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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), 1822 (127-144), 18.23 (133-150), 18.24
(139-156), 18.25 (145-162), 18.26 (149-166), 18.27 (153-170),
18.28 (156-173) and 30.9 (151-180). Various N- and C-ter-
mini truncated peptides in the NY-ESO-1f peptide were also
used. 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 Uni-
versity (Okayama, Japan). The carboxyfluorescein (FAM)-conju-
gated NY-ESO-1f peptide (5(6)-FAM-YLAMPFATPMEAE-
LARRSLA) was synthesized by Operon (Tokyo, Japan).

Recombinant NY-ESO-1 protein

Recombinant NY-ESO-1 protein was prepared as described
earlier.!> NY-ESO-1 ¢cDNA was cloned into the Sphl/Sall and
BamHI/Sphl sites of the pQE-30 vector. N-His tagged protein
was purified by nickel-ion affinity chromatography under
denaturing conditions.

Preparation of immature dendritic cells

Monocytes were isolated from PBMCs using anti-CD14
mAb-coated magnetic beads (Miltenyi Biotec) and cultured
in AIM-V medium supplemented with 5% heat-inactivated
pooled human serum, 10 ng/ml thGM-CSF (Kyowa Hakko
Kirin, Tokyo, Japan) and 10 ng/ml rhiL-4 (PeproTech) for 7
days at 37°C in a 5% CO, atmosphere.

In vitro stimulation of bulk CD4 and CD8 T-cells

CD4 and CD8 T-cells (2 x 10%well) were cultured with a
mixture of 29 NY-ESO-1 OLPs (10™° M) in the presence of
an equal number of irradiated (40 Gy), autologous CD4- and
CD8-depleted cells as APC in a 24-well culture plate (BD
Bioscience) for 12 days at 37°C in a 5% CO, atmosphere.
The medium was AIM-V (Invitrogen) supplemented with 5%
heat-inactivated pooled human serum, 2 mM L-glutamine,
100 IU/ml penicillin, 100 pg/ml streptomycin, 10 units/ml
recombinant human (rh) IL-2 (Takeda Chemical Industries,
Osaka, Japan) and 10 ng/ml rhIL-7 (Peprotech, London, UK).

Cloning of CD8 T-cells

CD8 T-cells were cloned by limiting dilution after in vitro
stimulation in round-bottomed 96-well plates in the presence
of irradiated (40 Gy) allogeneic PBMCs freshly prepared
from the healthy donor as feeder cells. The medium used was
AIM-V (Invitrogen) supplemented with 5% heat-inactivated
pooled human serum, 2 mM L-glutamine, 100 IU/ml penicil-
lin, 100 pg/ml streptomycin, 20 units/ml rhIL-2 (Takeda
Chemical Industries), 10 ng/ml rhIL-7 (Peprotech) and 1 pg/
ml phytohemagglutinin (PHA)-L (Sigma-Aldrich).

Clonal expansion

Cloned CD8 T-cells (I x 10°) obtained by limiting dilution
were expanded in a round-bottomed 96 well plate in the
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presence of irradiated (40 Gy) PBMCs (5 x 10% freshly pre-
pared from allogeneic healthy donors as feeder cells. Fresh
medium was added every 3 days. After culture for 14 days,
the cells were harvested and kept frozen at 2 x 10%tube. The
medium used was AIM-V supplemented with 5% heat-inacti-
vated pooled human serum, 2 mM L-glutamine, 100 IU/ml
penicillin, 100 pg/ml streptomycin, 20 units/ml rhIL-2, 10
ng/ml rhIL-7 and 1 pg/ml phytohemagglutinin (PHA)-L.

IFNy capture assay

Bulk CD4 or CD8 T-cells (1 x 10%) from the in vitro stimu-
lation culture were cultured with autologous or allogeneic
EBV-B cells (1 x 10°) pulsed with OLPs for 4 hr. The cells
were then treated with a bi-specific CD45 and IFNy antibody
(IFNy catch reagent) (2 pl) for 5 min on ice. The cells were
diluted in AIM-V medium (3 ml) and placed on a slow
rotating device (Miltenyi Biotec) to allow IFNy secretion at
37°C in a 5% CO, atmosphere. After incubation for 45 min,
the cells were washed with cold buffer and treated with PE-
conjugated anti-IFNy (detection reagent), and FITC-conju-
gated anti-CD4 or anti-CD8 mAb. After incubation for 10
min at 4°C, the cells were washed and analyzed by a FACS
Canto II (BD Bioscience).

Tetramer construction and staining

Peptide/HLA tetramers were produced as described ear-
lier”"* NY-ESO-1 91-101/A*24:02, NY-ESO-1 92-100/
B*35:01, NY-ESO-1 92-102/B*35:01, NY-ESO-1 94-104/
B*35:01 and NY-ESO-1 96-106/C*12:02 tetramers were used.
The HIV Env/A*24:02 tetramer was used as a control. For
staining, cells were incubated with tetramer at a concentra-
tion of 20 pg/ml for 15 min at 37°C, followed by incubation
with an FITC-conjugated anti-CD8 mAb (Miltenyi Biotec)
on ice for 15 min and analyzed by a FACS Canto II (Becton
Dickinson).

Cytotoxicity assay

Cytotoxicity was assayed by a luminescent method using the
aCella-Tox kit (Cell Technology, Mountain View, CA). Effec-
tor cells were incubated with 5,000 target cells at various
ratios in 96-well round bottomed culture plates for 12 hr at
37°C in a 5% CO, atmosphere. The plate was read by a lu-
minometer (multi-detection microplate reader, DS Pharma,
Osaka, Japan).

IFNy ELISA

CD8 T-cell clones (5 x 10%) were cultured with autologous
or allogeneic EBV-B cells (5 x 10%) pulsed with the peptides
in a 96-well round bottomed culture plate for 24 hr at 37°C
in a 5% CO, atmosphere. Culture supernatants were then
collected and the amount of IFNy was measured by sandwich
ELISA. For antibody blocking experiments, each mAb (5 pg/
ml) was added to the assay culture. To inhibit internalization
of the antigens to DCs, cytochalasin B (10 pM) was added to
the culture.
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Figure 1. Internalization and processing of the long 20-mer NY-ESO-1f-peptide by APC in CD8 T-cell recognition. In (a), immature dendritic
cells (iDCs) from a healthy donor (HD) NO PBMCs (A*02:07/%26:02, B*35:01/*46:01, C*08:03/*14:03) were cultured with an NY-ESO-1f
peptide (10 pM) or a FAM NY-ESO-1f peptide (10 uM) for 12 hr in the presence or absence of cytochalasin B (10 puM). After culture, the
internalization of the FAM NY-ESO-1f peptide was analyzed by FACS Canto Il. In (b), the CD8 T-cell clone 2H10 (5 x 10°) was stimulated
with iDCs (5 x 10%) pulsed with the short peptide (NY-ESO-1 92-100: LAMPFATPM, 9-mer; 1 uM), the NY-ESO-1f peptide (NY-ESO-1 91-110:
YLAMPFATPMEAELARRSLA, 20-mer; 1 uM) or recombinant NY-ESO-1 protein (1 uM) for the indicated time in the presence or absence of
cytochalasin B (10 puM). The amount of IFNy in the culture supernatant was determined by ELISA. One representative of three independent

experiments is shown.

Results

Internalization of 20-mer NY-ESO-1f peptide to present

CD8 T-cell epitopes on antigen presenting cells

We investigated the need for internalization of the 20-mer
NY-ESO-1f peptide (NY-ESO-1 91-110: YLAMPFATPMEAE-
LARRSLA) to present CD8 T-cell epitopes on APC. Imma-
ture dendritic cells (iDCs) were prepared from purified
CD14-positive cells from a B*35:01 healthy donor by treating
them with IL-4 and GM-CSF for 7 days and used as APC.
As shown in Figure la, internalization of the FAM-conju-
gated NY-ESO-1f peptide was observed in approximately
10% of DCs after culture with the peptide for 12 hr. Treat-
ment of DCs with the peptide in the presence of cytochalasin
B diminished internalization. Recognition by a B*35:01-re-
stricted CD8 T-cell clone 2H10 of DCs treated with the pep-
tides was investigated. As shown in Figure 1b, clone 2H10
recognized DCs pulsed with the short peptide NY-ESO-1 92-
100 in the presence of cytochalasin B. On the other hand,
recognition of DCs pulsed with NY-ESO-1f peptide was
inhibited in the presence of cytochalasin B. Only marginal
recognition was observed with DCs pulsed with recombinant
NY-ESO-1 protein.

