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Abstract NY-ESO-1 is frequently expressed in epithelial
ovarian cancer (EOC) and elicits spontaneous humoral and
cellular immune responses in a proportion of EOC patients.
The identiWcation of NY-ESO-1 peptide epitopes with dual
HLA-class I and class II speciWcities might be useful in
vaccination strategies for generating cognate CD4+ T cell
help to augment CD8+ T cell responses. Here, we describe
two novel NY-ESO-1-derived MHC class I epitopes from
EOC patients with spontaneous humoral immune response
to NY-ESO-1. CD8+ T cells derived from NY-ESO-1 sero-
positive EOC patients were presensitized with a recombi-
nant adenovirus encoding NY-ESO-1or pooled overlapping
peptides. These epitopes, ESO127–136 presented by HLA-
A68 molecule, and ESO127–135 restricted by HLA-Cw15
allele, are located within ESO119–143, a promiscuous HLA-

class II region containing epitopes that bind to multiple
HLA-DR alleles. The novel epitopes were naturally pro-
cessed by APC or naturally presented by tumor cell lines.
In addition, these epitopes induced NY-ESO-1-speciWc
CTL in NY-ESO-1 seropositive EOC patients. Together,
the results indicate that ESO119–143 epitope has dual HLA
classes I and II speciWcities, and represents a potential vac-
cine candidate in a large number of cancer patients.

Keywords Epithelial ovarian cancer · Tumor immunity · 
NY-ESO-1 · CD8 · Epitope · MHC class I

Introduction

NY-ESO-1 belongs to the family of cancer-testis (CT)
antigens, and was initially deWned by serological analysis
of recombinant cDNA expression libraries (SEREX) in
esophageal cancer [7]. The deWning characteristics of CT
antigens are high levels of expression in adult male germ
cells, but not in normal adult tissues, and aberrant expres-
sion in a variable proportion of a wide range of diVerent
cancer types [23]. Among CT antigens, NY-ESO-1 is one
of the most spontaneously immunogenic, eliciting both
cellular and humoral immune responses in a high propor-
tion of patients with advanced NY-ESO-1-expressing
tumors [9, 15, 26]. Several NY-ESO-1 MHC class I- and
MHC class II-restricted epitopes have been characterized
(http://www. cancerimmunity.org/peptidedatabase/tumor-
specific.htm) and additional epitopes are still being identi-
Wed. Some of these immunogenic NY-ESO-1-derived
peptides have been investigated in a number of clinical
trials [2, 14]. In general, while peptide vaccination with
NY-ESO-1 and other antigens elicit tumor antigen-
speciWc T cell responses, the clinical eYcacy has been
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limited in immunized patients, probably because of lack
of recognition of naturally processed antigen [8, 10].
Emerging evidence suggests that one of the critical fac-
tors for eVective peptide vaccination is the identiWcation
of immunodominant regions of a tumor antigen with dual
MHC classes I and II speciWcities [35]. Immunodomi-
nance is a phenomenon whereby the immune system
focuses on a few abundant highly immunogenic peptides
that bind to CD8+ and CD4+ T cells [6, 31, 32]. Thus,
identiWcation of such regions could be important for
focusing peptide vaccination in the direction of these
highly immunogenic epitopes.

Previously, we reported frequent expression of NY-
ESO-1 in epithelial ovarian cancer (EOC) patients and
evidence of spontaneous humoral and cellular immune
responses to NY-ESO-1 in a high proportion of the
patients [18, 21]. These Wndings suggest that NY-ESO-1
is a promising target for speciWc immunotherapy of
EOC. While several immunodominant NY-ESO-1-spe-
ciWc HLA class I and class II epitopes have been identi-
Wed in melanoma patients with spontaneous immune
responses to NY-ESO-1 [13, 30], it is unknown whether
CD8+ and CD4+ T cells from EOC patients recognize
immunodominant NY-ESO-1 epitopes. In this study, we
report the successful identiWcation of two novel MHC
class I epitopes of NY-ESO-1 from ovarian cancer
patients with spontaneous humoral immune response to
NY-ESO-1. They are both located in the NY-ESO-1119–143

sequence which is an HLA-class II rich region, contain-
ing epitopes binding to multiple HLA-DR alleles [33,
34]. We deWned the minimal epitopes that are naturally
processed by APC or naturally presented by tumor. More-
over, the epitopes are capable of inducing NY-ESO-1-
speciWc CTL from PBMC of NY-ESO-1 seropositive
EOC patients. These Wndings indicate that the ESO119–143

sequence comprises several naturally occurring HLA
class I and class II epitopes, and a candidate for inducing
tumor-speciWc CD4+ and CD8+ T cells in a large number
of cancer patients.

