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Abstract. – OBJECTIVE: H. pylori is the most
important risk factor for gastric carcinoma. Ca-
gA-positive H. pylori is associated with an in-
creased risk for gastric cancer compared with
negative strains. RUNX3 is a tumor suppressor
gene, which is related to the genesis of gastric
cancer. ββ-catenin is integrated with E-cadherin in
the cell membrane, and aberrant expression of
the complex was reported in gastric carcinoma.
Aim of this paper is to determine of the relation
between RUNX3, E-cadherin and ββ-catenin in
chronic gastritis associated with cagA-positive
H. pylori infection.

PATIENTS AND METHODS: Retrospective
study was done on formalin fixed paraffin em-
bedded gastric biopsies blocks of 90 patients di-
agnosed as H. pylori associated chronic gastri-
tis. H. pylori was detected using modified Giem-
sa stain. Nested PCR was used for detection of
cagA, reverse transcription-PCR for detection of
RUNX3 and immunohistochemistry for detection
of E-cadherin and ββ-catenin.

RESULTS: Fifty percent of cases were found
to be cagA positive. CagA was significantly as-
sociated with the intensity of mononuclear in-
flammation, the intensity of neutrophilic inflam-
mation, the degree of mucosal atrophy and loss
of RUNX3 but not with the density of H. pylori,
intestinal metaplasia, E-cadherin or ββ-catenin.
There was significant relation between loss of
RUNX3 and increasing density of H. pylori, in-
tensity of neutrophilic inflammation, mucosal
atrophy and intestinal metaplasia. RUNX3 was
found to be significantly correlated with E-cad-
herin but not with ββ-catenin. E-cadherin showed
decreased expression in 36.7% of biopsies
while, ββ-catenin was decreased in 33% of biop-
sies. 

CONCLUSIONS: Loss of RUNX3, E-cadherin
and ββ-catenin was considered early events in the
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Introduction

It was established that infection with Heli-
cobacter pylori is one of the strongest gastric
cancer risk factors1. Recently, it was found that
patients with chronic gastritis caused by Heli-
cobacter pylori infection have a threefold greater
risk of gastric cancer development compared
with those without H. pylori infection2. Further-
more, treatment of H. pylori infection by antibi-
otics could decrease the risk of gastric cancer.
However, while the carcinogenic role of H. py-
lori is now widely accepted, the underlying
pathogenetic mechanism remains to be clarified3.

The most widely studied H. pylori virulence
factor is the cagA antigen (cytotoxin-associated-
gene), a 96-to 138-kDa protein. The cagA gene,
found on a genomic region called the cag patho-
genicity island (PAI), is considered as a marker
for enhanced virulence4. The PAI regulates a type
IV secretion system that releases the bacterial
virulence factor cagA into the gastric epithelial
cells5. There is increased risk of gastric cancer
development with infection by cagA-positive H.
pylori strains compared with infection by cagA-
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negative strains6. The cagA acts on different cel-
lular proteins, resulting in different actions such
as actin rearrangement, decreased cell adhesion
and inflammation, which are associated with H.
pylori-mediated gastric carcinogenesis7.

RUNX3 (Runt-related transcription factor 3) is
a transcription factor which controls lineage-spe-
cific gene expression in developmental processes
and is associated with the genesis of different
types of cancers. H. pylori cagA downregulates
RUNX3 expression in the gastric epithelium8.
RUNX3 is expressed in glandular stomach ep-
ithelium, and loss of RUNX3 expression is asso-
ciated with the development of gastric carcinoma
and related to tumor differentiation, metastasis
and dismal prognosis of gastric cancer9

. The tu-
mor suppressor functions of RUNX3 are elicited
by adjusting the expression of many genes asso-
ciated with the mitosis, apoptosis, differentiation,
angiogenesis and cell-cell adhesion11-14.

E-cadherin (epithelial-cadherin) is transmem-
brane glycoprotein that has an important role in
intercellular adhesion of epithelial cells. The
function of E-cadherin depends on the catenin
family (α-catenin, β-catenin and γ-catenin). β-
catenin is the key factor in the Wnt pathway that
plays important roles in cell differentiation, mi-
gration and proliferation. Normally, β-catenin is
integrated with E-cadherin in the membrane, and
they form a complex that mediates homocellular
adherence. Aberrant expression of proteins in the
complex has been reported in some epithelial
cancers including gastric carcinoma15,16. It is pos-
tulated that changes of the proteins in the com-
plex may inhibit glycogen synthase kinase 3
(GSK-3)-mediated phosphorylation of β-catenin,
allowing it to translocate from the membrane to
the nucleus where it combines with TCF/LEF (T-
cell factor/Lymphoid enhancer-binding factor),
interacts with transcription factors, regulates
gene transcription, and consequently induces cell
proliferation and even tumor formation17. More-
over, It was found that activation of β-catenin
signaling pathways are required for the susten-
tion of the epithelial-mesenchymal transition
(EMT)18. EMT is a complex process which pro-
vides the immotile epithelial cells with migratory
and invasiveness capacity by converting them in-
to cells with a motile mesenchymal cell pheno-
type. EMT also increases cell resistance to apop-
tosis, thus, contributing to cancer progression19-21.
The Wnt/β-catenin signaling pathways decreases
the epithelial marker E-cadherin while increases
the mesenchymal marker vimentin22-24. EMT pro-

vides tumor cells with a characteristic advantage
for metastatic dissemination, and also it provides
those cells with cancer stem cell-like characters
for proliferation and drug resistance9. It was
found that cagA can activate β-catenin through
destabilizing E-cadherin/β-catenin complexes,
leading to induction of intestinal metaplasia of
gastric epithelial cells25,26.

Recently, it was confirmed that the decreased
expression of RUNX3 is also associated with nu-
clear translocation of β-catenin which induces
cell proliferation27. However, the effects of cagA-
positive H. pylori infection on RUNX3/ E-cad-
herin/ β-catenin pathway in gastric epithelium
have not been fully elucidated28. Therefore, this
study was carried out to determine the relation
between RUNX3, E-cadherin and β-catenin in
chronic gastritis associated with cagA-positive H.
pylori infection.

Patients and Methods

This investigation was done from Jan 2011 to
Dec 2014. The study included all patients diag-
nosed as H. pylori associated chronic gastritis at
Al Burg Pathology lab, Al-Madinah Al-Mon-
awarah, KSA during this period. Sections from
formalin fixed paraffin embedded gastric biop-
sies blocks were stained with Harris hematoxylin
and eosin for histological evaluations29. Classifi-
cation and grading of gastritis were based on Up-
dated Sydney System30,31. H. pylori was detected
using modified Giemsa stain32 (Kwik-Diff stain
kit, Thermo Scientific, Cat No. 9990702). Nested
PCR was chosen to detect the presence of the ca-
gA gene. Reverse transcription-PCR was selected
to detect RUNX3 gene. Immunohistochemical
methods were used for the detection of E-cad-
herin and β-catenin.