Multiple HLA class I-restricted CD8 T-cell responses in
PBMCs from patient TK-f01 immunized with the 20-mer
NY-ESO-1f peptide

TK-f01 was a lung adenocarcinoma patient immunized with
the NY-ESO-1f peptide (600 pg) with Picibanil OK-432 and
Montanide ISA-51 12 times once every 3 weeks.”® We inves-
tigated multiple HLA class I-restricted CD8 T-cell responses
in PBMCs from patient TK-fol. The patient’s HLA class I
was A*24:02, B*35:01, B*52:01, C*03:03 and C*12:02. Purified
CD8 T-cells from the patient’s PBMCs obtained at day 64 af-
ter the third vaccination were stimulated once with a mixture
of 29 18-mer series of NY-ESO-1 OLPs spanning the entire
protein for 12 days using CD4 and CD8-depleted PBMCs as
APC. The cells were harvested and stimulated with NY-ESO-
1f peptide for 4 hrs using autologous and allogeneic EBV-B
cells as APC and the response was assayed by IFNy capture
assay. As shown in Figure 2, TK-f01 CD8 T-cells responded
strongly to NY-ESO-1f peptide-pulsed autologous EBV-B
cells. Use of various allogeneic EBV-B cells as APC showed
TK-f01 CD8 T-cell responses against NY-ESO-1f peptide pre-
sented on multiple HLA class I molecules shared with patient
TK-01.
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Figure 2. Multiple HLA class |-restricted CD8 T-cell responses in patient TK-f01 immunized with the 20-mer NY-ESO-1f peptide. CD8 T-cells (2 x
10%) were stimulated with a mixture of NY-ESO-1 OLPs (107 M) in the presence of APC for 12 days. The cells were harvested and stimulated

with NY-ESO-1f peptide for 4 hr using autologous and allogeneic EBV-B

Clonal analysis of the multiple HLA class I-restricted TK-f01
CD8 T-cell responses against the NY-ESO-1f peptide

The multiple HLA class I-restricted TK-f01 CD8 T-cell
responses against the NY-ESO-1f peptide were investigated
by clonal analysis. Purified CD8 T-cells from the patient’s
PBMCs obtained at day 64 after the third vaccination were
stimulated once with a mixture of NY-ESO-1 OLPs for 12 days
using CD4 and CD8-depleted PBMCs as APC as above. The
cells were then collected and seeded at 3 cells per well in 96-
well culture plates to expand clones. After culture for 14 days,
300 clones were obtained. Each of the 300 clones were split into
7 and the responses against NY-ESO-1f peptide on autologous,
0OS-P06, OS-P08, HD NM, HD NO, OY-P04 and OY-P02
EBV-B cells shown in Figure 3b were investigated by IFNy
ELISA for the culture supernatant to determine restriction mol-
ecules. As shown in Table 1, the frequencies of B*35:01-,
B*52:01-, A*24:02-, C*12:02- and C*03:03-restricted CD8 T-cell
clones were 11.0, 9.3, 2.3, 1.3 and 0.7%, respectively. The fre-
quencies of CD8 T-cell clones determined after clonal expansion
were comparable to the results shown in Figure 2.
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cells as APC and the response was assayed by an IFNy capture assay.

The frequency of NY-ESO-1f peptide-reactive CD8 T-cells
in PBMGCs restricted to each allele was calculated assuming
the doubling time of the cells to be 24 hr during the culture
period for 12 days as listed in Table 1.

Determination of minimal epitopes derived from the 20-mer
NY-ESO-1f peptide recognized by TK-f01 CD8 T-cell clones in
restriction to A*24:02, B*35:01, B*52:01 and C*12:02

We established stably proliferating TK-f01 CD8 T-cell clones:
4E10, 2H10, 8D5, 10-10U and 7B recognizing the 20-mer
NY-ESO-1f peptide in restriction to A*24:02, B*35:01,
B*35:01, B*52:01 and C*12:02, respectively, from the culture
shown in Table 1 and determined the minimal epitopes. Fig-
ure 3 shows the confirmation of the restriction molecule and
determination of a minimal epitope in recognition of the
NY-ESO-1f peptide by the CD8 T-cell clone 4E10. As shown
in Figure 3a, the response was blocked by anti-CD3 mAb,
anti-CD8 mAb and anti-HLA class I mAb, but not anti-CD4
mAD or anti-class II mAb, confirming that the response was
HLA class I restricted. As shown in Figure 3b, use of a panel
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Figure 3. The restriction molecule and the minimal epitope in recognition of NY-ESO-1f peptide by the CD8 T-cell clone 4E10. A CD8 T-cell clone
4E10 (5 x 10%) obtained from the culture shown in Table 1 was cultured with autologous EBV-B cells pulsed with the NY-ESO-1f-peptide (1 uM). The
restriction molecule was analyzed by antibody blocking (5 pg/ml) (@) and using various EBV-B cells as APC (b). The minimal epitope was determined
by using various N- and C-termini truncated peptides (1 M) (c) and by titration of the peptide concentration (d). In (g), the binding of the NY-ESO-1
91-101/A*24:02 tetramer to the clone 4E10 is shown. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.}

Table 1. Clonal analysis of multiple HLA class I-restricted CD8 T cell

responses agamst the NY-ESO-1f peptlde

POSItlves/total

Calculated frequency

HLA number of clones ~of CD8 T-cells in PBMCs .
A*24:02 7/300 (2.3%) 57 x 107

B*35:01 33/300 11.0%) 27 x107°

B*52:01 28/300 (9.3%) 2.3 x 1075

C*03:03  2/300 (0.7%) 16% 1078

C*12:02 4/300 (1.3%) 3.3 x 107

The other 226 clones (75.4%) showed no reaction against NY-ESO-1f

of allogeneic EBV-B cells as APC to present the NY-ESO-1f
peptide confirmed the response of clone 4E10 was A*24:02-
restricted. As shown in Figures 3¢ and 3d, use of various N-
and C-termini truncated peptides and titration of the peptide
concentration revealed that the minimal epitope was NY-
ESO-1 91-101 (11-mer). Figure 3e shows the binding of the tet-
ramer constructed using the epitope peptide to the clone 4E10.
Similarly, as shown in Supporting Information Figures
S1-S4, we confirmed B*35:01-, B*35:01-, B*52:01- and
C*12:02-restricted recognition of the NY-ESO-1f peptide by
clones 2H10, 8D5, 10-10U and 7B, respectively, determined

peptide on seven EBV-B cells (see Text).

minimal epitopes and successfully produced tetramers.
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Figure 4. Clonal analysis of CD8 T-cells recognizing tumor cells induced by NY-ESO-1f peptide vaccination. In (a), cytotoxicity of the CD8 T-
cell clones shown in Figure 3, and Supporting Information Figures S1-S4 was assayed by a luminescent method using the aCella-Tox kit.
Shared HLA class | alleles in target tumors are shown in bold. In (b), purified CD8 T-cells (2 x 10°) from TK-fO1 PBMCs obtained at day 0
and at day 85 (after the fourth vaccination) were stimulated once with a mixture of NY-ESO-1 OLPs for 12 days in the presence of APC for
12 days. The cells were collected and seeded at 3 cells per well in 96-well culture plates to expand clones. After culture for 14 days, 290
clones were obtained from a culture at day 0 and 436 clones were obtained from a culture at day 85. Those clones were split into two
groups and cultured with the NY-ESO-1f peptide (1 pM) pulsed-HD NO EBV-B cells or NY-ESO-1 positive SK-OV3 both sharing only B*35:01
with the patient to determine the B*35:01-restricted response and with NY-ESO-1f (1 uM) peptide pulsed-0S-P06 EBV-B cells or NY-ESO-1-
positive LC99A both sharing A*24:02 with the patient to determine the A*24:02-restricted response. The amount of IFNy in the culture

supernatant was determined by ELISA.

We investigated the cytotoxicity of CD8 T-cell clones
using an aCella-Tox system to examine G3PDH release from
target tumor cell lines. As shown in Figure 4a, cytotoxicity
against tumor cell lines expressing NY-ESO-1 and an appropri-
ate HLA class I allele was observed with the A*24:02-restricted
clone 4FE10, B*35:01-restricted clone 8D5, B*52:01-restricted
clone 10-10U and C*12:02-restricted clone 7B, but not with the
B*35:01-restricted clone 2H10. With those clones, no cytotoxic-
ity was observed against tumor cell lines which lacked either
NY-ESO-1 or a matched HLA class I allele.

