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superficial dermis. In the plaque stage (stage II), Pautrier microab-
scesses are often observed. In the tumor stage (stage III), tumor cells
infiltrate the nodular lesions and proliferate with necrosis, and then
ulcers form in the tumorous lesions. In stages I and II, the 5-year
survival rate is > 90%, but in stage III the rate drops to approxi-
mately 40%.”

In the initial stage, topical corticosteroids are used for red
plaques.4 Psoralen ultraviolet A (PUVA) or narrowband UVB is used
mainly for stage 1.>° More severe cases require radiotherapy and
chemotherapy. There are some clinical reports of bath-PUVA ther-
apy for MF.> We recently reported that bath-PUVA therapy induces
circulating regulatory T cells (Tregs), which suppress effector T cells
such as Th17, in patients with psoriasis.” The underlying mecha-
nisms of bath-PUVA therapy in MF, however, are unclear. There-
fore, we analyzed cells infiltrating the lesions before and after bath-
PUVA therapy. Circulating lymphocytes in the peripheral blood
were also analyzed.

CCR4 is a chemokine receptor expressed on certain types of T-cell
neoplasms, including MF and adult T-cell leukemia/lymphoma
(ATLL).5'° Clinical development of the therapeutic humanized

anti-CCR4 monoclonal antibody KW-0761 is in progress.'* A phase
I clinical trial of KW-0761 for patients with relapsed CCR4-positive
(CCR4™) T-cell neoplasms including MF was completed.'? The
subsequent phase II clinical trials of KW-0761 against relapsed
ATLL (http://Clinical Trials.gov Identifier: NCT00920790), un-
treated ATLL (NCT01173887), and relapsed peripheral T-cell lym-
phoma (NCT01192984) are currently being conducted in Japan. In
the United States, a phase I/1I clinical trial of KW-0761 against
relapsed peripheral T-cell lymphoma has also been conducted
(NCT00888927). In the present study, we analyzed the relationship
between CCR4 "lymphocytes and some parameters from MF
patients.

Patients and Methods
Patients

Thirteen patients of Japanese origin diagnosed with MF (mean
age, 69.2 years; range, 35-87 years; 7 women and 6 men; 12 patients
with stage IB and 1 patient with stage III disease) and 10 healthy
controls (mean age, 31.7 years; range, 23-46 years; 6 women and 4
men) were recruited for the study. Serum-soluble interleukin-2
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receptor (sIL2R) and thymus and activation-regulated chemokine
(TARC)/CCL17 levels were measured in 13 and 5 patients, re-
spectively, as part of the clinical blood examination at SRL Inc
(Tokyo, Japan). Fluorescence-activated cell sorting (FACS) anal-
ysis (FACSCalibur Flow Cytometry System, Becton Dickinson,
Franklin Lakes, NJ,) was applied in 6 cases. Punch biopsies of 3 or
4 mm were performed in the same lesion before and after bath-
PUVA therapy. In healthy controls, only the peripheral blood was
examined. The analysis was conducted with the approval from the
Ethics Committee of Nagoya City University. Patient profiles are
summarized in Table 1.

Bath-PUVA Therapy

Patients were placed in a 37°C bath containing 0.0001% 8-me-
thoxypsoralen before UVA radiation treatment 5 times per week. A
whole-body UVA radiation unit, the Dermaray TS (Eisai-Toshiba,
Tokyo, Japan) with FLRI00HBL/A/DMR fluorescence tubes, was
used for UVA irradiation. The initial dose was 0.5 J/cm? with sub-
sequent doses increased by increments of 0.5 J/cm? to a maximum
dose of 4 J/cm?. The mean number of irradiation treatments was
25.1. Mean cumulative UVA dose was 79.1 J/cm?. The patient treat-
ment profiles are summarized in Table 1.

Immunobhistochemical Analysis

Staining for CD3, anti-CCR4 antibodies, and forkhead box P3
(Foxp3) was performed as follows. The sections were fixed with 10%
neutral-buffered formalin. Formalin-fixed paraffin sections were
stained with anti-CCR4 antibody (KM2160, Kyowa Hakko Kirin,
Tokyo, Japan), polyclonal rabbit antthuman CD3 antibody (A0452,
Dako, Carpinteria, CA), and antimouse monoclonal antibody to
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Foxp3 (236 A/E7, Abcam, Tokyo, Japan) following standard proto-
cols using diaminobenzidine as the chromogen.'? Positive cells in all
sections were counted manually by 2 independent researchers (HK,
CS). The sections were measured and the number of positive cells in
each section was calculated.

FACS Analysis of Peripheral Blood Mononuclear Cells

Peripheral blood was obtained from patients before and after bath-
PUVA therapy. Peripheral blood mononuclear cells (PBMCs) were
obtained by density gradient centrifugation and stained with flu-
orescence-conjugated antihuman CD4 (MT310; Dako A/S,
Glostrup, Denmark), CD25 (ACT-1, Dako A/S), Foxp3
(PCH101, eBioscience, San Diego, CA), and the appropriate iso-
type control antibodies followed by FACS analysis.

Statistical Analysis

The significance of changes in the variables before and after bath-
PUVA therapy was examined using the Wilcoxon signed-rank test.
Correlations between 2 variables obtained from patients with MF
were assessed using the Spearman rank correlation coefficient. Dif-
ferences in the variables between the 2 groups were examined with
the Wilcoxon rank-sum test. Statistical analyses were performed us-
ing the Pharmaco Analyst II software (Human Life, Japan).

