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Helicobacter pylori (H. pylori) is a risk factor of gastric carcinoma, and inflammation with H.pylori infection has widely
been suggested to trigger gastric carcinogenesis through “inflammation-carcinoma chain” (non-atrophic gastritis (NAG)
! chronic atrophic gastritis (CAG) ! intestinal metaplasia (IM) ! dysplasia (DYS) and gastric carcinoma (GC)).
Connexin43 (Cx43) is a major constituent of gap junction in normal gastric mucosa (NGM) and it is continuously down-
regulated from normal gastric mucosa to precancerous lesions or ultimate gastric carcinoma, which shows novel target
against gastric carcinoma by preventing the Cx43 decline. Our previous studies demonstrated that H. pylori infection in
gastric mucosa down-regulates Cx43 expression, but its mechanism remains unknown. The transcriptional factor, GATA
binding protein 3 (GATA-3) is the key to regulate adaptive immune response, which possibly relates to inflammation
toward malignant transformation. Here the substantial rising of GATA-3 was screened by transcriptional factor
microarray along the developmental stages of H. pylori associated gastric carcinoma. Moreover, the increased GATA-3
and inhibited Cx43 were confirmed in clinical specimens, Mongolian gerbils and normal gastric epithelial cell line GES-1
with H. pylori infection. GATA-3 silencing generated the Cx43 restoration both in intermediate differentiation gastric
cancer cells BGC-803 and in H. pylori infected GES-1 cells. Dual-luciferase reporter assay further revealed the GATA-3
as one of Cx43 down-regulators by directly binding to its promoters. Together, the incremental GATA-3 is found in
H. pylori associated gastric carcinogenesis, which is responsible for Cx43 inhibition as well.

Introduction

Gap junctions (GJs) are plasma membrane domains and
channel-like structures allowing cytoplasm of adjacent cells to
directly share ions and small molecules <1 kDa.1 Con-
nexin43 (Cx43, also known as gap junction protein a 1,
43kDa, GJA1) is major constituent of GJs in gastric mucosa,2

playing pivotal roles in gastric epithelial cell-cell communica-
tion. The sustained Cx43 reduction would exhibit increased
susceptibility to gastric carcinoma,3 and our previous studies
reveal that Cx43 is downregulated in gastric carcinoma and
precancerous lesion.4

Helicobacter pylori (H. pylori) have been classified as type I
carcinogen by the WHO/International Agency for Research
on Cancer.5 One theory detailing the progression of gastric
carcinoma with H. pylori infection is the “inflammation-carci-
noma chain” which involves sequential pathological steps: the
epithelium undergoes injury in chronic gastritis, followed by
atrophy gastritis (in particular loss of parietal cells which is the
sign of precancerous lesion), intestinal metaplasia, dysplasia,
and eventually carcinoma. Inflammatory status with persistent
H. pylori infection contributes to neoplastic transformation,6

and the inhibited Cx43 expression is reported to be associated
with H. pylori infection.7 These findings lead to hypothesis
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that H. pylori may exert its carcinogenic properties by reducing
Cx43 in developmental stages of gastric carcinoma. The pri-
mary inducer by which the infection of H. pylori causes loss of
Cx43 in gastric mucosa, however, remains enigmatic. Mecha-
nisms on how H. pylori infection interplays with gastric
mucosa and gradually adds to GCs need to be addressed in
addition to the impaired Cx43.

The half-life of Cx43 is 1.5–5 h, and its expression is tran-
scriptionally regulated.8 On the other hand, Cx43 breakdown is
temporarily engendered by decreased gap junction channel
“Open Time” which could be regulated by a broad range of can-
cer- and inflammation-associated factors.9 One transcriptional
factor (TF) of interest and great importance, GATA binding pro-
tein 3 (GATA-3), has varied functions in innate and adaptive
immunity in terms of regulating activities of T helper (Th) cells
and innate lymphoid cells (ILCs). Moreover, GATA-3 binds to
consensus GATA or GATA-like motifs located in a promoter
region with high affinity and has been shown to interact with
enhanced p38 and extracellular signal-regulated kinase-1/2
(ERK-1/2)-mitogen-activated protein kinases (MAPK).10,11 The
p38-MAPK involves signaling pathways partially down-regulat-
ing expression of Cx43,12 meanwhile p38-MAPK mediated path-
way is selectively regulated by Cx43 in tumor cells, which could
thus be one of mediators in secondary malignancies.13 There is
no evidence so far to elucidate the direct GATA-3-mediated
Cx43 change in gastric carcinogenesis by H. pylori, and it is the
topic of our study since multiple GATA-3 binding sites on Cx43
promoters are mentioned by prediction tool (TFSEARCH, ver-
sion 1.3). To highlight the impact of GATA-3 and Cx43 on

