and outcome of macrophage-mediated cross-presen-
tation should be clarified in the future.

CONCLUSION

The present study demonstrated that selective vac-
cine delivery to medullary macrophages localized in
the medulla, the core of lymph nodes, can be achieved
by using an immunologically stealth nanoparticulate
delivery system. We also revealed that medullary
macrophages have a potential to effectively induce
specific CD8" T cell response to vaccines. These two
key findings build a theoretical basis to design a

macrophage-oriented cancer vaccine with high po-
tency, which may overcome the limited clinical efficacy
of existing cancer vaccines. This strategy may improve
the therapeutic efficacy of vaccines against not only
cancers but also infectious diseases reactive to T cell
immunity, and may thus have great impact in the field
of immunotherapy. Cancer vaccines utilizing the CHP
nanogel used in the present study have already been
tested in clinical trials and confirmed to be highly safe
and immunogenic, also supporting the clinical applica-
tion of macrophage-oriented vaccines utilizing this
nanoparticulate delivery system.

MATERIALS AND METHODS

Fabrication and Analysis of the Complex of CHP Nanogel with LPA.
CHP, rhodamine-labeled CHP, CHP-NH,, and CHG were synthe-
sized as described previously.?*~7 LPAs were chemically syn-
thesized by Bio-Synthesis, Inc. (Lewisville, TX). The sequences of
the LPAs used were as follows: human MAGE-A4-derived LPA
(GSNPARYEFLWGPRALAETSYVKVLEHVVRVNARVRIAYP), mERK2-
derived LPA (NDHIAYFLYQILRGLQYIHSANVLHRDLKPSNLLLNT),
and human NMW LPA (SLLMWITQCYYYYYYNYKRCFPVIYYY-
YYYCMTWNQMNL). The MAGE-A4 LPA and mERK2 LPA contain
epitopes for murine CD8" T cells (underlined), and the human
NMW LPA does for HLA-A2-restricted NY-ESO-1, HLA-A24-re-
stricted MAGE-A4, and HLA-A24-restricted WT1 epitopes (bold).
For analysis of antigen incorporation, these LPAs were labeled
with fluorescein amidite (FAM). LPA and CHP were dissolved in
dimethyl sulfoxide and phosphate-buffered saline (PBS) con-
taining 6 M urea, respectively. Both solutions were combined
and gently mixed at room temperature, followed by dialysis
against PBS to remove urea. The resulting solution of the CHP:
LPA complex was stored at 4 °C until use. The peptide concen-
tration in the CHP:LPA complex solution was determined by
measuring the absorbance at 280 nm, where CHP does not
contribute to absorbance. The final concentration of CHP was
approximately 10 mg/mL and that of LPA was 0.2—0.4 mg/mL.
Complexation of the CHP nanogel and FAM-labeled LPA was
confirmed by means of high performance size exclusion chro-
matography (HPSEC) using a Superose 12 10/300 GL column (GE
Healthcare). An aliquot of the sample was injected into the
HPSEC system (Shimadzu), eluted with PBS, and detected by
means of ultraviolet absorbance at 495 nm. To determine the
size of the CHP nanogel and CHP:LPA complex, dynamic light
scattering measurement was performed using a Zetasizer Nano
ZS (Malvern Instruments, Ltd.) at 633 nm and a 173° detection
angle at 25 °C. The measured autocorrelation function was
analyzed using the cumulant method. The hydrodynamic dia-
meter (Dy) of the samples was calculated from the Stokes—
Einstein equation. The {-potential of CHP:LPA complex was
also measured using the Zetasizer Nano ZS at a 90° detection
angle at 25 °C in PBS. The mERK2 CHP:LPA complex was
also analyzed using transmission electron microscopy (TEM).
Briefly, the sample was applied to a carbon-coated grid, and the
grid was stained with Tl blue (Nisshin EM, Japan), dried, and
subjected to TEM (HT7700, Hitachi) at an accelerating voltage
of 100 kV.

Mice and Tumors. Female BALB/c mice were obtained from
SLC Japan and used at 6—12 weeks of age. DUC18 mice,
transgenic for TCRa/B that interacts with a K%-restricted
mMERK213¢_144 peptide epitope, were established as described
previously.”® CD90.1-congenic BALB/c mice were kindly pro-
vided by Dr. Sakaguchi of Osaka University, Japan. We mated
DUC18 mice and CD90.1-congenic mice at our animal facility,
and obtained DUC18/CD90.1 mice. T cells isolated from these
mice can be traced in in vitro and in vivo experiments using anti-
CD90.1 antibody. All mice were maintained at the Experimental
Animal Facility of Mie University. The experimental protocol was
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approved by the Ethics Review Committee for Animal Experi-
mentation of Mie University.

