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The cyclooxygenase (COX)-2 inhibitor has been reported to impede
the progression of gastric cancer, but underlying mechanisms
remain unclear. We therefore investigated the effect of a COX-2
inhibitor, JTE-522, on the ability of orthotopic fibroblasts to
stimulate invasion of scirrhous gastric carcinoma cells. The human
scirrhous gastric cancer cell lines OCUM-2D or OCUM-2M, and
human gastric fibroblasts (NF-21) were cultured in the absence or
presence of JTE-522 at various concentrations. Cancer cells were
then assayed for invasiveness in vitro by invasion assay. The effect
of prostaglandins (PG) on growth factor production in NF-21 cells
was examined by ELISA. Finally, the effects of orally administrated
JTE-522 on orthotopically transplanted tumors were examined in
nude mice. NF-21 cells stimulated invasion by OCUM-2D cells, an
effect suppressed by JTE-522 at 5 ×××× 10−−−−6 M. Hepatocyte growth
factor (HGF) and PGE2 production by NF-21 cells were suppressed by
JTE-522 (P < 0.01). PGE2 stimulated HGF production by NF-21 cells
in a dose-dependent manner. JTE-522 significantly suppressed
orthotopic tumor growth and lymph node metastasis, and also
decreased HGF expression by fibroblasts within the gastric tumor.
In conclusion, we found that gastric fibroblasts stimulated
invasiveness in scirrhous gastric cancer cells, whereas a selective
COX-2 inhibitor inhibited this paracrine effect by decreasing
fibroblast PGE2 production, resulting in downregulation of HGF
production. (Cancer Sci 2005; 96: 451–455)

Human scirrhous gastric carcinoma (also termed diffusely
infiltrating carcinoma or linitis plastica carcinoma) is

characterized by extensive carcinoma cell infiltration and
proliferation accompanied with abundant stromal fibrosis.(1) In
recent years the prognosis of patients with gastric carcinoma has
generally improved, but that of patients with scirrhous gastric
carcinoma remains poor.(2,3) One reason for the continued poor
prognosis of this type of cancer is rapid infiltration of cancer
cells.(4) When scirrhous gastric cancer cells invade deep to the
mucosa of the stomach, they infiltrate diffusely through the
gastric wall in association with fibroblast proliferation, frequently
disseminating within the abdominal cavity.(5,6) We previously
reported that hepatocyte growth factor (HGF) and transforming
growth factor (TGF)-β1 produced by fibroblasts enhanced the
invasiveness of scirrhous gastric cancer cells.(7,8)

Recent studies have indicated that non-steroidal anti-
inflammatory drugs (NSAIDs) contributed to the decrease of
incidence of colon cancer,(9–13) whereas sulindac reduced the size
and number of adenomas in patients with familial adenomatous
polyposis (FAP).(14) Cyclooxygenase (COX), a molecular target
of NSAIDs, has two isoforms, COX-1 and COX-2. Whereas
COX-1 is expressed constitutively at a constant rate, COX-2
expression is regulated by various factors. In particular, COX-2
is expressed by stromal cells in various tumors, and is regulated
by cytokines. Overexpression of COX-2 has been linked to the
development of various types of human cancers.(15–18) Several
reports have indicated that COX-2 affects the invasiveness of cancer

cells.(19–24) However, the mechanisms responsible for the antitu-
mor effect of COX-2 inhibitors remain unclear. In colon polyps
COX-2 is overexpressed in stromal cells such as macrophages
and fibroblasts, but not in adenomatous cells. COX-2 produced by
stromal cells brings about proliferation and invasion of human carc-
inoma by stimulating the stromal production of various cytokines.(25)

The oral chemotherapeutic agent S-1 has been clinically
available for patients with gastric cancer in Japan.(26) S-1 is a
novel 5-fluorouracil (FU) derivative that provides high clinical
response rates without severe adverse effects. It has been
reported that the serum concentration of 5-FU when S-1 is
administered is high, and is equal to that achieved by continuous
5-FU infusion. In the present study we investigated the inhibi-
tory effect of a selective COX-2 inhibitor, JTE-522,(27) on the
interactions between scirrhous gastric cancer cells and gastric
fibroblasts, which induce scirrhous gastric cancer cells to prolif-
erate and invade. Furthermore, we investigated the synergistic
effect of COX-2 inhibitor and S-1 on scirrhous gastric cancer.

Materials and Methods

COX-2 inhibitor. JTE-522, a selective COX-2 inhibitor, was
provided by Japan Tobacco (Tokyo, Japan). For in vitro studies,
JTE-522 first was dissolved in ethanol, and then diluted with
conditioned medium to various concentrations. For in vivo studies,
JTE-522 was suspended in 0.5% carboxymethyl cellulose
(CMC; Wako, Osaka, Japan) sodium salt for oral administration.

