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Abstract

AIM: To examine the effects of Helicobacter pylori (H pylori)
infection on the invasiveness of gastric cancer cells, and
to elucidate its mechanism.

METHODS: Gastric carcinoma cells, MKN-45, were incubated
with CagA-positive H pylori, and cell invasion was determined
by Matrigel analysis. The expression of matrix metallopr-
oteinase-9 (MMP-9), vascular endothelial growth factor
(VEGF), and cyclooxygenase-2 (COX-2) were assessed
by Western-blot analysis, and transcriptional activation
of the COX-2 promoter was examined by measuring
luciferase and -galactosidase activities. Lastly, the protein-
DNA interaction was confirmed by an electrophoretic mobility
shift assay.

RESULTS: The current studies showed that: (1) incubation
of CagA-positive H pylori with MKN-45 cells significantly
promotes gastric cancer cells invasion, and this effect is
attenuated by pre-treatment with NS-398, a COX-2 inhibitor,
or PDTC, a nuclear factor B (NF-B) inhibitor; (2) the
induction of MKN-45 cells invasion by H pylori is associated
with increases in COX-2, MMP-9, and VEGF protein
expression, and co-incubation of NS-398 or PDTC

significantly reduces these effects; (3) H pylori infection
transactivates COX-2 promoter activity and increases the
binding of NF-B to this promoter.

CONCLUSION: Our data demonstrate that H pylori infection
promotes gastric epithelial cells invasion by activating
MMP-9 and VEGF expression. These effects appear to be
mediated through a NF-B and COX-2 mediated pathway,
as COX-2 or NF-B inhibitor significantly attenuate the
invasiveness of gastric cancer cells and the expressions
of MMP-9 and VEGF protein.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Helicobacter pylori (H pylori) is a spiral, microaerophilic, neutralophilic
gram-negative bacterium that colonizes the gastric mucosa
in 25-50% and 70-90% of the population in the developed
and developing countries, respectively[1]. H pylori is believed
to be the major contributing factor to the development of
chronic gastritis and peptic ulcer diseases in human, and
epidemiological and interventional studies in human as well
as in experimental animals strongly suggest that H pylori
infection increases the risk of adenocarcinoma in the distal
stomach[2,3]. Although H pylori has been demonstrated to be
associated with gastric cancer occurrence, whether H pylori
promote gastric cancer cells invasion is still unknown.

Upon bacterial infection, host effectors induced by H pylori
are likely to contribute to gastric carcinogenesis and tumor
invasion. Matrix metalloproteinases (MMPs), a family of
closely related enzymes that degrade extracellular matrix
(ECM), are considered to be important factors in facilitating
tumor invasion and spread[4]. MMPs displays broad and
overlapping substrate specificity and collectively and they
are capable of degrading the major components of ECM.
Furthermore, MMPs are found to play major roles in connective
tissue remodeling during pathologic conditions, such as
cancer and inflammatory disease. Among these MMPs,
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matrix metalloproteinase-9 (MMP-9) has been considered
to be an important factor in facilitating lymphatic invasion
and metastases in early gastric carcinoma[5], and the level
of tissue MMP-9 has been shown to be related to the overall
survival of  patients with gastric carcinoma[6]. Recently,
MMP-9 has been reported to be induced by H pylori through
activation of nuclear factor B (NF-B)[7]. Whether H pylori
can promote gastric cancer cell invasion through MMP-9
is unknown.

Vascular endothelial growth factor (VEGF), the most
well-characterized angiogenic factor, is known to play a major
role in the multistep process leading to the reconstruction
of  normal mucosa architecture. This process is believed to
be mediated through angiogenesis, ensuring an adequate
supply of nutrients to the healing tissue[8]. Moreover, VEGF
also plays a vital role in tumor-associated microvascular
invasion[9]. In human gastric cancers, VEGF has been found
to be over-expressed[10,11], and in a recent study, VEGF
expression has been reported to be upregulated by H pylori
through a cyclooxygenase-2 (COX-2) dependent mechanism
[12]. Whether VEGF contributes to gastric cancer invasion
induced by H pylori infection remains unknown.