CT26 is a colon epithelial tumor cell line that was produced
by intrarectally injecting N-nitroso-N-methylurethane in BALB/c
mice.3° CT26 cells stably expressing human cancer/testis anti-
gen MAGE-A4 (CT26/MAGE-A4) were established as described
previously.?’ CMS5a is a subclone derived from CMS5, a
3-methylcholanthrene-induced sarcoma cell line of BALB/c
origin, and expresses mERK2 as a neoantigen.? In in vivo tumor
growth experiments, mice (n = 4 or more) were inoculated
subcutaneously in the right hind flank with 10° CT26/MAGE-A4
or CMS5a cells and monitored three times a week. The tumor
size was estimated using the following formula: tumor size
(mm?®) = 1/2flength (mm) x width (mm) 2.

Tracking of the Subcutaneously Injected CHP or CHP:LPA Complex. For
tracking of the injected CHP nanogel, rhodamine-labeled CHP
nanogel was subcutaneously injected to the back of BALB/c
mice. Six hours later, the skin harboring DLN was harvested and
observed using confocal laser scanning microscope (LSM780,
Carl Zeiss, Germany). For tracking of the injected CHP:LPA, a
fluorescently labeled LPA complexed with the CHP nanogel was
subcutaneously injected into the right hind flank of the mice.
The inguinal DLN was harvested 16 h after the injection,
mashed, and filtered through a nylon mesh. The resulting cell
suspension was analyzed using flow cytometry for incorpora-
tion of labeled LPA and expression of CD11b, CD11c, CD169, F4/
80, CD3¢, and B220. For immunohistochemical analysis, cryo-
sections were prepared from the DLN. Optimum cutting tem-
perature (0.CT) compound-embedded cryosections were
stained with fluorescent dye-conjugated anti-CD169 or anti-
F4/80 monoclonal antibodies (mAbs) and examined under a
fluorescence microscope (BX53F, Olympus).

Immunization of Mice. The CHP:LPA complex or LPA emulsified
with IFA (Sigma-Aldrich) was subcutaneously injected into the
back of mice at the dose of 50 ug as LPA. Phosphorothicate-
containing CpG ODN 1668 (Hokkaido System Science, Japan) or
poly-ICLC RNA (Oncovir, Inc.) was simultaneously and subcuta-
neously injected near the site of vaccination. To deplete macro-
phages, a clodronate liposome solution (FormuMax Scientific)
was subcutaneously injected into the footpad of mice 6 days
prior to immunization.

Flow Cytometric Analysis. Fluorescent dye-conjugated mAbs
including anti-CD8 (53—6.7), anti-CD4 (RM4—5), anti-interferon
(IFN)-y (XMG1.2), anti-CD80 (2D10.4), anti-CD86 (IT2.2), anti-
CD11b (M1/70), anti-CD11c (N418), anti-F4/80 (BM8), anti-
CD3e (145—2C11), anti-CD45R/B220 (RA3—6B2), and anti-
CD169 (3D6.112) were purchased from Biolegend. The cell
suspension prepared from the inguinal DLN or spleen was
stained for surface markers using antibodies at the appropriate
concentrations in PBS containing 2% fetal bovine serum for
15 min at 4 °C, and analyzed on a FACSCanto Ii system (BD
Biosciences). For intracellular cytokine staining, splenocytes
were incubated with mERK2 LPA or MAGE-A4 LPA for 1 h at
37 °C and then incubated for an additional 6 h with GolgiPlug
(BD Bioscience). After permeabilization and fixation using the
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Cytofix/Cytoperm Kit (BD Bioscience), the cells were stained
with allophycocyanin-conjugated anti-IFN~y mAb and analyzed
using flow cytometry.

T Cell Proliferation and IFN-y Release Assay. For in vitro T cell
proliferation assay, the CHP:mERK2 LPA and CpG ODN were
subcutaneously injected into the footpad of mice. DLN was
resected 20 h after the injection. To isolate CD11b™ cells, the
total cell suspension prepared from the DLN was mixed with
anti-CD11b microbeads (Miltenyi Biotec) and separated by
positive selection on a magnetic bead column, For further
fractionation of CD11b™ cells, the cells were stained with
FAM-labeled anti-CD11b, PE-labeled anti-CD169, PerCP-Cy5.5-
labeled anti-F4/80, and allophycocyanin-labeled anti-CD11c
mAbs, and sorted using a FACSAria system (BD Biosciences).
The isolated celis (0.1, 0.3, or 1 x 10°) were then cocultured with
2.5 x 10° DUC18 T cells prelabeled with carboxyfluorescein
succinimidy! ester (CFSE) for 48 h. The dilution of CFSE was
measured using flow cytometry to determine cell proliferation.
IFN-y release into the culture medium at 48 h was quantified
using a mouse IFN-y ELISA kit (BD Bioscience).