Cell culture and cell lines. The culture medium was composed
of DMEM with 2% heat-inactivated FCS (Gibco, Grand Island,
NY, USA), 100 IU/mL penicillin (ICN Biomedicals, Costa
Mesa, CA, USA), 100 µg/mL streptomycin (ICN Biomedicals),
2 mM glutamine (Bioproducts, Waikersville, MD, USA) and
0.5 mM of sodium pyruvate (Bioproducts). The human gastric
cancer cell lines OCUM-2D and OCUM-2M, as well as NF-21
human gastric fibroblasts were obtained from a scirrhous gastric
carcinoma. The fibroblast monocultures of NF-21 cells were
confirmed by staining with vimentin and cytokeratin. These
were seeded in a 100-mm dish (Falcon, Lincoln Park, NJ, USA)
and cultured in 10 mL of medium at 37°C in a humidified
atmosphere of 5% CO2 in air.

RT–PCR. Total cellular RNA was extracted from OCUM-2D,
OCUM-2M, and NF-21 cells using Trizol (Gibco) according
to the manufacturer’s protocol. The various cDNA were
synthesized with a Maloney mouse leukemia virus (M-MLV)-RT
kit (Gibco) using random hexamers. Relevant cDNA were
amplified by PCR with Taq DNA polymerase (Nippon Gene,
Tokyo, Japan) in a thermal cycler, with 30 cycles used for
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each of the three repeated steps. Primers used were: COX-2,
sense primer 5′-CCGAGGTGTATGTATGAG-3′, antisense
primer 5′-ATCAGGCACAGGAGGAAG-3′, and as an internal
control, glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
sense 5′-ACCTGACCTGCCGTCTAGAA-3′, antisense 5′-
TCCACCACCCTGTTGCTGTA-3′. PCR conditions were as
follows: predenaturation, 94°C for 5 min; denaturation, 94°C for 30 s;
annealing, 60°C for 30 s; extension, 72°C for 1 min; and final incu-
bation, 72°C for 1 min. PCR products were applied to 2% agarose
gel and electrophoresed. COX-2 PCR products were 336 bp in size.

Preparation of serum-free conditioned medium. Serum-free
conditioned medium (SF-CM) from fibroblasts was prepared as
follows. Gastric fibroblasts (NF-21; 5 × 104 cells/mL) were seeded
into 100-mm plastic dishes with 10 mL of DMEM containing
2% FCS and incubated for 3 days, after which time the number
of fibroblasts in each dish was approximately 2.5 × 106. To obtain
the SF-CM, fibroblasts were washed twice with Dulbecco’s
phosphate-buffered saline (PBS). They were then incubated for
3 days with 3 mL of DMEM containing various concentrations
of JTE-522 (0, 10−7, 10−6 or 10−5 M). JTE-522 had no influence
on the proliferation of NF-21 cells. Each conditioned medium
was collected and centrifuged at 1000g for 5 min. The supernatant
was stored as SF-CM at −20°C until use. As a negative control,
DMEM was used in place of SF-CM.

Invasion assay. Invasiveness was measured in vitro by the
methods of Albini et al.(28) with some modifications. We used
Chemotaxicell chambers (Millipore, Bedford, MA, USA) with
a 12-µm filter; the upper surface of each filter was coated
with 5 µg of Matrigel (reconstituted basement membrane;
Collaborative Research, Lexington, MA, USA) in cold DMEM
to form a matrix barrier. The chamber (upper compartment) was
placed in a 24-well culture plate (lower compartment). OCUM-
2D cells with or without SF-CM from NF-21 were resuspended
at a final concentration of 105 cells /mL in DMEM with 7.5%
FCS. Then 100 µL of gastric cancer cell suspension and 900 µL
of DMEM with 10% FCS were added to the upper and lower
compartments, respectively, and the plate was incubated for 72 h
at 37°C. After incubation, cancer cells on the upper surface of
the membrane were removed by wiping with cotton swabs. The
filter was fixed with methanol and stained with hematoxylin.
Cancer cells that invaded through the Matrigel-coated filter
to reach the lower surface of the membrane were counted
manually under a microscope at ×200 magnification.

ELISA. Hepatocyte growth factor, TGF-β1, and matrix
metalloprotease (MMP)-2 in SF-CM from NF-21 cells treated
with JTE-522 at a concentration of 0, 10−5, 10−6 or 10−7 M each
were quantified using an ELISA kit (Genzyme, Cambridge,
MA, USA). PGE-2 in SF-CM from NF-21 cells was quantified
using another ELISA kit (Amersham, Aylesbury, UK).