Frequency of CD8 T-cells recognizing tumor cells
We then investigated the frequency of CD8 T-cells recogniz-
ing tumor cells by clonal analysis. Purified CD8 T-cells from

Int. J. Cancer: 132, 345~354 (2013) © 2012 UICC

TK-fo1 PBMCs obtained at day 0 and at day 85 (after the
fourth vaccination) were stimulated once with a mixture of
NY-ESO-1 OLPs for 12 days using CD4 and CD8-depleted
PBMCs as APC as above. The cells were collected and seeded
at 3 cells per well in 96-well culture plates to expand clones.
After culture for 14 days, 290 clones were obtained from a
culture of CD8 T-cells at day 0 and 436 clones were obtained
from a culture of CD8 T-cells at day 85. Those clones were
split into two groups and the B*35:01- and A*24:02-restricted
responses were investigated. As shown in Figure 4b, in CD8
T-cells obtained at day 0, no B*35:01-restricted clone reactive
against NY-ESO-1f peptide was obtained. There was only one
A*24:02-restricted clone reactive against the NY-ESO-1f pep-
tide (1/145). On the other hand, in CD8 T-cells obtained at
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Figure 5. Immunomonitoring of the CD8 T-cell response by IFNy capture assay and by peptide/HLA class | tetramers in PBMCs from TK-f01
during vaccination. CD8 T-cells (2 x 10%) were cultured with a mixture of NY-ESO-1 OLPs (1 uM) in the presence of APC for 12 days. In (a),
the response was assayed by an [FNy capture assay. In (b), staining by PE-labeled NY-ESO-1 92-100/B*35:01 and NY-ESO-1 94-104/
B*35:01 tetramers is shown. An HIV Env/A*24:02 tetramer was used as control.

day 85, the number of B*35:01-restricted clones reactive
against the NY-ESO-1f peptide was 19 (7.7%), and 6 of 19
(31.6%) clones were also reactive against the NY-ESO-1-posi-
tive and B*35:01-positive tumor SK-OV3. The number of
A*24:02-restricted clones reactive against the NY-ESO-1f
peptide was 12 (6.4%), and 7 of 12 (58.3%) clones were also
reactive against the NY-ESO-1-positive and A*24:02-positive
tumor LC99A. Recognition of tumor cells was also confirmed
by an aCella-Tox system (data not shown).

Immunomonitoring of CD8 T-cell responses by IFNy capture
assay and by peptide/HLA class | tetramers in PBMCs from
TK-f01 during vaccination

After initiating the vaccine, the tumor remained stable for 6
months and was classed as SD at the end of the sixth vacci-
nation in this patient.*® However, the tumor started to grow
after the eighth vaccination, consistent with an accelerated
elevation in the serum CEA level.

Figure 5a shows the results of the IFNy capture assay
demonstrating the CD8 T-cell response against NY-ESO-1f
peptide after stimulation with a mixture of NY-ESO-1 OLPs
for 12 days. A vigorous CD8 T-cell response was observed
even after the first vaccination (day 22), continuing until after
the fifth vaccination (day 106). Thereafter, the response
decreased suddenly. As shown in Figure 5b, the number of
CD8 T-cells in the same culture positively stained with NY-
ESO-1 92-100 and NY-ESO-1 94-104/B*35:01 tetramers was
parallel with that of CD8 T-cells in an IFNy capture assay.
The findings indicated that CD8 T-cell responses against the
peptides on B*35:01 comprised the dominant response, con-
sistent with the clonal analysis shown in Table 1.

Discussion

In this study, we showed that internalization of the peptide
was necessary for presenting CD8 T-cell epitopes derived
from the long 20-mer NY-ESO-1f peptide on APC. Labeled
NY-ESO-1f peptide was detected in approximately 10% of
DCs after incubation with the peptide for 12 hr. No CD8 T-
cell recognition of NY-ESO-1f peptide-pulsed DCs was
observed after blocking internalization with cytochalasin B.
Thus, the CD8 T-cell epitope was presented following inter-
nalization with a long 20-mer NY-ESO-1f peptide, contrast-
ing with the direct presentation of the short epitope. Recog-
nition by CD8 T-cells of NY-ESO-1f peptide-pulsed DCs, but
not the recombinant NY-ESO-1 protein-pulsed DCs, indi-
cated the occurrence of efficient cross presentation on MHC
class I molecules after internalization of the 20-mer NY-ESO-
1f peptide. Cross presentation of the long peptides on MHC
class I molecules after internalization was previously shown
with a peptide derived from HPV.>® Processing of the peptide
in APC may facilitate the presentation of natural epitopes.
This study showed a high frequency of CD8 T-cells recogniz-
ing natural epitopes on tumor cells (see below). It has been
shown previously that immunization with the short peptide
induced CD8 T-cells with low affinity incapable of recogniz-
ing natural epitopes on tumor cells.'® Use of the long peptide
for immunization is beneficial to induce CD8 T-cells that
recognize tumor cells.

We showed multiple HLA class I-restricted CD8 T-cell
responses against a long 20-mer NY-ESO-1f peptide in the
lung cancer patient TK-f01, who was immunized with the
peptide with Picibanil OK-432 and Montanide ISA-51. Clonal
analysis showed that the frequencies of A*24:02, B*35:01,

Int. J. Cancer: 132, 345-354 (2013) © 2012 UICC
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B*52:01, C*03:03 and C*12:02-restricted CD8 T-cells were
2.3, 11.0, 9.3, 0.7 and 1.3%, respectively, in the bulk CD8 T-
cell population stimulated with NY-ESO-1 OLPs, indicating
that B*35:01 and B*52:01-restricted CD8 T-cell responses
were the two dominant CD8 T-cell responses. The minimal
epitopes recognized by A*24:02, B*35:.01, B*52:01 and
C*12:02, but not C*03:03-restricted CD8 T-cell clones, were
defined and the peptide/HLA tetramers were produced using
those epitopes. NY-ESO-1 91-101 (11-mer) on A*24:02, NY-
ESO-1 92-102 (11-mer) on B*35:01, NY-ESO-1 96-104 (9-
mer) on B*52:01 and NY-ESO-1 96-106 (9-mer) on C*12:02
were new epitopes first defined in this study. Particularly,
identification of this A*24:02 binding epitope and successful
production of a tetramer with the epitope will be highly rele-
vant when studying Japanese populations because of its high
expression frequency (60%). Interestingly, within 25 HLA class
I epitopes in the NY-ESO-1 molecule defined to date,**~>® 15
epitopes including the epitopes shown in this study clustered
in the peptide region NY-ESO-1 89-104. These findings
suggested the usefulness of a Jong 20-mer NY-ESO-1f peptide
harboring multiple CD8 T-cell epitopes for an NY-ESO-1
vaccine and this study indeed showed that vaccination with a
long 20-mer NY-ESO-1f peptide elicited multiple HLA class
I-restricted CD8 T-cell responses against the respective
epitopes.

We also estimated the frequency of B*35:01- and A*24:02-
restricted CD8 T-cells recognizing only the peptide-pulsed
DCs, or both the peptide-pulsed DCs and the tumor cells
naturally expressing the epitope and the matched HLA class
I. At day 0, no B*35:01-restricted CD8 T-cell clones were
detected from 145 clones obtained from 960 wells in total of
the bulk CD8 T-cells stimulated with NY-ESO-1 OLPs for 12
days. Only a single A*24:02-restricted CD8 T-cell clone reac-
tive against the peptide, but not the tumor, was obtained
from the same number of clones. On the other hand, at day
85 after the fourth vaccination, 19 B*35:01-restricted and 12
A*24:02-restricted CD8 T-cell clones reactive against the pep-
tide were detected from 248 and 188 clones, respectively,
obtained from 960 wells for each of the bulk CD8 T-cells
stimulated as above. 31.6% (6 of 19) of B*35:01-restricted
and 58.3% (7 of 12) of A*24:02-restricted CD8 T-cell clones
were also reactive against the tumors naturally expressing the
epitope and the matched HLA class I. Thus, a significant fre-
quency of CD8 T-cells recognizing tumor cells naturally
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expressing the epitopes and matched HLA was induced. This
was likely to be related to the internalization and processing
of the peptide in APC.

It has been reported that vaccination with NY-ESO-1 pro-
tein with CpG and Montanide elicited detectable CD8 T-cell
responses in half of the immunized patients (9/18) and that
vaccine-induced CD8 T-cells mostly recognized NY-ESO-1
81-110 in restriction to either HLA-B35 or HLA-Cw3.*” B35
binding peptide epitopes 94-102 and 94-104 and Cw3 bind-
ing peptide epitopes 92-100 and 96-104 have been
described.*?® In our previous study, we showed that an NY-
ESO-1f peptide (NY-ESO-1 91-110) vaccine elicited a
response to peptide 16 (NY-ESO-1 91-108) in all six patients
analyzed with or without B35 and/or Cw3. The fact that the
NY-ESO-1f peptide vaccine elicited CD8 T cell responses in
patients with various HLA types suggests the advantage of a
long peptide over the whole protein for vaccination.

Patient TK-fOl showed stable disease until the eighth vac-
cination and the disease exacerbated thereafter. In immuno-
monitoring CD8 T-cell responses following 20-mer NY-ESO-
1f peptide vaccination, we observed vigorous CD8 T-cell
responses, even after the first vaccination (day 22), lasting
until the fifth vaccination (day 106) by IFNy capture assay
with a decrease thereafter, consistent with the clinical course.
Characterization of CD8 T-cell responses using the various
peptide/HLA tetramers showed that vigorous CD8 T-cell
responses against the peptides restricted to B*35:01 were
observed at day 64 after the third vaccination. These findings
suggested that the multiple B*35:01-restricted CD8 T-cell
responses comprised the dominant response.