Cyclooxygenase (COX), the rate-limiting enzyme in the
conversion of arachidonic acid to prostaglandin H2, is the
main target of non-steroid anti-inflammatory drugs (NSAIDs).
Two isoforms of  this enzyme have been identified: COX-1
is constitutively expressed in most tissues and is involved in the
production of  prostaglandins to maintain normal physiological
functions; and COX-2 is involved in inflammation and has
been shown to be induced by mitogens, cytokines, hormones,
and growth factors. Several recent studies suggested that
COX-2 might be an important factor in carcinogenesis, and
COX-2 inhibitors were shown to possess anticancer effects.
These properties were mediated through the inhibition of
prostaglandins production by COX-2, leading to decreases
in angiogenic factors, and changes in MMP activity[13]. In
human gastric cancer cells, NF-B mediated COX-2 expression
is associated with cell proliferation[14]. Furthermore, H pylori
activates NF-B expression in gastric cancer cells[15].

The present study was undertaken to examine the effect
of H pylori infection on gastric cancer cells invasiveness
and to elucidate its mechanism. Our results suggest that
H pylori may induce the expression of MMP-9 and VEGF
and promote gastric cell invasion through a NF-B-and
COX-2-mediated pathway.

MATERIALS AND METHODS

Cell line
Human gastric carcinoma cell line, MKN-45, was obtained
from American Type Culture Collection (Manassas, VA,
USA). MKN-45 cells were maintained in DMEM medium
containing 10% fetal bovine serum, 100 U/mL penicillin and
100 g/mL streptomycin. On the day of experiment, cells
were refed with fresh medium and co-cultured with H pylori.

Bacterial strain
Cag pathogenicity island-positive H pylori (ATCC 43504)
strain was used in experiments described in this study. Stock
cultures were maintained at -70 ℃ in brucella broth supple-

mented with 30% glycerol. The bacteria were grown at 37 ℃
in 5% horse blood agar plates and in a microaerobic condition.
Cultures were routinely screened for urease activity. For
co-infection studies, H pylori were harvested between 48
and 72 h after inoculation of agar plates, resuspended in
sterile phosphate buffered saline (PBS), and enumerated
by absorbance at 600 nm (1 optical density (A) at 600 nm
= 2.4×108 colony-forming units/mL). MKN-45 cells were
seeded into 65 mm dishes, and H pylori at a multiplicity of
infection 80 were added in the culture.

Cell migration assays
The effect of H pylori infection on cell migration was examined
using the Matrigel Invasion chamber, as suggested by the
manufacturer (BD Bioscience). The lower surface of the
chamber contained a transwell filter (8-m pores), coated
with fibronectin, and vitronectin. MKN 45 cells (1×105)
and H pylori were added to the upper chamber, in the presence
or absence of NS-398, and incubated overnight in a
humidified tissue culture incubator, at 37 ℃, 50 mL/L CO2

atmosphere. The next day, a cotton tipped swab was inserted
into chambers to remove non-invading cells by applying
gentle but firm pressure while moving the tip around the
membrane surface. The cells on the lower surface of insert
chambers were stained with hematoxylin for 10 min, and
the cell number was counted under a microscope (40 to
200× magnifications). The extent of cell invasion was
expressed as fold increases of total number of cells on the
lower surface of chambers in treated over untreated samples.