DNA Extraction From Paraffin Embedded
Gastric Tissue

One to three µm thick paraffin sections were
placed on positive slides. Sections were dewaxed
by incubation with xylene at 65°C for 20 minute,
followed by washing in 500 µl 100% ethanol. A
200 µl proteinase K buffer (500 µg/ml proteinase
K (Gibco, Gaithersburg, MD, USA), 50 mM
Tris/HCl, pH 7.4, and 5 mM EDTA, pH 8) was
used for lysis. Then phenol/chloroform was used
for nucleic acid extraction, which was precipitat-
ed with 300 mM sodium acetate and iso-
propanol33.
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Figure 1. Polymerase chain reaction final amplification
product of Helicobacter pylori cagA. M indicates molecular
size standard (DNA ladder). Lanes 1 through 5: H. pylori
cagA positive (298 bp); lane 6: negative control.

Figure 2. Polymerase chain reaction amplification product
of RUNX3. M indicates molecular size standard (DNA lad-
der). Lanes 1 through 8: RUNX3 positive (151 bp); lane 9:
negative control.

Immunohistochemistry of E-cadherin,
and ββ-catenin

Immunohistochemistry was used for the detec-
tion of E-cadherin and β-catenin. The used pri-
mary antibodies were anti-E-cadherin (Ventana
Medical Systems, Tucson, AZ, USA, Catalog
Number: 790-4497) and anti-β-catenin (Ventana
Medical Systems, USA, Catalog Number: 760-
4242), monoclonal IgG antibodies. An indirect,
biotin-free system was used for detecting the pri-
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Nested Polymerase Chain Reaction
Amplification of cagA gene

Nested PCR was chosen as a sensitive and spe-
cific method to detect the presence of the cagA
gene. Primers were selected based on the se-
quences of the cagA genes (MWG-Biotech, Ebers-
berg, Germany). The first amplification was per-
formed with cagA1, the sense primer (5’-TG-
GCAGTGGGTTAGTCATAGCAG-3’), and ca-
gA1, the antisense primer (5’-AG-
GACTCTTGCAGGCGTTGGTG-3’), in a 15
µL reaction mixture containing 1.5 µL of 10 ×
PCR buffer (Roche; 25 mM MgCl2, 100 mM
Tris/HCl, and 500 mM KCl; pH 8.3 at 20°C), 5
pmol of each primer, 10 ng of DNA, 200
µmol/L aliquots of each dNTP; 1 mM (Roche,
Penzberg, Germany), and 1 unit of Taq poly-
merase; 5 units/ml (Roche, Penzberg, Germany),
resulting in a 481-base pair DNA fragment. For
the second amplification, 2 µL of the primary
amplification product was used in a 15 µL reac-
tion mixture with cagA2, the sense primer (5’-
ATAATGCTAAATTAGACAACTTGAGCGA-
3’), and CagA2, the antisense primer (5’-TTA-
GAATAATCAACAAACATCACGCCAT-3’).
Both PCR amplifications consisted of 35 cy-
cles of denaturation at 94°C for 30 s, annealing
at 55°C for 30 s, and elongation at 72°C for 30
s. The final amplicon (expected size, 298 base
pairs) was analyzed by electrophoresis on a
2% agarose gel33 (Figure 1).

RNA Isolation and Reverse 
Transcription-PCR of RUNX3 Gene

Total RNA was extracted using a commercially
available kit (Easy-Blue, Intron, Seongnam, South
Korea). The RT reaction was performed using 1 µg
of total RNA with SuperScript III First-strand cD-
NA Synthesis Kit (Invitrogen, Carlsbad, CA,
USA). The following primer sets were used: 5’
TCTGCTCCGTGCTGCCCTCGCACTG-3’ and
5’ AGGCATTGCGCAGCTCAGCGGAGTA-3’
for RUNX3 (151 bp). Amplification was carried
out in a 15 µL reaction volume containing 0.1 µg
of cDNA and 1.5 µL of 10 × PCR buffer with 20
mmol/L MgCl2, 3 µL of a GC-rich solution, 5
pmol of each primer, 200 µmol/L aliquots of each
dNTP, and 1 unit of Fast start Taq DNA poly-
merase. PCR was performed in the PCR Thermal
Cycler with an initial denaturation at 95°C for 5
min, followed by 30 cycles of 95°C for 1 min,
62.3°C for 1 min, 72°C for 1 min and a final exten-
sion at 72°C for 7 min. The PCR product was sepa-
rated on a 3% agarose gel4 (Figure 2).
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They belonged to 66 males and 24 females with
mean age 36.5 ± 9.686 (range 16-54 years).

Nested PCR was used for detection of the ca-
gA gene. Forty five cases were found to be cagA
positive (50%). Table I showed the relation be-
tween cagA and the different studied parameters.
The mean age of cagA positive patients was
38.87 years compared with 34.13 years for cagA
negative patients. The difference was statistically
significant (p = 0.02). On the other hand there
was no relation between cagA and sex of patients
(p = 1.00). On studying the relation between ca-
gA and the different histopathological findings,
cagA was found to be associated with the intensi-
ty of mononuclear inflammation (p = 0.007), the
intensity of neutrophilic inflammation (p =
0.001) and the degree of mucosal atrophy (p =
0.000). However, there was no relation between
cagA and the density of H. pylori (p = 0.176) or
intestinal metaplasia (p = 0.118). RUNX3 (p =
0.046) but neither E-cadherin (p = 0.662) nor β-
catenin (p = 0.263) were found to be associated
with cagA.

Reverse transcription PCR were used for de-
tection of RUNX3 RNA. As Table II showed,
there was no significant relation between
RUNX3 and the age (p = 0.143) or the sex (p =
1.00) of patients. On the other hand, there was
significant relation between loss of RUNX3 and
increasing density of H. pylori (p = .003), inten-
sity of neutrophilic inflammation (p = 0.002),
mucosal atrophy (p = 0.036) and intestinal meta-
plasia (p = 0.000). However, although there was
increasing of intensity of mononuclear inflamma-
tion with loss of RUNX3 the difference did not
reach statistical significance (p = 0.059). RUNX3
was found to be significantly correlated with E-
cadherin (p = 0.040) but not with β-catenin (p =
0.263).

Both β-catenin and E-cadherin were detected
using IHC (Figure 4). Regarding E-cadherin thir-
ty three biopsies (36.7%) showed decreased ex-
pression. As table III showed decreased E-cad-
herin was significantly associated with younger
age (p = 0.027) and female gender (p = 0.000). It
was also significantly associated with intensity of
mononuclear inflammation (p = 0.003). Howev-
er, there was no significant relation between de-
creased E-cadherin and the other studied
histopathological factors. On the other hand β-
catenin showed decreased expression in thirty
biopsies (33%). There was an association be-
tween decreased β-catenin and intensity of neu-
trophilic inflammation (p = 0.001). However, no

mary antibodies (ultra View Universal DAB De-
tection Kit Ventana Medical Systems, Germany,
and Catalog Number: 760-500). Briefly, 4 µ-
thick paraffin sections were placed on positive
slides. Sections were deparaffinized using xylene
and rehydrated in descending concentrations of
ethanol. Endogenous peroxidase activity was
blocked by incubating sections with 3% H2O2 for
20 min. Antigen retrieval was done by microwav-
ing sections for 15 min in 10 mM citrate buffer
pH 6.0, then cooling sections for 30 min at room
temperature. Nonspecific binding were blocked
with 1% bovine serum albumin for 30 min, fol-
lowed by incubation of sections with the primary
antibodies overnight at 4°C. Immunohistochemi-
cal staining was performed using the Ventana
320 ES automated immunostainer (Ventana Med-
ical Systems, Tucson, AZ). Mayer’s hematoxylin
was used as counterstain. Normal gastric tissues
were considered positive controls. Negative con-
trol was accomplished by using phosphate
buffered saline (PBS), instead of the primary an-
tibody34.