Because Th cells help CTL induction, introduction of a
Th epitope into the vaccine or physical linking of Th and
CTL epitope peptides facilitated an increase in the immuno-
genicity of CTL vaccines.”>*® The synthetic long peptide con-
taining overlapping CD4 and CD8 T cell epitope sequences
in the antigens is expected to generate both CD4 and CD8 T
cell responses as a vaccine. In our study, the NY-ESO-1f pep-
tide was shown to contain multiple HLA class II epitopes, as
well as class I epitopes,”® and is considered to be beneficial to
elicit CD8 T-cell responses efficiently.
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NY-ESO-1 antibody as a novel tumour marker
of gastric cancer
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Background: NY-ESO-1 antibodies are specifically observed in patients with NY-ESO-1-expressing tumours. We analysed whether
the NY-ESO-1 humoral immune response is a useful tumour marker of gastric cancer.

Methods: Sera from 363 gastric cancer patients were screened by enzyme-linked immunosorbent assay (ELISA) to detect
NY-ESO-1 antibodies. Serial serum samples were obtained from 25 NY-ESO-1 antibody-positive patients, including 16 patients
with curative resection and 9 patients who received chemotherapy alone.

Results: NY-ESO-1 antibodies were detected in 3.4% of stage 1, 4.4% of stage Il, 25.3% of stage lll, and 20.0% of stage IV patients.
The frequency of antibody positivity increased with disease progression. When the NY-ESO-1 antibody was used in combination
with carcinoembryonic antigen and CA19-9 to detect gastric cancer, information gains of 11.2% in stages Il and 1V, and 5.8% in all
patients were observed. The NY-ESO-1 immune response levels of the patients without recurrence fell below the cutoff level after
surgery. Two of the patients with recurrence displayed incomplete decreases. The nine patients who received chemotherapy
alone continued to display NY-ESO-1 immune responses.

Conclusion: When combined with conventional tumour markers, the NY-ESO-1 humoral immune response could be a useful
tumour marker for detecting advanced gastric cancer and inferring the post-treatment tumour load in seropositive patients.

Gastric cancer is the second most commmon cause of cancer-related  subclinical ‘minimal residual cancer’ after surgery (Austrup et al,

death worldwide (Health and Welfare Statistics Association:
Tokyo, 2006; Katanoda and Yako-Suketomo, 2009). Although
complete removal of the tumour by surgical resection is an ideal
treatment option for patients with gastric cancer, many patients
with advanced-stage gastric cancer need to be treated with
intensive chemotherapy. Gastric cancer patients exhibit high
relapse rates even after curative surgery and unresponsiveness to
chemotherapy, resulting in dismal survival rates (Sasako et al,
2011). Several methods for the prediction and early detection of

2000; Klein et al, 2002) or relapse have been developed, for
example, peritoneal lavage, positron emission tomography, gene
profiling, and so on. (Motoori et al, 2006; Makino et al, 2010;
Graziosi et al, 2011), reliable markers that can specifically reflect
gastric cancer disease status have not been determined.
Analysing serum level of tumour markers is employed for
cancer detection, monitoring patients’ disease status, and prognosis
prediction. Several organ-specific tumour markers are used in the
clinic, for example, prostate-specific antigen and prostatic acid
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phosphatase for prostate cancer (Seamonds et al, 1986; Ferro et al,
1987) and protein induced by vitamin K absence-II for liver cancer
(Fujiyama et al, 1986). As no gastric cancer-specific markers
have been determined, a combination of several nonspecific
tumour markers, for example, carcinoembryonic antigen (CEA),
CA19-9,and so on, is merely applicable for monitoring treatment
efficacy, but not the diagnosis of gastric cancer (Takahashi et al,
1995, 2003). Carcinoembryonic antigen and CA19-9 are found in
the sera of 20~60% of gastric cancer patients, and their expression
levels in gastric cancer are related to clinical events, such as relapse
(Kodera et al, 1996). Carcinoembryonic antigen value, in
particular, is indicative of the formation of a large tumour, liver
or peritoneal metastasis, and/or a high risk of relapse and poor
prognosis (Ikeda et al, 1993; Yamamoto et al, 2004). However, as
CEA, a cell surface-anchored glycoprotein, is expressed in normal
cell membranes, 5% of CEA-positive cases are pseudopositives, that
is, caused by heavy smoking, endometriosis, and ageing, and so on.
(Alexander et al, 1976), suggesting the importance of novel
markers for gastric cancer.

NY-ESO-1 antigen, a cancer/testis (CT) antigen, was originally
identified in oesophageal cancer by serological expression cloning
using autologous patient serum and has been shown to be strongly
immunogenic. Spontaneous NY-ESO-1 antibody production is
often observed in patients with NY-ESO-1-expressing tumours, for
example, 9.4% of melanoma patients, 12.5% of ovarian cancer
patients, 7.7-26.5% of breast cancer patients, 4.2-20.0% of lung
cancer patients, and 52% of prostate cancer patients, but has not
been detected in non-cancerous donors (Stockert et al, 1998;
Nakada et al, 2003; Tireci ef al, 2006; Chapman et al, 2007; Isobe
et al, 2009; Gati et al, 2011). Thus, it is possible that the NY-ESO-1
humoral immune response could be used as a serological marker
for detecting these cancers and to facilitate the clinical manage-
ment of some patients with particular types of cancer (Gnjatic et al,
2006). Jager et al (1999) found that the change in the NY-ESO-1
humoral immune response reflected the overall tumour load in 10
out of 12 patients with various cancers. However, there is ongoing
controversy regarding the association between the NY-ESO-1
immune response and prognostic criteria (Yuan et al, 2011). To
address these issues in gastric cancer, we investigated the clinical
usefulness of the NY-ESO-1 humoral immune response for
diagnosis, monitoring, and relapse prediction in gastric cancer
patients.

Serum sample and tissue specimen collection from gastric
cancer patients. In all, 363 patients with histologically confirmed
gastric cancer, who underwent surgical resection or chemotherapy
at one of four institutions between 2004 and 2011, were included in
this study after providing written informed consent. Serum
samples were obtained from the 363 patients during their
admission to hospital for surgical treatment and/or chemotherapy,
and afterwards, serial serum samples were obtained at each follow-
up visit from 25 patients who displayed NY-ESO-1 humoral
immune responses. All serum samples were collected as surplus
samples after routine blood tests and stored. Fixed and frozen
gastric cancer tissue samples were obtained from 60 out of 363
patients during surgery and stored. The samples were subsequently
subjected to expression analysis. Information regarding blood test
results, tumour stage, histological type, depth of invasion, lymph
node metastasis, and distant metastasis, which were obtained from
pathological examinations and CT scans, were collected from the
relevant patient databases. Serum samples obtained from 50
healthy donors were used as controls. This study was approved by
the institutional review boards of Osaka University Hospital,

Toyonaka Municipal Hospital, Ikeda City Hospital, and Minoh
City Hospital.

Reverse transcription-polymerase chain reaction. Total cellular
RNA was extracted from the frozen tissue using TRIZOL reagent
(Invitrogen, Carlsbad, CA, USA). The total RNA (1ug) was
subjected to the reverse transcription (RT) in 20 gl buffer with
oligo-(dT);s primer using a RT system (Promega, Madison, WI,
USA). Conventional polymerase chain reaction (PCR) was
performed in a 25-ul reaction mixture containing 1ul of cDNA
template, 500 nm of each primer, and 1 U of Tag DNA polymerase
(AmpliTaq Gold, Roche Molecular Systems, Pleasanton, CA, USA)
in the following conditions: one cycle of 95 °C for 12 min; followed
by 35 cycles of 94°C for 1min, 60°C for 1min, and 72°C for
1.5 min; and then a final step of 72 °C for 10 min. The sequences of
the primers for NY-ESO-1 were as follows: ESO1-1, 5-AGTTC
TACCTCGCCATGCCT-3; and ESO1-2, 5-TCCTCCTCCAGC
GACAAACAA-3'. The integrity of each RNA sample was verified
by performing RT-PCR for porphobilinogen deaminase (PBGD).
The PCR products were subjected to electrophoresis on a 2%
agarose gel and visualised with ethidium bromide.

Immunohistochemistry. Formalin-fixed, paraffin-embedded tis-
sues were used for the immunohistochemistry (IHC) analyses.
Slides were incubated with the primary antibody overnight at 4 °C.
The monoclonal antibody E978, which was previously generated by
our group, was used to detect NY-ESO-1. The slides were then
subjected to a heat-based antigen retrieval technique by immersing
them in a preheated buffer solution (hipH solution; Dako,
Carpinteria, CA, USA). A polymer-based antibody detection
system (PowerVision; Leica Microsystems, Buffalo Grove, IL,
USA) was used as the secondary reagent, and 3,3-diaminobenzi-
dine tetrahydrochloride (Liquid DAB; Biogenex, San Ramon, CA,
USA) was used as the chromogen. Normal adult testis tissue as a
positive control and appropriate negative controls were included
for each case.