Western blot analysis
To obtain whole-cell extracts, cells were washed twice with
ice-cold phosphate-buffer saline (PBS), and pelleted by
centrifugation (200 r/min). Cell pellets were then lysed in a
standard RIPA buffer (50 mmol/L Tris-HCl, pH 7.5, 150
mmol/L NaCl, 1.0% NP-40, 0.5% sodium deoxycholate,
and 0.1% SDS), containing protease inhibitors. Protein
concentrations were determined by Bio-Rad assays. Protein
samples were dissolved in the loading buffer (60 mmol/L
Tris-HCl, pH 6.8, 2% SDS, 100 mmol/L dithiothreitol, and
0.01% bromophenol blue), heated to 100 ℃ for 3 min, and
loaded onto the gel in an electrophoresis buffer containing
25 mmol/L Tris-HCl, pH 8.3, 250 mmol/L glycine, and
0.1% SDS. At the completion of electrophoresis, protein
was transferred to a nitrocellulose membrane (Hybond-ECL,
Amersham Life Science). The membrane was incubated in
the blocking buffer (10 mmol/L Tris, pH 7.5, 100 mmol/L
NaCl, 0.1% Tween 20), containing 5% nonfat powdered
milk for 2 h. The membrane was immunoblotted with COX-
2, MMP-9, or VEGF antiserum (obtained from Santa Cruz
Biotech, Santa Cruz, CA, USA). After incubation with the
secondary antibody, the membrane was visualized with
Enhanced Chemiluminescence kit from Amersham.

Transfection and luciferase assay
To examine transcriptional regulation of  COX-2 promoters
by NF-B, MKN-45 cells were transiently transfected with
pMT2-LacZ and COX-2-Luc or phPES2 (KBM)-Luc DNAs,
in the presence of NF-B p65, p50, or control pMT2 plasmid
(kindly supplied by Dr. Gail Sonenshein, Boston Medical
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Center, Boston, MA, USA). The phPES2 (KBM) plasmid
contains a full-length COX-2 promoter in which a putative
NF-B binding site is mutated, as described previously[16].
For luciferase assays, cells were washed twice with PBS
and then lysed in 500 L of lysis buffer following the
manufacturer’s instructions (Analytical Luminescence, San
Diego, CA, USA). To assay luciferase activity, cell lysate
(100 L) was mixed with 100 L of luciferase substrate
solution A (Analytical Luminescence). Using a luminometer
with automatic injection, 100 L of luciferase solution B
was added (Analytical Luminescence) and luciferase activity
was detected as the light emission over a 30-s period.

The -galactosidase activity in 40 L of the cell lysate
was determined after a 5-30-min incubation at 37 ℃ with
2 mmol/L chlorophenol red -galactopyranoside (Boehringer
Mannheim) in 2 mmol/L MgCl2, 0.1 mmol/L MnCl2, 45 mmol/L
2-mercaptoethanol, and 100 mmol/L NaHPO4, pH 8.0. The
reactions were terminated by adding 500 L of  0.5 mol/L
EDTA, pH 8.0, and the absorbance at 570 nm was measured
using a spectrophotometer. With each experiment, the luciferase
activity was determined in duplicate and normalized to the
-galactosidase activity for each dish.

Electrophoretic mobility shift assay
Nuclear extracts were prepared using Nuclear Extract kit (Active
Motif, Carlsbad, CA, USA). A double-strand oligonucleotide
(5’-AGTTGAGGGGACTTTCCCAGGC-3’), corresponding
to the putative NF-B binding domain on the COX-2
promoter was synthesized and was labeled with [-32P] ATP
(3 000 Ci/mmol at 10 mCi/mL) using a T4 polynucleotide
kinase. Nuclear protein (1 g) was incubated in a buffer
containing 20% glycerol, 5 mmol/L MgCl2, 2.5 mmol/L
EDTA, 2.5 mmol/L DTT, 250 mmol/L NaCl, 50 mmol/L
Tris-HCl (pH 7.5), 0.25 mg/mL poly (dl-dC)·poly (dl-dC),
for 10 min at room temperature, and 32P-labeled NF-B
oligo was added to each reaction and incubated for additional
20 min. Samples were subjected to electrophoresis at room
temperature on a 4% acrylamide gel at 25 mA using 0.5×
TBE buffer. The gels were dried at 80 ℃ for 2 h and
exposed to radiography film at -70 ℃.