Interpretation of Immunostaining
A semi quantitative estimation of E-cadherin

and β-catenin expression was made, using a
combined score done by adding the values of the
intensity of immunoreaction and the quantity of
immunoreactive cells34. Briefly, the intensity of
immunoreaction was graded from 0 to 3: 0 for
absence of staining, 1 for cytoplasmic staining, 2
for mixture of both normal and abnormal staining
areas, and 3 for membranous staining. The quan-
tity of positive cells was graded from 0 to 4: 0:
for positive cells < 5%, 1: 5-25%, 2: 26-50%, 3:
51-75%, 4: 76-100%. The combined score 6 or 7
was considered preserved expression. The scores
between 0 and 5 were considered decreased ex-
pression.

Statistical Analysis
Statistical analysis was done using SPSS soft-

ware (version 17.0, SPSS Inc., Chicago, IL,
USA). The correlation between two variables
was evaluated using chi-square, Fisher’s exact
and Student t-tests, where p ≤ 0.05 was consid-
ered significant.

Results

This study included 90 patients with H. pylori
associated chronic active gastritis (Figure 3).
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significant relation was detected between de-
creased β-catenin and the other variables (Table
IV). E-cadherin and β-catenin were found to be
significantly related to each other (p = 0.002). 

Discussion

H. pylori infection is prevalent in Saudi Ara-
bia. In one study conducted at Makah the preva-
lence of H. pylori infection in the healthy indi-
viduals was 51%, and reaches up to 61% as the
age advances35. The prevalence rates rises up to
60-88% in patients with gastrointestinal dis-
eases36-39. Many studies assumed that the different
infection rates of H. pylori as well as the inci-
dence and/or severity of H. pylori-related gastric
diseases may be partly related to the different
distribution of H. pylori virulence factors among
different countries40,41. The most important deter-
minant factor is the cag island. It is 40 kb, con-

taining 31 genes. CagA, the terminal gene of the
island was considered a marker for the entire lo-
cus42.

In the current study the prevalence of the viru-
lence factor cagA was 50%. This result was dif-
ferent from other previous studies in different ar-
eas. For example in one study conducted in
Egypt the prevalence of cagA was 62.2%. It was
40% in non-ulcer dyspepsia, 66.7% in peptic ul-
cer and 89% in gastric cancer. They used ELISA
for detection of anti-cagA antibodies43. In
Tunisian patients suffering from gastritis, peptic
ulcer, gastric carcinoma and MALT lymphoma,
the prevalence of cagA was 61.6%. H. pylori was
first cultured and cagA was detected using
PCR44. In one study carried out in Cyprus the
prevalence was 41.5%45 and in another study in
Brazil it was only 29.6%42. The prevalence of ca-
gA in Colombian patients was 71%46. Differ-
ences in results not only related to the geographic
distribution of different studies but also to the

Figure 3. Chronic active H. pylori associated gastritis. a, Intense infiltration of the gastric glands and the lamina propria
by neutrophils. A pit microabscess appeared in the center of the section (black arrow) (H&E × 400). b, Severe mononeu-
clear inflammation of the mucosa and the lamina propria (H&E × 40). c, Gastric glands with intestinal metaplasia and mod-
erate glandular atrophy (H&E × 200). d, Numerous H. pylori bacilli were observed in the lumen of a gastric pit (red arrow)
(Kwik-Diff × 400). 
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method used for detection of the virulence factor.
The highest prevalence of cagA positive strains
was found in studies used ELISA for detection of
the cagA compared with those using PCR. This
is attributed to the presence of circulating anti-
bodies for a long period even after eradication of
infection47. Moreover, DNA extraction from iso-
lates obtained from colonies of H. pylori grown
in culture can lead to different results compared
to a technique that performs extraction directly
from gastric biopsy speci mens48. Direct PCR
from biopsy specimens tends to show less preva-
lence of cagA, especially when bacterial density
is low. The difference of results may be also re-
lated to the different types of studied diseases
ranged from gastritis to peptic ulcer and gastric
carcinoma49. Bearing in mind that our study in-

cluded only patients with chronic gastritis and
cagA was detected using PCR with DNA extract-
ed directly from paraffin sections of gastric tis-
sues, the 50% prevalence of cagA is considered
relatively high. 

The current study showed that cagA positive
strains tend to infect older patients (p = 0.02).
However, there was no relation detected be-
tween cagA and sex of patient (p = 1.00).
Queiroz et al47 revealed that colonization by ca-
gA positive strains seems to increase with age.
They suggested that this susceptibility may be
related to the different expression of adhesion
molecules in the gastric mucosa,  which
changes over time. They also noted that cagA
positive H. pylori was more prevalent in adults
compared with children. 

cagA

Variable -ve +ve p value Significance

Age
Mean (± std) 34.13 (9. 5) 38.87 (9. 38) 0.02 S

Sex
Male 33 33 1.00 NS
Female 12 12

Density of H. pylori
Mild 18 15 0.176 NS
Moderate 24 21
Severe 3 9

IMI
Mild 15 6 0.007 S
Moderate 24 21
Severe 6 18

INI
Mild 21 6 0.001 HS
Moderate 9 24
Severe 15 15

Atrophy
Mild 24 3 0.000 HS
Moderate 21 33
Severe – 9

Metaplasia
-ve 42 36 0.118 NS
+ve 3 9

RUNX3
-ve 18 27 0.046 S
+ve 27 18

E-cadherin
Decreased 15 18 0.662 NS
Preserved 30 27

β-catenin
Decreased 12 18 0.263 NS
Preserved 33 27

Table I. The relation between cagA and the different studied variables.

IMI: intensity of mononuclear inflammation, INI: intensity of neutrophilic inflammation, S: significant, HS: highly significant,
NS: not significant.
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Several previous studies revealed that severe
gastritis, glandular atrophy and intestinal meta-
plasia are considered risk factors for the develop-
ment of gastric carcinoma. It was presumed that
the steps for developing gastric adenocarcinoma
could be chronic gastritis, mucosal atrophy, in-
testinal metaplasia, followed by dysplasia and fi-
nally adenocarcinoma48. Our study showed that
cagA is associated with the severity of gastritis.
There was a relation between cagA and the inten-
sity of mononuclear inflammation (p = 0.007),
the intensity of neutrophilic inflammation (p =
0.001) as well as the degree of mucosal atrophy
(p = 0.000). However, no relation was detected
between cagA and the density of H. pylori (p =
0.176) or intestinal metaplasia (p = 0.118). Our
results were in concordance with other studies.
For example, Umit et al. revealed a significant re-
lationship between chronic inflammation and ca-

gA-positive strains in gastric cardiac biopsies.
They also found a significant relationship be-
tween cagA and neutrophilic inflammation and
mucosal atrophy, but not with density of H. py-
lori, the degree of chronic inflammation, or
metaplasia in the antrum specimens49. Nogueira
et al50 also detected association between cagA
positive genotype and higher degrees of lympho-
cytic and neutrophilic infiltrates and atrophy.
However, in contrast with our results they found
association between cagA and both H. pylori
density and intestinal metaplasia. Prinz et al51 al-
so correlated cagA with activity and chronicity of
gastritis.