Enzyme-linked immunosorbent assay. A measure of 100 ul of
1 pugml ™! recombinant protein in coating buffer (pH 9.6) were
added to each well of 96-well PolySorp immunoplates (Nunc,
Roskilde, Denmark) and incubated overnight at 4 °C. The plates
were then washed with PBS and blocked with 200 pl per well of 5%
FCS/PBS for 1h at room temperature. After being washed again,
100 ul of serially diluted serum were added to each well and
incubated for 2h at room temperature. Then, after extensive
washing, goat anti-human IgG (Medical & Biological Laboratories,
Nagoya, Japan) was added to the wells as a secondary antibody,
and the plates were incubated for 1h at room temperature. The
plates were washed again, and the signals were developed with
100 ul per well of 0.03% o-phenylene diamine dihydrochloride,
0.02% hydrogen peroxide, and 0.15M citrate buffer, and absor-
bance was read at 490 nm using an enzyme-linked immunosorbent
assay (ELISA) reader (Benchmark Microplate Reader; Bio-Rad,
Hercules, CA, USA). Ovalbumin (OVA; Sigma, St Louis, MO,
USA) was used as the control protein. Levels of NY-ESO-1
humoral response were assessed using optical density (OD) values.

CEA and CA19-9. Serum CEA and CA19-9 levels were measured
at each hospital’s clinical laboratory department. Carcinoembryo-
nic antigen and CA19-9 positivity were defined as serum levels of
CEA and CA19-9 of >5.0ngml~ ' and >37 Uml ™, respectively.

Statistical anmalysis. Fisher’s exact test was used to assess the
associations between NY-ESO-1 antibody expression and clinico-
pathological parameters. Kaplan-Meier curves were plotted to
assess the effect of the NY-ESO-1 antibody on overall survival.
Survival curves were compared using the log-rank test.
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Table 1. Frequencies of NY-ESO-1 antibody, CEA, and CAI19-9 in gastric cancer patients

Stage NY-ESO-1 Ab CEA CA19-9 CEA and/or CA19-9 | CEAandor CA19.9 and/or

| 6/176 (3.4) 24/176 (13.6) 6/176 (3.4) 27/176 (15.3) 31/176 (17.6)

Il 2/45 (4.4) 8/45 (17.8) 7/45 (15.6) 11/45 (24.4) 12/45 (26.6)

il 17/67 (25.3) 22/67 (32.9) 11/67 (16.4) 25/67 (37.3) 35/67 (52.2)

I\ 16/75 (20.0) 23/75 (30.7) 30/75 (40.0) 40/75 (53.3) 46/75 (61.3)

I+ 8/221 (3.6) 32/221 (14.5) 13/221 (5.9) 38/221 (17.2) 43/221 (19.5)

N+1v 33/142 (23.2) 45/142 (31.7) 41/142 (28.9) 65/142 (45.8) 81/142 (57.0)

Total 41/363 (11.1) 77/363 (21.2) 54/363 (14.9) 103/363 (28.4) 124/363 (34.2)
Abbreviations: Ab = antibody; CA = carbohydrate antigen; CEA = carcinoembryonic antigen. Values within parentheses are percentages.

Determination of NY-ESO-1 humoral immune response posi-
tivity. We first determined the OD cutoff value for NY-ESO-1
humoral immune response positivity. When the serum samples
from the 50 healthy donors were examined for reactivity to the
NY-ESO-1 recombinant protein by ELISA, their OD values ranged
from 0.08 to 0.20, and their mean and standard deviation values
were 0.15 and 0.05, respectively, at a dilution of 1:200. Thus, NY-
ESO-1 humoral immune response positivity was defined as an OD
value of >0.25 at a dilution of 1:200 (95% accuracy level) and >3
times of the OD value against control protein (OVA).

NY-ESO-1 humoral immune responses of gastric cancer
patients. Serum samples were obtained from 363 gastric cancer
patients, including 176 stage I, 45 stage II, 67 stage III, and 75 stage
IV patients at admission (Table 1). The NY-ESO-1 antibody was
detected in 3.4% (6 of 176) of stage I, 4.4% (2 of 45) of stage II,
25.3% (17 of 67) of stage III, and 20.0% (16 of 75) of stage IV
gastric cancer patients, resulting in an overall detection rate of
11.1% (41 of 363). An analysis of the gastric cancer patients’
characteristics found that NY-ESO-1 antibody positivity was
significantly correlated with gender (male>female) and tumour
progression (Table 2). In particular, the patients with progressive
gastric cancer involving deeper tumour invasion, positive lymph
node metastasis, positive distant metastasis, or a higher clinical
stage tended to produce the NY-ESO-1 antibody.

Analysis of NY-ESO-1 antigen expression. NY-ESO-I mRNA
and NY-ESO-1 protein expression were analysed by RT-PCR and
IHC, respectively, in gastric cancer tissues obtained from 60
patients for whom both frozen and formalin-fixed specimens were
available, including 12 stage I, 12 stage II, 20 stage III, and 16 stage
IV patients (Table 3). NY-ESO-I mRNA was detected in six
specimens. NY-ESO-1 was immunohistochemically detected in 19
specimens, including 6 and 13 that were positive and negative for
NY-ESO-1 mRNA, respectively. Most of the specimens displayed a
heterogeneous staining pattern (data not shown).

NY-ESO-1 antibody and antigen expression. We analysed the
frequency of NY-ESO-1 antibody positivity in gastric cancer
patients in whom NY-ESO-1 antigen expression was or was not
detected by RT-PCR or IHC. As shown in Table 3, 9 out of the 60
gastric cancer patients whose specimens were available for
expression analysis possessed the NY-ESO-1 antibody in their
sera. The NY-ESO-1 antibody was detected in 8 of 19 (42.1%)
patients with IHC-positive gastric cancer and 5 of 6 (83.3%)
patients with RT-PCR (and IHC)-positive gastric cancer, whereas
only 1 of 41 patients in whom both RT-PCR and IHC analysis

Table 2. Relat‘ionship between NY-ESO-1 antibody positivity and

clinicopathological features in gastric cancer patients

Variable | NY-ESO-1 Ab ] P-value*

Negative Positive

Male 223 (86.4)
Female 99 (94.3)

35 (13.6)
6(5.7)

0.04307

>65 178 (88.4) 0.9209

<65 144 (88.9)

23 (11.4)
18 (11.1)

Differentiated
Undifferentiated

143 (89.4)
132 (87.4)

17 (10.6)
19 (12.6)

19

cT3-T4 129 (83.2)

Negative
Positive

196 (97.0)

126 (78.3) 35(21.7)

277 (91.1)
45 (76.3)

27 (8.9)
14 (23.7)

Negative
Positive

213 (96.4)
-1V 109 (76.8)

33(23.2)

Abbreviations: Ab = antibody. Fisher's exact test was used for the statistical analysis. Values
within parentheses are percentages.

produced negative results displayed an NY-ESO-1 humoral
immune responses.

Frequencies of NY-ESO-1 humoral immune responses and
conventional tumour markers in gastric cancer patients. The
frequency of the NY-ESO-1 humoral immune response was
compared with those of conventional tumour markers in gastric
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Table 3. Frequency of NY-ESO-1 antibody positives in gastric cancer
_ patients in whom the NY-ESO-1 antigen was or was not detected by IHC

or RT-PCR

| IHC |

Positive Negative Total

Positive

5/6 (83.3) 0/0 (0.0) 5/6 (83.3)
Negative 3/13 (23.1) 1741 (2.4) 4/54 (7.4)
Total 8/19 (42.1) 1/41 (2.4) 9/60 (15.0)

Abbreviations: IHC =immunohistochemistry; RT-PCR=reverse transcription-polymerase
chain reaction. Frozen and formalin-fixed tissue specimens from 60 patients, including 12
stage |, 12 stage I, 20 stage Ill, and 16 stage IV patients, were analysed. All stage IV patients
had previously undergone surgical treatment. Values within parentheses are percentages.

cancer patients. The serum CEA and CA19-9 levels of 363 gastric
cancer patients were measured at admission (Table 1). Carcinoem-
bryonic antigen and CA19-9 positivity were observed in 21.2% (77
of 363) and 14.9% (54 of 363) of the gastric cancer patients,
respectively, and, except for CA19-9 in the stage III patients, they
displayed higher frequencies than the NY-ESO-1 humoral immune
response in all stages of the disease. We then analysed whether the
addition of the NY-ESO-1 humoral immune response to CEA and
CA19-9 increased the diagnostic frequency of gastric cancer. The
combined use of CEA and CAI19-9 tests produced positivity
rates of 15.3% (27 of 176) in stage I, 24.4% (11 of 45) in stage II,
37.3% (25 of 67) in stage III, and 53.3% (40 of 75) in stage IV
gastric cancer patients, resulting in an overall positivity rate of
28.4% (103 of 363). When the NY-ESO-1 humoral immune
response was added to these two conventional tumour markers, the
positivity rates of all stages increased, resulting in information
gains of 14.9% (from 25 to 35 patients; 10 of 67) in stage III and
11.2% (from 65 to 81 patients; 16 of 142) in stage III and IV gastric
cancer patients.