Materials and methods

Patients

Tissue specimens and peripheral blood mononuclear cells
(PBMCs) were obtained from patients undergoing debul-
king surgery for EOC at the Roswell Park Cancer Institute,
BuValo, NY. All specimens were collected under an
approved protocol from the Institutional Review Board
(IRB). Expression of NY-ESO-1 and/or LAGE-1 was
detected in tumors by RT-PCR and/or immunohistochemis-
try, as previously described [18].

Peptides and multimer

Peptides (>90% purity) were synthesized according to good
manufacturing practice guidelines (Multiple Peptide Sys-
tems, San Diego, CA, USA) and formulated (2 mg/ml in 100%
DMSO) by the Biological Production Facility, Lausanne,
Switzerland. Phycoerythrin (PE)-labeled HLA-A*0201/
peptide multimer were assembled with NY-ESO-1-
derived peptides 157–165, as described previously [11].

Molecular typing of HLA molecules

HLA-class I typing was performed at the HLA typing labo-
ratory of the Roswell Park Cancer Institute using sequence-
speciWc primer pairs obtained from Genovision [1]. Table 1
indicates HLA typing of patients, Epstein-Barr virus-trans-
formed B lymphocyte (EBV-B) cell lines and tumor cell
lines used in this study.

NY-ESO-1 serum antibody

NY-ESO-1-speciWc antibodies were measured in the serum
by ELISA analysis, as described previously [18, 21].

In vitro stimulation of PBMCs

PBMCs were collected using a Ficoll gradient and were
frozen in 90% fetal calf serum (FCS; BioXuid Inc., Gai-

Table 1 HLA molecule and NY-ESO-1 expression of the cells used
in this report

Bold number indicates HLA molecule matched with Patient B01. The
bold underline indicates HLA molecule matched with both Patients
B01 and B02

Serum Ab (+) NY-ESO-1 seropositive patient

Serum Ab (¡) NY-ESO-1 seronegative patient

ESO (+) NY-ESO-1 expressing cell line

ESO (+) NY-ESO-1 nonexpressing cell line

Cell line HLA-A HLA-B HLA-C Serum Ab ESO

Patient B01 02 68 39 51 05 12 +

Patient B02 02 44 51 05 15 +

Patient B03 33 68 15 8101 0202 18 +

Patient B04 11 68 44 52 07 12 ¡
Patient B05 11 68 06 07 ¡
Patient B06 26 29 44 51 16 15 +

B07 T-APC 01 25 18 37 06 12

B08 EBV-B 0201 0101 1801 3701 0602 0701

B09 EBV-B 0301 2402 35 4402 05 04

SK-OV-3 0301 6801 1801 3501 0401 0501 +

SK-MEL-29 0201 6801 4402 4501 0501 0602 ¡
SK-MEL-128 0101 2402 4402 5101 0102 0501 +

SK-MEL-37 0201 1101 1501 5601 0102 +
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thersburg, MD, USA) and 10% DMSO in liquid nitrogen
until use. NY-ESO-1-speciWc CD8+ cells were elicited as
described previously [11]. BrieXy, CD8+ T lymphocytes
were separated from PBMCs using magnetic beads (Dyna-
beads, Dynal, Oslo, Norway) and stimulated with irradiated
autologous CD4/CD8-depleted PBMCs, infected with
1,000 pfu/cell adenoviral-NY-ESO-1 constructs (Ade-
ESO) for patient B01; or pulsed with 2 �M pooled peptides
(seventeen 20–25-mer overlapping peptides) for patient
B02. The cells were cultured in complete RPMI medium
[RPMI 1640 (Invitrogen Inc., Rockville, MO, USA) sup-
plemented with 10% human AB serum (NABI, Boca
Raton, FL, USA), L-glutamine (2 mM), penicillin
(100 units/ml), streptomycin (100 �g/ml), 1% non-essential
amino acids] in the presence of rhIL-2 (10 IU/ml, Roche
Molecular Biochemicals, Indianapolis, IN, USA).