These results may be attributed to the relation
between cag island and the release of pro-inflam-
matory cytokines from gastric epithelial cells.
Several previous studies revealed that there are
different genes within the cag island are respon-

RUNX3

Variable -ve +ve p value Significance

Age
Mean (± std) 35 (9.195) 38 (10.032) 0.143 NS

Sex
Male 33 33 1.00 NS
Female 12 12

Density of H. pylori
Mild 24 9 0.003 S
Moderate 15 30
Severe 6 6

IMI
Mild 15 6 0.059 NS
Moderate 18 27
Severe 12 12

INI
Mild 21 6 0.002
Moderate 12 21
Severe 12 18

Atrophy
Mild 18 9 0.036 S
Moderate 21 33
Severe 6 3

Metaplasia
-ve 33 45 0.000 HS
+ve 12 0

E-cadherin
Decreased 21 12 0. 040 S
Preserved 24 33

β-catenin
Decreased 18 12 0.263 NS
Preserved 27 33

Table II. The relation between RUNX3 and the different studied variables.

IMI: intensity of mononuclear inflammation, INI: intensity of neutrophilic inflammation, S: significant, HS: highly significant,
NS: not significant. 
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Figure 4. Immunohistochemical staining of E-cadherin and β-catenin (DAB). a, Membranous and cytoplasmic expression of
E-cadherin (score 6) in a case with mild atrophy. Some gastric glands were cystically dilated (×100). b, Membranous and cyto-
plasmic immunostaining of E-cadherin (score 6) in chronic gastritis with intestinal metaplasia and moderate atrophy (×200). c,
Decreased E-cadherin expression; heterogeneous staining of less than 5% of the gastric epithelium (score 2) with severe
mononeuclear inflammation (×100). d, Both membranous and cytoplasmic expression of β-catenin (score 6) in chronic gastri-
tis with mild gastric atrophy (×200). e, β-catenin immunostaining (score 6) in a case with intestinal metaplasia and severe atro-
phy (×200). F, Complete loss of β-catenin immunostaining (score 0) in a case with severe neutrophilic inflammation and se-
vere gastric atrophy (×200).
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sible for the induction of interleukin (IL)-8
among other many cytokines52-54. These genes al-
so inactivate NF-B and MAPK signal transduc-
tion pathway, resulting in the production of in-
flammatory cytokines55. Moreover, studies on an-
imal models infected with H. pylori showed that
loss of the cag locus decreased the severity of
gastritis and mucosal atrophy56,57.

RUNX3 is a tumor suppressor gene which
plays an essential role in the evolution of gastric
cancer58. The current study examined the relation
between loss of RUNX3 and the early events in
the cascade of gastric adenocarcinoma develop-
ment. We showed that loss of RUNX3 is associ-
ated with increasing H. pylori density (p = 1.00).
Previous studies revealed that H-pylori can acti-
vate DNA methyltransferase through the induc-
tion of nitric oxide, resulting in methylation of
many tumor suppressor genes, including
RUNX359-63. RUNX3 methylation could be a
cause of its decreased expression64. Moreover, re-
cent studies found that RUNX3 is related to the

innate immunity of the gastric epithelium.
RUNX3 is mandatory for IL23A induction by the
TNF-a/ NF-κB pathway. IL23A is a part of NF-
κB -driven antibacterial response of gastric ep-
ithelial cells. Defect in this pathway resulted in
defective clearance of H. pylori65. This could be a
reason for the increasing density of H. pylori
with RUNX3 loss.

The current study revealed a relation between
RUNX3 and intensity of neutrophilic inflamma-
tion (p = 0.002), mucosal atrophy (p = 0.036) and
intestinal metaplasia (p = 0.000). There was also
increasing intensity of mononuclear inflamma-
tion with loss of RUNX3. However, the differ-
ence was statistically insignificance (p = 0.059).
In concordance with our results Li et al64 in a
population based study found a relation between
decreased RUNX3 expression and gastric inflam-
mation, atrophy and intestinal metaplasia. Sever-
al other studies revealed a relation between
RUNX3 and intestinal metaplasia66,67. Loss of
RUNX3 is associated with the transformation of

E-cadherin

Variable Decreased Preserved p value Significance

Age
Mean (± std) 33.55 (9.93) 38.21 (9.2) 0.027 S

Sex
Male 15 51 0.000 HS
Female 18 6

Density of H. pylori
Mild 9 24 0.303 NS
Moderate 18 27
Severe 6 6

IMI
Mild 3 18 0.003 S
Moderate 15 30
Severe 15 9

INI
Mild 6 21 0.160 NS
Moderate 15 18

Severe 12 18
Atrophy

Mild 9 3 0.144 NS
Moderate 18

Severe 06
Metaplasia

-ve 30 48 0.524 NS
+ve 3 9

β-catenin
Decreased 18 12 0.002 S
Preserved 15 45

Table III. The relation between E-cadherin and the different studied variables.

IMI: intensity of mononuclear inflammation, INI: intensity of neutrophilic inflammation, S: significant, HS: highly significant,
NS: not significant.
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gastric epithelial cells into intestinal type cells in
animal models. RUNX3 acts with Smads result-
ing in induction of TGF-β/activin signals. Some
attributed intestinal metaplasia to the activation
of this pathway68-73. TGF-β is also considered an
anti-inflammatory cytokine77. Fainaru et al75 re-
vealed that RUNX3 regulates dendritic cell func-
tion through the induction of TGF-β. They found
that RUNX3_/_ mice develop spontaneous inflam-
mation of lung.

Our study showed a relation between cagA
and loss of RUNX3. Tsang et al. showed that
cagA-positive H. pylori inactivates RUNX328.
CagA recognizes RUNX3 through its WW do-
main which combines with the PY motif of
RUNX3. This combination results in degrada-
tion of RUNX3. CagA also inhibits RUNX3 ex-
pression through Src/MEK/ERK and p38 MAPK
pathways76.
β-catenin is the key factor in the Wnt pathway

that plays important roles in cell differentiation,
migration and proliferation. Normally, β-catenin
is integrated with E-cadherin in the membrane,
and they form a complex that mediates cellular

adherence. Aberrant expression of these genes
has been reported in some malignant tumors in-
cluding gastric adenocarcinoma77.