Results

Bath-PUVA therapy was well tolerated in all patients enrolled in
the study. The red plaques in all patients improved clinically after
bath-PUVA therapy. The number of atypical stage IB and stage I1I
MF tumor cells are usually minimal, so it is difficult to clearly iden-
tify the tumor cells histologically from many reactive infiltrating
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lymphocytes. Therefore we analyzed the numbers of whole stained
lymphocytes, including both tumor and reactive cells (Figures 1 and
2). After bath-PUVA therapy, patients with stage I MF had a signif-
icant decrease in the number of infiltrating CD3™, CCR4™, and
Foxp3™ cells compared with the number of cells before therapy (Fig-
ure 3). The number of CCR4™ cells in the lesion significantly de-
creased from 105.1 *+ 164.8 cells/107> mm® to 31.4 = 39.0 cells/
1072 mm?. Similarly, Tregs in the lesion decreased from 78.1 *
67.8 cells/10™% mm? to 24.7 * 25.0 cells/10™% mm?.

Before bath-PUVA, there was no significant correlation between
the number of CD3™ cells and CCR4™ cells (» = 0.286) (Figure
4A), but after bath-PUVA, the levels of these cells were positively
correlated (r = 0.555) (Figure 4C). The correlations between the
number of CD3™ and Foxp3™ cells were significant before and after
bath-PUVA therapy (» = 0.709; » = 0.602 (Figures 4B and D).

TARC/CCL17 is a CCR4 ligand used as a disease activity marker
in atopic dermatitis,"* and serum TARC/CCL17 levels are also cor-
related with MF disease activity.'® Thus the correlation between the
number of each type of infiltrating lymphocyte and sIL2R (n = 13)
and TARC/CCL17 (n = 5) was evaluated (Figure 5). sIL2R levels
were significantly correlated with the number of infiltrating CD3™
cells (» = 0.669) but not with the number of infiltrating CCR4* and
Foxp3™ cells (r = 0.164 and » = 0.351, respectively). TARC/
CCL17 levels were significantly correlated with the numbers of in-
filtrating CD3™, CCR4™, and Foxp3™ cells (r = 0.997, » = 0.991,
and » = 0.843, respectively) (Figure 5).

We then assessed the percentages of CD4"CD25% Foxp3™
Tregs in CD4" T cells in PBMCs obtained from patients with
MF and healthy volunteers. There was no significant difference
between patients with MF and healthy volunteers. Bath-PUVA
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therapy did not induce any significant change in the percentage of
Tregs (Figure 6).

Discussion

The findings of the present study demonstrate that infiltration of
both CCR4™ and Tregs is eliminated by bath-PUVA therapy in
patients with MF. The mechanism of the effectiveness of photother-
apy for MF is not clear. For psoriasis treatment, there are 2 theories
underlying the mechanisms of phototherapy: (1) induction of apop-
tosis in pathogenetically relevant cells*® and (2) an immunosuppres-
sive mechanism through the induction of Tregs.” The former is clas-
sified as an induction of apoptosis through oxygen radicals and
caspase activation, leading to direct DNA damage. Photophoresis is
a unique type of photochemotherapy using extracorporeal circula-
tion and ultraviolet irradiation. In 1987, Edelson reported the effi-
cacy of photophoresis treatment of cutaneous T-cell lymphoma.'” A
growing body of evidence indicates that photophoresis is also effec-
tive against other diseases.'® Photophoresis induces monocytes to
activate dendritic cells that express highly costimulatory molecules.
The dendritic cells engulf the dying target cells,'” leading to an im-
mune response. Conversely, photophoresis induces antigen-specific
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Tregs. Therefore it is unclear how photophoresis regulates the immune
responses toward both antiinflammarory and anticancer effects.

Leukocyte trafficking, which is critically regulated by chemokines
and their receptors, shares many characteristics with tumor cell infil-
tration and metastasis. For example, CCR4 is a chemokine receptor
selectively expressed on Tregs and Th2 cells®*** and also frequently
expressed in ATLL cells, and its ligands TARC/CCL17 and macro-
phage-derived chemokine (MDC)/CCL22 are abundantly present
in skin. We previously reported a significant association between the
extent of CCR4 expression in ATLL cells and skin involvement.”
With respect to MF, CCR4 expressed on the tumor cells also has a
critical role in tumor formation in the skin.*?

Generally, sIL2R is used as a tumor marker in cutaneous lym-
phoma such as in MF,?* and in the present study sIL2R levels cor-
related positively with the number of infiltrating CD3 ™ cells but not
with that of infiltrating CCR4™ and Foxp3™ cells. TARC/CCL17 is
also reported to be an MF tumor marker'® and, as expected, serum
TARC/CCL17 levels were significantly correlated with the numbers
of infiltrating CD3™, CCR4™, and Foxp3™ cells. These findings
indicate that the number of the affected skin infiltrating CD3™,
CCR4™, and Foxp3 " cells reflect the disease activity of MF.
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PUVA is widely used as an effective treatment for cutaneous T-cell
lymphoma.?* MF and Sézary syndrome are the most frequent forms of
cutaneous T-cell lymphoma. We previously reported that bath-PUVA
therapy induces circulating Tregs in patients with psoriasis.” Tregs is a
T-cell subset with immune function®® that is associated with some im-
mune diseases.”” FOXP3 is a master regulator gene for the differentiation
of Tregs, and Foxp3 is a molecular marker of Tregs.”® FOXP3 gene
transfection in naive T cells transforms naive T cells into Tregs and,
simultaneously, naive T cells acquire CCR4 on their surface.”’

In the present study, bath-PUVA therapy eliminated Treg* and
CCR4™ cells. Considering that there are some CCR4™ cells among
Tregs, the efficacy of bath-PUVA is similar to anti-CCR4 antibody
treatment, as previously reported, regarding the decrease in the num-
ber of CCR4™ cells.®'* In contrast, it was unclear that anti-CCR4
antibody was effective against Foxp3™ cells. Based on the positive
correlation between CCR4™ and CD3 " cells after bath-PUVA thet-
apy, the other type of T cells may have been eliminated.