Immunohistochemical studies
To further investigate the role of  MMP-9 and VEGF in
gastric cancer invasion, the expression of these two proteins
were examined in H pylori-positive gastric cancer tissues.
Tissue sections from gastric cancer were de-paraffinized,
rehydrated, and immersed in 3% hydrogen peroxide–
methanol solution for 10 min at room temperature to inhibit
endogenous peroxidase activity. The sections were then
incubated with unmasking solution (0.01 mol/L citrate buffer
pH 6.0), heated for 10 min. The sections were allowed to
cool down to room temperature and washed twice in PBS
buffer for 5 min. The sections were pre-incubated with
diluted normal serum for 10 min, and then incubated with
1:40 mouse anti-MMP-9 monoclonal antibody (Novocastra
Lab. Ltd, Newcastle, UK), 1:100 rabbit anti-VEGF polyclonal
antibody (Zymed Lab. Inc., South San Francisco, CA, USA),
or 1:40 mouse anti-COX-2 monoclonal antibody (Cayman
Chemical Co., Ann Arbor, MI, USA) for 1 h at room
temperature. The sections were washed in PBS for 5 min

twice, and incubated with appropriate biotinylated secondary
antibody. After washing in PBS for 5 min twice, the slides
were incubated with ABC reagents, followed with DAB or
other suitable peroxidase substrates. The sections were
counterstained with hematoxylin for 30 s, washed, dried,
and mounted.

RESULTS

H pylori infection promotes gastric cancer cells invasion
In vivo tumor invasion includes not only migration process, but
also adhesion, proliferation and angiogenesis, etc., dissociation
of in vitro assay for tumor cell invasion (migration) with in
vivo tumor invasion might exist. However, similar migration
assay to assess tumor cell invasion has been used by several
articles published recently[17].

We used Matrigel invasion chamber to examine whether
H pylori infection induces gastric cancer cells invasion and
to determine the effect of  COX-2 inhibitor on this process.
MKN-45 cells were incubated with H pylori in the presence
or absence of  COX-2 inhibitor, NS-398 (100 ng/mL). As
illustrated in Figure 1A co-infection with H pylori induced a
2.5 fold increase in MKN-45 cells migrated through
Matrigel-coated filters, indicating that H pylori promoted
gastric cancer cells invasion. The COX-2 inhibitor, NS398,
significantly reduced cell invasion in H pylori stimulated, but
not in untreated cells. This result suggested that H pylori
induced gastric cancer cells invasion was, in part, mediated
through a COX-2-dependent mechanism.

To examine the effect of  NF-B on the migration of
MKN-45 cells, cells were incubated with H pylori in the
presence or absence of NF-B inhibitor, (pyrrolidine
dithiocarbamate (PDTC), 0.1 mol/L, purchased from
Sigma Chem, St. Louis, MO, USA). As illustrated in Figure 1B
the effect of H pylori infection on gastric cancer cells migration
was completely abolished by NF-B inhibitor, suggesting a
potential involvement NF-B in this process. The representative
microscopic photos of stained cells treated with H pylori in
the presence or absence of  COX-2 inhibitor were shown in
Figures 1C-E.

H pylori infection induces MMP-9 and VEGF expression
Several proteins, including MMP-9 and VEGF, have been
reported to play an important role in tumor invasion. The
effects of H pylori on the expression level of MMP-9 and
VEGF were examined in MKN 45 cells after co-infection
with H pylori for a different period of time. The induction
of VEGF protein expression was noticeable within an hour
after H pylori infection and reached the highest level in 24 h
(Figure 2A). Although the increment of MMP-9 level after
H pylori infection was smaller than that of VEGF, a significant
increase was observed at 24 h (Figure 2A).