Target cells

The activated T cell APC (T-APC) as target cells were gen-
erated from a fraction of CD4+ T cells by stimulated with
10 �g/ml PHA (HA15, Murex Diagnostics, Dartford, UK).
For HLA-restriction analysis, partially HLA-matched allo-
geneic EBV-B cells or T-APC were pulsed with 10 �M
peptide in X-VIVO-15 medium overnight. In some experi-
ments, target cells were incubated with graded concentra-
tion of peptides (10¡5 to 10¡11 M).

Intracellular staining

Presensitized CD8+ T cells were incubated with peptide-
pulsed APC in the presence of anti-CD28 (1 �g/ml) and
anti-CD49d (1 �g/ml), FITC-labeled CD107a and CD107b
mAbs for 2 h. Brefeldin-A (BFA) and monensin (Sigma, St
Louis, MO, USA) were added to the samples and the cells
were incubated for an additional 4 h. After that, cells were
stained with tricolor (TC)-labeled CD8 mAb and/or PE-
labeled HLA-A2/ESO157–165 multimer, Wxed, and stained
intracellular cytokine with allophycocyanin-labeled IFN-�
mAb and/or PE-labeled tumor necrosis factor (TNF)-�, IL-
2, IL-4, IL-5 or IL-10 mAbs in permeabilizing solution
(CALTAG, Burlingame, CA, USA) containing normal
mouse IgG (CALTAG) at room temperature for 30 min.
Results were analyzed by Xow cytometry by gating on
CD8+ lymphocytes. All monoclonal antibodies were
obtained from BD Pharmingen (San Diego, CA, USA).

ELISPOT assay

The number of IFN-� secreting antigen-speciWc T cells was
assessed by ELISPOT assays as described previously [15].
BrieXy, Xat-bottomed, 96-well nitrocellulose plates
(Millititer; Millipore) were coated with IFN-� mAb (2 �g/ml,

1-D1K; MABTECH, Stockholm, Sweden). CD8+ T cells
and target cells were added to each well and incubated in
plain RPMI 1640 medium, following blocking plates with
complete RPMI medium. After 22–24 h of incubation,
spots were developed using biotin-labeled IFN-� mAb
(0.2 �g/ml, 7-B6-1-biotin; MABTECH), streptavidin-alka-
line phosphatase (1 �g/ml; MABTECH) and 5-bromo-4-
chloro-3-indolyl phosphate/nitroblue tetrazolium (Sigma).
The dark-violet spots were counted by an automated ELI-
SPOT reader (Zeiss).

Cell lines

Established human melanoma cell lines were obtained
from the cell bank maintained at the New York Branch of
the Ludwig Institute. Melanoma lines; SK-MEL-29
(HLA-A68+ve; NY-ESO-1¡ve), SK-MEL-37 (HLA-A2+ve;
NY-ESO-1+ve) and SK-MEL-128, ovarian cancer cell line;
SK-OV-3 (HLA-A68+ve; NY-ESO-1+ve) were maintained
in RPMI 1640 (Invitrogen Inc., Rockville, MD, USA) sup-
plemented with 10% FCS (Table 1).

Cloning of peptide-speciWc CD8+ cells

For establishing antigen-speciWc CD107 expressing CTL
clone, CD8+ cells were stimulated with autologous T-APC
pulsed with ESO119–143 peptide in the presence of anti-
CD28, anti-CD49d, FITC-conjugated anti-CD107a/b mAbs
for 1 h, and incubated in the presence of BFA and monen-
sin for additional 4 h, and then, cells were stained with TC-
labeled anti-CD8+ mAb. CD8+CD107a/b+ cells were sorted
by FACSAria. Isolated ESO119–143 speciWc CD8+ cells
were cloned by limiting dilution, and expanded in 10%
FCS-RPMI 1640 medium in the presence of 10 �g/ml
PHA, allogeneic irradiated feeder cells and 50 IU/ml rhIL-
2. Antigen-speciWcity of CTL clones were screened by
IFN-� ELISPOT assay against autologous T-APC pulsed
with or without ESO119–143 peptide.