Recently, Tregs were divided into naturally occurring Tregs and
inducible Tregs.>® Inducible Tregs are derived from the peripheral
blood after antigen stimulation. In MF, Tregs are present in the
initial stage, but the number of Tregs decreases in the more advanced
stages.”" This progression suggests a correlation between the number
of Tregs and the prognosis of MF. Theoretically, the number of
Tregs must be reduced in patients with MF. In psoriasis, bath-PUVA
suppresses immunity and concomitantly induces improvement of
the lesions. Immunosuppression might lead to an increase of the
tumor cells in MF. In the present study, Tregs in the skin decreased
after bath-PUVA. Moreover, the number of circulating Tregs in
peripheral blood was not changed after bath-PUVA.

Based on these results, systemic immunosuppression is not in-
duced by bath-PUVA therapy in patients with MF. It is generally
accepted that increased Tregs in the tumor microenvironment have
an important role in tumor escape from host immunity in several
different types of cancer. Therefore depletion of Tregs in the tumor
vicinity is considered a potential strategy for boosting antitumor
immunity. In this context, the bath-PUVA therapy-induced reduc-
tion of Tregs observed in the present study may induce antitumor
immunity and subsequent tumor elimination in MF skin lesions.

Clinical Practice Points

e MF is a malignant cutaneous lymphoma with a chronic disease
progression.

e There are some clinical skin forms in MF according to STAGE.
The tumor cells were T lymph cells, especially, it reported that
CCR4 was expressed highly in the tumor cells.

e CCR4 is a chemokine receptor expressed on certain types of T cell
neoplasms. In ATLL, the subsequent phase II clinical trials tar-
geted CCR4 was started. For MF, some treatments were used such
as topical steroid, phototherapy, and chemotherapy. Especially,
bath-PUVA therapy was effective for the early STAGE of MF.
However, the mechanism of the bath-PUVA therapy for MF was
unclear.

e In the present study, bath-PUVA therapy decreased CCR4 posi-
tive cells and Treg in MF lesions, but did not induce circulating
Treg, which might suppress effector T cells. Direct effects through
skin lesions might eliminate both pathogenetically relevant cells
and Treg.
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o Considering that there are some CCR4-positive cells among Treg,
the efficacy of bath-PUVA is similar to anti-CCR4 antibody treat-
ment. Systemic immunosuppression was not induced by bath-
PUVA therapy. It is generally accepted that increased Treg in the

tumor microenvironment has an important role in tumor escape

from host immunity in several different types of cancer.
o Based on these results, bath-PUVA therapy had possibility that
widely applied for other disease.
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NY-ESO-1 antibody as a novel tumour marker
of gastric cancer

S Fujiwara1, H Wada™", J Kawada', R Kawabata', T Takahashi’, J Fujitaz, T Hirao®, K Shibata®,
Y Makari®, S lijima® H Nishikawa®, A A Jungbluth®, Y Nakamura®, Y Kurokawa', M Yamasaki',
H Miyata', K Nakajima1, S Takiguchﬂ, E Nakayama7, M Mori' and Y Doki'
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Medical Welfare, 288 Matsushima, Kurashiki-city, Okayama 701-0193, Japan

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 |, 4.4% of stage II, 25.3% of stage Ill, 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 IV, 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 common 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
(Pujiyama 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; Tiireci et 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 (1 ug) was
subjected to the reverse transcription (RT) in 20 ul buffer with
oligo-(dT);5 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 1 min, 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 ugml ™" 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 ul 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 analysis. 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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;';Tébl'e 1:.,Frequenc§es rof VNY—EVSO,—VT ar}tibody, éEA,:ant;V[V,CATV‘?@,'ih gaétﬁc; céncer'patienfs;';”

" CEA and/or CA19-9 and/or |

Stage NY-ESO-1 Ab CEA CA19-9 CEA and/or CA19-9 NY-ESO-1 Ab
| 6/176 (3.4) 24/176 (13.6) 6/176 (3.4) 27/176 (15.3) 317176 (17.6)
It 2/45 (4.4) 8/45 (17.8) 7/45 (15.6) 11745 (24.4) 12/45 (26.6)
I 17/67 (25.3) 22/67 (32.9) 11/67 (16.4) 25/67 (37.3) 35/67 (52.2)
% 16/75 (20.0) 23/75 (30.7) 30/75 (40.0) 40/75 (53.3) 46/75 (61.3)
I+ 1 8/221 (3.6) 32/221 (14.5) 13/221 (5.9) 38/221 (17.2) 43/221 (19.5)
IH+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-1 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 Relatnonshnfp between NY ESO-1 antlbody posmv;ty and . -

chmcopatho[oglcal eatures in gastnc cancer patlents

Variable [ [ P-value*

NY-ESO-1 Ab
Negative Positive

Male 223 (86.4)

35 (13.6)
99 (94.3) 6(5.7)

0.04307
Female

>65 178 (88.6)
<65 144 (88.9)

23 (11.4) 0.9209

18 (11.1)

17 (106)
19 (12.6)

ifferentiated
Undifferentiated

cT1-T2 0.0044

cT3-T4

193 (92.8)
129 (83.2)

15 (7.2)
26 (16.8)

6(3.0)
35 (21.7)

Negative 196 (97.0) <0.001

Positive 126 (78.3)

277 (91.1)
45 (76.3)

27 (8.9)
14 (23.7)