This study showed decreased expression of E-
cadherin and β-catenin in 36.7% and 33% of cases
respectively. Both markers are not related to cagA.
Previous studies showed that E-cadherin methyla-
tion occurs early in the cascade of gastric carcino-
ma development. This methylation is related to H-
pylori infection. H. pylori, both cagA positive and
cagA negative, is associated with up-regulation of
IL-1b which plays an important role in E-cadherin
methylation78. In one study methylation of E-cad-
herin was detected in 31% of patients suffering
from H. pylori associated dyspepsia79. Another
study16 showed a rate of 46%. Chan et al78 found
an association between E-cadherin methylation
and its decreased expression by immunostaining.
Tamura et al79 reported that decreased E-cadherin
expression due to methylation, is associated with
reduced the content of combined β-catenin in the
complex. These lead to decreased expression of
both E-cadherin and β-catenin as we detected in
this study. Moreover, recently it was found that H.

ββ-catenin

Variable Decreased Preserved p value Significance

Age
Mean (± std) 37.9 (7.2) 35.8 (10.7) 0.335 NS

Sex
Male 24 42 0.449 NS
Female 6 18

Density of H. pylori
Mild 12 21 0.774 NS
Moderate 15 30
Severe 3 9

IMI
Mild 6 15 0.128 NS
Moderate 12 33
Severe 12 12

INI
Mild 3 24 0.001 HS
Moderate 12 21
Severe 15 15

Atrophy
Mild 6 21 0.325 NS
Moderate 21 33
Severe 3 6

Metaplasia
-ve 24 54 0.204 NS
+ve 6 6

Table IV. The relation between β-catenin and the different studied variables.

IMI: intensity of mononuclear inflammation, INI: intensity of neutrophilic inflammation, HS: highly significant, NS: not sig-
nificant.



ther E-cadherin nor β-catenin, was related to ca-
gA positive H. pylori strains. Loss of RUNX3
was associated with decreased E-cadherin ex-
pression. E-cadherin and β-catenin were related
to each other.

––––––––––––––––––––
Acknowledgements
This work was supported by project No. 3511/1434 from
Deanship of Scientific Research of Taibah University, Al-
Madinah Al-Monawarah, Saudi Arabia.

–––––––––––––––––-
Ethical Approval

Ethical Committee of scientific research of Taibah Universi-
ty in Al-Madinah Al-Monawarah approved the study.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) POLK DB, PEEK RM. Helicobacter pylori: gastric
cancer and beyond. Nat Rev Cancer 2010; 10:
403-414.

2) UEMURA N, OKAMOTO S, YAMAMOTO S, MATSUMURA N,
YAMAGUCHI S, YAMAKIDO M. Helicobacter pylori in-
fection and the development of gastric cancer. N
Engl J Med 2001; 345: 784-789.

3) FUKASE K, KATO M, KIKUCHI S, INOUE K, UEMURA N,
OKAMOTO S, TERANO S, AMAGAI K, HAYASHI S, ASAKA

M. Effect of eradication of Helicobacter pylori on
incidence of metachronous gastric carcinoma af-
ter endoscopic resection of early gastric cancer:
an open-label, randomized control trial. Lancet
2008; 372: 392-397.

4) ZHANG YW, EOM SY, YIM DH, SONG YJ, YUN HY, PARK

JS, YOUN SJ, KIM BS, KIM TD, KIM H. Evaluation of
the relationship between dietary factors, cagA-
positive Helicobacter pylori infection, and
RUNX3 promoter hypermethylation in gastric can-
cer tissue. World J Gastroenterol 2013; 19: 1778-
1787.

5) HATAKEYAMA M. Oncogenic mechanisms of the He-
licobacter pylori cagA protein. Nat Rev Cancer
2004; 4: 688-694.

6) HUANG JQ, ZHENG GF, SUMANAC K, IRVINE EJ, HUNT

RH. Meta-analysis of the relationship between ca-
gA seropositivity and gastric cancer. Gastroen-
terology 2003; 125: 1636-1644.

7) PEEK RM. Orchestration of aberrant epithelial sig-
naling by Helicobacter pylori cagA. Sci STKE
2005; 2005: pe14.

8) ITO Y. Oncogenic potential of the RUNX gene fam-
ily: ‘overview’. Oncogene 2004; 23: 4198-4208. 

1426

pylori can activate protease calpain in gastric ep-
ithelial cells. This activation results in cleavage of
E-cadherin and induces relocalization of E-cad-
herin and β-catenin. The action is not related to
cagA80. H. pylori can also stimulate release of β-
catenin which in turn is translocated into nucleus.
This occurs through the activation of LRP6, Dvl2
and Dvl3 independent of the cagA or vacA81.

Concomitant with our results many studies
showed E-cadherin and β-catenin decreased ex-
pression in the early events of gastric cancer de-
velopment such as chronic gastritis, intestinal
metaplasia and dysplasia82-84. However, others did
not find these changes. Different results could be
contributed to the different antibodies and differ-
ent scoring systems used34. 

This study showed that decreased E-cadherin
expression is associated with increasing intensity
of mononuclear inflammation. Recent studies
found that interferon gamma (IFNγ), the impor-
tant pro-inflammatory cytokine, regulates E-cad-
herin. It leads to E-cadherin ubiquitination and
subsequent proteasomal degradation. This func-
tion is dependent upon Fyn kinase85. Our study
also showed that decreased expression of β-
catenin is associated with increasing the intensity
of neutrophilic inflammation. Recently, it was
found that Wnt/β-catenin activation is associated
with the expression of several inflammatory cy-
tokines during bacterial infections. β-catenin sig-
naling was found to induce an inflammatory pro-
gram through transcription and activation of the
NF-κB pathway, LECT2 and iNKT86.

The current study revealed a relation between
E-cadherin and β-catenin. Zali et al34 and Huip-
ing et al87 also detected the same relation. Also,
concomitant with our results Tanaka et al88 found
a significant relation between E-cadherin and
RUNX3. They revealed that RUNX3 reverses
EMT in hepatocellular carcinoma through ex-
pression of E-cadherin. On the other hand we did
not find a relation between β-catenin and
RUNX3. These results is in contradiction with
results detected by Lin et al27. However, they
studied the relation between RUNX3 and β-
catenin in gastric cancer cell lines, not in gastritis
as in this study.

Conclusions

Loss of RUNX3, E-cadherin and β-catenin
were considered early events in the cascade of
gastric carcinoma development. RUNX3 but nei-

H.M. Wagih, S.M. El-Ageery, A.A. Alghaithy



1427

RUNX3, E-cadherin and β-catenin in CagA-positive H. pylori associated chronic gastritis

9) LI QL, ITO K, SAKAKURA C, FUKAMACHI H, INOUE K, CHI

XZ, LEE KY, NOMURA S, LEE CW, HAN SB, KIM HM,
KIM WJ, YAMAMOTO H, YAMASHITA N, YANO T, IKEDA T,
ITOHARA S, INAZAWA J, ABE T, HAGIWARA A, YAMAGISHI

H, OOE A, KANEDA A, SUGIMURA T, USHIJIMA T, BAE

SC, ITO Y. Causal relationship between the loss of
RUNX3 expression and gastric cancer. Cell 2002;
109: 113-124.

10) CHI XZ, YANG JO, LEE KY, ITO K, SAKAKURA C, LI QL.
RUNX3 suppresses gastric epithelial cell growth
by inducing p21(WAF1/Cip1) expression in coop-
eration. Mol Cell Biol 2005; 25: 8097-8107.