gastric neoplasia, we therefore examined the tendency of GATA-
3 in combine with Cx43 expression throughout inflammation-
carcinoma chain in the presence of H. pylori using clinical speci-
mens. Moreover, we studied potential links between GATA-3
and Cx43 in H. pylori-induced gastric epithelial cells in vitro and
Mongolian gerbils models, and bindings of GATA-3 on Cx43
promoters were further investigated.

Results

Global response of transcriptional factors in H. pylori
associated gastric carcinogenesis

A promising TF, GATA-3, came to light under the compari-
sons of H. pylori (¡) NGM, H. pylori (C) NAG, CAG, IM, DYS
and GC (Table. 1) in view of screening criteria: the consistent
trend along the gastric carcinogenesis; the significant fold change
in between adjacent stages with clinical significance; the moderate
or high endogenic expression for specific and effective regulation.
GATA-3 lowly expressed in NGM but, more intriguing, rose
rapidly upon H. pylori induced NAG, started its enrichment in
H. pylori (C) CAG and kept at high level in H. pylori (C) IM
and DYS, peaked in the ultimate H. pylori (C) GC. It was the
first time of us to demonstrate that H. pylori infection boosted
GATA-3 expression under the comparison between H. pylori (C)
NAG and H. pylori (¡) NGM. Seeing that H. pylori (C) CAG
was known as the initiating phase of gastric precancerous lesion,
the further multiplied GATA-3 in this stage could be interpreted
as the consequence of gastric epithelial malignant transformation.

Table 1. Transcriptional Factors DNA array in H. pylori associated gastric carcinogenesis (standardized value)

H. pylori (-) H. pylori (C)

Gene Name NGM NAG CAG IM DYS GC

AP-1 0.364475 0.236852 0.437483 0.109007 0.33254 0.557029
CdxA/NKX2 0.025694 0.162097 0.303745 0.077073 0.23202 0.373394
MyoD 0.755692 0.708577 0.575592 0.815667 0.69901 0.896107
c-Myc-responsive region 0.021542 0.151038 0.17115 0.155812 0.45871 0.531179
MZF1 0.130042 0.212263 0.390068 0.063666 0.70764 0.640325
myc-CF1 0.042735 0.120381 0.08333 0.065778 0.08691 0.220635
USF-1 0.59681 0.586308 0.504982 0.274977 0.68181 0.724868
Nkx-2.5 0.07258 0.189742 0.212145 0.06976 0.26695 0.160128
SRY 0.123837 0.22467 0.054424 0.18344 0.02147 0.006878
NF-1(2) 0.193751 0.20134 0.0334 0.390525 0.23373 0.499282
ADR1 0.839109 0.792412 0.768519 0.863365 0.74375 0.850454
p300 0.812017 0.802346 0.77387 0.901597 0.65291 0.594067
E12/E47 0.177671 0.206015 0.147324 0.25466 0.05314 0.457672
E2F-1 0.973607 0.909062 0.913756 1.02194 0.98074 1.004649
NF-E1 (YY1) 0.828665 0.737391 0.773008 0.838459 0.75935 0.906803
GATA-3 0.181778 0.28055 0.48277 0.59822 0.4974 0.64002
NF-Y 0.10094 0.151803 0.026937 0.045057 0.02396 0.073318
HLF 0.11418 0.1398 0.04269 0.090441 0.04606 0.065457
EVI-1 0.725453 0.385328 0.855196 0.916467 0.88423 0.898413
LyF-1 0.744593 0.750652 0.73725 0.894202 0.87372 0.895843
1-Oct 0.13087 0.12645 0.172252 0.116971 0.0952 0.181557
c-Ets-1 0.116976 0.09053 0.079786 0.307845 0.26178 0.323432
HFH-2 0.951846 0.972714 1.017406 1.064722 1.05287 1.053023
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Moreover, GATA-3 derived its cancerous characterization from
the continuous high expression in IM, DYS and GC. These col-
lective data verified the pertinent role of incremental GATA-3 in
H. pylori involved gastric epithelial inflammation-carcinoma
chain.