Negative <0.001

Positive

<0.001

=l ' 213 (96.4) 8 (3:6)’ ‘

=V 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 3Frequen cy of NY—ESO—1 antiEddy, p:{)siﬁ'vés in gé‘stﬁ'rc;'c:‘anc,e{rf‘ :i;
_patients in whom the NY-ESO-1 antigen was or was not detected by IHC

or RT_PCR

| IHC

Total

J Positive L Negative

Positive 5/6 (83.3) 0/0 (0.0) 5/6 (83.3)
Negative 3/13 (23.1) 1781 (2.4) 4/54 (7.4)
Total 8/19 (42.1) 1721 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 CA19-9 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 IIl 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
1.5 1 Stage Il
1.0
o
(@]
0.5
6 12 18 24 30 36
Months after surgical treatment
1.5 1

Stage il

6 12 18 24 30 36
Months after surgical treatment
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, Il, lll, or [V 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 ll, and 8 stage lll patients received curative surgery, and only
2 patients (@, B) suffered recurrence. Other 14 patients did not suffer
recurrence. Nine patients with stage [V 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 (@, H;
Figure 1), CEA (V), and CA19-9 (A) levels of two patients, M-2 (stage |)
(A) and M-11 (stage lll) (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-l-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 ef al, 2002) after curative surgery. Local recurrent
tumours of 23 and 25mm 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

Overall survival rate
©c o o =
A o ® 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 lll 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 study of 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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Spontaneous antibody, and CD4 and CD8 T-cell responses
against XAGE-1b (GAGED?2a) in non-small cell lung cancer
patients
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The spontaneous immune responses against XAGE-1b (GAGED2a) were analyzed in non-small cell lung cancer (NSCLC)
patients. An antibody response against XAGE-1b (GAGED2a) was observed in 10% (20/200) of NSCLC patients and in 19%
(13/69) of stage I1IB/IV lung adenocarcinoma patients. A CD4 T-cell response was detected in 88% (14/16) and a CD8 T-cell
response in 67% (6/9) in the XAGE-1b (GAGED2a) antibody-positive patients examined. Frequent antibody responses and CD4
and CD8 T-cell responses in XAGE-1b (GAGED2a) antibody-positive patients indicate the strong immunogenicity of the XAGE-1b
(GAGED2a) antigen in NSCLC patients. We established T-cell clones from PBMCs of antibody-positive patients and determined

the DRB1*04:05-restricted XAGE-1b (GAGED2a) 18-31 peptide (14-mer) as a CD4 T cell epitope and the A*02:06-restricted
XAGE-1b (GAGED2a) 21-29 peptide (9-mer) as a CD8 T cell epitope. As for peptide recognition, CD4 and CD8 T-cell clones
responded to naturally processed antigen. The CD4 T-cell clone recognized DCs pulsed with the synthetic protein or a lysate
from XAGE-1b-transfected 293T cells. The CD8 T-cell clone showed cytotoxicity against a tumor expressing XAGE-1b
(GAGED2a) and the appropriate HLA class | allele. These findings establish XAGE-1b (GAGED2a) as a promising target for a

lung cancer vaccine.

More than 70 cancer/testis (CT) antigen gene families have
been identified by immunological or genetic approaches.'™
Several CT antigens such as the NY-ESO-1 antigen etc. have
been shown to elicit humoral and cellular immune responses
in cancer patients.*> Because of their restricted expression in
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normal tissues and high immunogenicity, CT antigens are
considered attractive targets for cancer vaccines.®™

XAGE-1 was originally identified by the search for PAGE/
GAGE-related genes using an expression sequence tag data-
base'® and was shown to exhibit CT antigen characteris-
tics.''? Five identical genes XAGEIA to E have now been
identified, located in dispersed fashion in different orienta-
tions in a region of approximately 350 kilobases on chromo-
some Xp11.22."> They belong to X antigen family genes. The
associated protein is designated as G antigen family D mem-
ber 2 (GAGED2), and GAGED2a and d isoforms have been
identified.’®'® Four transcript variants XAGE-1a, b, ¢ and d
have been extensively studied and were shown to be
expressed in metastatic melanoma, Ewing sarcoma, and vari-
ous epithelial tumors such as breast, lung and prostate can-
cers.*” In a serologic search for antigens using recombi-
nant expression cloning (SEREX), we identified XAGE-1b as
a dominant antigen recognized by serum from a lung adeno-
carcinoma patient using an autologous tumor cell line estab-
lished from malignant pleural effusion as a source of the
cDNA library.'® From the analysis with transfected 293T cells
using a USO 9-13 mAb specific for XAGE-1b (GAGED?2a)
protein, we showed that the XAGE-1a and b transcripts code
for the 81 amino acid XAGE-1b (GAGED2a) protein.19 The
XAGE-Ic transcript codes for 9- and 17-a.a. peptides from an al-
ternative reading frame. The XAGE-1d transcript codes for a
protein consisting of 69 amino acids (GAGED2d).
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In relation to clinical relevance, we showed that XAGE-1b
(GAGED2a) expression by itself had no correlation with overall
survival in non-small cell lung cancer (NSCLC) patients.® How-
ever, both XAGE-1b (GAGED2a) and HLA class I expression
correlated with prolonged survival. Moreover, expression of
XAGE-1b combined with down-regulated HLA class I expression
correlated with even worse survival. These findings suggested that
XAGE-1b (GAGED2a) and HLA expression elicited a T-cell
response against tumors and resulted in prolonged survival.