11) YAMAMURA Y, LEE WL, INOUE K, IDA H, ITO Y. RUNX3
cooperates with FoxO3a to induce apoptosis in
gastric cancer cells. J Biol Chem 2006; 281:
5267-5276. 

12) YANO T, ITO K, FUKAMACHI H, CHI XZ, WEE HJ, INOUE

K. The RUNX3 tumor suppressor upregulates Bim
in gastric epithelial cells undergoing transforming
growth factor beta-induced apoptosis. Mol Cell Bi-
ol 2006; 26: 4474-4488. 

13) PENG Z, WEI D, WANG L, TANG H, ZHANG J, LE X.
RUNX3 inhibits the expression of vascular en-
dothelial growth factor and reduces the angio-
genesis, growth, and metastasis of human gas-
tric cancer. Clin Cancer Res 2006; 12: 6386-
6394.

14) CHANG TL, ITO K, KO TK, LIU Q, SALTO-TELLEZ M, YEOH

KG. Claudin-1 has tumor suppressive activity and
is a direct target of RUNX3 in gastric epithelial
cells. Gastroenterology 2009; 138: 255-265.

15) DING SZ, GOLDBERG JB, HATAKEYAMA M. Helicobac-
ter pylori infection, oncogenic pathways and epi-
genetic mechanisms in gastric carcinogenesis.
Future Oncol 2010; 6: 851-862. 

16) WU WK, CHO CH, LEE CW. (2010). Dysregulation of
cellular signaling in gastric cancer. Cancer Lett
2010; 295: 144-153.

17) BREMBECK FH, SCHWARZ-ROMOND T, BAKKERS J, WIL-
HELM S, HAMMERSCHMIDT M, BIRCHMEIER W. Essential
role of BCL9-2 in the switch between β-catenin's
adhesive and transcriptional functions. Genes
Dev 2004; 18: 2225-2230.

18) LIU Z, CHEN L, ZHANG X, XU X, XING H, ZHANG Y, LI

W, YU H, ZENG J, JIA J. RUNX3 regulates vimentin
expression via miR-30a during epithelial-mes-
enchymal transition in gastric cancer cells. J Cell
Mol Med 2014; 18: 610-623.

19) LIU Z, LI Q, LI K. Telomerase reverse transcriptase
promotes epithelial- mesenchymal transition and
stem cell-like traits in cancer cells. Oncogene
2013; 32: 4203-4213.

20) ZHAO X, DOU W, HE L. MicroRNA-7 functions as
an anti-metastatic microRNA in gastric cancer by
targeting insulin-like growth factor-1 receptor.
Oncogene 2013; 32: 1363-1372.

21) KALLURI R, WEINBERG RA. The basics of epithelial-
mesenchymal transition. J Clin Invest 2009; 119:
1420-1428.

22) POLYAK K, WEINBERG RA. Transitions between ep-
ithelial and mesenchymal states: acquisition of

malignant and stem cell traits. Nat Rev Cancer
2009; 9: 265-273.

23) THIERY JP, ACLOQUE H, HUANG RY. Epithelial-mes-
enchymal transitions in development and disease.
Cell 2009; 139: 871-890.

24) ZEISBERG M, NEILSON EG. Biomarkers for epithelial-
mesenchymal transitions. J Clin Invest 2009; 119:
1429-1437.

25) FRANCO AT, ISRAEL DA, WASHINGTON MK, KRISHNA U,
FOX JG, ROGERS AB. Activation of beta-catenin by
carcinogenic Helicobacter pylori. Proc Natl Acad
Sci USA 2005; 102: 10646-10651. 

26) MURATA-KAMIYA N, KURASHIMA Y, TEISHIKATA Y, YAMA-
HASHI Y, SAITO Y, HIGASHI H. Helicobacter pylori ca-
gA interacts with E-cadherin and deregulates the
beta-catenin signal that promotes intestinal trans-
differentiation in gastric epithelial cells. Oncogene
2007; 26: 4617- 4626.

27) LIN FC, LIU YP, LAI CH, SHAN YS, CHENG HC, HSU PI,
LEE CH, LEE YC, WANG HY, WANG CH, CHENG JQ,
HSIAO M, LU PJ. RUNX3-mediated transcriptional
inhibition of Akt suppresses tumorigenesis of hu-
man gastric cancer cells. Oncogene 2012; 27:
4302-4316. 

28) TSANG YH, LAMB A, ROMERO-GALLO J, HUANG B, ITO K,
PEEK RM, ITO Y, CHEN LF. Helicobacter pylori cagA
targets gastric tumor suppressor RUNX3 for pro-
teasome-mediated degradation. Oncogene 2010;
29: 5643-5650.

29) BANCROFT JD, STEVENS A. Theory and practice of
histological technique, 4th ed. Churchill Liv-
ingston, New York, Tokyo, 1996; pp. 55-57.

30) DIXON MF, GENTA RM, YARDLEY JH, CORREA P. Classi-
fication and grading of gastritis. The updated Syd-
ney System. International Workshop on the
Histopathology of Gastritis, Houston 1994. Am J
Surg Pathol 1996; 20: 1161-1181 

31) CARRASCO G, CORVALAN AH. Helicobacter pylori-In-
duced Chronic Gastritis and Assessing Risks for
Gastric Cancer. Gastroentrol Res Pract 2013;
2013: 393015. 

32) WABINGA HR. Comparison of immunohistochemical
and modified Giemsa stains for demonstration of
Helicobacter pylori infection in an African popu-
lation. Afr Health Sci 2002; 2: 52-55. 

33) KOEHLER CI, MUES MB, DIENES HP, KRIEGSMANN J,
SCHIRMACHER P, ODENTHAL M. Helicobacter pylori
genotyping in gastric adenocarcinoma and MALT
lymphoma by multiplex PCR analyses of paraffin
wax embedded tissues. J Clin Pathol: Mol Pathol
2003; 56: 36-42.

34) ZALI MR, MOAVEN O, AGHDAEE HA, GHAFARZADEGAN

K, AHMADI KJ, FARZADNIA M, ARABI A, ABBASZADEGAN

MR. Clinicopathological significance of E-cad-
herin, β-catenin and p53 expression in gastric
adenocarcinoma. J Res Med Sci 2009; 14: 239-
247. 

35) KHAN MA, GHAZI HO. Helicobacter pylori infection
in asymptomatic subjects in Makah, Saudi Arabia.
J Pak Med Assoc 2007; 57: 114-117.



36) AL-MOGEL MA, EVANS DG, EVANS DJ, ABDULGHANI

ME, ADAM E, MALATY HM. Prevalence of Helicobac-
ter (formerly Campylobacter) pylori infection in
Saudi Arabia, and comparison of those with and
without upper gastrointestinal symptoms. Am J
Gastroenterol 1990; 85: 944-948.

37) SATTI MB, TWUM-DANSO K, AL-FAREIHI HM, IBRAHIM

EM, AL-GINDAN Y, AL- QUORAIN A. Helicobacter py-
lori -associated upper gastrointestinal disease in
Saudi Arabia: A pathologic evaluation of 298 en-
doscopic biopsies from 201 consecutive patients.
Am J Gastroenterol 1990; 85: 527-234.