Changes in the NY-ESO-1 humoral immune responses of the
patients during their clinical courses. Serial serum samples were
obtained from 25 gastric cancer patients who displayed positive
NY-ESO-1 antibody at admission, and the changes in their NY-
ESO-1 humoral immune responses were examined throughout
their clinical courses. In all, 6 stage I, 2 stage II, and 8 stage III
patients received curative surgical treatment, and 14 did not suffer
recurrence. The NY-ESO-1 immune response levels of the patients
who did not suffer recurrence decreased after treatment and had
fallen below the cutoff level by 9 months after surgery in most cases
and did not subsequently increase (Figure 1). The half-lives of their
NY-ESO-1 humoral immune response levels were 1.5, 1.6, 2.1, 3.2,
and 6.6 months in the stage I patients; 3.0 and 4.0 months in the
stage II patients; and 1.6, 1.9, 2.3, 3.0, 3.2, 4.1, and 6.7 months in
the stage III patients (mean: 3.0 months). On the other hand, the
two patients who underwent curative surgery but subsequently
suffered recurrence, M-2 (stage I) and M-11 (stage III), displayed
not only incomplete decreases in their NY-ESO-1 humoral
immune response levels but also their subsequent restoration to
pretreatment levels (Figure 1 and Figure 2A and B). In a
comparison between the patients’ conventional tumour marker
levels and their NY-ESO-1lhumoral immune response levels, we
found that the changes in their CEA and CA19-9 levels were
consistent with their NY-ESO-1 immune response levels in patient
M-2, whereas patient M-11 was negative for both CEA and CA19-9
throughout their clinical course. Nine stage IV patients who
received chemotherapy alone maintained high NY-ESO-1 humoral
immune response levels throughout their clinical courses,

Stage |

6 12 18 24 30 36
Months after surgical treatment
159 Stage Il
1.0
o
@]
0.5
6 12 18 24 30 36
Months after surgical treatment
1.5
Stage il
1.0 &
o
o
0.5%
6 12 18 24 30 36
Months after surgical treatment
Stage IV
6 12 18 24 30 36

Months after the initial detection of NY-ESO-1 antibody

Figure 1. Change in the NY-ESO-1 humoral immune responses of
gastric cancer patients after treatment. The serum NY-ESO-1 humoral
immune responses of patients with stage |, I, Ill, or IV gastric cancer in
whom NY-ESO-1 antibody production was detected before surgical
treatment or chemotherapy were serially analysed. In all, 6 stage |,

2 stage |, and 8 stage lll patients received curative surgery, and only
2 patients (@, M) suffered recurrence. Other 14 patients did not suffer
recurrence. Nine patients with stage IV gastric cancer received
chemotherapy alone after the initial detection of NY-ESO-1 antibody.
Each mark represents a patient. Optical density (OD) values were
measured at a serum dilution of 1:200.

including some patients who achieved partial tumour responses
after chemotherapy (Figure 1).

Prognostic value of the NY-ESO-1 humoral immune response in
gastric cancer. The prognostic value of the NY-ESO-1 immune
response was evaluated in gastric cancer patients. An analysis of
the cumulative overall survival of the gastric cancer patients
indicated that there was no difference in the survival rates of the
patients who did and did not display positive NY-ESO-1 humoral
immune responses (Figure 3A). However, among the patients with
higher stage gastric cancer, overall survival was better in the
patients in whom NY-ESO-lhumoral immune responses were
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detected, although the difference was not significant (Figure 3B).
NY-ESO-1 protein expression, as detected by IHC, did not affect
the overall survival rate (data not shown).

NY-ESO-1 antibody was detected in 23.2% of stage III and IV
gastric cancer patients, and the combinatorial use of the NY-ESO-1
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Figure 2. NY-ESO-1 humoral immune response, CEA, and
carbohydrate antigen (CA)19-9 levels of patients who relapsed after
curative surgery. The NY-ESO-1 humoral immune response (@, Wl;
Figure 1), CEA (V), and CA19-9 (A) levels of two patients, M-2 (stage 1)
(A) and M-11 (stage Ill) (B), who underwent curative surgery but
subsequently suffered recurrence, were serially analysed. OD values
were measured at a serum dilution of 1: 200. The closed marks indicate
CEA or CA19-9 positivity.
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antibody with CEA and CA19-9 as tumour markers increase the
percentage of tumour detection from 45.8 to 57.0%. As the
frequency of NY-ESO-1 humoral immune response was relatively
low in the patients with early-stage gastric cancer, analysing serum
NY-ESO-1 antibody levels alone might not be useful for screening
for early-stage gastric cancer. Nevertheless, the expression of NY-
ESO-1, a CT antigen, is restricted to tumour tissues and NY-ESO-1
antibody is only detectable in patients with NY-ESO-1-expressing
tumours (Stockert et al, 1998), indicating the highly specific nature
of NY-ESO-1 humoral immune responses in cancer patients. Given
that NY-ESO-1 expression by malignant cells is required for
antibody induction (Stockert et al, 1998), the detection of NY-
ESO-1 antibody would be helpful for diagnosing malignancy,
although extensive analysis of serum samples from patients with
non-cancerous disease, for example, liver or renal disorders,
autoimmune diseases, and so on, would be necessary to confirm. In
our expression analysis, more NY-ESO-1-positive cases were
detected by IHC (19 of 60) than by RT-PCR (6 of 60). This was
probably due to the heterogeneous expression of NY-ESO-1 in
gastric cancer and the fact that a limited number of biopsy samples
were used for the RT-PCR, whereas multiple slices from whole
tumour specimens were used for the IHC. Extensive IHC analysis
should be used for NY-ESO-1 expression studies of gastric cancer.

We detected a correlation between the NY-ESO-1 humoral
immune response levels and the clinical outcome after therapy in
gastric cancer patients. The patients who underwent surgery and
did not suffer a subsequent relapse displayed consistent decreases
in their NY-ESO-1 humoral immune response levels or even the
complete disappearance of the NY-ESO-1 antibody from their sera.
It is generally accepted that constant immunological stimulation is
necessary to maintain a strong humoral immune response (Jager
et al, 1999). Thus, reduction of antigen doses by the removal of
NY-ESO-1-expressing tumour is one possible reason for the
observed decreases in these patients’ NY-ESO-1 humoral immune
response levels after surgery. Patients M-2 and M-11, in whom
NY-ESO-1 humoral immune responses remained high for 1 year
after surgery and increased thereafter, may have a subclinical
residual disease of the so-called ‘minimal residual cancer’ (Austrup
et al, 2000; Klein et al, 2002) after curative surgery. Local recurrent
tumours of 23 and 25 mm in diameter subsequently developed in
M-2 and M-11, respectively, suggesting that even a small tumour
burden is sufficient to stimulate antibody production. Patient M-2
showed a partial decrease in their NY-ESO-1 humoral immune
response levels after the resection of the relapsed tumour, and we
are carefully observing the progression of this tumour.

Nine patients with stage IV gastric cancer received chemother-
apy alone. Among them, six patients displayed stable disease, two

o o o =
X o ® o

Overall survival rate

o
o

o
o

30 60
Months after the initial detection of
NY-ESO-1 antibody

Figure 3. Prognostic role of NY-ESO-1 antibody in gastric cancer patients. The cumulative overall survival rate was analysed in all patients
(n=310; A) and stage Il and IV (n=126; B) gastric cancer patients in whom NY-ESO-1 antibodies were (continuous line) and were not detected
(dotted line). The detection of NY-ESO-1 protein by IHC analysis did not affect the overall survival rate (data not shown). Survival curves were
plotted using the Kaplan—Meier method. The log-rank test was used for comparisons between groups. P-values <0.05 were considered

significant.
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patients displayed progressive disease, and one patient (M-19)
achieved a partial response. Serial analysis of the NY-ESO-1
humoral immune responses of these nine patients including M-19
showed that they barely changed throughout their clinical courses,
suggesting that even small tumours are enough to provoke strong
NY-ESO-1 humoral immune responses. In this regard, the NY-
ESO-1 humoral immune response might not be suitable as a
clinical marker for palliative therapy.

We have performed serial cancer vaccine clinical trials with NY-
ESO-1 because of its strong immunogenicity and high specificity
(Uenaka et al, 2007; Wada et al, 2008; Kakimi et al, 2011). The NY-
ESO-1humoral immune response could be a reliable marker of the
induction of immune response, as well as for predicting clinical
responses in these trials. Furthermore, antibody-based examina-
tions detected both intra- and intermolecular antigen spreading in
the sera of patients who had been vaccinated with NY-ESO-1
protein (Kawada et al, 2012), suggesting the possible correlation of
NY-ESO-1 humoral immne responses and clinical status. In
addition, we have started a phase I studyof vaccination with NY-
ESO-1 protein mixed with Hiltonol (Poly ICLC), Picibanil (OK-
432), and Montanide (ISA-51) in patients with NY-ESO-1-
expressing cancers (UMIN000007954). Furthermore, NY-ESO-1
vaccine involving modulators of immune checkpoints, for example,
anti-CTLA4 antibody and anti-PD-1 antibody, and reagents that
are antagonistic to regulatory T cells, for example, anti-CCR4
antibody (Pardoll, 2012) should be considered.