For in vivo T cell proliferation assay, either the CHPimERK2
LPA or IFAAMERK2 LPA was subcutaneously injected into the
back of mice. Atday 0 orday4,2.5 x 10° DUC18 T cells prelabeled
with CFSE were intravenously infused into the vaccinated mice.
DLNs were collected on day 3 or day 7, and dilution of CFSE was
measured using flow cytometry to determine the in vivo pro-
liferation of DUC18 T cells.

In Vitro Cross-Presentation by Human Macrophages. Peripheral
blood mononuclear cells were isolated from buffy coats pre-
pared using density gradient centrifugation of the blood of
HLA-A0201-positive healthy donors over Ficoll. CD14% cells
were purified with anti-CD14 microbeads and then incubated
with GM-CSF, 20 ng/mL in the X-VIVO15 medium, for 7 days to
induce differentiation to macrophages. The obtained macro-
phages were pulsed with human CHP:NMW LPA (10 4g/mL) and
stimulated with poly-ICLC RNA (10 xg/mL). The human IFN-y
enzyme-linked immunospot (ELISPOT) assay was performed as
previously described. Briefly, a 96-well nitrocellulose ELISPOT
plate (Millipore) was coated with an anti-human IFN-y mAb
(clone 1-D1K, Mabtech) overnight at 4 °C. The wells were
washed with PBS containing 0.01% Tween 20 (PBS-T) and
blocked with the RPMI1640 medium containing 10% fetal calf
serum for 2 h at 37 °C. HLA-A0201-restricted NY-ESO-1 epitope-
specific CD8" T cells (clone 1G4, 10° cells per well) and antigen-
pulsed macrophages were seeded into each well. After incuba-
tion for 22 h at 37 °C in 5% CO,, the plate was washed
thoroughly with PBS-T. A biotin-conjugated anti-human IFN-y
mADb (clone 7-B6-1, Mabtech) was then added (final concentra-
tion 1.25 ug/mL), and the plate was incubated overnight at 4 °C.
After a wash step with PBS-T, a streptavidin-alkaline phospha-
tase conjugate (1 ug/mL; Roche Diagnostics) was added. After
incubation for 60 min at room temperature, the wells were
washed thrice with PBS-T and stained using an alkaline phos-
phatase conjugate substrate kit (Life Technologies). The reac-
tion was stopped by intensive washing with distilled water.
After the plate dried out, the number of spots in each well was
counted using an ELISPOT reader (Cellular Technologies, Ltd.).

Statistical Analysis. The data were analyzed using Student's t
test, Dunnett's muitiple comparison test, or Tukey-Kramer
multiple comparison test. Differences with p < 0.05 were
considered statistically significant.
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Introduction

Esophageal carcinoma remains a disease with
poor prognosis. Advances in surgical techniques and
perioperative management have improved survival to
some extent. The overall 5-year survival rate, however,
generally remains less than 50%, even with the use
of multimodality therapy [1-3]. Therefore, a novel
therapeutic modality is needed, and cancer vaccination is
an excellent candidate[4].

A number of human tumor antigens have been
identified since the MAGE-A antigen recognized by
cytotoxic T lymphocytes (CTLs) was first identified in
malignant melanoma [5][6]. Among these antigens, the
cancer/testis antigens (CTAs) have received particular
attention as potential vaccine targets because of their
unique tissue expression. NY-ESO-1 was originally
discovered in esophageal carcinoma [7] and is frequently
expressed in a variety of cancers but not normal adult
tissues except testis [8]. Spontaneous humoral and
cellular immune responses against NY-ESO-1 can occur
in patients with NY-ESO-1 positive tumors [8]. NY-ESO-1
mRNA and protein expression in esophageal squamous
cell carcinoma (ESCC) has been found in 32% of patients,
with 13% having NY-ESO-1 antibody production [9].
A correlation between the level of NY-ESO-1 mRNA
expression and the degree of immunohistochemistry
positivity has been confirmed, and the prognosis of

patients with NY-ESO-1 positive tumors is better

compared with those with NY-ESO-1 negative tumors
[10]. Furthermore, clinical trials of cancer vaccination
against NY-ESO-1 have been performed for patients
with advanced tumors, and NY-ESO-1 specific immune
responses have been confirmed. However, only a few
patients have shown objective responses such as tumor
regression [11-13], and the trials have so far been
disappointing [14][15].

We previously reported that infiltration of tumor-
infiltrating CD4* and CD8" T lymphocytes (TILs) into
tumors caused a favorable prognosis in 122 patients with
ESCC [16]. In the present study, we have established
standardized diagnostic methods to evaluate NY-ESO-1
expression in ESCC. Immunohistochemical analysis
was then performed in the same cohort of 122 surgical .
specimens reported previously, and correlations with
clinical and histopathologic factors were assessed. In
particular, we examined the correlation between CD4*
or CD8" T cell infiltration and NY-ESO-1 expression in
the tumor microenvironmenrt of ESCC. Thus, we have
obtained beneficial information to develop a strategy for

cancer vaccination.