GATA-3 enrichment and Cx43 down-regulation are
confirmed in H. pylori dependent gastric lesion and
carcinogenesis in clinical specimens

In consistent with TFs microarray, GATA-3 mRNA was time-
course enriched in distinct H. pylori involved cancerous check-
points compared to normal mucosa (Fig.1A, p < 0.001). The
down-regulated Cx43 mRNA levels were detected in the same
samples (Fig.1B, p < 0.001). We further investigated the
GATA-3 and Cx43 protein level in H. pylori-mediated GCs pro-
gression. Western blot analysis on representative specimens from
H. pylori (¡) NGM, H. pylori (¡/C) CAG, IM and GC dis-
played that H. pylori infection did associate with GATA-3 up-
regulation and Cx43 inhibition along the GCs progression
(Fig.1C). These results suggested that H. pylori harbors
a common GATA-3 activation and inhibited Cx43, which were
favorable for accelerating gastric carcinogenesis.

H. pylori triggers Cx43 inhibition and GATA-3
augmentation in vitro

The mRNA and protein levels were measured after the co-cul-
ture of H. pylori and GES-1 cells monolayer. Cells only changing
media served as controls. GATA-3 mRNA boosted in 24h H.
pylori infection and kept in higher expression in 48h (Fig. 2A,
p < 0.001). The Cx43 mRNA decreased with prolonged time
(Fig. 2B, p < 0.01). The shrinking profile of H. pylori infected
every individual was observed compared with non-H. pylori
infected cells monolayer (Fig. 2C).The increasingly time-depen-
dent GATA-3 protein levels were detected as well as decreased
Cx43 protein levels (Fig. 2D) that were in agreement with the
report that H. pylori correlated to GJs inhibition.14 These find-
ings demonstrated the strong effects of H. pylori infection on gas-
tric mucosa within a short time in vitro.

GATA-3 negatively regulates Cx43 by directly binding its
promoters

Notably, the ascendant GATA-3 was accompanied with Cx43
disruption in response to H. pylori infection, which brought an
idea whether GATA-3 regulates Cx43 expression independent of
p38/MAPK/ERK pathway. As GATA family proteins were

Figure 1. Comparison of GATA-3 and Cx43 expression among developmental stages of H. pylori associated gastric carcinoma in clinical specimens. (A, B)
Quantitative RT-PCR analysis of GATA-3 (A) and Cx43 (B) in H. pylori (-) NGM, H. pylori (C) CAG and GC patients (n=15). *** p < 0.001. (C) Representative
images of GATA-3 and Cx43 protein levels in H. pylori (-) NGM, H. pylori (-/C) CAG, IM and GC.
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similar in structure, it might not be the best way to measure spe-
cific functions in GATA-3 over-expression studies. We therefore
in particular attenuated GATA-3 expression. H. pylori and GES-
1 monolayers were co-cultured at the ratio of 35:1 for 48 h, and
GATA-3 mRNA activation was in line with previous H. pylori
infection in vitro experiments. The successful GATA-3 silencing
was then conducted using mixed strands of small interfering
RNA (siRNA-1, siRNA-2) in light of the downregulated GATA-
3 mRNA (Fig. 3A, p < 0.001) as well as »90% transfection effi-
ciency (Fig. S1). The elevation of Cx43 mRNA (Fig. 3B, p <

0.001) and protein levels (Fig.3C) indicated that H. pylori medi-
ated Cx43 disruption could be alleviated by restraining the
GATA-3 activation.

