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production. To our knowledge, this is the first report to describe
the use of multimodal cell therapy with PBSCs in a patient
with advanced gastric cancer. After immunotherapy, the serum
CEA level declined in association with positive DTH skin
test results to CEA652 peptide, suggesting that the tumor had
responded to immunotherapy (19,20). However, the response
was short-lived, with no definitive evidence of tumor shrinkage.
Our pilot case study will hopefully encourage the further
refinement and development of immune cell therapy in
combination with PBSCT for advanced gastric cancer (42).

In conclusion, our study delineated the courses of bone
marrow suppression after EAP in 5 patients with chemo-
therapy-naive advanced gastric cancer. Sufficient numbers of
PBSCs to permit safe transplantation were mobilized and
harvested in 4/5 patients studied. Multimodal cell therapy
with PBSCs is considered a feasible and promising treatment
strategy for advanced gastric cancer. The development of
novel intensive treatment strategies combining chemotherapy
and immunotherapy will hopefully lead to the complete
regression of cancer and prolonged long-term survival in
young patients with advanced gastric cancer. Further
investigation is warranted.
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Recognition of Epstein-Barr virus-associated gastric
carcinoma cells by cytotoxic T lymphocytes induced
in vitro with autologous lymphoblastoid cell line and
LMP2-derived, HLA-A24-restricted 9-mer peptide

KAORI OKUGAWA!, TSUYOSHI ITOH!, ICHIRO KAWASHIMA®?, KAZUTOH TAKESAKO?, OSAM MAZDAZ,
IKUEI NUKAYA®, YUTARO YANO!, YOSHIKI YAMAMOTO!, HISAKAZU YAMAGISHI' and YUJI UEDA!

1Department of Surgery, Division of Digestive Surgery, and 2Departrnent of Microbiology,
Kyoto Prefectural University of Medicine, 465 Kajii-cho, Kawaramachi-Hirokoji, Kamigyo-ku, Kyoto 602-8566;
3Biotechnology Research Laboratories, Takara Bio Inc., 3-4-1 Seta, Otsu, Shiga 520-2193, Japan

Received March 4, 2004; Accepted May 24, 2004

Abstract. Epstein-Barr virus (EBV) is associated with several
types of malignancies including Burkitt's lymphoma, Hodgkin's
disease, nasopharyngeal carcinoma, and gastric carcinoma.
Previous reports have suggested that EBV-related antigen-
targeting immunotherapy is one of the promising approaches
for the treatment of these malignancies other than gastric
carcinoma. EBV-associated gastric carcinoma (EBVaGC) has
been shown to express Epstein-Barr virus nuclear antigen 1
(EBNAI1) and latent membrane protein 2 (LMP2). In the
present study, DNA and mRNA freshly isolated from tumors
of patients with gastric cancer were subjected to polymerase
chain reaction (PCR) using EBV-specific primers and reverse
transcription (RT)-PCR specific for LMP2 transcripts. EBV-
specific region was identified in genomic DNA isolated from
cancerous tissues in 22% of gastric cancer patients. LMP2
mRNA was also detected in 3 out of these 5 DNA positive
samples tested. To investigate the feasibility of specific
immunotherapy for EBVaGC, we induced cytotoxic T lympho-
cytes (CTLs) from peripheral blood lymphocytes using two
kinds of antigen-presenting cells (APCs) such as autologous
lymphoblastoid cell line (LCL) and LMP2-derived peptide-
pulsed dendritic cells (DCs). The cytotoxicity of these CTLs
against peptide-pulsed targets was examined by standard 5!Cr
release assay and interferon (IFN)—Y production assay. We
further assessed the recognition of tumor cells endogenously
expressing LMP2 by these T cells. T cells induced by peptide-
loaded DCs and autologous LCL efficiently lysed peptide-
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pulsed targets. Furthermore, these T cells could recognize not
only tumor cells transfected with LMP2, but also LMP2-
positive gastric cancer cells which were successfully isolated
and cultured from specimens obtained by surgery. Collectively,
sensitization of peripheral blood lymphocytes with LMP2-~
derived peptide was able to induce CTL response against
EBVaGC cells. Thus, EBVaGC is susceptible for the LMP2-
targeting immunotherapy.

Introduction

A wide variety of malignancies including Burkitt's lymphoma,
Hodgkin's disease (1), undifferentiated nasopharyngeal
carcinoma (2,3), post-transplant lymphoproliferative disease
(PTLD) (4) and gastric carcinoma are associated with Epstein-
Barr virus (EBV) (5,6). EBV-associated gastric carcinoma
(EBVaGC) (7-12) has been demonstrated to account for 7-10%
of all gastric carcinomas in Japan (13,14). Since there are
>100,000 new patients with gastric carcinoma in Japan (15),
the number of patients with EBVaGC is considerable.

Like other herpes viruses, EBV induces long-lasting cyto-
toxic T lymphocyte (CTL) memory (5). In fact, EBV-specific
CTL precursors can be reactivated from the peripheral blood of
EBV-seropositive individuals by several types of stimulation
in vitro (5). Thus, to recall and boost T cell responses specific
for EBV in EBVaGC patients could lead to the elimination of
tumors.

EBV-transformed lymphoblastoid cell line (LCL) and
cells from PTLD express all the latent proteins of EBV: six
nuclear antigens [Epstein-Barr virus nuclear antigen (EBNA)
1,2,3A, 3B, 3C, and LP] and two membrane proteins [latent
membrane protein (LMP) 1 and 2] (5). These latent proteins
of EBV display hierarchical immunogenicity. Malignant cells
in PTLD express the full set of EBV antigens, including the
highly immunogenic EBNA3A, 3B, and 3C (16,17). Hence,
PTLD is highly immunostimulatory. Rooney et al have clearly
demonstrated that such EBV-associated disease can be
effectively treated by transfer of EBV-specific CTLs that
have been generated in vitro using donor LCL as stimulator



726

cells (17). However, the susceptibility of EBV antigens to
immunotherapy for EBVaGC remains unclear. Although
EBVaGC has been shown to express EBNA1 and LMP2 (5),
EBNAI1 may not be a suitable target due to its internal Gly/
Ala repeat domain encompassed by EBNA1 protein which
can prevent EBNA1 from processing by the classical HLA
class I pathway (18,19). Thus, we focused on LMP?2 as a target
molecule for immunotherapy. of gastric cancer in the current
study.