Materials and Methods
1. Cell lines and culture conditions
Human esophageal squamous cell carcinoma cell
lines TEZ2, TE5, TE8, TEL0 and TE13 were generously
provided by Dr. Nishihira T (University of Tohoku,

This manuscript is a treatise for the Doctor’s degree to be conferred by the Graduate School of Medicine, Hokkaido University (received

3/Dec/’12, accepted 13/Feb/’13).
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Japan). HEC46 was provided by Dr. Toge T (University
of Hiroshima, Japan), and SGF7 was provided by Dr.
Saito T (Toyama Medical and Pharmaceutical University,
Japan). The human embryonic kidney cell line HEK293
(Clontech Laboratories, Mountain View, CA), TE2,
TE5, TES, TE10, TE13, and HEC46 cells were grown in
Dulbecco’s modified Eagle’s medium (D-MEM, Sigma-
Aldrich Co., Ltd,, Irvine, CA) with 10% fetal bovine
serum (FBS), and 1% penicillin/streptomycin (p/s). SGF7
cells were maintained in RPMI-1640 medium (Sigma-
Aldrich Co, Ltd.) with 10% FBS and 1% p/s. All cell lines
were maintained in a humidified incubator with 5% CO,
in air at 37°C.

2. Mice and tumor xenograft models

CB17/SCID mice were obtained from Charles River
Japan (Yokohama, Japan). All mice were female and
were used at 4-6 weeks of age. Esophageal cell lines (5 x
10°) were subcutaneously injecfed in a volume of 100 ul
PBS into the left flank region of each CB17/SCID mouse.
When tumor diameter exceeded 10 mm, mice were
sacrificed and tumors were separated into 2 blocks; one
block was frozen using liquid nitrogen to extract mRNA
for RT-PCR, and the other was immersed in formalin for
immunohistochemical analysis. TE8 and HEC46 tumors
could be established but the other lines could not.

3. Tissue samples

Tumor and normal tissue samples were snap-frozen
and stored at —-80°C. The samples were obtained in 2002
from resections directly after surgery. Five-micrometer
frozen sections were stained with hematoxylin and
eosin (HE) to verify ESCC and approximately 100 mm®
(100 mg) of the tumor block was processed for RNA
extraction using the TRIZOL Reagent (GIBCO BRL,
Grand Island, NY). As biopsy specimens, l-mm® (1 mg)
frozen sections were processed for RNA extraction.

4. Reverse transcriptase polymerase chain reaction
(RT-PCR)

Total cellular RNA was isolated with the TRIZOL
Reagent (GIBCO BRL) from each cell line. Each 20-ul
c¢cDNA synthesis reaction contained 1 ug of total RNA,
1 x First Strand Buffer (GIBCO BRL); 50 mM Tris-
HCL, pH 83, 75 mM KCL, 3 mM MgCL), 0.5 mM
of each deoxynucleotide triphosphate, 200 units of

SUPERSCRIPT I (GIBCO BRL), 10 mM dithiothreitol,
and 0.5 ug oligo (dT) (GIBCO BRL). The reverse
transcription (RT) reaction was carried out for 50
min at 42°C and inactivated by heating at 70°C for 15
min. Multiplex polymerase chain reaction (PCR) was
performed as described previously [17]. Briefly, each
25-ul reaction contained 1 ul of RT reaction products,
1 unit of Taq-Gold DNA polymerase (Boehringer,
Mannheim, Germany), 1 x PCR buffer (Boehringer),
160 mM of each deoxynucleotide, and 20 pmol of
each 3' and 5' primer specific for NY-ESO-1 (sense,
5-CAGGGCTGAATGGATGCTGCAGA-3'; antisense
5-GCGCCTCTGCCCTGAGGGAGG-3'), GAPDH (sense,
5-ACCCCTTCA TTGACCTCAACT-3; antisense5'-
TGAGTCCTTCCACGATACCAA-3)..

NY-ESO-1 and GAPDH c¢DNA were amplified for 35
cycles. Conditions for NY-ESO-1 PCR were 95°C for 1
min, 62°C for 1 min, then 72°C for 1 min. Conditions for
GAPDH PCR were 94°C for 30 sec, 51°C for 30 sec, then
72°C for 30 sec. All PCR products were electrophoresed
in a 20% agarose gel and visualized by ethidium bromide
staining. Human testis ¢cDNA was used as a positive
control.