38) MORAD NA, AHMAD MBK, WABEL A. Helicobacter
pylori associated dyspepsia in 208 patients from
southern Saudi Arabia. Ann Saudi Med 1993; 13:
340-343.

39) ZAMAN R, HOSSAIN J, ZAWAWI TH. Diagnosis of Heli-
cobacter pylori infection: A study in the western
province of Saudi Arabia. Saudi Med J 1995; 16:
552-555.

40) YAMAOKA Y, KATO M, ASAKA M. Geographic differ-
ences in gastric cancer incidence can be ex-
plained by differences between Helicobacter py-
lori strains. Intern Med 2008; 47: 1077-1083

41) ROESLER BM, RABELO-GONÇALVES EM, AND ZEITUNE MR.
Virulence Factors of Helicobacter pylori: A Review.
Clin Med Insights Gastroenterol 2014; 7: 9-17. 

42) LIMA VP, SILVA-FERNANDES IJ, ALVES MK, RABENHORST

SH. Prevalence of Helicobacter pylori genotypes
(vacA, cagA, cagE and virB11) in gastric cancer
in Brazil ian’s patients: an association with
histopathological parameters. Cancer Epidemiol
2011; 35: 32-37. 

43) ESSA AS, NOUH MA, GHANIAM NM, GRAHAM DY, SABRY

HS. Prevalence of cagA in relation to clinical pre-
sentation of Helicobacter pylori infection in
Egypt. Scand J Infect Dis 2008; 40: 730-733.

44) MANSOUR KB, FENDRI C, ZRIBI M, MASMOUDI A,
LABBENE M, FILLALI A, MAMI N, NAJJAR T, MEHERZI A,
SFAR T, BURUCOA C. Prevalence of Helicobacter py-
lori vacA, cagA, iceA and oipA genotypes in
Tunisian patients. ACMA 2010; 9: 10-16.

45) KRASHIAS G, BASHIARDES S, POTAMITOU A, POTAMITIS G,
CHRISTODOULOU C. Prevalence of Helicobacter py-
lori cagA and vacA genes in Cypriot patients. J
Infect Dev Ctries 2013; 7: 642-650.

46) ARÉVALO-GALVIS A, TRESPALACIOS-RANGELL AA, OTERO

W, MERCADO-REYES MM, POUTOU-PIÑALES RA. Preva-
lence of cagA, vacA, babA2 and iceA genes in H.
pylori strains isolated from Colombian patients
with functional dyspepsia. Pol J Microbiol 2012;
61: 33-40. 

47) QUEIROZ DM, MENDES EN, CARVALHO AS, ROCHA GA,
OLIVEIRA AM, SOARES TF. FACTORS ASSOCIATED with He-
licobacter pylori infection by a cagA-positive
strain in children. J Infect Dis 2000; 181: 626-630.

48) PARK CY, KWAK M, GUTIERREZ O, GRAHAM DY, YAMAOKA

Y. Comparison of genotyping Helicobacter pylori
directly from biopsy specimens and genotyping
from bacterial cultures. J Clin Microbiol 2003; 41:
3336-3338. 

49) UMIT H, TEZEL A, BUKAVAZ S, UNSAL G, OTKUN M, SOY-
LU AR, TUCER D, OTKUN M, BILGI S. The relationship
between virulence factors of Helicobacter pylori
and severity of gastritis in infected patients. Dig
Dis Sci 2009; 54: 103-110. 

50) NOGUEIRA C, FIGUEIRE C, CARNEI F, GOM AT, BARREI R,
FIGUEI P. Helicobacter pylori genotypes may de-
termine gastric histopathology. Am J Pathol 2001;
158: 647-654.

51) PRINZ C, SCHÖNIGER M, RAD R, BECKER I, KEIDITSCH E,
WAGENPFEIL S, CLASSEN M, RÖSCH T, SCHEPP W, GER-
HARD M. Key importance of the Helicobacter py-
lori adherence factor blood group antigen binding
adhesin during chronic gastric inflammation. J
Cancer Res 2001; 61: 1903-1909.

52) SHARMA SA, TUMMURU MK, MILLER GG, BLASER MJ. In-
terleukin-8 response of gastric epithelial cell lines
to Helicobacter pylori stimulation in vitro. Infect
Immun 1995; 63: 1681-1687.

53) TUMMURU MK, SHARMA SA, BLASER MJ. Helicobacter
pylori picB, a homologue of the Bordetella per-
tussis toxin secretion protein, is required for in-
duction of IL-8 in gastric epithelial cells. Mol Mi-
crobiol 1995; 18: 867-876.

54) ISMAIL S, HAMPTON M, KEENAN J. Helicobacter pylori
outer membrane vesicles modulate proliferation
and interleukin-8 production by gastric epithelial
cells. Infect Immun 2003; 71: 5670-5675.

55) MEYER-TER-VEHN T, COVACCI A, KIST M, PAHL HL. Heli-
cobacter pylori activates mitogen-activated pro-
tein kinase cascades and induces expression of
the protooncogenes c-fos and c-jun. J Biol Chem
2000; 275: 16064-16072.

56) OGURA K, MAEDA S, NAKAO M, WATANABE T, TADA M.
KYUTOKU T, YOSHIDA H, SHIRATORI Y, OMATA M. Viru-
lence factors of Helicobacter pylori responsible
for gastric diseases in Mongolian gerbil. J Exp
Med 2000; 192: 1601-1610.

57) Israel DA, Salama N, Arnold C, Moss S. Heli-
cobacter pylori strain-specific differences in ge-
netic content, identified by microarray, influence
host inflammatory responses. J Clin Invest 2001;
107: 611-620.

58) COHEN MM. Perspectives on RUNX genes: an up-
date. Am J Med Genet 2009; 149: 2629-2646.

59) LIU X, CHU KM. E-Cadherin and gastric cancer:
cause, consequence, and applications. Bio Med
Res Int 2014; 2014: 637308.

60) DONG CX, DENG D, PAN K, ZHANG L , ZHANG Y, ZHOU

J. Promoter methylation of p16 associated with
Helicobacter pylori infection in precancerous
gastric lesions: a population based study. Int J
Cancer 2009; 124: 434-439.

61) SHAO Y, SUN K, XU W, LI X, SHEN H, SUN W. Heli-
cobacter pylori infection, gastrin and cyclooxyge-
nase-2 in gastric carcinogenesis. World J Gas-
troenterol 2014; 20: 12860-12873.

62) KITAJIMA Y. Helicobacter pylori infection is an inde-
pendent risk factor for RUNX3 methylation in gas-
tric cancer. Oncol Rep 2008; 19: 197-202.

H.M. Wagih, S.M. El-Ageery, A.A. Alghaithy

1428



RUNX3, E-cadherin and β-catenin in CagA-positive H. pylori associated chronic gastritis

1429

p38 MAPK pathways in gastric epithelial cell. J
Cell Biochem 2012; 113: 1080-1086.