In this study, we investigated spontaneous antibody
response, and CD4 and CD8 T-cell responses, against XAGE-
1b (GAGED2a) in NSCLC patients. We showed a high fre-
quency of antibody responses in this patient population. CD4
and CD8 T-cell responses were detected in most of the anti-
body-positive patients. Furthermore, we determined CD4 and
CD8 T-cell epitopes using cloned T-cell lines. A CD4 T-cell
clone recognized naturally processed antigen on DCs pulsed
with the synthetic protein or a lysate from XAGE-Ib-trans-
fected 293T cells, and a CD8 T-cell clone showed cytotoxicity
against a tumor cell line expressing XAGE-1b (GAGED2a)
and the appropriate HLA class I allele.

Material and Methods

Blood samples

Peripheral blood was drawn from lung cancer patients and
healthy donors after obtaining written informed consent at
Kawasaki Medical School Hospital from 2005 to 2010. Sera
were obtained from 200 patients with NSCLC including 118
adenocarcinomas, 44 squamous cell carcinomas, six pleio-
morphic carcinomas, four adenosquamous carcinomas, one
large cell carcinoma and 27 unclassified. Sera were also
obtained from 50 healthy donors. Peripheral blood mononu-
clear cells (PBMCs) were isolated from heparinized blood by
density gradient centrifugation using a Histo-paque 1077
(Sigma-Aldrich, St. Louis, MO). CD4-, CD8- and CD19-posi-
tive cells were purified by magnetic cell sorting (Miltenyi Bio-
tec, Bergisch Gladbach, Germany). The residual cells were
kept for use as antigen presenting cells (APCs). The cells
were stored in liquid N, until use. HLA typing was done
with PBMCs by a sequence-specific oligo-nucleotide probe
and sequence-specific priming of genomic ¢cDNA using a
standard procedure.

Cell lines

OU-LC-KI, OU-LC-SK, OU-LC-ON, PC-9 and 1-87 were
lung adenocarcinoma cell lines.” RERF-LC-AI was a lung
squamous cell carcinoma cell line. HEK293T was a human em-
bryonic kidney cell line. OU-LC-KI, OU-LC-SK and OU-
LC-ON were established in our laboratory. RERF-LC-AI, 1-
87 and HEK293T were obtained from RIKEN (Riken Biore-
source Center, Ibaragi, Japan). These cell lines were kept in tis-
sue culture by serial passage. Epstein-Barr virus (EBV)-B cells
were generated from CD19-positive peripheral blood B cells
using a culture supernatant from EBV-producing B95-8 cells.

Immune Response Against XAGE in NSCLC

The medium used to maintain these cell lines was RPMI1640
supplemented with 2 mmol/L Glutamax, antibiotics, 10 mmol/L
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)
(Invitrogen, Carlsbad, CA) and 10% fetal calf serum (FCS)
(JRM, Bioscience, Lenexa, KA). An HEK293T transfectant was
generated by introducing pcDNA 3.1/Zeo (+) containing
XAGE-1b cDNA using Lipofect AMINE 2000 (Invitrogen).

Antibodies

Anti-human CD4, anti-human CD8, anti-HLA pan class I
and anti-HLA pan class II mAbs were purchased from BD
Bioscience (San Jose, CA).

Overlapping peptides

The following series of 17 16-mer overlapping XAGE-1b
(GAGED2a) peptides spanning the entire protein 1-16, 5-20, 9-
24, 13-28, 17-32, 21-36, 25-40, 29-44, 33-48, 37-52, 41-56, 45-
60, 49-64, 53-68, 57-72, 61-76 and 65-81 were synthesized using
Fmoc chemistry on a Multiple Peptide Synthesizer (AMS422,
ABIMED, Langenfeld, Germany) at Okayama University.

Synthetic XAGE-1b (GAGED2a) protein

XAGE-1b (GAGED?2a) protein (81 amino acids) was synthe-
sized using a peptide synthesizer by GL Biochemistry (Shang-
hai, China).

Reverse transcription (RT)-PCR

Total RNA was obtained from cells using an RNeasy Mini kit
(Qiagen, Chatsworth, CA) according to the manufacturer’s
instructions. Two micrograms of each sample was subjected to
cDNA synthesis using Ready-To-Go first strand beads kit (GE
Healthcare, Tokyo, Japan). Sequences of primer pairs for
XAGE-1b were X-1, 5-TTTCTCCGCTACTGAGACAC-3' and
X-2, 5'-CAGCTTGCGTTGTTTCAGCT-3, and sequences for
G3PDH were G3PDH-S, 5'-ACCACAGTCCATGC CATCAC-
3', G3PDH-AS, 5-TCCACCACCCTGTTGCTG TA-3". The
amplification was performed using 30 cycles as described.”

Western blot analysis

The XAGE-1b (GAGED2a) antigen in the cell lysate was
immunoprecipitated using USO 9-13 mAb and the antigen/
antibody complex was purified using protein G Sepharose
beads. The beads were washed with a lysis buffer [500 nM
HEPES (pH7.9), 150 mM NaCl, 1 mM ethylene diamine tet-
raacetic acid, 1% Triton X-100, 100 pM 4-(2-aminoethyl)-
benzensulfonyl fluoride, 1 pg/mL leupeptin and pepstatin A],
and the immune complex was dissolved in a sample loading
buffer [250 mM Tris-HCI (pH 6.8), 4% sodium dodecyl sul-
fate (SDS), 20% glycerol and 5% p-mercaptoethanol]. The
sample was heated at 95°C for 5 min and then separated in a
10-20% gradient gel by SDS-PAGE. The materials in the gel
were transferred to a polyvinylidene difluoride (PVDF) mem-
brane. The membrane was treated with a membrane-blocking
reagent (GE Healthcare) and then incubated with USO 9-13
mAb at room temperature for 2 hr. After washing, the