5. Real-time quantitative PCR assay

A reaction mixture containing 250 ng TagMan
probe, 25 pg qPCR Mastermix Plus (Eurogentec, Liege,
Belgium), and ¢cDNA in a total reaction volume of 50
ul was prepared. After enzyme activation for 10 min
at 95T, 50 two-step cycles were performed (20 sec
at 95C and 60 sec at 64 ) by an ABI PRISM 7000
Sequence Detection System (Applied Biosystems,
Foster, CA). Primers and TagMan probe were designed
as follows: NY-ESO-1-forward, 5-GGCTGAATGGAT
GCTGCAGA-3; NY-ESO-l-reverse, 5-CTGGAGACA
GGAGCTGATGGA-3; and TagMan probe, 5-FAM-
TGTGTCCGGCAACATACTGACTATCCGA-TAMRA-3.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was measured by GAPDH genomic control (Eurogentic)
for normalization. To transform the cycle threshold (Ct)
values into absolute mRNA copy numbers, we used
a dilution series of linearized plasmid containing the
NY-ESOL1 insert and constructed a calibration curve.

Wells with no template were used for negative control.
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6. Patients and esophageal specimens for immuno-
histochemistry

Surgical specimens from 122 patients who had
undergone radical esophagectomy were included in
the current study, and findings were referred to the
patients’ clinical records. To assess the correlation
between NY-ESO-1 expression and immune response
of the host, the same cohort as reported previously [16]
was used. All informed consent processes for this study
were conducted in accordance with the guidelines of the
Hokkaido University Institutional Review Board.
7. Antibodies

Mouse monoclonal antibody (mAb) against

NY-ESO-1 protein (clone E978) was obtained from
Invitrogen (Carlsbad, CA). Clone E978 (1gGl) was
generated against a 23 kD NY-ESO-1 recombinant
protein and specifically detects NY-ESO-1 as described
previously [7]. The human CD4-specific mAb [Histofine
CD4 mouse immunoglobulin (Ig)Gl mAb], the human
CD8-specific mADb (Histofine CD8 mouse IgGlk
mADb) were purchased from Nichirei Corporation
(Tokyo, Japan) and the human NK cell-specific mAb
(Leu 7) were purchased from Becton Dickinson
Immunocytometry System (San Jose, CA, USA).
8. Immunohistochemical staining
Immunohistochemical reactions were carried out
using the streptavidin-biotin-peroxidase method. The
staining methods for CD4, CD8 and NK cell have been
described previously [16]. In the case of staining with
E978, paraffin-embedded sections were stained with 2.5
pg/ml E978 at a 1:500 dilution in PBS. Each sections
were deparaffinized in xylene, washed in PBS (pH 74),
and rehydrated in a graded series of ethanol solutions.
Endogenous peroxidase activity was blocked by a 10-min
incubation with 3% hydrogen peroxide in methanol
After washing in PBS, specimens were saturated with
10% normal goat serum (Histofine SAB-PO kit; Nichirei
Corp., Tokyo, Japan) for 5 min and then incubated at
room temperature for 30 min with primary antibody.
After washing in PBS, a biotinylated goat anti-mouse
immunoglobulin antibody (Histofine SAB-PO kit; Nichirei
Corp.) was applied for 60 min at room temperature.

Immunohistochemical reactions were visualized with
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freshly prepared 33-diaminobenzidine tetrahydrochloride
(Histofine SAB-PO kit; Nichirei Corp. :S‘»I’ides were

counterstained with hematoxylin- an'd“m‘ounted on

consisted of serial tissue sections of each sample, in
which isotype-matched negative control mouse IgGl was
used as a primary antibody. A positive or negative tissue
control for NY-ESO-1 is described later: The number
of stained cells was determmed under a rmcroscope
(Olympus Optlcal Co., Ltd., Tokyo i apan) in three visual
fields, at 200 x magnification. When more than 1% of
the cytoplasm of all the tumor cell population were
stained, the tumor was considered NY-ESO-1 positive.
The current study was performed in a retrospective
manner, while all spec1mens were evaluated by three
investigators who were blinded to the patlents clinical
information.
9. Evaluation and classification of CD4* T Cells,
CD8' T cells, and NK cells . ‘ ’

The 1mmunostamed sectlons W" "e evaluated under
a microscope(Olympus Optical' C’o.; Ltdﬂ.ﬂ,,.Tokyo, Japan).
Immunochemistry and evaluation of immune cells were
done according to the previous reports of Naito et al.
[18] and Schumacher et al. [19], with some modifications.
The degree of immune cell infiltration was observed in
more than 10 independent high-power (x200) microscopic
fields for each tissue sample. The five areas with the
most abundant distribution were selected. The number
of CD4™ T cells, CD8" T cells, and NK cells was counted
both in the mesenchymal stroma and within the cancer
cell nest. In the present study, the threshold values used
to demarcate group boundaries were selected such that
each group contained equal numbers of patients.
10. Statistical analysis