Results

Immunodominant region of NY-ESO-1-speciWc CD8+ 
T cells in EOC patient

Previously, we reported that the presence of serum antibod-
ies to NY-ESO-1 was tightly correlated with the presence
of antigen-speciWc CD4+ and CD8+ T cell responses in
cancer patients [9, 11]. Since patients B01 and B02 were
NY-ESO-1 seropositive and HLA-A2+ve (Table 1), we pre-
dicted that these patients could have immunodominant
CD8+ T cell responses to the HLA-A2 restricted peptide
epitope, ESO157–165 [11]. Thus, to examine the response of
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patient B01, CD8+ cells were presensitized with NY-ESO-1
recombinant adenovirus (Ade-ESO) infected APC and
tested for reactivity against target cells pulsed with pooled
(seventeen 20–25-mer overlapping peptides), ESO157–165 or
irrelevant Flu-MA58–66 (HLA-A2 epitope of inXuenza
matrix protein) peptides. As shown in Fig. 1a, although the
HLA-A2/ESO157–165 multimer positive population pro-
duced IFN-�, there was a higher frequency of multimer-
negative CD8+ cells that produced IFN-� upon stimulation
with pooled peptides. To identify the immunodominant

region, the CD8+ cells were screened by ELISPOT assay
using 17 individual overlapping peptides, i.e. components
of the pooled peptides. Clearly, CD8+ T cell response was
detected to ESO119–143 peptide and ESO157–165 but not to
other ESO peptides (Fig. 1b). This response to ESO119–143

was conWrmed by intracellular staining for IFN-� and
CD107a/b (Fig. 1c). CD107 expression has been shown to
be indicative of CTL activity in previous studies [4, 22]. As
shown in Fig. 1c, most of the ESO119–143 peptide speciWc-
CD8+ cells were doubly positive for IFN-� and CD107a/b
or single positive of CD107a/b.

IdentiWcation of HLA restriction of NY-ESO-1-speciWc 
CD8+ cells

To further characterize ESO119–143-speciWc CD8+ T cell
responses, we sorted CD107a/b expressing cells after pep-
tide stimulation and generated a CTL clone. The B01 clone
showed peptide speciWc-IFN-� and CD107 expression, and
the cells secreted high amounts of TNF-� but little or no
production of other cytokines (Fig. 2a). To deWne the
restricting HLA molecule by B01 clone, we examined their
ability to respond to partially HLA-matched EBV-B,
T-APC or melanoma cell lines pulsed with or without
ESO119–143 peptide. As shown in Fig. 2b, only HLA-A68+ve

target cells were able to present the peptide to B01 clone.
To test this Wnding for tumor recognition, we used tumor
cell lines that were HLA-A68+ve and were either NY-ESO-
1 positive (SK-OV-3) or negative (SK-MEL-29). The abil-
ity of B01 clone to recognize the tumor cell lines was eval-
uated in ELISPOT assay (Fig. 2c). The B02 clone
demonstrated speciWc response to SK-OV-3 but not SK-
MEL-29 or HLA-A68¡ve NY-ESO-1+ve SK-MEL-37 tumor
cell lines. Furthermore, CD107 and IFN-� expression was
determined in the cloned cells by intracellular staining
(Fig. 2d). To enhance the reactivity of B01 clone, the cells
were treated with IL-2, IL-15 and IL-12 for 7 days, and
then CD107 expression was examined by intracellular
staining. Both CD107 expressing and IFN-� producing cells
were detected against SK-OV-3 and ESO119–143-pulsed SK-
MEL-29 but not peptide-unpulsed SK-MEL-29. These
results indicated that the CTL clone recognizing ESO119–143

peptide was restricted by HLA-A68 and the HLA-A68-
restricted epitope was naturally presented by tumor cell
line.

The novel HLA-A68-restricted epitope was naturally 
presented by a tumor cell line

To more precisely deWne the epitope recognized by B01
clone, we synthesized and tested the response of the B01
clone against sets of overlapping 9- or 10-mer peptides that
cover the sequence of NY-ESO-1 119–143. First, we tested

Fig. 1 Immunodominant CD8+ T cell response in naturally occurring
NY-ESO-1-seropositive EOC patient. CD8+ cells were co-cultured
with Ade-ESO infected APC for 14 days. a IFN-� production in HLA-
A2/ESO157–165 multimer positive or negative CD8+ cells was analyzed
against autologous T-APC pulsed with pooled peptides, ESO157–165 or
Flu-MA58–66 by intracellular staining. b The number of IFN-� produc-
ing CD8+ cells was tested by ELISPOT assay against autologous
T-APC pulsed with 17 overlapping NY-ESO-1 20–25-mer peptides,
ESO157–165 or Flu-MA58–66 peptides. c CD107 and IFN-� expression of
CD8+ cells were examined by intracellular staining upon stimulation
with ESO119–143 or Flu-MA58–66 peptides
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the reactivity of the cloned cells to 9- or 10-mer overlap-
ping peptides covering the ESO119–143 sequence. The B02
clone produced IFN-� when stimulated with ESO128–136