Some immunodominant LMP2 epitopes restricted by
several alleles of human leukocyte antigens (HLA) -class I
have been identified. Because HILA-A24 is present in 60%
of the Japanese population and in some Caucasians, we
chose LMP2,,5.4,; peptide (TYGPVFMCL) restricted with
HLA-A24 (20). To induce effective CTLs, we used a mixture
of LMP2,,,.4,; peptide-loaded dendritic cells (DCs) and
LMP2,,0.4,7 peptide-loaded LLCL as antigen-presenting cells
(APCs) as well as LCL alone. Generated CTLs were tested
for cytotoxicity against peptide-pulsed targets and LMP2-
expressing tumor cells including primary cultured gastric
cancer cells. To our knowledge, this is the first report to show
that EBVaGC cells can be recognized by CTLs in vitro that
are successfully induced with autologous LCL and LMP2-
derived peptide.

Materials and methods

Patients and PBMCs from a healthy donor. Peripheral blood
mononuclear cells (PBMCs) were isolated from a leukapheresis
sample obtained from a healthy donor, FHO1 (HLA-A24, B48,
B52,DR14, DR15, EBV antibody titers: positive), by Ficoll-
Paque (Pharmacia, Piscataway, NJ). Other subjects were 18
Japanese patients aged 55-86 years (13 men, 5 women) who
had undergone resection of primary gastric carcinoma. Written
informed consent was obtained from the healthy donor and
from all patients before surgery.

Cell lines. LCL was generated in vitro by transforming B cells
from FHO1 with the standard EBV isolate B95.8 (21,22),
kindly supplied by Dr Kenzo Takada (Department of Tumor
Virology, Institute for Genetic Medicine, Hokkaido University,
Sapporo, Japan). K562 (chronic myelogenous leukemia) (23)
was obtained from the Japanese Collection of Research Bio-
sources (JCRB). 888mel (melanoma cell line, HLA-A24*)
(24) was kindly provided by Dr Yutaka Kawakami (Institute
for Advanced Medical Research, Keio University School of
Medicine, Tokyo, Japan). All cell lines were maintained in
RPMI 1640 medium (Nacalai Tesque, Kyoto, Japan) containing
10% heat-inactivated fetal calf seram (Nichirei, Tokyo, Japan),
100 U/ml penicillin, and 100 pug/ml streptomycin (Sigma,
St. Louis, MO).

Primary culture of gastric carcinoma tissues. The remaining
sections of carcinoma tissue after general pathological
examinations were cut into small pieces (<1 mm?), put into
plastic dishes, and cultured in RPMI 1640 medium supple-
mented with 20% heat-inactivated fetal calf serum, 100 U/ml
penicillin, and 100 pg/ml streptomycin. After 10 days, a half
of the medium was changed; subsequently the medium was
changed once per week. After confluent cultures had developed,
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Figure 1. Detection of EBV DNA in gastric carcinoma tissues by PCR analysis.
Total cellular DNA extracted from 5 cases (GC1-GC5) of gastric carcinoma
and from B95-8 (EBV-positive) and K562 (EBV-negative) cells were sub-
jected to PCR. Arrows indicate the specific PCR products with their predicted
sizes. One of the EB V-negative gastric carcinomas, GC35, is shown in the same
blot.

the cell cultures were tested for LMP2 expression by immuno-
staining with rat monoclonal antibodies specific for LMP2 (25)
using Histofine Simple Stain MAX-PO kits according to the
manufacturer's instructions (Nichirei, Tokyo, Japan). LMP2
antibodies and Plasmid LMP2/pSG5 were kindly supplied
by Dr Richard Longnecker (Department of Microbiology-
Immunology, Northwestern University Medical School,
Chicago, IL).

BamHI-W PCR. DNA samples were extracted from the resected
cancer tissues and tested for EBV by BamHI-W polymerase
chain reaction (PCR). EBV-specific primers (5-CCAGACA
GCAGCCAATTGTC-3' and 5'-GGTAGAAGACCCCCTCT
TAC-3") were used to amplify the 129 bp fragment in the
BamHI-W region (26). To test whether total cellular DNA
had been extracted, the nucleotide sequence of the human
B-globin gene was amplified with the use of an aliquot of
total DNA. B95-8 cells were used as a positive control, and
K562 cells were used as a negative control. PCR products
were run on 5% polyacrylamide gels. PCR was performed
with a KOD Dash PCR kit (Toyobo, Osaka, Japan).

RT-PCR and detection of amplified products. Total RNA was
extracted using Isogen reagent according to the manufacturer's
instructions (Nippon Gene, Tokyo, Japan). Reverse trans-
cription (RT)-PCR was performed with a BcaBest RNA PCR
kit (Takara Bio, Shiga, Japan) (25). LMP2A-specific primers
(5'-ATGACTCATCTCAACACATA-3' and 5-CATGTTAG
GCAAATTGCAAA-3") were used for amplification of the
280 bp fragment (26,27). cDNA from tumor tissues and
EBV-negative K562 cells were subjected to 35-40 cycles of
amplification. cDNA from EBV-positive B95-8 was used as a
positive control and subjected to 20-25 cycles of amplification.
To confirm that total RNA had been extracted, human B-tublin
mRNA was amplified using an aliquot of cDNA. Specific
primers (5'-TGGATCTAGAACCTGGGACCAT-3' and 5'-
ACCATGTTGACTGCCAACTTGC-3") were used for amplifi-
cation of 577 bp in the B-tublin mRNA, and amplified products
were visualized by ethidium bromide staining.