Furthermore, a higher GATA-3 expression was found in mod-
erate differentiated gastric cancer cell line BGC-803 in compari-
son of normal gastric cancer cell line GES-1, partly
demonstrating the GATA-3 elevation as a phenomenon of gastric
carcinoma besides H. pylori inflammation. The BGC-803 cells
were thereafter subjected to GATA-3 silencing (Fig. S2A, p <

0.01). The increasing Cx43 mRNA in BGC-803 cells treated by
GATA-3 knock-down could be seen (Fig. S2B, p < 0.001),

suggesting that silencing of
GATA-3 would result in
up-regulated Cx43 expres-
sion in GCs cells.

Assuming a major contri-
bution of increased GATA-
3 expression to the Cx43
inhibition in the H. pylori
infected gastric mucosa, we
next clarified whether
GATA-3 directly transcrip-
tionally regulates Cx43
gene. We performed a lucif-
erase reporter assay on the
basis of facts that conserved
GATA-3 binding sites were
predicted in the 2.2-kb and
0.1-kb promoter region of
the Cx43 gene. HEK293T
cells were successfully sub-
jected to the 2.3-kb Cx43
promoters with and without
GATA site substitution
(Fig. S3) based on sequence
alignment (Fig. S4). The
activity of the wild-type
Cx43 promoter reporter
(Cx43-WT-LUC) dropped
by 30% upon co-transfec-
tion of GATA-3 over-
expressing plasmid (pEF-
GATA-3) compared to
GATA-3 empty plasmid
(Fig. 3D, p < 0.001). These

results clearly elucidated that GATA-3 reduced the activity of
Cx43 gene expression through the conserved GATA binding
sites.

GATA-3 augmentation and Cx43 inhibition are found in H.
pylori infected Mongolian gerbils

The increased GATA-3 and decreased Cx43 mRNA in H.
pylori-infected antrum tissues were observed (Fig. 4A) in compar-
ison with control groups. All data of experimental and control
group generated the inverse correlation between GATA-3 and
Cx43 (Fig. 4B). Among 10 gerbils under H. pylori infection for
48 weeks, 9 were macroscopically in hyperemia, edema, erosion,
hemorrhages and/or food retention, but no ulcer or mass were
found. Pathological sections manifested varied morbidity degree
with 1 mild inflammation, 5 moderate inflammations, 2 severe
inflammations, 1 atrophic gastritis and 1 unchanged. No exci-
sional biopsies were diagnosed with gastric carcinoma. Addition-
ally, no features of inflammatory reaction were found in control
group (Fig. 4C). Western blot analysis of GATA-3 and Cx43
were not conducted due to the lack of specific antibodies for
Mongolian gerbils, but overall, the tendency of GATA-3 and

Figure 2. The effects of H. pylori on GATA-3 and Cx43 expressions in GES-1 cells. (A, B) Quantitative RT-PCR analysis
of GATA-3 (A) and Cx43 (B) in GES-1 cells with H. pylori 24 and 48 hours infections. ** p < 0.01; *** p < 0.001.
(C) Morphology of normal GES-1 cells and 24/48 hours H. pylori infected GES-1 cells. (D) Western blot analysis of
GATA-3 and Cx43 protein levels in GES-1 cells under 24 and 48 hours H. pylori infections.
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Cx43 coincided exactly with the previous H. pylori model, and
these data supplemented their negative correlation in gastric
mucosa.

Discussions

A critical role of Cx43 in assembly and maintenance of gastric
mucosa has been previously reported. Cx43 overexpressions dif-
ferentially suppress tumor growth via bystander effect (death of a
greater number of tumor cells).15 Mucosae are frequently
injured, a transient Cx43 reduction is found in wound edges
which directly accelerates wound repair by triggering

proliferation and migration,
then Cx43 returns to homeo-
static levels upon wound clo-
sure.16 However, Cx43
inhibition would appear
under non-termed mucosae
restitutions caused by chronic
inflammation, whose side
effect is disruption of cell-cell
communication. H. pylori-
associated gastric carcinoma
is generally conceptualized as
a multi-step process named
inflammation-carcinoma
chain, our studies strikingly
reason that loss of Cx43 in
gastric mucosa runs through-
out the H. pylori related can-
cerization, which is similar to
the mechanism describing
gap junction disruption in
HPV-16-associated cervical
cancer progression.17