peptide, but the response was signiWcantly lower than that
against the ESO119–143 peptide (Fig. 3a). Therefore, we
searched the peptide sequence in ESO119–143 using a predic-

tive algorithm for their dissociation rate with HLA-A68/
allele [HLA Peptide Binding Predictions* (BIMAS) http://
bimas.dcrt.nih.gov/molbio/hla_bind/]. The predictive bind-
ing score of ESO127–136 sequence was signiWcantly higher
than that of 9-mer, ESO128–136 peptide (200.00 vs. 30.00).
Indeed, when we tested the response of B01 CTL clone

Fig. 2 Determination of HLA 
restriction for CTL clone cells 
obtained from B01 patient. 
a IFN-� and CD107 expression 
by B01 clone was examined in 
intracellular staining against 
autologous T-APC pulsed with 
or without ESO119–143 (left). 
Various cytokine productions 
were examined by intracellular 
staining using anti-TNF-�, 
anti-IL-2, anti-IL-4, anti-IL-5 
and anti-IL-10 mAbs, respec-
tively (right). b B01 clone 
was stimulated with partially 
HLA-matched T-APC or EBV-
B cells pulsed with or without 
ESO119–143 peptide. IFN-� pro-
ductions from CTL clone were 
examined by ELISPOT assay. 
Only shared HLA molecules be-
tween the patient and other 
APCs are represented under the 
cell names. c The response of 
B01 clone against HLA-matched 
tumor cell lines were tested by 
ELISPOT assay. SK-OV-3 and 
SK-MEL-37 but not SK-MEL-
29 express NY-ESO-1 antigen. d 
IFN-� and CD107 expression of 
B01 clone against HLA-A68+ve 
tumor cell lines were tested by 
intracellular staining. For this as-
say, CTL clone was cultured un-
der the combination of 10 U/ml 
IL-2, 10 ng/ml IL-15 and 10 U/
ml IL-12 for 5 days, and then, 
the response against tumor cell 
lines were tested
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against ESO127–136, the cells showed stronger Xuorescence
intensity of IFN-� and higher double positive population of
IFN-�/TNF-� and IFN-�/CD107 to the peptide than the
reactivity against ESO128–136 (Fig. 3b), and the T cells were
able to recognize peptide concentration as low as 10¡8 M
(Fig. 3c). Finally, we tested whether peptide-speciWc CD8+

cells could be induced by presensitizing with ESO119–143 or
ESO127–136 from HLA-A68+ve EOC seropositive patients
(patient B03). The CD8+ cells presensitized with ESO119–

143 peptide induced IFN-� production against both ESO119–

143 and ESO127–136 peptide but not other peptides (Fig. 3d).
Interestingly, antigen-speciWc HLA-A68 restricted CD8+ T

Fig. 3 IdentiWcation of the opti-
mal epitope within ESO119–143 
recognized by HLA-A68-re-
stricted B01 clone. a B01 clone 
was stimulated with B05-EBV-
B cells pulsed with overlapping 
9- or 10-mer peptides between 
ESO119–143, and cytoplasmic 
IFN-� productions were deter-
mined by intracellular staining. 
b B01 clone was cocultured with 
autologous T-APC pulsed with 
the indicated peptides, and 
CD107 expression and IFN-� 
and TNF-� productions were 
examined by intracellular stain-
ing. c The aYnity to peptides 
were analyzed by intracellular 
staining against autologous T-
APC pulsed with the diVerent 
concentration of ESO119–143, 
ESO128–136 and ESO127–136 
peptides. d CD8+ cells from 
HLA-A68+ve patients who was 
NY-ESO-1 seropositive (patient 
B03), and was seronegative but 
vaccinated with recombinant 
fowlpox-NY-ESO-1 and recom-
binant vaccinia-NY-ESO-1 (pa-
tient B04) were presensitized 
with ESO119–143 peptide for 
14 days, and IFN-� secretion 
were determined by ELISPOT 
assay against the indicated pep-
tide pulsed autologous T-APC
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cells were also detectable in a patient (#B04) enrolled in an
on-going trial consisting of heterologous prime-boost vac-
cination with recombinant vaccinia-NY-ESO-1 and recom-
binant fowlpox-NY-ESO-1. However, presensitization with
ESO127–136 peptide was not able to induce NY-ESO-1-spe-
ciWc CD8+ T cells from both HLA-A68+ve patients.