Int. J. Cancer: 131, E649-E658 (2012) © 2011 UICC
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Figure 1. RT-PCR and Western blot analyses (a) and CLSM (b) for XAGE-1b (GAGED2a) expression in lung cancer cell lines. OU-LC—KI, OU-
LC-SK and 1-87 are lung adenocarcinoma (Ad) cell lines. RERF-LC-Al is a lung squamous cell carcinoma (Sq) cell line. In RT-PCR, G3PDH
was used as the internal control. In Western blot, the cell lysate was first incubated with USO 9-13 mAb and the antigen/antibody complex
was purified using protein G Sepharose beads. The eluate was run on the gel. The pcDNA3.1/XAGE-1b-transfected HEK293T cell lysate was
used as a control. In CLSM, the cells were stained with USO 9-13 mAb and FITC-conjugated goat anti-mouse IgG (green). Nuclei are
stained with DAPI (blue). XAGE-1b (GAGED2a) derived fluorescence is merged with differential interference contrast (Merge 1) and DAPI
(Merge 2). Scale bar indicates 20 um. HLA expression of the cell lines was A*02:01, *02:06; B*39:01, *51:01; C*03:04, *14:02 for OU-
LC—Kl: A*24:02, -; B*51:01, -; C*14:02, - for OU-LC-SK: A*24:02, -; B*52:01, -; C*12:02, - for RERF-LC-Al: A*02:07, *11:01; B*46:01,
*54:01; C*01:02, - for 1-87. No expression of HLA class li antigens was observed in these cell lines.

membrane was incubated with a peroxidase-conjugated sec-
ond antibody (MBL, Nagoya, Japan) and the bands were
visualized using an ECL plus Western Blotting Detection Sys-
tem (GE Healthcare).

Confocal laser scanning microscopy

Cells were fixed in ethanol (Wako Pure Chemical Industries,
Osaka, Japan) and permeabilized with a 0.1% Tween 20/5%
FCS/phosphate buffered saline (PBS) buffer. The cells were
then stained with USO 9-13 mAb and FITC-conjugated goat
anti-mouse IgG (Sigma-Aldrich). For intracellular localiza-
tion, 4',6-diamidino-2-phenylindole (DAPI) (Vector Labora-
tories, Burlingame, CA) was used. The stained cells were
visualized under a confocal laser scanning microscope
(CLSM) (Model Fluoview FV10i for the magnification of
60x, Olympus, Tokyo, Japan).

Int. ). Cancer: 131, E649-E658 (2012) © 2011 UICC

ELISA to detect the XAGE-1b (GAGED2a) antibody

Synthetic XAGE-1b (GAGED?2a) protein (1 pg/mL) in a coat-
ing buffer was adsorbed onto a 96-well ELISA plate (Nunc,
Roskilde, Denmark) and incubated overnight at 4°C. Plates
were washed with PBS and blocked with 5% FCS/PBS (200
uL/well) for 1 hr at 37°C. After washing, 100 pL of serially
diluted serum was added to each well and incubated for 2 hr
at 4°C. After washing, horseradish peroxidase (HRP)-conju-
gated goat anti-human IgG (MBL) was added to the wells,
and the plates were incubated for 1 hr at 37°C. After washing
and development, absorbance was read at 490 nm.

In vitro stimulation of CD4 and CD8 T-cells

CD4 (2 x 10%well) and CD8 (1 x 10%well) T-cells were cul-
tured on a micro-culture plate and a 96-well culture plate (BD
Bioscience), respectively, with an equal number of irradiated
(40 Gy), autologous CD4- and CD8-depleted cells as APCs in
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Figure 2. Antibody response against XAGE-1b (GAGED2a) in non-small cell lung cancer patients. (a) ELISA against synthetic XAGE-1b
(GAGED2a) protein of serially diluted sera from 200 non-small cell lung cancer patients (left) and 50 healthy donors (right). 0.D. values
exceeding 1.0 were considered positive. (b) ELISA against 17 16-mer XAGE-1b (GAGED2a) overlapping peptides (OLPs) (5 pug/mL) of sera
from 20 antibody-positive patients in a at 1:100 serum dilution. 0.D. values exceeding 0.1 were considered positive. (c) The number of
antibody-positive patients for individual 17 16-mer XAGE-1b overlapping peptides.

the presence of a mixture of 17 16-mer overlapping peptides
(107% M) for 10-14 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 IL-2 (Takeda Chemical Industries, Osaka, Japan)
and 10 ng/mL recombinant IL-7 (Peprotech, London, UK).

Establishment of CD4 and CD8 T-cell clones

CD4 and CD8 T-cells were cloned by limiting dilution after
one or two in vitro stimulations in round-bottomed 96-well
plates in the presence of irradiated (40 Gy), allogeneic PBMCs
as feeder cells. The medium used was AIM-V (Invitrogen) sup-
plemented with 5% heat-inactivated pooled human serum, 2
mM r-glutamine, 100 IU/mL penicillin, 100 pg/mL streptomy-
cin, 10 units/mL recombinant IL-2 (Takeda Chemical Indus-
tries), 10 ng/mL recombinant IL-7 (Peprotech) and 1 pg/mL
phytohemagglutinin-L (PHA) (Sigma-Aldrich).

Preparation of dendritic cells (DCs)

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 recombinant human (rh) granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) (Kyowa
Hakko Kirin, Tokyo, Japan) and 10 ng/mL rhIL-4 (PeproTech)
for 10 days at 37°C in a 5% CO, atmosphere.