The transcriptional factor
GATA-3 has emerged as a
critical regulator of both
innate and adaptive immu-
nity. Compared to other
GATA family member,
GATA-3 highly expresses
only in the haematopoietic
compartment, and specially
localizes to cytoplasm in
naive T lymphocytes.18

GATA-3 is a marker that has
been widely highlighted in
urothelial neoplasms19 and
breast epithelial tumors.20 It
is reported that GATA-3 pos-
itively regulates cyclin-D1
which maintains cells in an
undifferentiated state, sug-
gesting an oncogenic potenti-

ality.21 Meanwhile several studies assessed that GATA-3
maintains cell differentiation and immunosuppresses tumor dis-
semination in breast cancer,22,23 indicating the distinct GATA-3
immune functions in various tumors.

Gastric epithelial mutagenesis initiation or malignancy trans-
formation is in a large part from H. pylori infection followed by
inflammation-carcinoma chain. In our studies, H. pylori brings
about active GATA-3, explaining this immune response to
H. pylori by GATA-3 upregulation solely in gastric mucosa.
Additionally, content of GATA-3 positively correlates to
H. pylori associated gastric neoplasia. One of its mechanisms is
suppressive immune surveillance. Since H. pylori persistent colo-
nization in gastric mucosa is widely reported, it is also perceived

Figure 3. GATA-3 negatively regulates Cx43 by directly binding to its promoters. (A, B) Quantitative RT-PCR analy-
sis of GATA-3 (A) and Cx43 (B) levels in H. pylori infected GES-1 cells treated with a scramble control, GATA-3
siRNA-1, GATA-3 siRNA-2. (C) Western blot analysis of GATA-3 and Cx43 protein levels in H. pylori infected GES-1
cells treated with a scramble control, GATA-3 siRNA-1, and GATA-3 siRNA-2. (D) GATA-3 direct binds to Cx43 pro-
moters. HEK-293T cells co-transfected with GATA-3 and Cx43-pGL3 plasmids. The results are displayed as the ratio
of firefly luciferase activity in the pGL3-Cx43-GATA-3-transfected cells to the activity in the pGL3-Cx43 controls.
*** p < 0.001.
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as antigen which is responsible for systemic immune tolerance.
Once neoplasia appears, the declining immune surveillance to
inchoate tumor antigens allows further cancerization in the pres-
ence of pathogen.24

GATA-3 is recently identified one of crucial immune toler-
ance genes by promoting the secretion of IL-4, IL-5, and IL-
13 from T helper 2 (Th2) predominant immune response.25

GATA-3 induces the differentiation of Th0 cells toward Th2
cell subtype26 which is responsible for relieved inflammation.27

GATA-3 elevation partly counteracts Th1 cytokines and protects
mucosa from serious injury at the early stage of H. pylori infec-
tion.28 However, the predominant Th2 response caused by
GATA-3 enrichment is known to facilitate H. pylori persistence
on mucosa29,30 and immune escape.31 Accordantly, pathogen-

Figure 4. The effects of H. pylori on GATA-3 and Cx43 expression in Mongolian gerbils. (A) The alterative GATA-3 and Cx43 mRNA in Mongolian gerbils
with H. pylori 48-week infection (n=10) compared to control group (n=10). *** p < 0.001. (B) The correlation of GATA-3 and Cx43 mRNA levels from Mon-
golian gerbils (10 from experimental group and 10 from control group). (C) Profile of Mongolian gerbil (upper left); typical macroscopic manifestation of
normal stomach in control group (top center) and inflammatory edema in experimental group (upper right); histologic sections of normal gastric mucosa
(left bottom), H. pylori induced severe non-atrophic gastritis (bottom center), and H. pylori induced atrophic gastritis (right bottom).
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dependent GATA-3 activation theoretically restrains Th1 pro-
duction like IL-2, IFN-g, thereby breaks the acknowledged T
cell-mediated tumor surveillance characterized by Th1 cyto-
kines.32 The markedly higher levels of GATA-3 in T cells have
been shown in H. pylori associated gastric carcinoma,33 confirm-
ing a shift from Th1 to Th2 response during the progression of
H. pylori associated gastric pathologies. Studies on peripheral
blood mononuclear cells (PBMCs) in gastric cancer patients
report the increasing mRNA levels of GATA-3 dominant Th2
phenotype,34 so GATA-3 abundance supposes to be detected in
H. pylori-induced initial gastritis and advanced carcinoma. In
combine with the augmented mRNA and protein levels of
GATA-3 in our study, we hypothesized that signaling via the T
cell antigen receptor (TCR) has mutual promotions of Th2 cyto-
kine stimulation and GATA-3 in response to H. pylori infection,
and GATA-3 enrichment cause by H. pylorimay foster the gastric
carcinogenesis throughout the inflammation-carcinoma chain by
creating a tumor microenvironment with the imbalance of Th1/
Th2 pathologies.

