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We show correlation between strong and decreased NY-ESO-1-
specific immunity with spontaneous regression and subsequent 
recurrence, respectively, in a long-surviving patient with an 
NY-ESO-1-expressing lung adenocarcinoma. An integrated immune 
response consisting of IgG antibody, as well as CD4 and CD8 T cells, 
against NY-ESO-1 was observed at the time of spontaneous 
regression of multiple pleural metastases. After tumor dormancy for 
3 years, the tumor started to progress. IgG antibody levels and the 
number of CD4 and CD8 T cells against NY-ESO-1 decreased, but 
were still detectable. On the other hand, the number of Foxp3+ 
CD25 high T regulatory cells gradually increased. The findings 
suggest the relevance of the NY-ESO-1 immune response and its 
regulation by Foxp3+ CD25 high T regulatory cells in the clinical 
course of this lung cancer patient.
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Introduction
The NY-ESO-1 antigen was originally found in an esophageal 

cancer by serological recombinant cDNA expression cloning 
(SEREX) and is in the category of cancer/testis (CT) antigens (1-
3). Its expression is restricted to germ cells in the testes in 
normal adult tissues, but is observed in various cancer types at 
different frequencies (4). A characteristic of the NY-ESO-1 
antigen is its extremely high immunogenicity (5). Patients with 
NY-ESO-1-expressing tumors frequently show a spontaneous 
immune response to the NY-ESO-1 antigen. An antibody 
response against the NY-ESO-1 antigen was frequently observed 
in patients with NY-ESO-1-expressing tumors (6, 7). Most 
patients who showed an antibody response also showed CD4 
and CD8 T cell responses (8, 9). Such strong immunogenicity 
indicates the NY-ESO-1 antigen to be a very promising 
candidate target molecule for a cancer vaccine.

We recently reported a lung adenocarcinoma patient who 
showed spontaneous regression of multiple pleural metastases 
without any treatment (10). Analysis of the immune response 
using the patient's peripheral blood revealed extremely strong 
immune responses to the NY-ESO-1 antigen, but not to other 
CT antigens commonly expressed in lung cancer in the Japanese 

population. Recently, the patient showed tumor recurrence. In 
this paper, we show a correlation between high and decreased 
NY-ESO-1-specific immunity to spontaneous regression and 
subsequent recurrence. A gradual decrease in NY-ESO-1 
immunity was associated with a gradual increase in regulatory T 
cells (Tregs), suggesting the relevance of Tregs for recurrent 
tumor progression.

Results
Spontaneous regression and recurrence of the lung adenocarcinoma 
in patient GO

Patient GO is a 71-year old Japanese man. A right hilar tumor 
(3 x 3 cm) and right multiple pleural tumors were found by chest 
computed tomography in November 2004 (10). The hilar tumor 
was unchanged, but the pleural metastases regressed 
spontaneously by March 2005. Histopathological examination 
of pleural metastases biopsy specimens showed that the tumor 
was a poorly differentiated adenocarcinoma. 
Immunohistochemical analyses showed that approximately 
50%-60% of the tumor cells expressed NY-ESO-1 and 30%-40% 
expressed HLA class I antigens. Infiltration by many CD8 T cells 
was observed in the stromal tissue surrounding the tumor and 
in the tumor tissue. Subsequently, a tumor was noticed in the 
right lower lobe in November 2007 (Figure 1 and Figure 2A) 
that was probably the primary lesion which had disappeared and 
left a scar by his first visit to the hospital in November 2004. The 
tumors gradually increased in size until April 2009.

Serum antibody response
The serum antibody response against CT antigens, whose 

expression is frequently observed in lung cancer, was 
investigated in patient GO using recombinant proteins by 
ELISA. An antibody against NY-ESO-1, but not against XAGE-
1b, SSX2 or SSX4, was observed (10). An extremely strong 
serum IgG response against NY-ESO-1 was observed from 
March 2005 to July 2006 during the course of the disease 
(Figure 2). Thereafter, the response decreased gradually. The 
serum IgM response decreased gradually from March 2005 
onwards and was undetectable in July 2006. The dominant IgG 
subtype was IgG1 (Figure 2C).
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Figure 1 

Chest computed tomography. The white arrow indicates a right hilar tumor of the lung and the black arrow indicates a new lesion in the right lower lobe.