Tumor growth studies in vivo. Female BALB/c nude mice
(Nihon CLEA, Tokyo, Japan) were used for the in vivo studies.
The mice were housed under conditions free of specific
pathogens and were provided with standard chow pellets and
water ad libitum. Experiments were performed according to the
standard guidelines for animal experiments of the Osaka City
University Medical School. We examined the effect of JTE-522
on orthotopically transplanted tumors as follows. On day 0,
OCUM-2M cells (107 cells in 100 µL of DMEM per mouse)
were injected at the right flank into the serosa of the stomach.
Medication was administered orally five times weekly for 4
weeks beginning the week after inoculation. Medication-defined
groups were CMC (control group), JTE-522 (30 mg/kg per day),
S-1 (10 mg/kg per day; Taiho Pharmaceutical Co., Tokyo, Japan),
and JTE-522 (30 mg/kg per day) plus S-1 (10 mg/kg per day).
S-1 consists of tegafur (a prodrug of 5-FU) and two modulators,
5-chloro-2,4-dihydroxypyridine and potassium oxonate, at a molar
ratio of 1 : 0.4 : 1.(26) All mice were killed on day 35, when tumor size
and total weight of lymph nodes with metastases were determined.

Histopathological and immunohistochemical examinations. To
clarify the histopathological findings and quantify HGF expression
in nude mice, we examined sections after hematoxylin–eosin
(HE) staining, and after anti-HGF immunohistochemical
processing. After mice were killed, gastric tumors and lymph
nodes containing metastases were removed. These specimens
were washed in PBS and fixed in 10% formalin for paraffin
sectioning. Sections were stained with HE or stained
immunohistochemically using an antibody against mouse HGFα
(American Research Products, Belmont, MA, USA) and then
examined under a light microscope. Two investigators independently
determined the degree of HGFα antibody reactivity.

Statistical analysis. Significant differences between control
results and results with JTE-522 treatment were assessed using
the t-test. A value of P less than 0.05 was considered to indicate
statistical significance.

Results

Expression of COX-2. We recognized a 336-bp band representing
COX-2 mRNA in both scirrhous gastric cancer cell lines (OCUM-
2D and OCUM-2M), and in gastric fibroblasts (NF-21; Fig. 1).

Invasion-stimulating effect of fibroblast-conditioned medium on
cancer cells and inhibition by JTE-522. The number of invading
OCUM-2D cells without SF-CM was 130 ± 21 cells per field,
whereas in cells with SF-CM from NF-21, this was 235 ± 32
cells per field, representing a significant increase of invasiveness
(P = 0.0016). The invasion-stimulating ability of SF-CM from
fibroblasts was significantly decreased by JTE-522 concentrations
of 5 × 10−7 M or above (Fig. 2). In contrast, JTE-522 at 5 × 10−7 M

Fig. 1. COX-2 mRNA expression. NF-21 cells, OCUM-2D cells and OCUM-
2M cells showed a COX-2 mRNA positive band. The product was 336 bp
in length.

Fig. 2. Effect of JTE-522 on the invasion-stimulating activity of serum-
free conditioned medium (SF-CM) from fibroblasts. The number of
invading cancer cells was significantly increased by the SF-CM from
NF-21 cells (�) compared with OCUM-2D alone (�). The number of the
invading OCUM-2D cells with SF-CM from NF-21 was significantly
suppressed by JTE-522 at a concentration of 1 × 10−6 M. Data are
presented as the mean and standard deviation (error bars) of four
independent experiments. **P < 0.01.
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did not affect the invasion ability of OCUM-2D cells or the
proliferation of OCUM-2D cells and NF-21 cells

Inhibitory effect of JTE-522 on production of cytokines by NF-21.
The HGF concentration was 2.71 ng/mL in SF-CM from NF-21
without JTE-522. At JTE-522 concentrations of 10−7, 10−6 and
10−5 M, production of HGF was 2.3, 1.8 and 1.5 ng/mL. Thus,
HGF production by fibroblasts was suppressed significantly by
JTE-522 at or above 10−6 M (Fig. 3a). Production of MMP-2
and TGF-β1 was not affected by the drug (data not shown).
However, production of PGE2 detected in SF-CM from NF-21
cells was suppressed by JTE-522e, re at 10−6 M (Fig. 3b). Finally,
HGF productionetected in SF-CM from NF-21 cells was
increased by exogenous PGE2 in a dose-dependent manner
(Fig. 4).