Either the chi-square test or extended Fisher’s
exact test were used to analyze the correlation between
NY-ESO-1 expression and patients’ parameters,
including histopathological findings. The Mann-Whitney
U test was used for statistical significance be-tvveen
the number of immune cells divided on the basis of
NY-ESO-1 expression. The Kaplan-Meier method
was used to generate survival curves, and survival

differences were analyzed with the logrank test, based
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Fig. 1 A) RT-PCR analysis of NY-ESO-1 mRNA expression in
human HEK293 cell and ESCC cell liries. Glyceralddehyde-3-
phosphate dehydrogenase (GAPDH) was used as the control.
Only HEC46 cells express NY-ESO-1 mRNA. B) RT-PCR analysis
of NY-ESQO-1 expression in six different samples of normal
esophageal mucosa (N), tumor tissues (C), and positive control
are shown. C) Real-time-PCR analysis of NY-ESO-1 expression
levels in twelve different samples of esophageal tumor tissues
are shown. D) RT-PCR analysis of NY-ESO-1 expression in two
different samples of esophageal tumor tissues, from which 0.1

g of the tumor block {(a) or biopsy specimen (b), and positive

control are shown.

on the status of NY-ESO-1 expression. Univariate and
multivariate analyses of NY-ESO-1 immunoreactivity and
clinicopathological features were performed using the
Cox proportional hazard regression model. Probability
values of less than 0.05 were regarded as indicating
significance. These analyses, except the extended
Fisher’s exact test, were performed using statistical
“analysis software (Statview ] version 50; SAS Institute
Inc., Cary, NC), and free software from a website (http://
aoki2.si.gunma-w.ac;jp/exact/exacthtml) was used for the

extended Fisher’s exact test.

Results
1. Expression of NY-ESO-1 in ESCC cell lines

Fig. 2 Immunohistochemical staining for NY-ESO-1 of xenograft
tumors and human ESCC samples usmg E978 antibody. A)
HEC46 xenograft tumor from SCID mice. B) TES xenograft
tumor. C) A case with 5% of cancer cell cytoplasm stained. D)
No cancer cells stained.

NY-ESO-1 RT-PCR fragments were amplified
using mRNA of HEC46 but not of the other 7 cell lines
(Fig. 1A). Nonspecific bands were observed under the
condition of Tm 60T, but they disappeared at Tm 62C.
Hereafter, HEC46 cell line was utilized as NY-ESO-1

positive control.

Table 1. Relationship bétween clinicopathologic features and
NY-ESO-1 expression in surgical specimens of ESCC

Number of NY-ESO-1
variables cases ; " p-value
negative  positive
(n=100) (n=22)

Gender ‘male 105 88 17 0.1891
female 17 12 5

Age 260 79 60 19 0.0252*
<60 43 40 3

p-stage I 38 30 8 0.9200*
o 36 29 7
m 27 23 4
v 21 18 3

Grade 1 32 27 5 0.3885*
2 62 48 14
3 28 25 3

p-T 1 54 41 13 0.3547*
2 13 10 3
3 43 38 5
4 12 11 1

p-N NO 60 50 10 0.6994
N1 62 50 12

M MO 101 32 18 0.6235*
Ml 21 19 3

TIL CD4/8(+/+) 44 30 14 0.0029
Others 78 70 8

* Extended Fisher’s Exact Test
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Fig. 3 Correlation between NY-ESO-1 expression and the number of TILs in patients with ESCC. &) Comparison of the number of CD4*
T cells, CD8" T cells and NK cells divided on the basis of NY-ESO-1 expression. The p-values were calculated by Mann-Whitney U test.
The bars show the median number of each TIL. B) Correlation among the number of CD4'/CD8" T cells and NY-ESO-1 expression in
patients with ESCC. Open circles: NY-ESO-1 negative patients; filled circles: 0 < NY-ESO-1 positive cells < 10%; filled triangles: 10% <
NY-ESO-1 positive cells < 50%; filled squares: 50% < NY-ESO-1 positive cells < 100%. M: median. Higher frequency of NY-ESO-1 posmve
patients was observed in the CD4/CD8(+/+) group (p=0.0029; chi-square test).

2. RI-PCR of NY-ESO-1 in human tissues

In esophageal sample tissues, NY-ESO-1 RT-PCR
fragments were amplified from 10 out of 42 tumor tissues,
but not from any normal esophageal mucosa (Fig. 1B).

In the Q-PCR assay, mRNA of NY-ESO-1 was
detected from NY-ESO-1 positive cases in the RT-PCR
assay, but not from NY-ESO-1 negative cases (Fig. 1C).
NY-ESO-1 RT-PCR fragments were not amplified in
any biopsy specimens even if the samples were from
NY-ESO-1 positive patients (Fig. 1D).

3. NY-ESO-1 expression in xenografts

By the present method, both HEC46 and TES
tumors obtained from SCID mice showed nuclear
staining (Fig, 2A, B). As cytoplasmic staining was
observed in HEC46 (Fig. 2A) but not TES (Fig. 2B), we
defined cytoplasmic staining as a positive control for
NY-ESO-1 immunoreactivity.