Figure 2 

Serum antibody response against NY-ESO-1 in patient GO. (A) The IgG and IgM responses against recombinant NY-ESO-1 protein at a serum dilution of 1:1,600 were 
plotted during the course of the disease. The control recombinant protein used was RL-Akt. The clinical course and treatments shown in the box correspond to the time 
points. (B) Titration of serum obtained at different time points is shown. Sera from 6 healthy donors were included as a control. (C) The IgG subtype was determined 
using specific secondary mAbs for detection. (D) The peptide regions recognized by the antibody were determined using 30-mer NY-ESO-1 overlapping peptides.
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Figure 3 

IFNγ secretion assays. MACS beads-purified CD4 and CD8 T cells (2 x 106) from PBMCs were cultured with irradiated (40 Gy) autologous CD4- and CD8-depleted 
PBMCs (2 x 106) as APCs in the presence of 28 overlapping 18-mer peptides and a 30-mer C-terminal peptide (OLPs) spanning the entire NY-ESO-1 protein (1 µg of 
each peptide/ml) in 24-well culture plates for 12 days. (A) IFNγ secretion by CD4 and CD8 T cells (1 x 105) was assayed against PFA-treated CD4- and CD8-depleted 
PBMCs (1 x 105) pre-pulsed with NY-ESO-1 OLPs for 30 min. (B and C) CD4 and CD8 T cells obtained in August 2005 were used on the twenty-sixth day following two 
stimulations. (B) IFNγ secretion by CD4 T cells (1 x 105) was assayed against the patient's EBV-transformed B cells (1 x 105) pretreated with NY-ESO-1 protein (20 µg/
ml) for 24 h, and NY-ESO-1-expressing melanoma (M-1) cells (1 x 105) pretreated with IFNγ (100 U/ml) for 48 h by stimulation for 4 h. HLA class II expression on M-1 
cells after IFNγ treatment is also shown. (C) IFNγ secretion by CD8 T cells (1 x 105) was assayed against the patient's PHA-stimulated CD4 T cells (T-APC) (1 x 105) 
transfected with NY-ESO-1 mRNA (20 µg).

The peptide regions recognized by the antibody were defined 
using 30-mer overlapping peptides spanning the entire NY-
ESO-1 protein. A peptide corresponding to amino acids 1-30 
was the region dominantly recognized by the antibody 
(Figure 2D), while peptides corresponding to amino acids 81-
110 and 151-180 were weakly recognized.

CD4 and CD8 T cell responses and their recognition of NY-ESO-1 
peptides

CD4 and CD8 T cell responses against NY-ESO-1 in patient 
GO were investigated by an IFNγ secretion assay using 28 
18-mer overlapping peptides and a 30-mer C-terminal peptide 
(OLPs) spanning the entire NY-ESO-1. MACS beads-purified 
CD4 and CD8 T cells from PBMCs were cultured with 

irradiated (40 Gy) autologous CD4- and CD8-depleted PBMCs 
as APCs in the presence of a mixture of OLPs for 12 days. The 
cells were then assayed for IFNγ secretion against 
paraformaldehyde (PFA)-fixed autologous CD4- and CD8-
depleted PBMCs pre-pulsed with OLPs. As shown in Figure 3, 
extremely strong CD4 and CD8 T cell responses were observed 
in PBMCs obtained in August 2005 when the strong IgG 
response was observed. On the other hand, decreased CD4 and 
CD8 T cell responses were observed in PBMCs obtained in 
March 2009, when a decreased IgG response was observed. 
After two in vitro stimulations, however, significantly amplified 
CD4 and CD8 T cell responses were detected in PBMCs 
obtained in March 2009 (data not shown), confirming the 
www.cancerimmunity.org 3 of 10