Interferon (IFN) v ELISA

Responder CD4 or CD8 T-cells (1 % 10%) from a stimulation
culture were cultured with EBV-B cells (1 x 10%) pulsed with
overlapping peptide (OLPs) in a 96-well round-bottomed cul-
ture plate for 24 hr at 37°C in a 5% CO, atmosphere. Culture
supernatants were then collected and the amount of INFy was
measured by sandwich ELISA. For antibody blocking experi-
ments, each mADb (5 pg/mL) was added to the assay culture.

IFNy capture assay

Responder CD4 or CD8 T-cells (5 x 10%) from the stimula-
tion culture were cultured with autologous EBV-B cells (5 x
10*) pulsed with OLPs for 4 or 8 hr, respectively. The cells
were then treated with a bi-specific CD45 and IFNY antibody
(IFNYy 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 IFNYy secretion at
37°C in a 5% CO, atmosphere. After incubation for 1 hr, the
cells were washed with cold buffer and treated with PE-con-
jugated anti-IFNy (detection reagent), and FITC-conjugated
anti-CD4 or anti-CD8 mAb. After incubation for 10 min at
4°C, the cells were washed and analyzed by FACS Calibur or
Canto II (BD Bioscience).

Cytotoxicity assay
Cytotoxicity ‘was assayed by a luminescent method using a
aCella-Tox kit (Cell Technology, Mountain View, CA).

Int. J. Cancer: 131, E649-E658 (2012) © 2011 UICC

— 271 —



Ohue etal.

Antibody-positive

Antibody-negative

E653

OLPs — CD4 KLU3 KLU15 KLU21,
08 63“ “ 10 5 . 20
KLU0 51 10 10
) g i § o uetiltalia x4 B m_ o
vvvvvvvvv i KLU22 KLU34 KLU36
0.5 0.4 5.0 * 24 -+ * 2
L OKLU4T9 | e 25 L 12 4 01 - I l
] % 0.0 . 0 0.0 -
= KLU38 KLUS51 KLU76
E 504 * 0.4 - 2.0
© * he
< 2 | l 02 R s g0l 7
0.0 02 Z
L& o 0 - 0.0 -
5': KLU4O7 20 KI;U'IOQ s 20 - KLU11§ 20 KI;U187
15 l " 1.0 4 1.0 1 ilii
Al ® Tkiuza7 00 U267 00 AT
*KLU4T9 04 - 02 4 * *
* * *
02 { +F I+ * 0.1 .j]l]]l I
cD8
c 0.0 0 - L
cD4 8 CcD8 KLU22 KLUS1 KLU187
§ 6 100 100 1 300 -
3 4 ok H 5 200
PN ” ”l “ . 100 |
3 = Aosen Bax
2B B E 0 o= 0
cps £ 2 KLU237 KLU267 KLU281
= 4 £ 100, 100 100 *
Q. > *
« 3+ z
] w
5 2 - 50 4 R 50
£ 1
2 esyzygeyenesIINeS egeyge egepze £¥LYIE
- O OO IO DD DD DM~ O - O W~ O - - O - - MW N~ O -
T NNNOOT T TN OO0 - N M T © - N M o O - N M T ©
XAGE-1b overlapping peptides XAGE-1b overlapping peptides

Figure 3. CD4 and CD8 T-cell responses against XAGE-1b (GAGED?2a). (a) IFNy capture assays. Purified CD4 and CD8 T-cells from PBMCs of
antibody-positive (KLU22 and KLU187) or -negative (KLU407 and KLU479) patients were cultured with an equal number of irradiated (40

Gy), autologous CD4- and CD8-depleted PBMCs as APCs in the presence of 17 16-mer OLPs (1 uM) spanning the entire XAGE-1b (GAGED2a)
protein using a micro-culture plate for CD4 T-cells (2 x 10° per well) and a 96-well culture plate for CD8 T-cells (1 x 10* per well) for 10—

14 days. IFNy secretion by CD4 and CD8 T-cells (5 x 10%) was assayed against autologous EBV-B cells (5 x 10% pulsed with XAGE-1b
(GAGED?2a) OLPs after incubation for 4 hr in CD4 and for 8 hr in CD8. HLA types of the antibody-positive patients KLU22 and KLU187 are
shown in Table 1. Those of the antibody-negative patients KLU407 and KLU479 are DRB1*15:02, -; DQB1*06:01, -; DPB1*09:01, -;
A*24:02, -; B*52:01, -; C*12:02, - for KLU407: DRB1*08:03, *15:01; DQB1*06:01, *06:02; DPB1*02:01, 05:01; A*02:06, 02:07; B*39:01,
*46:01; C*01:02, 07:02 for KLU479. XAGE-1b mRNA expression in a tumor specimen was positive in KLU407 and negative in KLU479. (b)
The peptide regions recognized by CD4 and CD8 T-cells from antibody-positive patients. The culture supernatant of T-cells (1 x 10%
stimulated with autologous EBV-B cells (1 x 10%) in the presence of individual OLPs (5 pg/mL) for 24 hr was assayed by ELISA for IFNy
secretion. Predominant responses are marked by a star. HLA types of the patients are shown in Table 1. (¢) The number of patients with

CD4 and CD8 T-cell responses for individual 17 16-mer OLPs.

Effector 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).

Statistical analysis

All values are expressed as the mean * S.D. of individual
samples. Samples were analyzed using the Student’s #-test for
two groups and ANOVA for multiple groups using IBM
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SPSS Statistics 19 for Windows (IBM, New York, NY). Val-
ues of p < 0.05 were considered significant.