COX-2 and NF-B inhibitors reduce MMP-9 and VEGF

expressions
Recent studies showed that COX-2 inhibitor reduced the
release of  MMP and COX-2-induced MMP-9 expression[18,19].
Therefore, we examined whether the activation of MMP-9
and VEGF by H pylori infection was also dependent on
COX-2 expression. The MKN-45 cells were co-cultured



with H pylori for 24 h in the presence or absence of  a COX-
2 inhibitor, NS-398, and our results showed that co-culture
with H pylori resulted in a time-dependent increase in COX-2
protein concentration in MKN-45 cells (Figure 2B). Moreover,
NS398 significantly reduced the expression levels of  COX-2,
MMP-9, and VEGF, induced by H pylori in MKN-45 cells
at 24 h (Figure 3A). These data suggest that the induction
of MMP-9 and VEGF by H pylori is mediated through a
COX-2-dependent mechanism.

To examine whether activations of  MMP-9 and VEGF
by H pylori infection were also dependent on NF-B
expression, MKN-45 cells were co-cultured with H pylori
for 24 h in the presence or absence of a NF-B inhibitor,
PDTC. As demonstrated in Figure 3B, the effects of H pylori
on COX-2, MMP-9, and VEGF expression were significantly
reduced by PDTC. These results suggest that the induction
of  COX-2, MMP-9, and VEGF by H pylori is also NF-
B-dependent.

Induction of MMP-9 and VEGF by H pylori infection depends

on a NF-B-mediated COX-2 activation
A previous study has shown that NF-B regulated COX-2
expression and affected cell proliferation in human gastric
cancer cells[14]. We hypothesize that the induction of  MMP-9
and VEGF by H pylori is associated with NF-B mediated

COX-2 expression. To investigate this hypothesis, we first
examined the effect of  NF-B on COX-2 promoter activities
in MKN45 cells. As illustrated in Figure 4A co-transfection
with NF-B p65 or p50 plasmid DNA significantly enhanced
COX-2 promoter activity, and the induction was completely

Figure 1  Effects of H pylori infection, a cox-2 (NS398), or a NF-B inhibitor
(PDTC) on gastric cancer cell invasion. A: MKN-45 cells were treated with
H pylori in the presence or absence of NS398. Cells on the lower surface of
insert chamber were stained with hematoxylin for 10 min and counted under
microscope with 200× magnifications. Data are presented as mean±SD of three

separate experiments (P<0.05); B: MKN-45 cells were treated with H pylori in
the presence or absence of PDTC (P<0.05); microscopic photos of stained
migration cells: C: control; D: with H pylori; E: with H pylori and NS-398; F:
control; G: with H pylori; H: with H pylori and PDTC.

Figure 2  H pylori infection increases MMP-9, VEGF, and COX-2 expressions
in gastric epithelial cell. MKN-45 gastric cancer cells were incubated with H pylori
for 0-24 h and total cellular protein was extracted for Western blot analysis for the
expression of A: MMP-9 and VEGF and B: COX-2 proteins. The blots were
stripped and probed with -act in to document equal protein loading. The
experiment was performed for thrice with similar results.
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abolished in phPES2 (KBM) construct where a putative NF-B
binding domain was mutated. Furthermore, the interaction
between NF-B and COX-2 promoter was also enhanced
by H pylori infection in MKN-45 cells (Figure 4B).

High level of MMP-9 and VEGF expression in gastric cancer
tissues with H pylori infection
To investigate whether these observations were also present
in vivo, we randomly selected six gastric cancer patients (three
cases with H pylori infection, confirmed by Giemsa stain and
CLO test; three cases without H pylori infection) and examined
the expression of  COX-2, MMP-9, or VEGF protein in the

surgical specimens. The immunostain of  COX-2 (Figures 5A
and B), MMP-9 (Figures 5C and D), or VEGF (Figures 5E
and F) was located predominantly on the surface epithelial
cells, and the intensity was more abundant in H pylori-
positive than H pylori-negative tissue samples (Figure 5).