Generation of LCL-induced CTLs. FHO1-PBMCs (2x10%) were
co-cultured with irradiated (100 Gy) autologous LCL (FHO1-
LCL) in 24-well tissue culture plates (responder:APC = 40:1).
On day 10, the cultures were replated at 2x10° cells per
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Table I. The profile of EBVaGC donors.
Donor Sex Age Anatomical subsites? Macroscopic type Histopathological grading Staging®
GC1 F 69 ML Borr.2 Well v
GC2 M 80 UM Borr.2 Poorly (solid type) v
GC3 M 70 ML Borr.3 Moderately HIb
GC4 M 58 U 0-IIc Poorly (non-solid type) Ib

*Anatomical subsites: U, upper third; M, middle third; L, lower third (Japanese Classification of Gastric Carcinoma, 13th edition, Japanese
Gastric Cancer Association). ®Stage grouping (TNM Classification of Malignant Tumors, 6th edition, International Union against Cancer).

well. On days 14, 21 and 28, the cultures were stimulated
with irradiated FHO1-LCL (responder:APC = 4:1), and fresh
medium containing interleukin (IL)-2 (25 U/ml) (28,29) was
added. Effector cells were assessed for cytotoxic activity after
3 rounds of restimulation.

Generation of LMP2 ;5 4,, peptide-induced CTLs. PBMCs were
separated by adherence to a plastic tissue-culture flask to enrich
monocytes. The monocyte-enriched population was then
cultured in the presence of 1,000 U/ml granulocyte/macrophage
colony-stimulating factor (Genzyme, Minneapolis, MN) and
1,000 U/ml of IL-4 (Genzyme) in RPMI 1640 containing 5%
human- AB serum (Japan Red Cross Society). After 7 days
culture, the cytokine-generated DCs were loaded with 20 ug/
ml of LMP2,,4 45, peptide (TYGPVFMCL) (synthesized and
provided by Takara Bio, Shiga, Japan) derived from LMP2 in
the presence of 3 ug/ml of $2-microgloblin (Lee BioSolutions,
St. Louis, MO) for 4 h and were irradiated (50 Gy). The
autologous LCL (FHO1-LCL) was also used as APC after
LMP2,,9 457 peptide loading (10 ug/ml) and irradiation
(100 Gy). FHO1-PBMCs (2x10%) were co-cultured with
LMP2,19.4; peptide-loaded DCs and LMP2,,,.,,, peptide-
loaded FHO1-LCL in 24-well tissue culture plates (responder:
LCL:DC = 40:2:1). On days 7 and 14, fresh medium, IL-2
(100 IU/ml, Shionogi, Osaka, Japan), and LMP2,,¢ ,,, peptide-
loaded (10 ug/ml) FHO1-LCL (irradiated) were added to the
culture (responder: stimulator = 10:1).

Flow cytometric analysis. Phenotypic characterization of
CTLs was carried out by flow cytometry using a FACSCalibur
(Becton Dickinson, San Jose, CA) and CellQuest software
(Becton Dickinson). Immunofluorescence staining was per-
formed using the following FITC-conjugated monoclonal anti-
bodies (mAbs): anti-CD3 mAb, anti-CD4 mAb, and anti-CD§
mAb (Dako A/S, Denmark).

Measurement of CTL responses in vitro. CTLs were tested
for killing activities by standard 5'Cr release assay described
previously (17). Peptide-pulsed target cells were prepared by
incubating the cells with LMP2,,o,,, peptide (20 pug/ml)
overnight at 37°C. Target cells were labeled with 200 uCi of
$1Cr (Amersham, Piscataway, NJ) per 3x106 cells for 1 h at
37°C, washed in phosphate-buffered saline (PBS), and added
to 96-well U-bottom plates at 1x10? cells in a final volume of
200 ul per well. After a 5-h incubation period at 37°C, the
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Figure 2. Detection of LMP2A mRNA in gastric carcinoma tissues. Total
cellular mRNA was subjected to RT-PCR for LMP2A mRNAs followed by
Southern hybridization with 32P-labeled probes. B95-8 and K562 were used
as positive and negative controls. Human 8-tubulin mRNA was stained with
ethidium bromide. Arrows indicate the specific PCR products with their sizes.

radioactivity in the supernatants was determined using Cobra
Model 5002 Gamma Counter (Packard, Meriden, CD). All
tests were conducted in triplicate, and the percentage of specific
cytotoxicity was defined by the formula; [(experimental 5*Cr
release - spontaneous 5'Cr release)/(maximum 5'Cr release -
spontaneous 'Cr release)] (17,30).

For interferon (IFN)-y release, CTLs were co-cultured
with target cells for 12 h at 37°C. Culture supernatants were
collected for measurement of human IFN-y release using
specific ELISA kits according to the manufacturer's instructions
(Biosource, Camarillo, CA).

Results

LMP2 expression in patients with EBV-associated gastric
carcinoma. EBV specific region was amplified from genomic
DNA extracted from tumors in 4 (GC1-GC4, 3 men and 1
woman) out of 18 patients, indicating that 22% of patients
with gastric cancer showing high titer of EBV IgG (viral capsid
antigen} were identified to be EBVaGC (Fig. 1, Table D.
LMP2 mRNA was detected in 3 of the 5 tumors examined by
RT-PCR (Fig. 2). This pattern of the EBV gene expression in
gastric carcinoma tissues was consistent with results reported
previously (31).