77) CHAN AO, LAM SK, WONG BY, WONG WM, YUEN MF,
YEUNG YH, HUI WM, RASHID A, KWONG YL. Promoter
methylation of E-cadherin gene in gastric mucosa
associated with Helicobacter pylori infection and
in gastric cancer. Gut 2003; 52: 502-506.

78) CHAN AO, PENG JZ, LAM SK, LAI KC, YUEN MF, CHE-
UNG HK, KWONG YL, RASHID A, CHAN CK, WONG BC.
Eradication of Helicobacter pylori infection re-
verses E-cadherin promoter hypermethylation.
Gut 2006; 55: 463-468.

79) TAMURA G. Gastric cancer: histological type, histo-
genesis, and gene abnormalities. Gan To Kagaku
Ryoho 2008; 35: 343-349 (in Japanese).

80) CONNOR PO, LAPOINTE TK, JACKSON S, BECK PL, JONES

NL, BURET AG. Helicobacter pylori activates cal-
pain via toll-like receptor 2 to disrupt adherens
junctions in human gastric epithelial cells. Infect
Immun 2011; 79: 3887-3894.

81) FEOKTISTOVA M, LEVERKUS M, LENDECKEL U, GNAD T,
NAUMANN M. Helicobacter pylori-induced activa-
tion of beta-catenin involves low density lipopro-
tein receptor-related protein. Mol Cancer 2010; 9:
31-39.

82) YU XW, XU Q, XU Y, GONG YH, YUAN Y. Expression
of the E cadherin/β-catenin/tcf-4 pathway in gas-
tric diseases with relation to Helicobacter pylori
infection: clinical and pathological implications.
Asian Pac J Cancer Prev 2014; 15: 215-220 

83) ZHOU YN, XU CP, HAN B, MIN LI, QIAO L, FANG DC,
YANG JM. Expression of E-cadherin and β-catenin
in gastric carcinoma and its correlation with the
clinicopathological features and patient survival.
World J Gastroenterol 2002; 8: 987-993

84) SUN GY, WU JX, PAN YT, CHIN RJ. Caveolin-1, E-
cadherin and β-catenin in gastric carcinoma, pre-
cancerous tissues and chronic non-atrophic gas-
tritis. J Cancer Res 2012; 24: 23-28

85) SMYTH D, LEUNG G, FERNANDO M, MCKAY D. Re-
duced surface expression of epithelial E-cadherin
evoked by interferon-gamma is Fyn kinase-de-
pendent. PLos One 2012; 7: e38441.

86) CHEN HC, CHU RY, HSU PN, HSU PI, LU JY, LAI KH.
Loss of E-cadherin expression correlates with
poor differentiation and invasion into adjacent or-
gans in gastric adenocarcinomas. Cancer Letters
2003; 201: 97-106.

87) HUIPING CH, KRISTJANSDOTTIR S, JONASSON JG, MAG-
NUSSON J, EGILSSON V, INGVARSSON S. Alterations of
E-cadherin and β-catenin in gastric cancer. BMC
Cancer 2001; 1: 16-22.

88) TANAKA S, SHIRAHA H, NAKANISHI Y, NISHINA S, MATSUB-
ARA M, HORIGUCHI S, TAKAOKA N, IWAMURO M, KATAO-
KA J, KUWAKI K, HAGIHARA H, TOSHIMORI J, OHNISHI H,
TAKAKI A, NAKAMURA S, NOUSO K, YAGI T, YAMAMOTO

K. Runt-related transcription factor 3 reverses ep-
ithelial-mesenchymal transition in hepatocellular
carcinoma. Int J Cancer 2012; 131: 2537-2546.

63) KATAYAMA Y. Helicobacter pylori causes RUNX3
gene methylation and its loss of expression in
gastric epithelial cells, which is mediated by nitric
oxide produced by macrophages. Biochem Bio-
phys Res Commun 2009; 388: 496-500.

64) LI W, PAN K, ZHANG Y, DONG C, ZHANG L, MA J,
ZHOU T, LI J. RUNX3 methylation and expression
associated with advanced precancerous gastric
lesions in a Chinese population. Carcinogenesis
2011; 32: 406-410.

65) SHIBATA W, TAKAISHI S, MUTHUPALANI S, PRITCHARD DM,
WHARY MT, ROGERS AB, FOX JG, BETZ KS, KAESTNER

KH, KARIN M. Conditional deletion of Ikappa-B-
kinase-beta accelerates Helicobacter-dependent
gastric apoptosis, proliferation, and preneoplasia.
Gastroenterology 2010; 138: 1022-1034.

66) OSAKI M, MORIYAMA M, ADACHI K, NAKADA C, TAKEDA

A, INOUE Y, ADACHI H, SATO K, OSHIMURA M, ITO H.
Expression of RUNX3 protein in human gastric
mucosa, intestinal metaplasia and carcinoma. Eur
J Clin Invest 2004; 34: 605-612. 

67) SO K, TAMURA G, HONDA T. Quantitative assess-
ment of RUNX3 methylation in neoplastic and
non-neoplastic gastric epithelia using a DNA mi-
croarray. Pathol Int 2006; 56: 571-575.

68) SUBRAMANIAM MM, CHAN JY, YEOH KG, QUEK T, ITO K,
SALTO-TELLEZ M. Molecular pathology of RUNX3 in
human carcinogenesis. Biochem Biophys Acta
2009; 1796: 315-331.

69) FUKAMACHI H, ITO K. Growth regulation of gastric
epithelial cells by RUNX3. Oncogene 2004; 23:
4330-4335.

70) BAE SC, CHOI J. Tumor suppressor activity of
RUNX3. Oncogene 2004; 23: 4336-4340.

71) ZAIDI SK, SULLIVAN AJ, WIJNEN AJ, STEIN JL, STEIN

GS, LIAN JB. Integration of Runx and Smad regu-
latory signals at transcriptionally active subnu-
clear sites. Proc Natl Acad Sci USA 2002; 99:
8048-8053.

72) SHEEN YY, KIM MJ, PARK SA, PARK SY, NAM JS. Target-
ing the transforming growth factor-β signaling in
cancer therapy. Biomol Ther 2013; 21: 323-331. 

73) FUKAMACHI H, ITO K, ITO Y. RUNX3-/- gastric epithe-
lial cells differentiate into intestinal type cells.
Biochem Biophys Res Commun 2004; 321: 58-
64.

74) FUKAMACHI H. RUNX3 controls growth and differen-
tiation of gastric epithelial cells in mammals. Dev
Growth Differ 2006; 48: 1-13.

75) FAINARU O, WOOLF E, LOTEM J, YARMUS M, BRENNER

O, GOLDENBERG D, NEGREANU V, BERNSTEIN Y, LEV-
ANON D, JUNG S, GRONER Y. RUNX3 regulates
mouse TGF-β-mediated dendritic cell function
and its absence results in airway inflammation.
EMBO J 2004; 23: 969-979.

76) LIU Z, XU X, CHEN L, LI W, SUN Y, JIPING ZENG J, YU

H, CHEN C, JIA J. Helicobacter pylori cagA inhibits
the expression of RUNX3 via Src/MEK/ERK and


