A*0201+, MART1-;
NCC-KT: HLA-A*0201-, MART1+). Each column shows the mean ± SD
for triplicate samples.

Figure 4. IFN-γ production from MART-1 A2 peptide tetramer+ CTL lines
stimulated with peptide-pulsed T2 cells. Each CTL line was stained first
with MART-1 A2 peptide tetramer and then intracellularly with anti-IFN-γ

MoAb. (A) case 1, (B) case 2, (C) case 3 and (D) case 4.

Table II. Frenquency of specific TCR repertoire+ CTLs from
HLA-A*0201 positive melanoma patients.
–––––––––––––––––––––––––––––––––––––––––––––––––
Case Peptide Tetramer+ Repertoire Frequencya

no. CTLs (%) (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
2 MART-1 78.8 BV9 35.7

BV20 18.5

BV4 12.1

BV27 11.3

3 MART-1 40.5 BV28 87.8

3 gp100 44.3 BV12 82.5
–––––––––––––––––––––––––––––––––––––––––––––––––
aFrequency, percentage of tetramer+/specific TCR repertoir+ CTLs.
A TCR repertoire with a frequency of >10% was chosen. Each
value shows the mean for 2 experiments.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 5. IFN-γ production by CTL populations recognized by specific anti-
TCR repertoire MoAb after stimulation with MART-1-pulsed T2 cells in
case 2. (A) TCRBV9+, (B) TCRBV20+, (C) TCRBV4+ and (D) TCRBV27+

CTLs. Each CTL was stained first with anti-TCR repertoire MoAb and
then intracellularly with anti-IFN-γ MoAb after the T2 stimulation.
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In contrast, the frequencies of MART-1 tetramer+ CTLs
from 4 patients prior to the DC vaccine were all <5% even
after ex vivo full expansion (data not shown). Additionally,
the frequency of Flu-MP tetramer+ (as a control) CTLs was
<0.2% after an expansion in all cases (data not shown).

CTL killing activity of expanded MART-1-specific CTLs.
Cultured CTLs from 4 melanoma cases showed strong
killing activity against MART-1 peptide-pulsed T2 cells
and the C32 melanoma cell line (HLA-A*0201+, MART1+)
(Fig. 3). There was some difference in killing activity
against C32 cells among cases. In contrast, no significant
killing activity was seen in RPMI7951 (HLA-A*0201+,
MART1-) and NCC-KT (HLA-A*0201-, MART1+). The
killing activity was shown to be HLA-A2 and antigen
(MART-1)-specific.

Intracellular IFN-γ staining of expanded CTLs from
melanoma patients. The frequency of both MART-1 tetramer
and IFN-γ-positive CTLs in 4 melanoma cases after peptide-
pulsed T2 stimulation was 7.6, 34.2, 25.4 and 9.8%,
respectively (Fig. 4). The percentage of IFN-γ+ out of all
tetramer+ cells was 23.9, 43.4, 62.7 and 27.9%. In either case
CTLs from case 2 and 3 were more efficient in IFN-γ
production than those from the other two cases.

TCR repertoire profiling in melanoma cases and its relation
to cytotoxic activity. After the expansion there were 1 major
(35.7%) and 3 minor (18.5, 12.1 and 11.3%) populations with
specific TCR repertoires among 78.8% of MART-1 tetramer+

CTLs in case 2 (Table II). Case 3 had a major population
in both MART-1 (87.8%) and gp100 (82.5%) A2 tetramer+

CTLs.
Fig. 5 shows the association of IFN-γ production by

peptide-pulsed T2-stimulated CTLs (cytotoxic activity)
with the specific TCR repertoire in case 2. TCRBV9+ CTL
populations alone exhibited a specific killing activity
(TCRBV9+/IFN-γ+; 9.6%). Finally, TCRBV9+ CTLs in case 2

and TCRBV28+ or BV12+ in case 3 were specifically sorted
(purity >98%) using the autoMACS system and all utilized
for TCR gene cloning.