Primary culture of tumor cells obtained from patients. Primary
cultures of LMP2 mRNA-positive tumor cells derived from
EBV-positive patients (GC2 and GC3) were obtained by the
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Figure 3. Microscopic state of GC3 cells. GC3 was derived from resected
stomach tissue from a patient with moderately differentiated adenocarcinoma.
GC3 cells had a flat structure (bar, 100 pm).

above described method. As shown in Fig. 3, morphological
examination indicated that these cells were epithelioid and
irregular in size, with large hyperchromatic vesicular nuclei
suggesting malignant features of cells. Furthermore, these
cells were stained with anti-LMP2 antibody by immunohisto-
chemical study (Fig. 4A). FACS analysis showed that GC3
cells were positive for HLA-A24. 888mel stably transfected
with LMP2 cDNA (LMP2-888mel) was also stained by anti-
LMP2 antibody (Fig. 4B and C). Thus, GC3 and LMP2-888mel
were used as target cells expressing LMP2 endogenously for
CTL assay in the following experiments.

Generation of CTLs specific for LMP2. To induce CTLs
specific for LMP2, we first cocultured PBMCs with irradiated
autologous EBV-transformed LCL (LCL-induced CTL). LCL
is known to be a potent APC which can generate effector CTLs
by stimulating resting memory CD8* T cells. After 3 rounds
of stimulation, LCL-induced CTLs efficiently lysed auto-
logous LCL (FHO1). Although the recognition of tamor cells
expressing LMP2 (LMP2-888mel) was observed, its activity
was relatively low (Fig. 5A). Since LCL does not seem to
induce primary CTL response because of the lack of second
signals through the costimulatory molecules, we next used
DCs as an APC to make CTL potent enough to kill tumor
targets. A mixture of DCs pulsed with LMP2,,9.,4,;, 2 HLA-
A24-restricted peptide derived from LMP2, and LCL was used
as a stimulator in this experiment. T cells induced by these
APCs (TYG-LCL-induced CTLs) were then restimulated with
peptide-loaded LCLs. Phenotypic analysis of effector cells
obtained after two rounds of restimulation showed that the
percentage of CD3+, CD8* and CD4+ cells were 93.3x3.9,
70.5+6.2 and 21.6x9.7 respectively. TYG-LCL induced CTLs
had 1.5 times higher cytotoxic activity against both peptide-
pulsed cells and targets expressing LMP2 endogenously
(LCL, LMP2-888mel) (Fig. 5B).

Recognition of primary cultured tumor cells by CTLs. Since
established cell lines showing autonomic growth may behave
differently from the primary cultured cells, it seems to be
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Figure 4. Immunohistochemical staining of LMP2 (bar, 100 pm). GC3 cells
were showing weakly positive LMP2 staining at the cell membrane (A).
888mel-LMP2 was positive staining of LMP2 (B), but 888mel was negative
(&R

important to investigate the recognition of tumor cells freshly
isolated from patients by T cells. Therefore, we tested the
recognition of GC3 cells obtained and cultured from surgically
resected specimens of patients with EBVaGC, by TYG-LCL-
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Figure 5. The use of LCL and peptide-pulsed DCs as APCs augments the
cytotoxic activity of CTLs. (A), T cells were primed with autologous LCL.
After 3 rounds of restimulation, effector cells were tested for cytotoxic activity
against FHO1-LCL (e), 888mel (x), LMP2-888mel (3), and LMP2,,q.4,,
peptide loaded 888mel (4). (B), T cells were induced by autologous LCL
and LMP2,, 5, peptide-pulsed DCs. Effector cells were tested for cytotoxic
activity against FHO1-LCL (e), 888mel (x), LMP2-888mel (4), and LMP2,0..1,
peptide loaded 888mel (A).
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Figure 6. The recognition of TYG-LCL-induced CTLs against the cells of
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cells with or without (open bar) monoclonal antibodies specific for HLA
class I (haiched bar), class I (dotted bar) or HLA A24 mAb (solid bar).
Culture supernatant were harvested overnight and evaluated for IFN-y levels
by ELISA (in pg/ml; mean = SEM of triplicate samples). Error bars show
the standard deviation.
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induced CTLs. As demonstrated in Fig. 6, the TYG-LCL-
induced CTLs produced ~1,900 pg/ml of IFN-y in response
to GC3 cells as well as 888mel-LMP2 whereas it produced
<50 pg/ml in response to 888mel (LMP2 negative). The
production of IFN-y was partially abolished by anti-class I
and anti-HLA-A24 mAbs in the blocking assay (Fig. 6). In
contrast, the recognition of peptide-pulsed 888mel was blocked
almost completely by anti-HLA-A24 mAb.

Discussion

The goal of this study was to assess the possibility of LMP2-
targeting immunotherapy for EBVaGC by measuring the cyto-
toxicity of CTLs induced by LCL and peptides derived from
LMP2 against primary cultured gastric cancer cells as well as
tumor cell lines, which express LMP2 antigen. Principally,
strong CTL responses toward EBNA3A, 3B, and 3C subset of
virus proteins will occur in the healthy virus carriers (16,17).
However, if one considers many EB V-associated malignancies,
only a limited group of antigens such as EBNA1 and LMP2
are known to be expressed on tumor cells. Because LMP2 is
the only EBV transcript expressed by B cells from EBV-
positive healthy donors, it is reasonable to use LCL as APCs
for inducing CTL competent for killing tumors (32). Indeed,
quite a few epitope peptides have been identified by
stimulating T cells with peptide-loaded LCLs (20). It has also
been shown that cross-priming of CTLs using DCs loaded
with dead LCLs induced an expansion of CD8* T cells specific
for EBNA3A and LMP2. Consistent with these previous
reports, our study showed that in vitro sensitization of PBMCs
by LCL gave rise to CD8*-dominant CTLs showing cytotoxic
activity against LCL. These CTLs recognized tumor cells
transfected with LMP2 ¢cDNA (LMP2-888mel) (Fig. 5),
whereas 888mel, non-transfectant for LMP2, was not lysed
by them. Since LCL has the potential to generate T cells able
to kill tumors, vaccination with LMP2-expressing cells
mimicking L.CL is considered to be a useful strategy to
induce tumor immunity in vivo.