Cancer Immunity (1 October 2009) Vol. 9, p. 8
Figure 4 

NY-ESO-1 regions recognized by CD4 and CD8 T cells in patient GO. MACS beads-purified CD4 and CD8 T cells (2 x 106) from PBMCs obtained in August 2005 
were cultured with irradiated (40 Gy) autologous CD4- and CD8-depleted PBMCs (2 x 106) as APCs in the presence of 28 overlapping 18-mer peptides and a 30-mer 
C-terminal peptide (OLPs) at a concentration of 1 µg/ml of each peptide in a 24-well culture plate for 14 days. On the twenty-sixth day after two stimulations, CD4 and 
CD8 T cells (3 x 104) were assayed for IFNγ secretion against PFA-treated autologous CD4- and CD8-depleted PBMCs (3 x 104) pre-pulsed with the individual peptide 
after stimulation for 4 h. The peptide number corresponds to the individual overlapping peptides. Abbreviations: P, positive control stimulated with a mixture of OLPs; 
N, negative control without peptides.

presence of specific CD4 (0.2%) and CD8 (0.2%) T cells in the 
assay stimulated once in vitro.

The response of CD4 T cells was observed against autologous 
Epstein-Barr virus-transformed human B lymphocytes (EBV-B) 
pretreated with NY-ESO-1 protein and allogeneic NY-ESO-1-
expressing melanoma cells (M-1) with compatible HLA class II 
expression (Figure 3B). The response of CD8 T cells was 
observed against NY-ESO-1 mRNA-transfected autologous 
phytohemagglutinin (PHA)-stimulated CD4 T cells (Figure 3C). 
The findings indicate that the CD4 and CD8 T cell responses 
detected by the stimulation with OLPs were directed against 
naturally processed CD4 and CD8 T cell epitopes, respectively.

Peptide regions recognized by the CD4 and CD8 T cells were 
investigated using PFA-fixed autologous CD4- and CD8-
depleted PBMCs pre-pulsed with individual overlapping 
peptides in the assays. As shown in Figure 4, peptides 16 (aa 91-
108) and 17 (aa 97-114), and peptides 20 (aa 115-132) and 21 (aa 
121-138) were the two dominant regions recognized by CD4 T 
cells. On the other hand, peptides 27 (aa 153-170) and 28 (aa 
156-173) made up the dominant region recognized by CD8 T 
cells.

Restriction molecules involved in the CD4 T cell recognition 
of peptides 16 (aa 91-108) and 21 (aa 121-138) were 
investigated. As shown in Figure 5, CD4 T cell recognition of 
peptides 16 (aa 91-108) and 21 (aa 121-138) was blocked by an 
anti-DP mAb and an anti-DR mAb, respectively. Analyses using 
EBV-B cells for which HLA genotypes have been determined 
showed restriction by DPB1*0501 for the recognition of peptide 
16 (aa 91-108) and restriction by DRB1*0101 for the recognition 
of peptide 21 (aa 121-138).

CD8 T cell recognition of peptide 27 (aa 153-170) was 
analyzed using tetramers. The sequence SLLMWTQC (aa 157-
165) used for preparing A*0206-tetramers lies in peptide 27. As 
shown in Figure 6B, a significant fraction of A*0206-tetramer 
positive CD8 T cells were detected in the culture stimulated with 
OLPs. A*2402-tetramer positive CD8 T cells were at 
background level.

NY-ESO-1-reactive CD4 and CD8 T cell frequencies
The frequency of CD4 T cells specific for peptides 16 and 21 

was determined by limiting dilution. As shown in Figure 6A, the 
CD4 T cell frequency was calculated as 3.2 x 10-6 with either 
peptide. The frequency of CD8 T cells positive for A*0206 
tetramer staining was 6% (Figure 6B). Multiplication during 
culture for 12 days, assuming a doubling time of 24 h, was 
estimated at 1.4 x 10-5.