Shared ESO-speciWc immunodominant region 
in another HLA-A2+ve EOC patient

We next investigated for the presence of immunodominant
CTL epitopes in another HLA-A2+ve and NY-ESO-1 sero-
positive EOC patient (B02) by presensitizing CD8+ cells
with pooled overlapping NY-ESO-1 peptides. As shown in
Fig. 4a, there were no detectable HLA-A2/ESO157–165-mul-
timer reactive CD8+ T cells. In contrast, the multimer-nega-
tive population showed IFN-� production following
stimulation with pooled overlapping peptides. Interestingly,
although the patient was HLA-A68¡ve, the immunodomi-
nant epitopes of CD8+ cells were ESO119–143 (Fig. 4b,
Table 1). Furthermore, by stimulating with ESO119–143 pep-
tide, CD8+ cells showed high expression of IFN-� and
CD107 (Fig. 4c). These Wndings indicated that there was
another CD8+ T cell epitope that was not restricted by
HLA-A68, within the ESO119–143 sequence.

Determination of the minimal epitope recognized
by B02 clone

To characterize NY-ESO-1 speciWc CD8+ cells of patient
B02, we established another CTL clone (named B02 clone),
as described above. Established B02 clone produced IFN-�
and TNF-� but not other Th2 cytokines such as IL-4, IL-5
and IL-10 in response to ESO119–143 (data not shown). To
deWne the restricting HLA molecule by B02 clone, we
examined their ability to respond to partially HLA-matched
EBV-B, T-APC or melanoma cell lines pulsed with or
without ESO119–143 peptide. As shown in Fig. 5a, B02 clone
speciWcally recognized HLA-Cw15+ve target cells, whereas
there was no response to other shared alleles. Moreover,
B02 clone produced IFN-� in response to Ade-ESO-
infected autologous T-APC and HLA-Cw15+ve B06-EBV-
B cells, but not HLA-Cw15¡ve B04-EBV-B cells (Fig. 5b).
Together, this data indicate that the B02 CD8+ T cell clone
recognized naturally processed NY-ESO-1 antigen
restricted by HLA-Cw15.

IdentiWcation of the optimal epitope restricted 
by HLA-Cw15

We then performed studies as previously described (Fig. 3)
to identify the optimal HLA-Cw15-restricted NY-ESO-1
epitope recognized by the B02 clone. B02 cells showed a

stronger IFN-� production in response to ESO127–135 and
ESO128–136 compared to ESO119–143 (Fig. 6a). Since B02
clone showed reactivity against both ESO127–135 and
ESO128–136 peptides, we tested additional 10-mer ESO127–136

peptide covering both ESO127–135 and ESO128–136. As
shown in Fig. 6b, B02 clone expressed more CD107 and
produced higher amounts of IFN-� and TNF-� upon stimu-
lation with ESO127–135 as compared with ESO127–136 and
ESO128–136 peptides. Serial dilutions of the peptides con-
Wrmed that ESO127–135 was the minimal epitope within
ESO119–143 sequence because B02 cells were able to recog-
nize the peptide at a concentration of 1 nM and the recogni-

Fig. 4 Detection of immunodominant CD8+ T cell response in HLA-
A2+ve EOC patient with spontaneous antibody response to NY-ESO-1.
CD8+ cells were presensitized with pooled NY-ESO-1 overlapping
peptides for 14 days. a CD8+ cells were analyzed for reactivity against
autologous T-APC pulsed with pooled peptides, ESO157–165 or Flu-
MA58–66 peptide by intracellular staining. b The responses of CD8+

cells were tested by IFN-� ELISPOT assay against autologous T-APC
pulsed with 17 overlapping NY-ESO-1 20–25-mer peptides. c CD107
and IFN-� expression of CD8+ cells was examined by intracellular
staining upon stimulation with autologous T-APC pulsed with or with-
out ESO119–143
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tion decreased dramatically as the peptide sequence was
shifted or extended by a single amino acid (Fig. 6c). In
addition, the ESO127–135 peptide was capable of inducing
peptide-speciWc CD8+ T cells upon in vitro stimulation of
PBMCs from HLA-Cw15+ve NY-ESO-1 seropositive ovar-
ian cancer patients, B02 and B06 (Fig. 6d). These results
indicated that ESO127–135 was the minimal and optimal epi-
tope recognized by HLA-Cw15-restricted CD8+ T cells.