T2-stimulated IFN-γ production from peptide-specific CTL
line sorted by TCR-specific MoAb. CTL lines sorted by FITC-
labeled anti-TCRBV28 or anti-TCRBV12 MoAb showed
MRAT-1 or gp100 A2-peptide specific cytotoxic activity,
respectively (Fig. 6). Gp100 A2-peptide specific CTL clone
exhibited greater IFN-γ production than MART-1 peptide-
specific clone after the various doses of peptide-pulsed T2
stimulation.

TCR cDNA sequences in MART-1 or gp100 A2 peptide-
specific CTLs. Cloned TCR cDNA sequences are shown
in Fig. 7 (MART-1-specific sequence in case 1, MART-1
or gp100-specific sequence in case 2). The TCR repertoire
used was TCRBV9 in MART-1 A2 CTLs from case 2, and
TCRBV28 and TCRBV12 in MART-1 and gp100 A2 CTLs
from case 3, respectively.

TCR cDNA transduction into primary naïve T cells in
melanoma cases. The GFP cDNA transduction experiment
after antibody-mediated T cell stimulation showed that the
activated state resulted in improved transduction efficiency
(unstimulated 25.9% vs. stimulated 40.1%) (Fig. 8). In the
case of 4 μg of the TCR cDNA for MART-1 and gp100, the
frequency of TCR-positive T cells was 23.9% (MART-1,
case 1), 31.3% (MART-1, case 2) and 13.3% (gp100, case 2),
respectively (Fig. 9). cDNA (4 μg) and pre-activated T cells
were more efficient in gene transduction than 2 μg of cDNA
and unactivated cells, respectively.

IFN-γ production by TCR cDNA-transduced naïve T cells on
antigen stimulation. PBMCs from melanoma patients were
transduced with 4 μg of TCR cDNA (MART-1 specific in case
2 and 3, gp100 specific in case 3) by electroporation and used
for co-culture with peptide-pulsed T2 cells or the melanoma
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Figure 6. Peptide dose-dependent IFN-γ productions from anti-TCR MoAb-sorted CTL lines. (A) anti-TCRBV28 MoAb-sorted MART-1-specific CTL line,
(B) anti-TCRBV12 MoAb-sorted gp100-specific CTL line. These lines were stimulated with MART-1 or gp100-pulsed T2 cells. IFN-γ levels in the
supernatant were measured using human IFN-γ-specific ELISA kit. Each point shows the mean ± SD of triplicate samples.
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cell line. PMBCs transduced with the MART-1-specific TCR
cDNA (case 3) showed specific IFN-γ production against
MART-1 peptide-pulsed T2 cells and the HLA-A2+, MART-1+

C32 cell line in a HLA and antigen (MART-1)-restricted
manner (Fig. 10). Additionally, PBMCs transduced with
another MART-1-specific (case 2) or gp100-specific (case 3)
TCR cDNA demonstrated specific IFN-γ production against
each of the peptide-pulsed T2 cells.

Discussion

It is accepted that spontaneously immunized CTL clones can
be recognized at tumor sites or in peripheral blood without
aggressive vaccinization, because melanomas are generally
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Firgure 7. Alignment of cloned TCR cDNA sequences from case 2 and 3. The TCR repertoire used was TCRBV9 in MART-1 A2 CTLs from case 2, and
TCRBV28 and TCRBV12 in MART-1 and gp100 A2 CTLs from case 3, respectively. Segments V, D, J and C were identified using a tool at the IMTG web
site (JunctionAnalysis, http://imgt.cines.fr/).

Figure 8. GFP gene transduction into PBMCs of melanoma patients using
electroporation. After electroporation, cells were stained with anti-CD3
MoAb and analyzed on a flow cytometer. (A) unstimulated PBLs, (B) PBLs
stimulated with anti-CD3 and anti-CD28 MoAb prior to electroporation.