Foxp3+ CD25 high T regulatory cells (Tregs) in PBMCs from the 
patient during the course of the disease

Foxp3+ CD25 high Tregs in PBMCs were examined at three 
different time points simultaneously by intracellular staining 
using FACS. As shown in Figure 7, Foxp3+ CD25 high Tregs in 
normal individuals were in the range of 0% to 2%. In the patient, 
these cells were detected at frequencies of 1.8% and 4.6% in May 
2005 and January 2006, respectively. In March 2009, at the time 
when obvious tumor progression and a decreased immune 
response were observed, the number of Foxp3+ CD25 high 
Tregs went up to 13.4%. Cytokines in the serum were 
determined by ELISA using specific mAbs. As shown in 
Figure 8, a gradual increase in TGF-β1 was detected in sera from 
May 2005 to March 2009. No IL-4 or IL-10 was detected.
4 of 10 www.cancerimmunity.org
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Figure 5 

Restriction molecules involved in the CD4 T cell recognition of NY-ESO-1. CD4 T cell recognition of peptide 16 (aa 91-108) (A and C) and peptide 21 (aa 121-138) (B 
and D) was analyzed by antibody blocking (A and B) and using various EBV-B cells as APCs (C and D). CD4 T cells cultured with irradiated (40 Gy) autologous CD4- 
and CD8-depleted PBMCs in the presence of a mixture of OLPs for 14 days, as described in the legend of Figure 4, were assayed for IFNγ secretion against PFA-treated 
autologous CD4- and CD8-depleted PBMCs pre-pulsed with peptide 16 (aa 91-108) (A) and peptide 21 (aa 121-138) (B) in the presence of various mAbs (2 µg/ml) dur-
ing the assay, and against PFA-treated EBV-B cells as APCs pre-pulsed with peptide 16 (aa 91-108) (1 µg/ml) (C) and peptide 21 (aa 121-138) (1 µg/ml) (D) for which 
HLA genotypes have been determined. IFNγ production was determined by ELISA in A and B using the supernatant after culture for 18 h and by an IFNγ secretion assay 
in C and D after stimulation for 4 h.

Discussion
In this study, we show a correlation between a strong 

NY-ESO-1-specific immune response and its decreasing levels 
to spontaneous tumor regression of multiple pleural metastases 
and recurrence, respectively, during the course of the disease in 
a long-surviving patient with an NY-ESO-1-expressing lung 
adenocarcinoma. An integrated immune response consisting of 
IgG antibody and CD4 and CD8 T cells against NY-ESO-1 was 
observed at the time of spontaneous tumor regression. A tumor 
mass (3 x 3 cm) in the right hilar lymph node remained the same 
size for more than a year. After 3 years, a tumor recurred at the 
primary lesion site, which had disappeared spontaneously 
before the time of his first visit to the hospital and had been 
noticed as interstitial thickening on computed tomography. IgG 
antibody levels and CD4 and CD8 T cells against NY-ESO-1 
decreased, but were still detectable. On the other hand, Foxp3+ 
CD25 high Tregs gradually increased in association with tumor 
progression. Thus, the decrease in the initially strong immune 
response against NY-ESO-1 was associated with a gradual 
increase in Foxp3+ CD25 high Tregs, suggesting a relationship 

between the NY-ESO-1 immune response and the clinical 
course of the disease in this lung cancer patient.

Suppression of tumor immune responses by tumors has been 
well documented in experimental tumors and human cancers 
(11). Depletion of Tregs in the tumor host by injection of CD25 
mAb caused regression in various murine tumors (12). In vitro
depletion of Tregs from PBMCs in healthy donors and cancer 
patients unmasked NY-ESO-1 CD4 T cell responses which were 
otherwise undetectable (13). In human ovarian cancer, the 
frequency of Tregs in the tumor has been shown to negatively 
correlate with survival (14) and, in malignant melanoma, a high 
proportion of Tregs was observed in metastatic tumors (15). We 
have recently shown a high proportion of Tregs in the blister 
fluid of local tumor sites in a malignant melanoma patient 
vaccinated with a complex of cholesterol-bearing 
hydrophobized pullulan and NY-ESO-1 protein (16). In the 
peripheral blood, the number of Tregs has also been shown to 
have increased in various cancers (17). Recently, it was shown 
that patients with advanced melanoma had a high number of 
circulating Tregs, and that the number of Tregs in the blood was 
www.cancerimmunity.org 5 of 10
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Figure 6 