Peptide-based approach has also been investigated in EBV-
related tumors. LMP2,,,.4,,, @ 9-mer peptide derived from
LMP2, has been identified to be an epitope for CD8* T cells
(29). A mixture of LCL and DCs pulsed with the peptide was
used as a stimulator in this setting. Generated CTLs (TYG-
LCL-induced CTLs) showed 1.5 times higher activity not only
to LCL but also to LMP2-transfected tumor (LMP2-888mel)
as compared to CTLs induced by LCL alone. This result
suggests that the use of an epitope peptide in addition to LCL. is
one of the options to get a more robust CTL response. Because
LCL is considered to be able to stimulate only resting memory
cells due to the lack of second signal through costimulatory
molecules, the use of DCs as professional APCs might enhance
CTL response by priming naive T cells specific for peptide.
However, since peptide alone (peptide-pulsed DC without
LCL) did not exert full response (data not shown) comparable
to that induced by LCL, further examinations into the role of
the peptide in generating CTL in this method are needed.

Although there have been several reports regarding the
generation of CTLs able to recognize autologous tumor cells,
they are limited to certain types of tumors including melanoma
(33), breast cancer (34,35) and ovarian cancer (35). There have



730

been no reports that indicated the recognition of primary
cultured autologous gastric cancer cells by CTLs so far,
presumably because it is difficult to get a primary tumor
cell culture and T cells at the same time. In the present
study, TYG-LCL-induced CTLs produced substantial
amount of IFN-y in HLA-A24 restricted manner when they
were incubated with a peptide-pulsed target. This CTL could
also recognize cells expressing LMP2 endogenously (LMP2-
888mel). Furthermore, they recognized primary cultures of
tumor cells (GC3) obtained from patients with EBVaGC.
Since this recognition was not blocked by HLA-A24 mAb
completely, TYG-LCL induced CTLs may include certain
clones which are specific for some different epitopes
endogenously expressed on LCL other than that specific for
LMP2,,5.4,; peptide. Indeed, FHOI1, the donor for PBMC,
shares the same HLA-class I molecules as B52 besides A24
with 888mel (24). Thus, some unknown epitopes restricted by
B52 might be involved in this recognition of tumor by T
cells.

In conclusion, LMP2-expressing tumor cells including
primary cultured gastric cancer cells from EBVaGC were
successfully recognized by CTLs induced in vitro with LCL
and HLA-A24-restricted peptide derived from LMP2.
EBVaGC is suggested to be susceptible to the LMP2-
targeting immunotherapy. Therefore, vaccination using cells
endogenously expressing LMP2 along with the peptide or
adoptive immunotherapy using T cells induced by LCL and
the peptide are promising approaches for the treatment of
HLA-A24 positive EBVaGC.
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a single-institute study of 40 patients

KEewu1 SHiMizu, Yult Uepa, and Hisakazu YAMAGISHI

Department of Surgery, Division of Digestive Surgery, Kyoto Prefectural University of Medicine, 465 Kajii-cho, Kawaramachi-dori Hirokoji,

Kamigyo-ku, Kyoto 602-8566, Japan

Abstract

Background. Alterations of the p53 tumor suppressor gene
are the most commonly observed genetic abnormalities in
many different types of human malignancies. The accumula-
tion of mutant p53 often leads to the production of p53 anti-
body (p53-Ab) in the sera of patients with various cancers. To
evaluate the clinical implications of serum p53-Abs in patients
with gastric cancer, we compared p53-Abs with conventional
tumor markers such as carcinoembryonic antigen (CEA) and
carbohydrate antigen (CA)19-9.

Methods. Serum samples were obtained preoperatively from
40 patients with histologically confirmed gastric adenocarci-
noma, including 28 (70 %) patients in stage Ia. The serum p53-
Abs were assessed by enzyme-linked immunosorbent assay,
using a new version of a highly specific, quantitative p53-Abs
Kit (MESACUP Kit II).

Results. pS3-Abs were detected in 6 (15%) of 40 patients with
gastric cancer, including 3 patients with early gastric cancer.
Seven (17.5%) of the 40 patients were positive for CEA in
serum. However, none of 7 patients with high CEA levels
were positive for p53-Abs. No significant correlation of p53-
Abs with patient age, sex, pathological parameters, tumor
markers such as CEA and CA19-9, or poor survival (P =
0.116) was observed.

Conclusion. Although we employed the latest version of the
p53-Abs Kit, the sensitivity of serum p53-Ab in gastric cancer
patients was relatively low. No correlation was found between
the presence of p53-Ab and the staging of cancer or survival.
However, serum p53-Ab was detectable in patients with gas-
tric cancer even in the early stages of disease. In addition, it
may be independent of CEA and CA19-9.
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Introduction

Conventional tumor markers such as carcinoembryonic
antigen (CEA), carbohydrate antigen (CA)19-9,
squamous cell carcinoma antigen (SCC-Ag), tissue
polypeptide antigen (TPA), and cytokeratin fragment
(CYFRA)21-1, are not suitable for the screening or
monitoring of patients with malignant tumors, because
of low sensitivity and specificity. It has been suggested
that oncogenes and tumor suppressor genes and their
products may be useful in biochemical tests for cancer
[1]. The tumor suppressor p53 gene, located on chromo-
some 17p13.1, frequently undergoes mutation in the
genesis of human cancer [2]. The frequency of p53
mutations in all malignant tumors was reported to be
at least 50% [3, 4]. The mutated p53 gene leads to the
synthesis of a mutant protein with a longer than normal
half-life, and massive overexpression of the protein
products {5, 6]. The accumulation of mutant p53 protein
has been found to be immunogenic in cancer patients
and to result in the production of p53 antibody (p53-
Ab) in serum [7].