4. Immunohistochemical analysis in human tissues

We subsequently performed immunohistochemical
analysis on the 122 ESCC specimens. NY-ESO-1
immunoreactivity was observed in the cancer cell
cytoplasm, as seen in a previous study [10]. Tumor cells
of 22 patients (180%) were categorized as positively
stained for NY-ESO-1 (Fig. 2C) and 100 patients (82.0%)
were negatively stained (Fig. 2D). Nuclear staining
was observed in all patients (Fig. 2C, D). In about
half of patients expressing the NY-ESO-1 antigen,

immunohistochemistry stained less than 10% of tumor
cells. Dysplasia was found in 45 of 122 specimens;
however, NY-ESO-1 expression was not observed in any
samples (data not shown).
5. Statistical analyses for NY-ESO-1 expression and
clinicopathological data

Correlations between NY-ESO-1 expression and
various clinicopathological features are summarized in
Table 1. NY-ESO-1 expression was found to correlate
with age (p=0.0252). However, no significant correlation
was found between NY-ESO-1 expression, gender,
pathological data on T classification, N classification,
M classification, p-stage grouping, or histopathological
grading. The numbers of tumor-nfiltrating CD4" T cells,
CD8" T cells and natural killer (NK) cells divided on the
basis of NY-ESO-1 expression were plotted on a scatter
plot graph (Fig. 3A). Although no significant correlation
was observed between NK cells and NY-ESO-1
expression (p=09947), CD4" T cells (p=0.0889) and CDS"
T cells (p=00641) tended to be increased in NY-ESO-1
positive patients. The numbers of CD4"™ T cells and CD8&"
T cells were plotted, and the distribution from NY-ESO-1
positive patients is shown as filled marks in Fig. 3B. A
higher frequency of NY-ESO-1 expression was found in
the CD4/8(+/+) group and a significant correlation was
observed (p=0.0029) by chi-square test.

A tendency for favorable prognosis was found in
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NY-ESO-1 positive patients compared to NY-ESO-1
negative patients (p=0.0858, Fig. 4A). Among stage
Il or IV disease patients, the overall survival rate was
significantly better in patients with NY-ESO-1 positive
tumors than in those with NY-ESO-1 negative tumors
(p=0.0107, Fig. 4B). Univariate analysis using the
Cox proportional hazard model identified NY-ESO-1
expression (p=0.0212) and the status of CD4/8 (p=0.0028)
as prognostic predictors. Multivariate analysis indicated
that NY-ESO-1 expression (p=0.0058) and CD4/8 status
(p=0.0399) were independent prognostic factors in
patients with stage Il or IV ESCC (Table 2).

Discussion
In planning clinical trials of cancer vaccines
against NY-ESO-1 expressing tumors, standardization
of diagnostic modality for gene expression is critical
for finding suitable patients. We initially confirmed the
suitability of RT-PCR as a diagnostic for NY-ESO-1

Table 2. Univariate and multivariate analysis of NY-ESO-1 and
pathologic parameters in patients with stage Il or IV ESCC
(n=48).

Variables Hazard ratio p-value

Univariate
Sex (male/female) 5.356 0.0933
Age (=60 y/<60 y) 0.757 04572
Grade (2,3/1) 1.004 0.9945
PT (2-4/1) 2217 0.2779
pN (1/0) 4711 0.1284
pM (1/0) 0.988 0.9740
Adjuvant therapy (no/yes) 1.957 0.0648
Performance status (1,2/0) 1.536 04325
CD4/8 [CD4/8(+/+)/others] 0.196 0.0028
NY-ESO-1 (+/-) 0.178 0.0212

Multivariate
CD4/8 [CD4/8(+/+)/others] 0.213 0.0058
NY-ESO-1 (+/-) 0.197 0.0399

expression in ESCC cell lines and in samples resected
from patients.

In the present study, nonspecific bands were
observed at the theoretical T, as reported previously
[10], but only specific bands remained when the T, was
raised. In comparing RT-PCR and Q-PCR, we found
that the sensitivity of RT-PCR is suitable to detect
the expression of NY-ESO-1 when sufficient mRNA is
obtained for RT-PCR performed under a condition of
higher T.. We adopted a higher T, and confirmed that
NY-ESO-1 is expressed specifically in tumor cells and
that its frequency is consistent with previous data [10].

The detection of NY-ESO-1 mRNA from biopsy
samples would be useful for selecting patients with
unresectable tumors to enter clinical trials for a cancer
vaccine. The present data, however, suggest that this
is not the case, since only a small quantity of NY-ESO-1
mRNA, which is less than 0.1% of beta-actin mRNA
could be obtained from the samples, meaning that most
NY-ESO-1 mRNA from a biopsy specimen would be lost
through the process of RNA extraction. Interestingly,
we could not always detect NY-ESO-1 expression by
RT-PCR using biopsy specimens from a HEC46 xenograft
tumor; such tumors seldom have heterogeneity in
contrast to the human tumor tissues, so this is best
explained by the reason mentioned above. The other
reason is apparent from our immunohistochemical data.