NY-ESO-1-reactive CD4 and CD8 T cell frequencies. Frequency analysis of peptide-specific CD4 T cells (A) and tetramer staining of CD8 T cells (B) are shown. (A) A 
limited number (2 x 104) of CD4 T cells were seeded in duplicate in 96-well plates and cultured with irradiated (40 Gy) autologous CD4- and CD8-depleted PBMCs 
(2 x 104) as APCs in the presence of peptides 16 (aa 91-108) (1 µg/ml) (top) and 21 (aa 121-138) (1 µg/ml) (bottom) for 14 days. On the twenty-sixth day after stimulat-
ing twice, IFNγ production by the cells in each well was determined against each peptide (1 µg/ml) using autologous EBV-B cells (1 x 104) as APCs by ELISA after incu-
bation for 18 h. An O.D. value exceeding 0.3 after subtraction of the background (without peptide) was taken as positive. The number of positive wells was 6 in both 
cultures. The peptide-specific CD4 T cell frequency was calculated to be 3.2 x 10-6 for both peptides. (B) Four tetramers were prepared. The patient HLA class I genotype 
was HLA-A*0206, A*2402, B27, B54, and Cw1. The sequence SLLMWTQC (aa 157-165) used to prepare the A*0206-tetramers lies in peptide 27 (aa 153-170) recog-
nized by the patient's CD8 T cells, as shown in Figure 4.

correlated with the stage of disease and the clinical and 
immunologic efficacy of the NY-ESO-1 ISCOMATRIX™ cancer 
vaccine (18).

Immune epitopes of NY-ESO-1 recognized by the IgG 
antibody and the CD4 and CD8 T cells were determined in the 
patient. The antibody recognized the amino acid region 1-30 
dominantly, and the amino acid regions 81-110 and 151-180 
weakly. Recognition of the NY-ESO-1 amino acid region 1-30 is 
not common in the immune response of Japanese patients with 
NY-ESO-1-expressing tumors (19). The most common amino 
acid region recognized by the antibodies corresponds to amino 
acids 91-108. Eight of 9 patients who had antibodies against 
NY-ESO-1 responded to the amino acid region 91-108 
predominantly (19). Six of 9 patients who were immunized with 
a complex of cholesterol-hydrophobized pullulan and 
NY-ESO-1 protein responded to the same region (19). The IgG 
antibody response to the rather rare epitope region may have 
been related to the favorable clinical course in this patient. In 

this regard, we are now trying to produce a human monoclonal 
antibody using CD19+ B cells from PBMCs of this patient.

Recent analyses of the immune responses of the patients 
vaccinated with the NY-ESO-1 protein show that most of the 
CD4 or CD8 T cell responses were directed against two 
dominant regions in the NY-ESO-1 molecule (20-23). One was 
the region corresponding to aa 73-114 and the other 
corresponds to aa 115-144 (22). In this study, we determined 
that the two epitope regions recognized by CD4 T cells lie in the 
two previously described dominant regions and that the epitope 
region recognized by CD8 T cells is in the C-terminus. One of 
the epitopes recognized by the CD4 T cells was peptide 91-114, 
for which recognition was restricted to DPB1*0501. This 
peptide is in a region frequently recognized by the antibody (as 
described above) and also by CD4 and CD8 T cells, for which 
restriction molecules have not been fully elucidated. The other 
was peptide 115-138, for which recognition was restricted to 
DRB1*0101. Zarour et al. (24) originally identified the peptide 
119-143 as a promiscuous HLA class II epitope that binds to 
6 of 10 www.cancerimmunity.org
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Figure 7 