Since these two novel epitopes diVer by only one amino
acid, we ascertained that the CD8+ clones are not cross-reac-
tive against the peptide presented by the other’s cognate
APC. HLA-A68-restricted CD8+ cells did not recognize the
epitope presented on HLA-Cw15+ve APC, and HLA-Cw15-
restricted CTL clones did not cross-react with ESO127–135

presented by HLA-A68+ve APC (Fig. 7). These Wndings
support our conclusion that the optimal sequence for HLA-
A68-restricted NY-ESO-1 was ESO127–136, and the one for
HLA-Cw15-speciWc NY-ESO-1 epitope was ESO127–135.

Discussion

In the present study, we have identiWed two novel NY-
ESO-1 HLA-class I epitopes within the ESO119–143

sequence, recognized by CD8+ T cells of NY-ESO-1 sero-
positive EOC patients. These epitopes were naturally pre-
sented by tumor cell lines as well as APC. Importantly, the
epitopes were able to induce antigen-speciWc CD8+ T cells
with eVector function following in vitro presensitization.
Originally, ESO119–143 peptide was identiWed as a promis-
cuous HLA-class II epitope, which binds to several HLA-
DR molecules (e.g. HLA-DRB1*0101, DRB1*0401,
DRB1*0701, DRB1*1101, DRB1*1501, DRB3*0101,
DRB4*0101 and DRB5*0101). In addition, the peptide
induces tumor-reactive CD4+ T cells in vitro [33, 34]. The
HLA-DRB1 molecules which bind the ESO119–143 are
expressed by 46% of the American–Caucasian population
and other HLA molecules (HLA-DRB3*0101, DRB4*0101
and DRB5*0101) are expressed with high frequency in the
Caucasian population [33]. Altogether, ESO119–143 peptide
is a promiscuous peptide sequence that binds to HLA-DR
molecules expressed by 91.6% of the American–Caucasian
population [33]. In addition, this peptide is a pan MHC-
class II epitope that binds to multiple HLA-DR and HLA-
DP4 molecules and stimulate antigen-speciWc CD4+ T cells
in the context of these molecules [5, 16, 33]. Moreover,
Ohkuri et al. [20] recently reported that additional HLA-
DR molecules are capable of binding ESO119–143 sequence.
We were able to induce ESO119–143 speciWc CD4+ cells by
presensitizing CD4+ cells with ESO119–143 peptide or
pooled peptides from patients B02 (DRB3*0101) and B06
(DRB1*0401) (data not shown). In previous reports, two
HLA-class I epitopes restricted by HLA-A66 and HLA-
Cw3 molecules were described in the ESO119–143 sequence
[13, 30]. Taken together with the novel epitopes found in
the present study, HLA class I restriction of ESO119–143

peptide could potentially occur in approximately 27–48%
of Caucasians (HLA-A68: 4–12%; HLA-Cw15: 3–7%;
HLA-Cw3: 20–28%; HLA-A66: 0–1%), and 41–55% of
Blacks (HLA-A68: 16–24%; HLA-Cw15: 4–6%; HLA-
Cw3: 18%; HLA-A66: 3–7%) (http://www.allelefrequen-
cies.net/test/default1.asp). In addition, ESO119–143 was
shown to be an immunodominant HLA-class I peptide that
is eYciently processed by proteasomes in a study of mela-
noma patients [30]. Therefore, ESO119–143 is an immuno-
dominant NY-ESO-1 derived peptide that is likely to elicit
vaccine induced CD4+ and CD8+ T cells in a high fre-
quency of Caucasian and non-Caucasian populations.

Sun et al. [28] found that the HLA-A68-restricted
LAGE-1 epitope corresponds to residues 103–111 of the
protein sequence. It is well known that LAGE-1 and NY-
ESO-1/LAGE-2 are highly homologous proteins with up to
84% identity [17], and several epitopes such as HLA-A2/