Recently, the antibody against p53, another tumour antigen, has
been recognised as a useful tumour marker (Lubin et al, 1995).
Shimada et al (2000)) reported that p53 antibody was detected in
35% of serum samples from patients with in situ oesophageal cancer
and that it disappeared after endoscopic mucosal resection,
proposing that p53 antibody is useful for the early detection and
subsequent monitoring of oesophageal cancer. In addition, Miiller
et al (2006) reported that p53 antibody was found in 23.4% of serum
samples from cancer patients with 100% accuracy and was correlated
with poor prognosis in hepatocellular carcinoma and breast cancer.

Here, we have demonstrated that the NY-ESO-1 humoral
immune response could also be valuable as a marker for detecting
advanced gastric cancer and inferring whether residual tumour
cells remain after treatment, although its frequency in gastric
cancer is not very high. We have started a prospective multi-
institutional clinical study of NY-ESO-1 humoral immune
responses in higher stage gastric cancer patients. In this new
study, the NY-ESO-1 humoral immune responses of approximately
100 patients who relapsed after curative surgery will be serially
analysed and then followed up. This trial has been registered as
UMINO000007925 in Japan.

We thank Dr Lloyd J Old for his continuous encouragement and
Dr K Kakimi for critically reviewing this manuscript.
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Introduction

Many tumor-associated antigens recognized by the immune
system are normal self-constituents, and tumor immunity is con-
sidered to be in part an autoimmune response [1-3]. There-
fore, mechanisms for maintaining immunological self-tolerance
hamper effective anticancer immunity. CD4*CD25" Treg cells
are one of the major components in maintaining immunological
self-tolerance in hosts by suppressing a wide range of immune
responses [4-7]. Indeed, depletion of Treg-cell populations
enhances spontaneous and vaccine-induced antitumor immune
responses [6,8,9], and the stimulation of CD4+CD25" Treg cells
by immunization with self-antigens induces enhanced chemically
induced primary tumor development and increased numbers of
pulmonary metastasis following injection of transplantable tumor
cells [10-12]. In human cancers, the presence of high num-
bers of CD4+CD25% Treg cells or low ratio of CD8* T cells to
CD4+CD25"% Treg cells in tumors is correlated with unfavorable
prognosis [13,14]. In addition, the depletion of CD4+CD25" Treg
cells in patients receiving a DC vaccine enhances the stimula-
tion of tumor-specific T-cell responses, indicating a crucial role
for Treg cells in the regulation of antitumor immune responses in
humans [15].

NY-ESO-1, a germ cell protein, was found by SEREX (serologi-
cal identification of antigens by recombinant expression cloning)
using the serum of an esophageal cancer patient [16,17]. We
have previously shown that NY-ESO-1-specific CD4™ T cells are
detectable in cancer patients with spontaneous NY-ESO-1 serum
Ab responses [17,18]. In addition, NY-ESO-1-specific CD4* T-cell
precursors can expand and become detectable in healthy individ-
uals after in vitro antigenic stimulation of peripheral CD4* T cells,
but only following depletion of CD4+CD25* T cells [19,20]. These
results suggested that NY-ESO-1-specific CD4* T-cell precursors
are actually present at relatively high frequencies in healthy indi-
viduals, and that the activation/expansion of NY-ESO-1-specific
naive CD4" T cells is suppressed by CD4TCD25" Treg cells. In
healthy donors and in cancer patients with NY-ESO-1-expressing
tumors but without spontaneous anti-NY-ESO-1 Ab (seronega-
tive), naturally arising NY-ESO-1-specific T-cell responses are
susceptible to Treg-cell suppression and are exclusively detected
from naive populations (CD4+CD25~CD45RA™). In contrast, most
NY-ESO-1-specific CD4* T cells in cancer patients with sponta-
neous anti-NY-ESO-1 Ab (seropositive) are derived from memory
populations (CD4+CD25-CD45RO%) and are detectable even in
the presence of CD4+CD25" Treg cells [20,21]. After vaccination
with HLA-DPB1*0401/0402-restricted NY-ESO-1157—170 peptide
in incomplete Freund’s adjuvant, ovarian cancer patients develop
NY-ESO-1-specific CD4* T cells with only low avidity to antigen
and low sensitivity to Treg cells, even though they have an effec-
tor/memory phenotype (CD4+CD25~CD45R0™") [21]. Still, high-
avidity naive NY-ESO-1-specific T-cell precursors are present in
the peripheral blood of vaccinated patients, but they are subjected
to continuous CD4+CD25% Treg-cell suppression throughout vac-
cination [21]. Thus, a strategy to overcome Treg-cell suppression
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on preexisting high-avidity naive T-cell precursors is an essential
component for effective cancer vaccines.

Accumulating data shed light on recognition of pathogen-
associated molecular patterns through TLRs to break the sup-
pressive environment in tumors [22]. It has been reported that
TLR stimulants, such as lipopolysaccharide or CpG, block the
suppressive activity of CD4tCD25% Treg cells partially by an
IL-6-dependent mechanism [23]. TLR2 signaling was reported
to stimulate the proliferation of CD4*CD25% Treg cells and to
induce temporal loss of suppressive activity of CD4+CD25*+ Treg
cells [24]. TLR2 signaling has also been shown to increase IL-
2 secretion by effector T cells, thereby rendering them resis-
tant to CD4+CD25" Treg-cell-mediated suppression [25]. We and
others have recently reported that vaccination of tumor antigens
by TLR stimulating viral or bacterial vectors was able to not only
inhibit the suppressive function of CD4*CD25% Treg cells but also
break tolerance or hyporesponsiveness of effector T cells to tumor
antigens even in the presence of Treg cells [26-28].

OK-432 is a lyophilized preparation of Streptococcus pyogenes
that binds TLR-2, TLR-4, and/or TLR-9 and activates APCs, mak-
ing it attractive for potential use as an adjuvant of cancer vaccine
[29-33]. OK-432-matured DCs effectively prime antigen-specific
T cells in vitro [29, 34]. Importantly, OK-432 has already been
used for many years as a direct anticancer agent, particularly in
Japan, and has a well-established clinical safety profile. However,
while it is considered that OK-432 may inhibit Treg-cell suppres-
sive activity by stimulating several TLR signaling pathways, its
influence on Treg cells has not yet been shown. In this study, we
addressed whether OK-432 inhibits Treg-cell suppressive function
and could be a promising adjuvant of cancer vaccines.

Results

OK-432 inhibits the suppressive activity of
CD4*+CD25* Treg cells

To address whether OK-432 inhibited CD4+CD25" Treg-cell sup-
pression, we employed the standard in vitro suppression sys-
tem. CD4*CD25~ T cells and CD4*CD25M&" Treg cells (highest
3% of CD4*tCD25% cells) were isolated from PBMCs of healthy
individuals. CD4*CD25 T cells were cultured with irradiated
autologous APCs (CD4-depleted PBMCs) and anti-CD3 Ab in the
presence or absence of CD4*CD25%8h Treg cells. CD4+CD25~
T-cell proliferation was analyzed as described in the Materials and
methods. In accordance with previous reports [7], CD4+CD25high
Treg cells markedly suppressed the proliferation of CD4*CD25~
T cells (Fig. 1A and B). In sharp contrast, when OK-432 was added
in the culture, suppressive activity of CD4+CD25M8g" T cells was
significantly inhibited (Fig. 1A and B). In addition, OK-432 did
not induce death of CD4*CD25Meh Treg cells as the frequency of
Annexin V* and 7-AAD? cells was not significantly increased in
the presence of OK-432 (data not shown). Instead, CD4+CD25high
Treg cells exhibited marginal proliferation in the presence of
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Figure 1. OK-432 overcomes Treg-cell suppression in vitro. (A, B) CD4*CD25" T cells and CD4+CD25"8" Treg cells were collected from PBMCs of
healthy individuals as described in the Materials and Methods. 1 x 10* CD4*CD25~ T cells were cultured with irradiated autologous CD4-depleted
PBMCs and anti-CD3 Ab in the presence or absence of 5 x 10® CD4+tCD25% Treg cells with/without OK-432. Proliferation was analyzed by 3H-
thymidine incorporation. Data of three donors are shown as mean + SD of two replicates/samples and are from one experiment representative
of at least two performed. (B) Summary of percent suppression in five healthy individuals. Percent suppression was calculated as: (1 - (cpm in
coculture)/(cpm in CD4*CD25~ T cells)) x 100. Data shown are from one experiment representative of at least two performed.

OK-432 (Fig. 1A). These data indicate that addition of OK-432
impairs the suppressive activity of CD4*CD25M8" Treg cells and
partially reverses anergy status of Treg cells.