The p53-Ab in the sera of cancer patients can be
detected by immunoprecipitation or Western blotting,
or by enzyme-linked immunosorbent assay (ELISA)
[7-10]. Circulating p53-Abs in patients have been re-
ported for various types of carcinomas {9, 10], including
breast cancer, hematopoietic malignancy, esophageal
cancer, colon cancer, ovarian cancer, lung cancer, pan-
creatic cancer, and gastric cancer [11-15]. Several stud-
ies have demonstrated that the p53-Ab in sera served as
an early marker of malignant disease, as an indicator for
monitoring patients with malignant tumors during treat-
ment, and as a prognostic factor for patients with sev-
eral types of tumors [11, 16-18]. Because these studies
attempted to evaluate the clinical value of p53-Ab un-
der different conditions, the role of p53-Ab in patients
with malignant tumors has not been clearly established
yet.
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Gastric cancer is widely prevalent in the world and is
one of the leading malignancies in terms of incidence
and cause of cancer death in East Asia and South
America. In Japan, the mortality rate of gastric cancer is
showing a decreasing trend, reflecting advances in medi-
cal technology, such as early detection and treatment
with an endoscope. It is necessary to evaluate the clini-
cal usefulness of new early diagnostic markers of malig-
nancies (for example, in gastric cancer) which could be
found in the early stage of tumorigenesis. In this regard,
reports on p53-Ab in the sera of patients with gastric
cancer have not been adequate {15, 19-22].

In this study, we examined 40 patients with gastric
cancer, including 28 (70%) patients in the early stages of
the disease, for the presence of circulating antibodies
against the tumor suppressor protein p53 and we exam-
.ined these findings in relation to conventional tumor
markers, tumor characteristics, and the clinical status of
the patients. The serum levels of p53-Abs were assessed
by ELISA, using a new version of a highly specific,
guantitative p53-Ab Kit [23].

Patients and methods

Patients

Forty patients with primary gastric cancer who under-
went gastric resection at the Department of Surgery,
Division of Digestive Surgery, Kyoto Prefectural Uni-
versity of Medicine, Kyoto, Japan, between July and
December 2000 were enrolled in this study. Written
informed consent was obtained from each patient. No
patients had received preoperative radiotherapy or che-
motherapy. There were 28 (70%) male and 12 (30%)
female patients, with an average age of 60.6 years
(range, 28-86 years).

Serum and tumor samples

Serum samples were collected from each patient before
and 28 days after surgery. Samples were stored at -80°C
until they were assayed. After resection, the tumor
specimens were subjected to routine processing for the
control of resection margins; also, exact histological in-
vestigation included an evaluation of staging in accor-
dance with the International Union Against Cancer
(UICC)/TNM classification.

Enzyme immunoassay for serum p53 antibodies

Serum p53-Ab levels were assessed by (ELISA) with
the anti-pS3 EIA Kit II (MESACUP anti-p53 Test;
Medical and Biological Laboratories (MBL), Nagoya,
Japan). In brief, the samples were added, for 1h at
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37°C, to microtiter wells coated with wild-type human
p53 protein or a control protein to detect nonspecific
interactions. After washing, a peroxidase-conjugated
goat antihuman immunoglobulin G that binds p53-Ab
was applied for 1 h at 37°C. Then substrate solution was
added for 30min at 37°C. After the addition of stop
solution, color development was assessed by measuring
absorption at 450nm, using a photospectrometer.
Levels of p53-Abs were determined from a calibration
curve constructed from the specific signals of standards.
The cutoff value for serum p53-Abs was 1.3U/ml. The
specificity of this assay is greater than 95.5% [23].

CEA and CA19-9 assays

Serum CEA concentrations were measured with an
immunoradiometric assay, using a CEA RIABEAD
Kit (Abbott Japan, Tokyo, Japan). Serum CA19-9
concentrations were also measured with an
immunoradiometric assay, using a CA19-9 RIA Kit
(TFB, Tokyo, Japan). According to the manufacturers,
the cutoff values for serum CEA and CA19-9 were
2.5ng/ml and 37U/ml, respectively.

Statistical analysis

Fisher’s exact test, Student’s r-test, and the Mann-
Whitney U-test were used to determine the significance
of differences between two groups. Survival curves were
plotted using the Kaplan-Meier method. The logrank
test was adopted to compare two groups. Cox regres-
sion analysis was performed to determine which factors
would be useful in predicting overall survival. A P value
of less than 0.05 was considered significant.

Results

Detection of serum p53 antibody in gastric cancer

We tested serum samples from 40 patients with gastric
cancer for the presence of p53-Abs. Six (15.0%) of the
40 patients were positive for serum p53-Abs: the mean.
age of this group was 63 years (range, 40-77 years), and
the male/female ratio was 2:1. The other 34 (85.0%)
patients were negative for serum p53-Abs: their mean
age was 60.2 years (range, 28-86 years), and the male/
female ratio was 2.4:1. Based on the UICC/TNM
classification, 3 of the 6 pS3Ab-positive patients were in
stage 1a; none of the 6 patients was in stage IV, but p53-
Abs were also detected at stages 11, II1a, and 1IIb. No
significant differences between the p53 Ab-positive and
-negative groups were observed in age, sex, or tumor
staging (Table 1).