We evaluated the legitimacy of the detection of
NY-ESO-1 expression and confirmed the consistency
of RT-PCR with immunohistochemistry. We found that
the E978 antibody works high specificity and that the

results of immunohistochemistry reflect those of RT-PCR.
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In the HEC46 xenograft tumor, since a necrotic region
did not show staining for NY-ESO-1, we could not
detect NY-ESO-1 expression by RT-PCR using a biopsy
specixﬁen from the necrotic area. However, we could
detect it by RT-PCR using mRNA derived from paraffin
embedded sections that were confirmed to contain
viable tumor cells. Therefore, the extraction of sufficient
mRNA from viable and NY-ESO-1 expressing regions
would be critical for correct diagnosis. Heterogeneity
was always seen in NY-ESO-1 expression, the same as
in many other genes in tumors resected from ESCC
patients. Several previous studies [10][20] have shown
that RT-PCR results do not always accord with those
of immunohistochemistry, and authors speculate that
heterogeneity causes the inconsistency, In the present
study, it was strongly shown that one of the reasons for
this contradiction is heterogeneity. Although RT-PCR is
a useful and sensitive modality to diagnose NY-ESO-1
expression, the ability of detection depends on several
factors such as the quantity of mRNA, the size of the
specimen, and the viability of tumors. Biopsy sized
specimens could be utilized for detecting NY-ESO-1
expression after overcoming several problems described
above and obtaining stable and consistent data.
Therefore, we should adopt immunohistochemistry for
detecting NY-ESO-1 expression using HEC46 as a tissue
positive control while referring to data from RT-PCR.
HEC46 xenografts from SCID mice could be used as a
positive control for NY-ESO-1 immunohistochemistry
and TES8 used as a tissue negative control. Xenografts
of cancer cell lines would be better controls because
the staining intensity of NY-ESO-1 using testis varied in
each patient’ s sample, but the intensity using HEC46 is
stable.

Finally, we assessed the significance of NY-ESO-1
expression and antitumor immunoresponse of the host
by immunohistochemistry in the same cohort as that
used in a previous report that clarified the significance
of infiltrating CD4 or CD8 positive T lymphocytes [16].
From this, we obtained good information for planning
immunotherapy. In this cohort of 122 patients, the
frequency of NY-ESO-1 expression was almost the
same as in a previous study [10]. Even for NY-ESO-1
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positive cases, the ratio of cells expressing NY-ESO-I was
several percent in about half of cases. Interestingly, most
NY-ESO-1 positive cases belonged to the CD4/8(+/+)
group, which did not depend on the ratio of NY-ESO-1
positive cells. These results suggest that host antitumor
immunity might recognize NY-ESO-1 expression even in
a few cells, and moreover, it could improve postoperative
prognosis of the patients. Besides, we should also take
into consideration about the tumor-antigen diversity
other than NY-ESO-1 antigen [21]. Moreover, various
types of immune cells take part in the host immune
balance between immune promoting status and immune
regulatory status [22—24].

Our previous study showed that the prognosis of
ESCC patients with CD4/8(+/+) status is remarkably
better than that of other patients [14]. Therefore,
antitumor immunity is obviously an important factor.
Moreover, this is critical for advanced ESCC patients
because all long-term survivors belonged to CD4/8(+/+)
group and no long-term survivors were seen in other
groups. It was previously reported that patients with
NY-ESO-1 positive tumors survived longer; however,
the mechanism was still unclear [10]. Our data support
the previous report and demonstrate for the first time
that there is a correlation between NY-ESO-1 expression
and CD4" or CD8" T cell infiltration. In the present
study, significant differences between survival curves
show that antitumor immunity is more critical especially
in advanced cases than in earlier cases. Interestingly,
there was no significant difference in tumor progression
between the CD4/8(+/+) group and the other groups
in this cohort. Therefore, we should pay attention to
the fact that antitumor immunity neither always has
sufficient effect to suppress tumor growth nor improve
patient prognosis if the tumor has already grown
significantly[25]. However, this also means that the
immune effect improves prognosis most strongly after
tumor resection even if the tumor stage is Il or IV. These
data strongly suggest that immunotherapy against
cancer, such as a cancer vaccine, should be applied as
an adjuvant therapy to patients who undergo surgical

operations and who have few residual tumors.
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Conclusions

NY-ESO-1 expression should be detected by using
immunohistochemistry with suitable positive or negative
controls. In patients with ESCC, NY-ESO-1 might be
recognized by the immune system of the host and
the best reéponse of antitumor immunity is shown
after resection. Therefore, a cancer vaccine applied to
ESCC patients as a post-operative adjuvant therapy,
if NY-ESO-1 expression is adequately detected using

resected tumors, should improve prognosis dramatically.
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