Results

XAGE-1b (GAGED2a) expression in lung cancer cell lines

We previously showed that XAGE-1b (GAGED2a) was
expressed predominantly in lung adenocarcinoma and rarely
observed in esophagus, stomach, liver, colon or breast can-
cer.'®'%%2 In normal adult tissues, XAGE-1b (GAGED2a)
was expressed only in the testes. In this study, we investi-
gated XAGE-1b (GAGED2a) expression in lung cancer cell
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Table 1. HLA class Il and | in patients analyzed for CD4 and CD8 T-cell responses, respectively, in Figure 3

HLA class Il HLA class |
Patient DRB1 DQB1 DPB1 A B C
KLU3 *08:03 *15:02 *06:01 - *02:02 *09:01
KLu1s *04:05  *15:02  *04:01  *06:01  *05:01  *09:01
KLu21 *08:02 *08:03 *04:02 *06:01 *02:01 *05:01
KLu22 *04:01 *09:01 *03:01 *03:03 *05:01 *41:01 *02:01 *24:02 *15:01 *15:11 *03:03 *04:01
KLU34 *12:01 *14:06 *03:01 - *04:01 *05:01
KLU36 *04:05 *15:02 *04:01 *06:01 *05:01 *13:01
KLU38 *04:05 *15:02 *04:01 *06:01 *05:01 *09:01
KLU51 *08:03 - *06:01 - *02:01 *02:02 *11:01 *24:02 *39:01 *46:01 *01:02 *07:02
KLU76 *11:01 *14:01 *03:01 *05:02 *02:01 *02:02
KLU109 *04:05 *13:02 *04:01 *06:09 *03:01 *09:01 31:01 *33:03 *51:01 *58:01 *03:02 *1402
KLU115 *04:05 *15:02 *04:01 *06:01 *05:01 *09:01 *11:01 *24:02 *40:02 *52:01 *03:04 *12:02
KLU187 *04:05 *04:06 *03:02 *04:01 *02:01 *05:01 *02:06 *24:02 *35:01 *59:01 *01:02 *03:04
KLU192 Not determined Not determined
KLU237 *14:03 *15:01 *03:01 *06:02 *05:01 - *24:02 *31:01 *40:02 *51:01 *03:04 *14:02
KLu267  *09:01 *14:06  *03:01 *03:03  *05:01 - *26:02 *26:03  *15:01 - *03:03 -
KLU281 *09:01 *15:02 *03:03 *06:01 *03:01 *09:01 *24:02 - *07:02 *52:01 *07:02 *12:02

lines by Western blot and CLSM. In a conventional Western
blot, we found that XAGE-1b (GAGED2a) mAb (clone USO
9-13) gave a 9 kDa band in cell lysates from XAGE-1b
transfectants,” but not in XAGE-1b-mRNA expressing tu-
mor cell lines. For this reason, we used a modified method
in which cell lysates were first incubated with the mAb and
the antigen/antibody complex was purified using protein G
Sepharose beads. Then, the eluate of the XAGE-1b
(GAGED2a)-enriched solution was analyzed by Western
blot. As shown in Figure 1, XAGE-1b-mRNA-positive cell
lines gave a 9 kDa band. CLSM showed nuclear localization
of the protein with a granular or diffuse pattern in XAGE-
1b (GAGED2a)-positive lung cancer cell lines, consistent
with the immunohistochemistry (IHC) results with lung
cancer tissues.”

Antibody response against XAGE-1b (GAGED2a) in NSCLC
patients

The antibody response against XAGE-1b (GAGED2a) was
investigated in NSCLC patients by ELISA using synthetic
XAGE-1b (GAGED2a) protein. Figure 2a shows titration
curves of sera from 200 NSCLC patients and 50 healthy
control donors. The frequency of antibody-positive patients
was 10% (20/200). The frequencies of antibody-positive
patients with adenocarcinoma and squamous cell carcinoma
were 14% (16/118) and 2% (1/44), respectively. The fre-
quency of antibody-positive patients with Stage IIIB/IV lung
adenocarcinoma was 19% (13/69). Our previous results
showed that the frequencies of XAGE-1b mRNA and IHC-
positives were 31% and 23% in NSCLC, and 45% and 33%,
respectively, in lung adenocarcinoma. No correlation was

observed between XAGE-1b expression and disease stage or
histologic grade.’®** These findings indicate that the fre-
quency of antibody positives was 32-43% in NSCLC
patients and 42-57% in Stage IIIB/IV lung adenocarcinoma
patients  with ~ XAGE-1b-mRNA  and/or XAGE-1b
(GAGED2a)-expressing tumors.

Epitope peptides recognized by the antibody were ana-
lyzed by ELISA using 17 16-mer XAGE-1b (GAGED2a)
OLPs. As shown in Figures 2b and 2c, various regions were
recognized. Within these, peptides 25-40, 29-44, 33-48 and
57-72 were relatively frequently recognized. The USO 9-13
mAb used for XAGE-1b (GAGED2a) expression analysis rec-
ognized peptide 65-81."

CD4 and CD8 T-cell responses against XAGE-1b (GAGED2a)
in NSCLC patients

Purified CD4 and CD8 T-cells from PBMCs were stimulated
with a mixture of 17 16-mer XAGE-1b (GAGED2a) OLPs
using irradiated (40 Gy), autologous CD4- and CD8-depleted
PBMCs as APCs for 10-14 days. CD4 T-cells were cultured
in a micro-culture plate (2 x 10%/well) and CD8 T-cells in a
96-well culture plate (1 x 10*/well). After culture, responding
CD4 and CD8 T-cells were collected and stimulated with a
mixture of OLPs using autologous EBV-B cells as APCs for 4
and 8 hr, respectively, and examined for IFNy secretion by
FACS.

As shown in Figure 3, CD4 and CD8 T-cell responses
were observed in 14 of 16 and 6 of 9, respectively, of the
XAGE-1b (GAGED2a) antibody-positive patients examined.
Neither response was observed in 7 antibody-negative
patients or five healthy donors.
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