Since H. pylori adheres to gastric mucosa, it presumably exerts
salient impact on gastric mucosa in addition to activating T cell-
mediated immunization. Our results provides direct insights of
GATA-3 potentiation on gastric epithelial which is in accordant
with the trend found in immune cells in H. pylori gastric malig-
nancies, and more attracting studies explaining this consistent
tendency in epithelial cells and immune cells are needed to deci-
pher the potential role of gastric epithelial in adaptive immune
response establishment.

Major findings focus H. pylori carcinogenicity on loss of
tumor suppressive gene on the development of GCs, including
Cx433. H. pylori is involved in Src/MEK/ERK and p38 MAPK
pathways35 which is capable of Cx43 disruption.36 The expres-
sion tendencies in H. pylori-dependent inflammation-carcinoma
chain hint that once GCs occur, GATA-3 up-regulation and
Cx43 inhibition is frequent as a consequence of GCs, and may
be influenced by, but is not all attributed to H. pylori infection. It
is confirmed by our results that GATA-3 high expression and
Cx43 low expression are tested in GCs cells irrelevant to H.
pylori. This character in GCs lets the GATA-3 stimulation be
part of immediate events of Cx43 inhibition. GATA-3 specific
siRNA in BGC-803 cells and H. pylori infected GES-1 cells
reveals significant Cx43 rehabilitation, and this raises intriguing
possibilities that GATA-3 directly down-regulates gap junction.
Moreover, the luciferase reporter assay shows direct GATA-3
binding sites in Cx43 promoter. These data particularly corrobo-
rate the carcinogenesis action of GATA-3 through Cx43 break-
down in H. pylori infected mucosa.

Taken together, H. pylori triggers breakdown of Cx43 expres-
sion, which gives rise to stunting of cell-cell communication and
partly contributes to gastric cancerous propensity. GATA-3 upre-
gulation is newly screened as an event of H. pylori associated gas-
tric carcinogenesis by TFs microarray. A global view of
increasing GATA-3 in the process of H. pylori related GCs pro-
gression is presented in clinical specimens, Mongolian gerbils,
and normal gastric epithelial cells in vitro. The selective inhibi-
tion of GATA-3 considerably leads to Cx43 up-regulation,

presumably paving the way to the restoration of Cx43. The
mechanisms on how GATA-3 activation facilitates gastric carci-
nogenesis remain unclear, albeit GATA-3 direct binds to Cx43
promoters and owns negative transcriptional regulation. These
uncertainties hint at the complexities along the way, but it can be
anticipated that these transcriptional mechanisms will be shed
light on the chronic pathological conditions and H. pylori-depen-
dent gastric inflammation-carcinoma chain not limited to the
down-regulated Cx43 molecule.

Material and Methods

Bacterial culture
A strain of malignant H. pylori (East-Asian type CagAC)

which was isolated from gastric carcinoma patients during gas-
troscopy, was grown on Columbia blood agar plate (Sangong
Biotech, Shanghai, China) at 37�C in microaerophilic conditions
(5% O2, 10% CO2, 85% N2) followed by liquid culture with
brucella broth supplemented with antibiotics (10 mg/L Vanco-
mycin/, 2500 U/L Polymixins, 2 mg/L Amphotericin and 5 mg/
L Trimethoprim and 10% sheep blood (Bianzhen Biotech, Nanj-
ing, China). After incubated for 3–4 days, bacterial was harvested
from a solid culture by scrape and were re-suspended in PBS
(with calcium). At this time point, H. pylori was in the early log
phase with good motility and action for subculture or bacterial
intervention. The bacterial concentration was calculated based
on an optical density (OD) of 1£108 colony-forming unit
(CFU) at 660nm.