Figure 9. MART-1 or gp100 A2 peptide-specific TCR cDNA transduction into PBLs of HLA-A2+ melanoma patients. All PBMCs were stimulated with a
cocktail of anti-CD3 and anti-CD28 MoAb prior to electroporation. Mock DNA was used in (A-C). Specific TCR DNA was transduced. (D) TCRBV9, (E)
TCRBV28 and (F) TCRBV12. After electroporation, all cells were stained with specific anti-TCR repertoire MoAb and anti-CD3 antibody and analyzed on a
flow cytometer.
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immunogenic tumors in terms of the immune response against
antigens (13,14). With regard to common melanoma antigens
like MART-1, gp100 and tyrosinase, many heterogeneous
tumor-infiltrating lymphocytes (TILs) or blood CTLs specific
to these peptides have been identified using clonal analysis
and characterized specifically in terms of antigen avidity and
cytotoxic activity against tumors (15-18).

Previously, our group performed a peptide-cocktail pulsed
DC-based immunotherapy in Japanese metastatic melanoma
patients as a phase I/II study (4). This time we characterized
melanoma antigen-specific CTL clones derived from the blood
of patients given DC vaccines and established an ex vivo
expansion culture method. Finally, our group succeeded in
cloning and sequencing melanoma peptide (MART-1 and
gp100)-specific T cell receptor (TCR) genes. Few clonal
CTL analyses after the use of cancer vaccines including DCs
and peptides have been performed so far (19-21). Powell et al
(22) demonstrated the efficacy of a multiple course peptide-
immunization strategy for the generation in high frequencies
of tumor antigen-specific T cells, because they recognized
circulating vaccine-specific CTLs in blood with an effector
memory phenotype even one year after the final vaccination.
Additionally, Godelaine et al (23) reported that several potent
CTL clones specific to MAGE3 A1 peptide were amplified
after the use of a peptide-pulsed DC vaccine and the frequency
of tetramer-positive CTLs in blood increased 20-400-fold
compared with before the vaccination.

As to ex vivo CTL expansion, we established our own
method to increase number of melanoma-peptide-specific
blood CTLs from patients given a DC vaccine several times.
Briefly, PBMCs obtained from melanoma patients were
stimulated twice in vitro with patient-derived DCs pulsed
with the same peptide as used in the DC vaccine, and further-
more activated twice with peptide-pulsed T2 cells. Finally,
MART-1 tetramer-positive CTLs were able to be expanded
up to 415-fold (on average) in 4 HLA-A2+ melanoma patients
given the vaccine. These expanded CTLs were all efficient

in killing MART-1 peptide+ T2 or melanoma cells in a HLA
and MART-1-restricted manner. This result was comparable
to that obtained with MAGE3 A1 peptide reported by
Godelaine et al. In contrast, in the case of CTLs obtained
from patients prior to the vaccination, the expansion was much
less extensive. This observation demonstrated that utilizing
PBMCs from patients given a DC vaccine is a very efficient
way of preparing numerous adoptive CTLs for clinical use.
Different approaches to CTL expansion including the use
of autologous DC (24), anti-CD3, CD28 antibody (equipped
with beads) (25) or EB virus-transformed B cells (26) have
been tried, however, it is considered that autologous DC with
immunogenic peptides might be one of optimal expansion
methods.

Additionally, distinguishing these CTLs in terms of tumor-
specific avidity and cytotoxicity is important. Generally,
tetramer-positive CTLs have polyclonal effectors and the
clone responsible for the genuine anti-tumor activity cannot
be identified at the expansion stage (13,15,17). We utilized
specific staining of CTLs with a combination of anti-TCR
MoAb and intracellular IFN-γ staining as shown in Fig. 5.
Using this method, the monoclonal TCR repertoire mediating
the anti-tumor cytotoxicity could be elucidated. Furthermore,
anti-TCR MoAb-sorted CTL clones were shown to exhibit
very potent melanoma-peptide specific cytotoxic activity
(Fig. 6). Once the functional TCR repertoire is determined,
a functional CTL clone can be purified by MoAb sorting,
and finally specific DNA is cloned as we have performed.
This might be a novel approach to determine the genuine
clone responsible for peptide-specific cytotoxicity at the level
of selection of polyclonal CTLs.