DISCUSSION

Gastric cancer is one of the most common malignancies in
the world, especially in Eastern Asia. Although the incidence
of  gastric carcinoma is declining in Western countries, gastric

Figure 3  Effect of COX-2 or NF-B inhibitor on COX-2, MMP-9, or VEGF protein
level in MKN-45 cells. A: Cells were cultured in the presence or absence of H pylori
and NS398 for 24 h, and cellular protein was extracted and subjected to Western
blot analysis; B: MKN-45 cells were treated with or without PDTC and in the
presence or absence of H pylori for 24 h. The experiments were repeated on at
least three occasions, and the results were identical to these presented here. All
blots were stripped and probed with -actin to check for equal protein loading.

Figure 4  A: Transactivation of COX-2 promoter by NF-B. MKN-45 cells were
transiently transfected with full-length COX-2 promoter (Black bar), or mutated
COX-2 construct, phPES2 (KBM), where the putative NF-B binding domain
was mutated (open bar), in the presence of p65, p50, or control vector (pMT2)
plasmid. Luciferase and -galactosidase activities were performed 48 h after
transfection. (n = 4, P<0.05); B: Binding of nuclear NF-B to COX-2 promoter
DNA in MKN-45 cells. Nuclear protein was extracted from cells cultured in the
absence (lane 2), or presence (lane 3) of H pylori. The protein-DNA interaction
bands were shown as (→). Lane 1 showed free probe only.

Figure 5  Immunohistochemical detection of COX-2, MMP-9, and VEGF in
gastric cancer tissues. The serial sections of gastric cancer surgical specimens
were stained with anti-COX-2 (A and B), anti-MMP-9 (C and D) , and anti-VEGF
(E and F) antibodies. Sections were counterstained with hematoxylin. The

immunoreactivities of COX-2, MMP-9 and VEGF are predominantly detected in
the cytoplasm of the tumor cell. Tissues in A, C, and E are from H pylori-positive
patients, whereas, sections in B, D, and F are from H pylori-negative individuals.
(Magnification: A-F: 400×).
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cancer remains the leading cause of cancer death worldwide.
Current strategies to reduce mortality from this disease focus
on early detection of gastric cancer or its precursor lesions
by endoscopic screening. There is an increasing interest in
the use of drugs to prevent the occurrence or the invasion
of gastric cancers. Epidemiological studies have shown that
NSAIDs decrease the risk of gastrointestinal carcinomas[20].
However, the mechanisms by which NSAIDs inhibit neoplastic
growth are not fully elucidated[21,22].

The involvement of  COX-2 in carcinogenesis has been
shown in many epidemiological, animal and clinical studies.
Individuals who took NSAIDs regularly had a markedly
reduced risk of  developing colon cancer[13], and COX-2
inhibitors have been proved to be effective in suppressing
tumor progression both in vitro and in vivo in nude mice[21].
The anti-tumor effect of  COX-2 inhibitors was attributed
to their ability to induce apoptosis and inhibit tumor cell
proliferation and angiogenesis. COX-2 inhibitors have also
been illustrated to prevent tumor invasion in colon cancer,
hepatocellular carcinoma[22], and lung cancer[23]. There is little
evidence that COX-2 inhibitors may prevent gastric cancer
invasion, although gastric cancers have been shown to over-
express COX-2 protein[24].

In the present study, we found that H pylori infection
promoted gastric cancer cells invasion and a COX-2 specific
inhibitor significantly attenuated this process. Furthermore,
the induction of gastric cancer cells invasion is associated
with an increase in COX-2, MMP-9, or VEGF protein level,
and these effects were also attenuated by a COX-2 inhibitor,
suggesting a potential role of  MMP-9 or VEGF in this process.
In MKN-45 cells, H pylori infection enhanced nuclear NF-
B activity and transactivated COX-2 promoter. In addition,
the induction of MMP-9 and VEGF by H pylori was suppressed
by a NF-B inhibitor. These data indicate that H pylori-
induced MMP-9 and VEGF expressions in MKN-45 cells
are mediated through the interaction of  NF-B on the COX-
2 promoter. These results also support an important role
of  COX-2 in gastric cancer cells invasion.