Flow cytometry of Foxp3+ CD25+ CD4 T regulatory cells at different time 
points. CD25 high and low CD4 T cells were analyzed for Foxp3 expression by 
intracellular staining using FACS Calibur. A normal individual was used as con-
trol.

multiple DR molecules such as DRB1*0101, DRB1*0401, 
DRB1*0701, DRB1*1101, DRB1*1501, DRB3*0101, 
DRB4*0101 and DRB5*0101 expressed at a high frequency in 
Caucasian populations. Recently, the shorter peptide 122-138 
was shown to bind to DRB1*0802, DRB1*0901, DRB1*1502, 
and DRB1*0405/*0410, which are common DR alleles in the 
Japanese population (25). The promiscuous peptide 119-143 
was also shown to contain multiple HLA class I epitopes that 
bound to A66, A68, Cw3 and Cw15 (26). The epitope 
recognized by CD8 T cells in the patient was restricted to 
*A0206, as demonstrated by tetramer staining. The peptide 
epitope 157-165 was identified as the immunodominant 
*A0201 epitope and was also shown to bind to *A0206 (27). The 
strong immunogenicity of these peptide epitopes may have 
contributed to the rather high frequency of NY-ESO-1-specific 
CD4 and CD8 T cells in this patient.

Abbreviations
OLPs, overlapping peptides; PFA, paraformaldehyde
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Materials and methods
Patient clinical course

Patient GO is a 71-year-old Japanese man with a lung 
adenocarcinoma. His clinical course from November 2004 to 
September 2007 was reported previously (10). Briefly, in 
November 2004, a right hilar mass and multiple pleural 
dissemination of the tumor were found. Pathological diagnosis 
based on specimens of the pleural tumors was poorly 
differentiated adenocarcinoma. Surprisingly, by March 2005, the 
pleural dissemination disappeared without any treatment. In 
February 2006, the right hilar mass increased in size. In 
November 2007, a new lesion appeared in the right lower lobe 
which was noticed as interstitial thickening by chest computed 
tomography. It appeared to be a recurrence of the primary 
tumor which had disappeared before his first visit to the 
hospital. Chemotherapy (carboplatin and gemcitabine, 4 cycles) 
was started in November 2007, but the tumor gradually 
increased in size and pleural effusion appeared. Second line 
chemotherapy (gemcitabine, 2 cycles) was started in March 
2009. No other metastatic lesion was observed as of April 2009.

Blood samples
Peripheral blood was drawn from the patient with informed 

consent. Peripheral blood mononuclear cells (PBMCs) and 
plasma were isolated by density gradient centrifugation using 
Histo-Paque 1077 (Sigma-Aldrich, St. Louis, MO). CD4 and 
CD8 T cells were purified from PBMCs using CD4 and CD8 
microbeads, respectively, with a large scale column and a 
magnetic device (Miltenyi Biotec, Auburn, CA). The residual 
cells were used as CD4- and CD8-depleted cells. The cells were 
stored in liquid N2 until use. HLA typing of PBMCs was done 

using a sequence-specific oligonucleotide probe and sequence-
specific priming of genomic DNA using standard procedures.

Cell lines
EBV-B cells were generated from CD19+ peripheral blood B 

cells using the culture supernatant from the EBV-producing 
B95-8 cells. A melanoma cell line M-1 was established from the 
surgically resected primary tumor.