Effect of JTE-522 on tumor development. The mean areas of
orthotopically transplanted tumors in control, JTE-522, S-1 and
JTE-522 plus S-1 micspectively, were 56, 15, 17 and 11 mm2.
Thus tumors in mice receiving JTE-522 and/or S-1 were
significantly smaller than those in controls (Table 1). The mean
weights of metastatic lymph nodes were 106, 51, 35 and 13 mg
in control, JTE-522, S-1, and JTE-522 plus S-1 mice. Although
JTE-522 or S-1 decreased the weight of metastatic lymph nodes
(Table 1), a synergistic effect of JTE-522 and S-1 together
against lymph node metastasis was evident. Toxicity or body
weight loss were not observed in any group.

Inhibitory effect of  dJTE-522 on expression of HGF protein
by fibroblasts in nude mice. JTE-522 treatment decreased
HGF expression by fibroblasts in the stroma of orthotopic
tumors (Fig. 5). In contrast, no marked difference between JTE-
522 treatment and non-treatment was noted in the histological
examinations of the HE-stained orthotopic tumors.

Discussion

The invasiveness of gastric cancer cells was promoted
significantly by conditioned medium from gastric fibroblasts
with COX-2 expression. This invasion-stimulating activity by
gastric fibroblasts was decreased significantly by a COX-2
inhibitor, JTE-522, whereas JTE-522 did not affect the
invasion ability of OCUM-2D cells. These findings suggest
that the COX-2 inhibitor suppressed the invasion-enhancing
effect of gastric fibroblasts on scirrhous gastric cancer
cells. The invasiveness of scirrhous gastric cancer has been
reported to be affected by HGF, TGF-β1, and MMP-2
originating from gastric fibroblasts.(7) In the present study,
JTE-522 inhibited HGF production by fibroblasts, but not the
production of TGF-β1 or MMP-2. Fibroblast HGF production
was reported to be reduced by COX-2 inhibitor actions at
the EP2 receptor,(29) which contributes to the invasiveness of
cancer cells.(21,22) In the present study, HGF production by

fibroblasts was increased by PGE2, and PGE2 production
was inhibited by a COX-2 inhibitor. Gastric tumor size was
suppressed significantly by oral administration of a COX-2
inhibitor. We previously reported that keratinocyte growth
factor (KGF) production from fibroblasts affects the
growth of scirrhous gastric carcinoma.(6) COX-2 inhibitor
may suppress the paracrine effect of fibroblasts. Lymph node
metastasis following orthotopic inoculation of tumor cells
was decreased significantly by oral administration of a
COX-2 inhibitor. Immunohistochemical findings from the
orthotopic tumors indicated a reduction of HGF expression by
gastric fibroblasts within the tumor in response to the COX-2

Fig. 3. Effect of JTE-522 on the production of
HGF and PGE2 from gastric fibroblasts. (a) JTE-522
significantly decreased HGF production from
fibroblasts at a concentration of 10−6 M, compared
with the control. (b) PGE2 production from
fibroblasts was inhibited at a concentration of
10−6 M. Data are presented as the mean and
standard deviation (error bars) of four
independent experiments. *P < 0.05, **P < 0.01.

Fig. 4. Effect of PGE2 on the production of HGF from gastric
fibroblasts. HGF production from gastric fibroblasts was increased by
PGE2 in a dose-dependent manner. Data are presented as the mean
and standard deviation (error bars) of four independent experiments.
**P < 0.01.

Table 1. Antitumor effect of JTE-522 and S-1 on gastric primary tumor
and lymph node metastasis
 

Tumor size
(mm2)

Total weight of
metastatic lymph

nodes (mg)

Control (n = 6)    56.0 ± 19.9a,b,c 105.8 ± 37.7d,e,f

JTE-522 (n = 5)   15.0 ± 12.5a,h 51.0 ± 27.0d,i

S-1 (n = 6) 17.2 ± 8.3b,g 34.8 ± 16.5e,j

JTE-522 and S-1 (n = 6) 10.7 ± 9.4c,g,h 12.7 ± 15.0f,i,j

Data are represented as mean ± SD. Superscript letters indicate 
significance between values with the same letter: a–f, P < 0.01; g–j, not 
significant.
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inhibitor. We previously reported that OCUM-2D cells express
the c-Met receptor. These findings suggest that the COX-2
inhibitor decreased HGF production from gastric fibroblasts
by suppressing PGE2 productions, resulting in decreased
invasive ability of gastric cancer cells.

Administration of JTE-522 and S-1 suppressed orthotopic
tumor growth, and their combined administration decreased
lymph node metastasis more effectively than either alone. These
findings suggest that administering S-1 and a COX-2 inhibitor

in combination can obtain a synergistic effect. This technique
might prove useful in treating scirrhous gastric cancer.
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