We analyzed the histopathological factors of tissue
type, tumor invasion, lymph node metastasis, and dis-
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Table 1. Correlation between the presence of serum p53 anti-
body (Ab) and clinicopathological features in gastric cancer
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Table 3. Correlation between the presence of serum p53-Ab
and tumor markers in gastric cancer

Serum p53
antibody

Variables Total Positive Negative P value
Number of patients 40 6 34
Age (years) 60.6 63 60.2 0.64
Sex (M:F) 23:1 20:1 2.4:1 0.88
Stage

Ia 28 3 25

Ib 3 0 3

11 4 1 3 0.3

Ila 1 1 0

IIIb 2 1 1

v 2 0 2

Table 2. Correlation between the presence of serum p53-Ab
and histopathological findings in gastric cancer

Serum p53 antibody

Positive Negative P value
Tissue type
Differentiated 2 21 0.272
Undifferentiated 4 13
Tumor invasion
Mucosa or submucosa 3 25 0.363
Deeper than submucosa 3 9
Lymph node metastasis
Negative 3 31 0.111
Positive 3 3
Distant metastasis
Negative 6 33 0.909
Positive 0 1

tant metastasis. Four (66.7%) of the 6 p53Ab-positive
patients had histologically undifferentiated adenocarci-
nomas, compared to 13 (38.2%) of the 34 p53Ab-
negative patients (P = 0.272). Three (50%) of the 6
patients with lymph node metastasis were positive for
serum p53-Ab, whereas only 3 (8.8%) of the 34 patients
without lymph node metastasis were positive (P =
0.111). There were no significant differences in these
factors between the groups who were positive and nega-
tive for p53-Ab (Table 2).

Sensitivity of serum CEA, CA19-9, and p53 antibody
in gastric cancer

The correlation between the presence of serum p53-Ab
and the two tumor markers CEA and CA19-9 was ana-
lyzed. The sensitivities of CEA and CA19-9 in this study
were 17.5% (7/40) and 10% (4/40), respectively. The 7

Serum p53 antibody

Positive Negative P value
CEA
Positive 0 7 0.426
Negative 6 27
CA19-9
Positive 1 3 0.762
Negative 5 31

patients positive for CEA did not express p53-Abs, and
CEA was not detected in any p53-Ab-positive patients
(Table 3).

We analyzed the sensitivity of serum p53-Ab and
CEA according to stage based on the UICC/TNM clas-
sification. Three (10.7%) of the 28 patients in stage Ia
were positive for serum p53-Ab, whereas none (0%) of
these 28 patients was positive for CEA. In stage IV,
both patients were positive for CEA, but neither was
positive for pS3-Ab (Table 4).

Three (50%) of the 6 p53Ab-positive patients be-
came negative postoperatively, while 5 (71.4%) of the 7
CEA-positive patients became negative postoperatively
(Table 4).

Detection of serum p53 antibody in stage la
gastric cancer

We focused on the stage-Ia patients to investigate the
clinical usefulness of the levels of serum p53-Ab as a
marker for the early detection of gastric cancer. Table 5
demonstrates that only p53-Ab was positive in patients
with stage Ia gastric cancer, whereas CEA and CA19-9
were not positive. No significant differences between
the p53Ab-positive and -negative groups were observed
in regard to tissue type or tumor invasion.

Survival rates

The 4-year survival rates for patients with sera that was
positive or negative for CEA, CA19-9, and p33-Ab are
shown in Table 6. The median follow-up time for all 40
patients was 31.7 months (range, 1-48 months). The 4-
year survival rate was 82.9% for the p53Ab-negative
patients and 60% for the p53-Ab-positive patients.
However, there was no significant difference in the rate
of survival between the p53-Ab-positive group and the
p53Ab-negative group (P =0.116). In contrast, the over-
all survival of patients positive for CEA was signifi-
cantly shorter than that in the CEA-negative patients (P
= 0.0008) (Table 6).
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Table 4. Correlations between sensitivity of serum CEA and p53 Ab according to

clinical stage

Serum p53 antibody CEA P value

Stage

Ia 10.7% (3/28) 0% (0/28) 0.49

Ib 0% (0/3) 66.7% (2/3) 0.19

11 25% (1/4) 50% (2/4) 0.56

11a 100% (1/1) 0% (0/1) 0.31

IIIb 50% (1/2) 50% (1/2) 1

v 0% (0/2) 100% (2/2) 0.12
Negative conversion 50% (3/6) 71.4% (5/7) 0.52

post-surgery

Table 5. Correlation between the presence of serum p53-Ab,
histopathological findings, and tumor markers in stage Ia
patients

Serum p53 antibody

Positive Negative P value
Tissue type
Differentiated 2 19 0.853
Undifferentiated 1 6
Tumor invasion )
Mucosa 2 15 0.906
Submucosa 1 10
CEA
Positive 0 0 0.49
Negative 3 25
CA19-9
Positive 0 0 0.49
Negative 3 25

However, Cox regression analysis of all factors listed
in Tables 1 and 2 revealed that lymph node metastasis,
but not p53 Ab or CEA, was an independent prognostic
factor in gastric cancer (P < 0.05).

Discussion

At present, there is no satisfactory tumor marker for the
diagnosis or monitoring of malignant disease. It is ex-
pected that a new biological marker which shows high
sensitivity and specificity and can be used with relative
ease will be established.

~ p53-Ab is an autoantibody induced by mutation of
the p53 tumor suppressor gene, and has been detected
in the sera of patients with various types of cancers.
Since its initial description more than 20 years ago, the
usefulness of serum pS3-Ab in patients with various
cancers has been reported [9-15]). Gastric cancer re-
mains a major cause of cancer-related deaths in the
world. Serum CEA is generally used for the diagnosis

Table 6. Association between 4-year survival rates and tumor
markers in patients with gastric cancer

Survival rate (%) P value
CEA
Positive 25.7 0.0008
Negative 923
CAI19-9
Positive 50 0.118
Negative 854
p53-Ab
Positive 60 0.116
Negative 82.9

and monitoring of gastric cancer, but only a limited
proportion of patients benefit. Therefore, potential new
biological markers, such as p53-Ab, E-cadherin, or
hepatocyte growth factor (HGF) for patients with gas-
tric cancer, have received attention [24-26]. Because
gastric cancer can be diagnosed at an early stage by
endoscopy, it is suitable for testing a potential biological
marker for early diagnosis. Nevertheless, only a small
number of reports regarding the evaluation of p53-Abs
in the sera of patients with gastric cancer have been
published to date [15, 19-22].