Peptides
The following series of 28 overlapping 18-mer peptides 

spanning the NY-ESO-1 protein were synthesized: 18.1 (1-18), 
18.2 (7-24), 18.3 (13-30), 18.4 (19-36), 18.5 (25-42), 18.6 (31-
48), 18.7 (37-54), 18.8 (43-60), 18.9 (49-66), 18.10 (55-72), 18.11 
(61-78), 18.12 (67-84), 18.13 (73-90), 18.14 (79-96), 18.15 (85-
102), 18.16 (91-108), 18.17 (97-114), 18.18 (103-120), 18.19 
(109-126), 18.20 (115-132), 18.21 (121-138), 18.22 (127-144), 
18.23 (133-150), 18.24 (139-156), 18.25 (145-162), 18.26 (149-
166), 18.27 (153-170) and 18.28 (156-173). Nine 30-mer 
peptides spanning the protein were also synthesized: 30.1 (1-
30), 30.2 (21-50), 30.3 (41-70), 30.4 (61-90), 30.5 (81-110), 30.6 
(101-130), 30.7 (121-150), 30.8 (141-170) and 30.9 (151-180). 
These peptides were synthesized using standard solid-phase 
methods based on N-(9-fluorenyl)-methoxycarbonyl (Fmoc) 
chemistry on an ABIMED Multiple Peptide Synthesizer 
(AMS422, ABIMED, Langenfeld, Germany) at Okayama 
University (Okayama, Japan).

Recombinant proteins
Recombinant NY-ESO-1 (1) and RL-Akt (28) proteins were 

prepared as described previously. cDNAs for NY-ESO-1 and RL-
Akt were cloned into the SphI/SalI and BamHI/SphI sites of the 
pQE-30 vector. N-His tagged protein was purified by nickel-ion 
affinity chromatography under denaturing conditions.

Preparation of mRNA
The NY-ESO-1 plasmid was linearized with the restriction 

enzyme NdeI, transcribed in vitro using T7 polymerase 
(mMESSAGE mMACHINE™ T7 Kit, Ambion, Austin, TX) and 
polyadenylated using poly (A) polymerase [Poly (A) Tailing kit, 
Ambion] according to the manufacturer's instructions. The 
capped and tailed RNA was resuspended in water and stored at 
-80°C before use.

Electroporation of mRNA
The cells (approx. 5 x 106) in X-VIVO 20 medium (100 µl) and 

mRNA (20 µg) were mixed and transferred to a 2-mm gap 
cuvette (BTX Genetronics, San Diego, CA) and electroporated 
using a BTX 830 square wave electroporator. The cells were 
immediately suspended in X-VIVO 20 medium (2 ml) and 
cultured for 18 h to 24 h in 24-well plates at 37°C in a 5% CO2
atmosphere.

Antibody ELISA
Antibody responses to NY-ESO-1 protein or synthetic 

peptides were evaluated by enzyme-linked immunosorbent 
assay (ELISA) as described elsewhere (19). Recombinant protein 
(1 µg/ml) or peptide (5 µg/ml) in a coating buffer (15 mM 
Na2CO3, 30 mM NaHCO3, pH 9.6) was adsorbed onto 96-well 
Polysorp immunoplates (Nunc, Roskilde, Denmark) and 
incubated overnight at 4°C. Plates were washed with PBS and 
blocked with 200 µl/well of 5% FCS/PBS for 1 h at room 
temperature. After washing, 100 µl of serially diluted serum was 
added to each well and the plates incubated for 2 h at room 
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temperature. After extensive washing, goat anti-human IgG 
(Medical & Biological Laboratories, Nagoya, Japan) or mouse 
anti-human IgM, IgG1, IgG2, IgG3 or IgG4-HRP (Southern 
Biotechnologies, Birmingham, AL) was added to the wells as a 
second antibody, and the plates were incubated for 1 h at room 
temperature. After washing, signals were developed with 100 µl 
per well of 0.03% o-phenylene diamine dihydrochloride 
(OPDA, Wako, Osaka, Japan), 0.02% hydrogen peroxide and 
0.15 M citrate buffer, and the absorbance at 490 nm was read 
using an ELISA reader (Benchmark Microplate Reader; Bio-
Rad, Hercules, CA). Recombinant RL-Akt (28) was used as 
control protein.