Lim et al[14], have recently shown that inhibition of NF-
B results in inhibition of  COX-2 expression and
proliferation of  gastric cancer cells. These data suggest NF-
B may play an important role in gastric cancer proliferation
via COX-2 expression. Recently, Callejas et al[17], reported that
COX-2 expression promotes the release of  MMP-9 in fetal
rat hepatocytes, and Caputo et al[12], also revealed that H
pylori induce VEGF expression in MKN-28 gastric epithelial
cells through a COX-2 dependent mechanism. Furthermore,
Li et al, reported that COX-2 increased the angiogenic and
metastatic potential of tumor cells by activation of VEGF in
human transitional cell carcinoma cell line, and the effect on
invasiveness could be reversed by COX-2 inhibitors[25-27].

Compared with previous studies, we have found several
interesting points. In Figure 1 PDTC attenuated cell invasion
completely, NS-398 only partially inhibited, suggesting that
NF-B could induce cell invasion not only through COX-2,
but also through other pathways. One of the possibilities was
through direct activation of VEGF expression. In Figure 3
we found that the inhibition of  COX-2 by NS-398 attenuated
MMP-9 expression to the control level, but it did not attenuate
VEGF expression completely. On the other hand, the inhibition

of NF-B by PDTC inhibited both MMP-9 and VEGF
expression to the control levels. These results suggest that
MMP-9 expression is dependent on COX-2 pathway, while
VEGF expression might be independent of  COX-2 pathway.
These observations might explain why NS-398 only partially
attenuated cell invasion.

The activation of NF-B by H pylori has been described
by several groups[15,28,29]. Mori et al[7], reported that H pylori
induced NF-B activation and stimulated MMP-9 expression.
In the present study, we have observed that H pylori infection
in gastric cancer cells induced MMP-9 protein level and
the increase was attenuated by either a NF-B inhibitor or
a COX-2 inhibitor. These data suggested that the expression
of MMP-9 in H pylori-infected cells is mediated by a direct
activation NF-B, or through a COX-2 mediated pathway.
This conclusion is supported by a recent report showing that
MMP-9 promoter contains several putative NF-B binding
sites, and its transcription requires the activation of NF-B.

Infection with H pylori affects more than 50% of the
world population; some patients exhibit a progression
through chronic atrophic gastritis to cancer, others develop
peptic ulcer, but most do not exhibit either disease[30]. It is
believed that different pathogens, host and environmental
factors may lead to variable outcomes. In this study, we
suggest that the induction of  MMP-9 and VEGF proteins
by H pylori can be considered part of a host response to
accelerate an oncogenic progression via disruption of epit-
helial organization or increased invasion. The identification
of H pylori-specific signaling pathways leading to the gastric
cancer cells invasion will add to our understanding of the
mechanism of H pylori-associated gastric carcinogenesis and
the potential use of therapeutic agents in preventing H pylori-
associated gastric cancer.

In summary, we have demonstrated that H pylori promote
gastric epithelial cells invasion by activating the expression of
MMP-9 and VEGF, and these effects are attenuated by a
COX-2 or a NF-B inhibitor. Moreover, H pylori infection
induces nuclear NF-B binding activity to the COX-2 promoter,
and the activation of  COX-2 promoter is abolished when the
NF-B binding site is mutated. These data suggest that the
promotion of gastric cancer cells invasion by H pylori infection
appears to be mediated through a NF-B and COX-2 mediated
pathway. Therefore, we proposed a model of H pylori-induced
gastric cancer cell invasion as shown in Figure 6.

Figure 6  The schematic presentation of proposed mechanism of H pylori promote
gastric epithelial cells invasion.
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