Evaluating the efficiency and capability of cancer-specific
CTLs for clinical application is also an important issue.
Many studies of cytotoxicity or avidity for tumors comparing
TILs with blood CTLs have been performed. Basically, TIL
clones tend to be more cytotoxic and have greater affinity for
tumor cells and a more limited TCR repertoire than blood
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Figure 10. IFN-γ production from specific TCR cDNA-transduced lymphocytes derived from a melanoma patient against melanoma cell lines. Mock or TCR
gene-transduced lymphocytes were co-incubated with T2 cells (A) or a melanoma cell line (B) for 24 h. The amount of IFN-γ produced in the supernatant was
measured using an ELISA kit. T2 (-), untreated; T2 (peptide), treated with various peptides, melanoma cell lines (C32, HLA-A*0201+, MART1+; RPMI7951,
HLA-A*0201+, MART1-; NCC-KT, HLA-A*0201-, MART1+). Each column shows the mean ± SD for triplicate samples. **P<0.01, *P<0.05.
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CTLs. Cole et al (27) and others showed that the same TCR
repertoire specific to MART-1 peptide was recognized
among blood CTLs as TIL clones isolated from tumors, and
supported the application of vaccine-boosted blood CTLs to
adoptive immunotherapy. Romero et al (28) have demon-
strated that large numbers of tumor antigen-specific CTLs
occurred in tumor-infiltrated lymph nodes, which were
able to be expanded with cytokines efficiently. In the
present study, TILs from melanoma tissue were not analyzed.
In future, upcoming resected tumors will be used for TIL
expansion according to the methods of others.

When considering the application of native adoptive CTL
therapy, a great number of potent CTLs specific to cancer
peptides are needed. The technology of TCR gene-engineering
is possibly one efficient tool with which to expand the
specific effector T cells. To date, retroviral vector-mediated
TCR gene transduction has been utilized in basic research and
some clinical trials (29-32). Recently, the use of a lentiviral
vector system was reported to be the optimal way to transduce
specific TCR genes into naïve T cells (33). However, adverse
effects such as leukemogenesis in stem cell-based retroviral
gene transduction programs cannot be avoided completely. In
our study, a novel electroporation-based TCR gene trans-
duction was performed and the transduction efficiency in
naïve T cells derived from melanoma patients was acceptable
(56% for GFP gene, 31% for MART-1 TCRBV28 gene in
case 3, respectively). These rates are low compared with the
optimal values for lentiviral-mediated transduction. However,
CTLs after TCR gene transduction seemed to be functionally
active and exhibited HLA-restricted cytotoxicity against not
only T2 cells pulsed with peptides but also melanoma cell
lines in a HLA-restricted manner. More importantly, anti-
CD3 and anti-CD28 antibody-mediated T cell activation
prior to electroporation is needed to reduce the damage to T
cells and promote the transduction efficiency as previously
reported (34). The precise mechanism for the promoting
effect of antibody stimulation on gene transduction remains
to be elucidated. Our study demonstrated that the GFP and
MART-1-specific TCRBV DNA transduction rate increased
from 29.5 and 7.4% (without activation) to 56.9 and 31.3%
(with activation), respectively (data not shown).

DC vaccine-based efficient CTL expansion using blood
CTLs from vaccinated melanoma patients, may be a good
immunotherapeutic modality. This novel approach can be
employed for adoptive CTL therapy followed by the use of
peptide-cocktail pulsed DC vaccines and the administration
of a T cell-supporting cytokine such as IL-2, IL-7 or IL-15 to
maintain and expand infused CTLs in vivo. As Dudley et al
showed previously, positive approaches for immuno-
modulation such as lymphocyte depletion or the removal of
regulatory T cells will be necessary to make a novel adoptive
CTL therapy successful. Targeting immuno-suppressive
molecules is another important approach that should be
tried.
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