IFNγ ELISA
CD4 T cells (1 x 104) and paraformaldehyde (PFA) (0.2%)-

treated EBV-B cells (1 x 104) pre-pulsed with the peptides or 
pretreated with the protein were cultured in a 96-well round-
bottomed culture plate at 37ºC in a 5% CO2 atmosphere. After 
18 h, culture supernatants were collected and the amount of 
IFNγ was measured by sandwich ELISA.

TGF-β1 ELISA
Serum TGF-β1 was estimated by DuoSet Sandwich ELISA 

(R&D Systems, Minneapolis, MN) according to the 
manufacturer's instructions. The serum was treated with 
activation reagent for 10 min at room temperature, followed by 
addition of a neutralization reagent. Treated samples were 
transferred to ELISA plates coated with a capture antibody. 
Recombinant human TGF-β1 was used as a standard.

In vitro stimulation of CD4 and CD8 T cells
Frozen cells were thawed and resuspended in AIM-V medium 

(Invitrogen, Carlsbad, CA) supplemented with 5% heat-
inactivated pooled human serum (CM), and kept at 37°C in a 
5% CO2 atmosphere for 2 h. CD4 and CD8 T cells (2 x 106) were 
cultured with irradiated (40 Gy) autologous CD4- and CD8-
depleted PBMCs (2 x 106) as antigen-presenting cells (APCs) in 
the presence of 28 overlapping 18-mer peptides and a 30-mer 
C-terminal peptide (OLPs) spanning the entire NY-ESO-1 
protein (1 µg /ml for each peptide) in 2 ml of CM supplemented 
with 10 units/ml rIL-2 (Takeda Chemical Industries, Osaka, 
Japan) and 10 ng/ml rIL-7 (Peprotech, London, UK) in a 24-well 
culture plate at 37°C in a 5% CO2 atmosphere for 12 days. For 
the second stimulation, 1 x 106 instead of 2 x 106 responder cells 
were used in the culture described above.

IFNγ secretion assay
Responder CD4 or CD8 T cells (1 x 105) were stimulated with 

paraformaldehyde (PFA) (0.2%)-treated autologous EBV-B cells 
(1 x 105) pre-pulsed with the peptides for 30 min. The cells were 
then washed and suspended in 100 µl of RPMI medium, and 
treated with bi-specific CD45 and IFNγ antibody (IFNγ catch 
reagent) (2 µl) for 5 min on ice. The cells were then diluted in 
AIM-V medium (1 ml) and placed on a slow rotating device 
(Miltenyi Biotec) to allow IFNγ secretion at 37ºC in a 5% CO2
atmosphere. After incubation for 50 min, the cells were washed 
with cold buffer and treated with PE-conjugated anti-IFNγ
(detection reagent), and FITC-conjugated anti-CD4 or anti-
CD8 mAb. After incubation for 10 min at 4ºC, the cells were 
washed and analyzed with a FACS Calibur (Becton Dickinson).

Tetramer construction and staining
HLA-peptide tetramers were produced as described 

previously (29, 30). A*0206 (27), A24 (31), A31 (32) and B51 

(33) tetramers were used. For staining, cells were incubated with 
tetramer at a concentration of 20 µg/ml for 15 min at room 
temperature, followed by incubation with FITC-conjugated 
anti-CD8 mAb (Miltenyi Biotec) on ice for 15 min and analyzed 
with a FACS Calibur (Becton Dickinson).

Intracellular Foxp3 staining
Triple staining was carried out using monoclonal antibodies 

(mAb). Staining with CD4 mAb (eBioscience, San Diego, CA) 
and CD25 mAb (Becton Dickinson) was performed according 
to the manufacturer's instructions. Intracellular Foxp3 staining 
using clone PC101 (eBioscience) was carried out using the 
Foxp3 Staining Buffer Set (eBioscience). The analysis was 
carried out on a FACS Calibur (Becton Dickinson).

Immunohistochemistry (IHC)
IHC was performed as described (4). E978 (4) and EMR8-5 

(Funakoshi, Tokyo, Japan) (34) mAbs were used for the analysis 
of NY-ESO-1 and HLA class I expression, respectively.
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