Fig. 5 Analyses of HLA restriction of CTL clone from patient B02 in
response to ESO119–143. a B02 clone was stimulated with partially
HLA-matched T-APC, EBV-B or melanoma cell lines pulsed with or
without ESO119–143 peptide. IFN-� production from the clone was
examined by intracellular staining. b The response of B02 clone was
detected by intracellular staining against Ade-ESO infected autologous
T-APC or partially HLA-matched EBV-B cells. Only shared HLA
molecules between the patient and other APC are represented under the
cell names
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SLLMWITQC (157–165) are the same sequences. How-
ever, the residues 103–111 contain four amino acids that
are diVerent between NY-ESO-1 (ELARRSLAQ) and
LAGE-1 (ELVRRILSR). Moreover, Sun et al. [28] showed
that COS-7 cells co-transfected with HLA-A68 and NY-
ESO-1 were not recognized by HLA-A68/LAGE-1103–111-
speciWc CTL cells. Similarly, there are two diVerent amino
acids in residues 127–136; the sequence of NY-ESO-1 is
TVSGNILTIR and that of LAGE-1 is TVSGNLLFIR, and
ESO127–136 but not LAGE-1127–136 contains a potential
phosphorylation site for protein kinase C (Thr 134). Thus,

for HLA-A68, it is not surprising that the HLA-class I epi-
tope is not the same for NY-ESO-1 and LAGE-1.

The HLA-Cw15-restricted 9-mer epitope, ESO127–135,
was able to expand antigen-speciWc CD8+ cells from HLA-
Cw15+ve EOC patients (Fig. 6d). In contrast, although we
were able to detect HLA-A68 restricted antigen-speciWc
CD8+ cells by presensitizing with ESO119–143 peptide
(Fig. 3d), ESO127–136 peptide stimulation did not expand
NY-ESO-1-speciWc CD8+ T cell precursors from HLA-
A68+ve patient’s PBMC. While this observation could be
due to diVerences in peptide stability, we found that stabil-

Fig. 6 IdentiWcation of the min-
imal epitope of ESO119–143 rec-
ognized by HLA-Cw15-
restricted B02 clone. a B02 
clone were stimulated with 
autologous T-APC pulsed with 
overlapping 9- or 10-mer pep-
tides in ESO119–143, and cyto-
plasmic IFN-� productions were 
determined by intracellular 
staining. b B02 clone was cocul-
tured with autologous T-APC 
pulsed with the indicated pep-
tides, and CD107 expression and 
IFN-� and TNF-� productions 
were examined by intracellular 
staining. c The aYnity to pep-
tides were analyzed in ELISPOT 
assay against autologous T-APC 
pulsed with the diVerent concen-
tration of ESO119–143, 
ESO127–135, ESO128–136 and 
ESO127–136 peptides. d CD8+ 
cells in NY-ESO-1 seropositive 
and HLA-Cw15+ve EOC patients 
were presensitized with 
ESO127–135 peptide for 20 days, 
and IFN-� and CD107 expres-
sion was examined by 
intracellular staining against 
the indicated peptide-pulsed 
autologous T-APC
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ity of ESO127–136 was almost similar to ESO119–143 peptide
(data not shown). In our previous study, we showed that
HLA-A2/ESO157–165-speciWc CD8+ T cells could be
detected at higher frequency by stimulating with ESO157–170

peptide, rather than ESO157–165 peptide [19]. In addition,
compared with HLA-Cw15/ESO127–135, the avidity of the
HLA-A68 restricted clone for ESO119–143 and ESO127–136

was not signiWcantly diVerent. These Wndings suggest that
when peptide avidity is not remarkably diVerent, the longer
peptide (ESO119–143) containing the minimal epitope might
induce antigen-speciWc CD8+ cells more eYciently than the
minimal epitope (ESO127–136) alone.

Peptide vaccines remain attractive candidates for clinical
use because of their ease of production and minimal risk of
side eVects. While the majority of cancer vaccine trials
have focused on eliciting antigen-speciWc CD8+ eVector T
cells, it is now generally accepted that tumor-speciWc CD4+

cells also play an important role in tumor rejection [3, 12,
29]. The multiple roles of antigen-speciWc CD4+ T cells
include the provision of help to antigen-speciWc CD8+ T
cells during the primary and secondary immune responses,
direct cytolysis, and activation of B cells for production of
tumor antigen-speciWc antibodies [24, 25, 27]. Thus, identi-
fying immunodominant epitopes capable of eliciting inte-
grated CD4+ and CD8+ T cell responses will be critical for
enhancing the eYcacy of peptide vaccines. The results of
our recent clinical study using ESO157–170 peptide of dual
HLA-class I and II speciWcities underlines the role of CD4+

T cells in augmenting expansion of functional and long-
lasting CD8+ T cells with capacity to recognize tumor tar-
gets [19]. Taken together, the present study strongly sup-
port ESO119–143 peptide as a vaccine candidate for the
induction of tumor-reactive CD4+ and CD8+ T cells in
ovarian cancer patients.
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