The present study demonstrated that, in 15% (6 of
40) of patients, gastric cancer was detectable by p53-Ab
ELISA assay preoperatively. This is comparable with
previous observations in patients with gastric cancer
[15, 19-23]. No significant correlation between p53-Abs
and either tumor stage, tissue grade of differentiation,
depth of tumor invasion, lymph node metastasis, or dis-
tant metastasis was observed. The positive rate for CEA
and CA19-9 in the sera of patients with gastric cancer
was 17.5% (7 of 40) and 10% (4 of 40), respectively,
which is similar to results reported by other groups (27,
28]. Most interestingly, the 6 patients positive for p53-
Abs did not show high levels of CEA, and only 1 patient
positive for p53-Ab showed a high CA19-9 level. The
presence of p53-Ab was not associated with serum CEA
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or CA19-9 (P=0.426 and P =0.762, respectively). It was
supposed that p53-Ab might be an independent marker
of CEA or CA19-9. The positivity rate for the diagnosis
of gastric cancer increased to 32.5% when p53-Ab and
CEA were combined in this study.

Because alterations in the p53 gene result in an accu-
mulation of the protein in tumor cells, the presence of
serum p53-Ab was described as an early event that
could predate the diagnosis [29]. Our results demon-
strated that, of 28 patients with stage Ia gastric cancer
tested preoperatively, 3 were positive for p53-Ab in
serum, whereas none was positive for serum CEA or
CA19-9. A p53 mutation may be not only an advanced-
stage phenomenon but may also be an early event of
carcinogenesis. Several studies have reported that p53-
Ab can be found in the serum of individuals at high
risk of developing cancer, including heavy smokers and
workers exposed to vinyl chloride [16, 29, 30]. In
contrast, no association between p53 abnormalities
(overexpression/mutation) and Helicobacter pylori in-
fection was found in patients with gastric adenocarci-
noma; therefore, mutations of the p53 gene do not seem
to be a predominant event in gastric carcinogenesis [31].
These contradictory findings might be explained by a
report that 39.1% of patients with gastric cancer posi-
tive for p53-Ab in sera had tumor tissues that stained
negative for p53 protein [19].

Although there have been several reports that the
presence of p53-Ab in serum was a prognostic factor for
patients with various types of malignancies, the prog-
nostic value of p53-Abs in patients with gastric cancer is
still controversial [15, 19, 21]. We did not find a signifi-
cant correlation between the presence of p53-Abs in the
sera of patients with gastric cancer and overall survival,
despite the finding that the 4-year survival rate was
about 20% higher in the p53-Ab-negative patients than
that in the -positive patients. On the other hand, high
levels of CEA could be associated with prognosis. How-
ever, Cox regression analysis revealed that lymph node
metastasis, but not p53 Ab or CEA, served as an inde-
pendent prognostic factor in gastric cancer in this series.

The p53-Abs circulating in patients with various types
of cancer can be detected by several methods, including
immunoprecipitation, Western blotting, and ELISA [7-
10]. Because none of these methods give satisfactory
rates of detection, further improvement is needed. We
employed the latest version of an ELISA kit, which has
the advantage of quantitative analysis, for the detection
of p53-Ab. Using this assay, Shimada et al. [23], in a
multiinstitutional study, reported 20.4% positivity for
p53-Abs in 1085 patients with 15 types of malignant
tumors, and they determined a cutoff value of 1.3 U/ml
with over 95.5% specificity by analyzing serum samples
of 205 healthy controls. This assay could thus contribute
to achieving high true-positive rates with low false-
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positive rates. Recently, a new protocol for the rapid
and sensitive detection of p53-Abs in serum by
immunomagnetic electrochemiluminescence (IM-ECL)
was developed [32]. Further study will be needed to
fully elucidate the importance of this detection method.

Here, we measured circulating p53-Ab levels in the
sera of 40 patients with gastric cancer using a new ver-
sion of the p53-Abs ELISA kit. The presence of p53-Ab
was demonstrated in 15% (6 of 40) of the patients with
gastric cancer preoperatively. No correlation was found
between the presence of p53-Ab and the staging of
cancer or survival. However, circulating p53-Ab was
detectable in patients with early-stage gastric cancer,
and was independent of the currently available tumor
markers CEA and CA19-9.
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Present Status and Future Prospect of Immune-cell Therapy for Solid Cancer
Yuji Ueda and Hisakazu Yamagishi
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Summary

Immune-cell therapy for solid cancer is still a challenge. Adoptive immunotherapy ‘with cultured killer T
lymphocytes and interleukin-2 have been actively tried since the middle of the 1980’s. However, the
mainstream has become dendritic cell-based, tumor-specific active immunotherapy since the latter half of
the 1990's. Despite much effort, immune-cell therapy has not yet achieved an adequate anti-tumor effect
comparable with that of chemotherapy. In addition, there are many problems with immune-ceil therapy
which needs in vifro cell processing. It is labor- and resource-consuming, and cannot avoid the risk of
microbial contamination. In view of these problems, we started research on a new immunotherapy
technique with direct hemoperfusion. We have succeeded in developing a direct hemoperfusion column for
cancer immunotherapy which consists of extra-fine synthetic fibers removing immunosuppressive cytokines
from the peripheral biood of advanced cancer patients. This column can be an effective immunotherapy
technigue in conjunction with immune-cell therapy or chemotherapy. We are now planning a pre-marketing
clinical trial of this column. .
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