Inhibition of the suppressive activity of CD4*CD25+
Treg cells by OK-432 is dependent on IL-12

Since OK-432 reportedly induces TLR-2, TLR-4, and/or TLR-9 acti-
vation and subsequent production of proinflammatory cytokines
[29-33], we examined the involvement of cytokines in this inhibi-
tion of Treg-cell suppression. To this end, Abs against several can-
didate cytokines were added to cultures. Among cytokines tested,
only blocking Ab against IL-12 significantly abrogated the inhibi-
tion of Treg-cell suppression by OK-432 (Fig. 2A).

To confirm the importance of IL-12, we next analyzed whether
the addition of IL-12 could inhibit Treg-cell suppression as
observed by OK-432. CD4+7CD25~ T cells were cultured with
CD4*CD25Meh Treg cells, irradiated autologous APCs and anti-
CD3 Ab in the presence of IL-12. Treg-cell suppressive activity
was significantly inhibited by the addition of IL-12, but not IL-6
or IFN-y (Fig. 2B). Again, IL-12 did not kill CD4+CD25Meh Treg
cells as the frequency of Annexin V¥ and 7-AAD™ cells was not
significantly increased in the presence of IL-12 (data not shown).
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Instead, CD4+CD25M8" Treg cells slightly proliferated in the pres-
ence of OK-432 (Fig. 2B). These data suggest a critical role for
IL-12 in the inhibition of Treg-cell suppression by OK-432.

OK-432 induces higher amounts of IL-12 but not IL-10
from APCs compared with other stimuli

To gain insight into the cellular target(s) of OK-432, we explored
the origin of IL-12 after OK-432 treatment based on the essential
role of IL-12 in the inhibition of Treg-cell suppression by OK-432.
We then analyzed whether OK-432 stimulation indeed induced
IL-12 production from APCs, such as CD3-depleted PBMCs used
in the standard Treg-cell suppression assays. CD3-depleted PBMCs
from healthy donors were stimulated with OK-432, LPS, or TNF-q,
and cytokine production was examined. OK-432 induced signifi-
cantly higher amounts of IL-12 from CD3-depleted PBMCs than
LPS or TNF-a (Fig. 3A). In addition, CD3-depleted PBMCs stim-
ulated with OK-432 induced much less IL-10 production than
LPS (Fig. 3A). Similar results, i.e. IL-12 rather than IL-10 was
dominantly produced by CD3-depleted PBMCs stimulated with
OK-432, were obtained from four esophageal cancer patients
(Fig. 3B).
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Figure 2. IL-12 is a critical cytokine to overcome Treg-cell suppression by OK-432. CD4*CD25~ T cells and CD4*CD25"&" Treg cells were collected
from PBMCs of healthy individuals. 1 x 10* CD4+CD25" T cells were cultured with 1 x 10° irradiated autologous CD4-depleted PBMCs and anti-CD3
Ab in the presence or absence of 2.5 x 103 CD4*+CD25Mgh Treg cells with/without OK-432. (A) Blocking Abs (10 g/mL) against several cytokines as
indicated were added in the culture and proliferation was measured. (B) Recombinant cytokines (IL-12; 5 ng/mL, IL-6; 5 ng/mL, IFN-y; 100 U/mL)
were added into the cultures and proliferation was analyzed. Data for one representative donor among three donors are expressed as mean
+ SD of two replicates/samples and are from one experiment representative of at least two performed. *p < 0.05 and **p < 0.01 as compared with

control, Student’s t-test.

We next examined which cell types in PBMCs produced IL-12
after OK-432 stimulation. The major sources of IL-12 in PBMCs
after OK-432 stimulation were CD11ct and CD14% cells, and
neither NK cells nor T cells produced IL-12 (Fig. 3C). Taken
together, APCs, such as monocytes, macrophages, and DCs are
considered to be the cellular targets of OK-432 to induce IL-12
which is a crucial component for the inhibition of Treg-cell sup-
pression by OK-432.

OK-432 administration to tumor-associated exudates
reduces local Treg-cell accumulation and function

As OK-432 is available as an anticancer agent in Japan and has
been used for controlling tumor-associated exudate fluids by direct
injection to the cavity, we next investigated its influence on Treg
cells following in vivo treatment of OK-432. We analyzed the
local Treg-cell accumulation and function of tumor-associated
sites before and 2-3 days after local OK-432 administration. Cells
were isolated from tumor-associated exudate fluids, such as pleu-
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ral effusions and ascites. The frequency of Treg cells before and
after treatment with OK-432 was examined by staining with Abs
for CD4, CD25, and Foxp3. The Foxp3™ T-cell population in CD4*
T cells was markedly reduced (Fig. 4A). Furthermore, the propor-
tion of Foxp3™ T cells in CD4+CD25% T cells was also significantly
reduced after OK-432 administration (Fig. 4A and B), indicating
that the balance of helper T cells to Treg cells had changed.

We next addressed the suppressive activity of CD4+CD25"ish
T cells in tumor-associated exudate fluids. CD4*CD25hgh
T cells (highest 3% gate of CD4"CD25% cells defined with
peripheral blood was applied) were isolated from tumor-
associated exudate fluids and cultured with CD4+CD25~ T cells
from PBMCs with irradiated autologous APCs and anti-CD3 Ab.
After OK-432 administration, as the volume of tumor-associated
exudate fluids decreased, sufficient amounts of CD4+CD25"sh
T cells for proliferation assays were available only from two
patients. CD47CD25~ T-cell proliferation was analyzed as
described in the Materials and Methods. There was a trend, albeit
not significant, toward a decrease in Treg-cell function after
OK-432 administration (Fig. 4C). In contrast, we did not observe
any differences in frequency and function of Treg cells in PBMCs
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Figure 3. APCs stimulated with OK-432 produce significantly higher amounts of IL-12. (A) 1 x 10° CD3-depleted PBMCs from four healthy individuals
were cultured with TNF-a (100 ng/mL), LPS (1 mg/mL}), or OK-432 (1 n.g/mlL) and supernatant was collected 48 h later. IL-12p70 and IL-10 production
was analyzed with ELISA. (B) 1 x 10° CD3-depleted PBMCs from four esophageal cancer patients were cultured as in (A) and supernatant was
collected 48 h later. IL-12p70 and IL-10 production was analyzed with ELISA. (A, B) Each symbol represents an individual donor; data shown are
from one experiment representative of at least two performed. (C) PBMCs from two healthy individuals were cultured with/without OK-432. Cells
were subjected to staining with the indicated surface markers and then intracellular IL-12, and were analyzed by flow cytometry. Data of two
donors from one experiment representative of at least two performed. *p < 0.05 and **p < 0.01 as compared with control, Student’s t-test.

before and after OK-432 administration (data not shown). These
data propose that in vivo injection of OK-432 decreases the local
Treg-cell accumulation and function.

Origin of the repertoire of CD4* T-cell effectors elicited
by vaccination with NY-ESO-1 and OK-432

To further explore the effect of OK-432 on the inhibition of in
vivo Treg-cell activity, we also examined the potential of OK-432
as an adjuvant in a cancer vaccine. We have reported that high-
avidity NY-ESO-1-specific CD4™ T-cell precursors are present in
naive CD45RA™ populations and that their activation is rigor-
ously suppressed by CD4*CD25% Treg cells [20,21]. We also
found that synthetic peptide vaccination with incomplete Fre-
und’s adjuvant induces only peptide-specific CD4™ T cells with
low-avidity TCRs (recognition of >1 wM peptide but not nat-
urally processed NY-ESO-1 protein), but not high-avidity CD4+
T cells (recognition of naturally processed NY-ESO-1 protein or
<0.1 uM peptide) that are susceptible to Treg-cell suppression
[21]. Together, these data highlight the importance of blocking
Treg-cell activity to allow activation/expansion of high-avidity
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NY-ESO-1-specific CD4* T-cell precursors. For this reason, we
investigated whether high-avidity NY-ESO-1-specific CD4™ T-cell
precursors were activated by NY-ESO-1 protein vaccination with
OK-432 as an adjuvant and were present in memory CD45RO*
populations.

Samples from two patients who received vaccination with
cholesteryl hydrophobized pullulan (CHP)-HER2 and NY-ESO-1
with OK-432 (Supporting Information Fig. 1) were available
for this analysis. Whole CD4" T cells or CD4+CD25-CD45RO+
(effector/memory) T cells before and after vaccination were
presensitized with NY-ESO-1-overlapping peptides covering the
entire sequence of NY-ESO-1 and specific CD4* T-cell induc-
tion was analyzed with ELISPOT assays. As the sample size was
not sufficient to analyze specific CD4+ T-cell induction within
CD4+CD25-CD45RA* (naive) T cells, we analyzed whether
NY-ESO-1-specific high-avidity CD4" T cells were induced from
the CD4*CD25-CD45RO* (effector/memory) T-cell population
after vaccination in Pt #1 (HLA-DR 4, 12 and HLA -DQ 4, 8)
and #2 (HLA-DR 9, 15 and HLA-DQ 6, 9). Pt #1 exhib-
ited spontaneously induced CD4% T-cell responses against
NY-ESO-197—1¢ before vaccination and the responses were main-
tained after extensive vaccination (Fig. 5A). These spontaneously
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