Cell culture and cells/bacterial co-culture
Human gastric epithelial cells GES-1 (Bogu Biotech, Shang-

hai, China) and intermediately differentiated Human Gastric
Cancer cells BGC-803 (from cancer institute of Central South
University, Changsha, China) were grown in high-glucose
(4.5 g/liter) Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine Serum, 100U/ml penicillin, 100mg/ml
streptomycin, 15 mM HEPES (PH 7.4), 2 mM L-glutamine,
1% non-essential amino acids (Hyclone, Logan, UT, USA) in a
controlled humidified atmosphere in an incubator containing
5% CO2 and was passaged with 0.25% trypsin. The H. pylori
was added at the ratio 35:1 of H. pylori/GES-1 cells.

Clinical/animal tissue collecting
Clinical specimens from gastric mucosa were collected from

patients who underwent gastroscopy screening and diagnoses at
Third Xiangya affiliated Hospital of Central South University
during 2012.8–2014.8. Written informed consent was obtained
from each patient. Each 5 samples from developmental stages of
carcinogenesis (non-atrophic gastritis (NAG), chronic atrophic
gastritis (CAG), intestinal metaplasia (IM), dysplasia (DYS) and
gastric carcinoma (GC)) with H. pylori infection (H. pylori (C))
and normal gastric mucosa (NGM) without H. pylori infection
(H. pylori (-)) were mixed for the transcriptional factors array.
Meanwhile, every 15 tissues from CAG, GC with H. pylori infec-
tion and NGM without H. pylori infection were served as
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quantitative RT-PCR analysis, and additional each 15 specimens
from CAG, IM, GC with and without H. pylori infection and
NGM without H. pylori infection were undertaken by Western
blot analysis.

When coming to animal tissues, medical ethics protocol
was approved by the Ethics Committee of the hospital.
Twenty male Mongolian gerbils were randomly allocated to
the experimental and control groups. Once got 24 hours fast-
ing for all gerbils, the Experimental group were administrated
by H. pylori gavage (East-Asian type CagAC from GC
patients, once a day and amounted to 7 days), and the con-
trols were carried out with Saline gavage. Gerbils were sacri-
ficed after 48 weeks H. pylori gavage. Gastric antrum tissue
were collected and kept in liquid nitrogen immediately for
further detection.

Detection of GATA-3 and Cx43 by RT-PCR and western
blot

Total RNA was extracted from cells, clinical specimens,
Mongolian gerbil gastric tissues using RNeasy Mini kit (Invi-
trogen, Life Technologies, Carlsbad, CA, USA). Genomic
DNA was removed following DNaseI treatment (Qiagen,
Valencia, CA, USA), and cDNA was synthesized using random
primers and M-MLV reverse transcriptase (Qiagen). Real-time
PCR reactions were set up using the iScriptTM 2-step RT-PCR
kit with SYBR Green (Invitrogen) and the targeting gene pri-
mers. GATA-3: forward: 50-CGGCAGGCAGATGAGAAAG,
reverse: 30-GGGCACATAGGGCGGATAG; Cx43: forward:
50-GGAAGAGAAACTCAACAAAAA, reverse: 30-GATGTAC-
CACTGGATCAGAAG. The Ct values were normalized to
b-actin: forward: 50-GGCTGTGGAGACAAAAATGACCTC,
reverse: 30-AGGCTTGGGCTTGAATGGAGTC. Reactions
were run on MyiQ Single color Real-time PCR Detection sys-
tem (Bio-Rad, Hercules, CA, USA).

GATA-3 or Cx43 protein levels were tested by Western blot.
Antrum tissues from Mongolian gerbil were not performed due
to lack of specific antibodies. Cells and clinical specimens were
washed twice with PBS (with calcium), and then homogenized in
RIPA lysis buffer (150mM NaCl, 1% NP-40, 0.5% deoxycholic
acid, 0.1% SDS, 50mM Tris pH 8.0) containing protease, phos-
phatase inhibitors and phenylmethylsulfonyl fluoride (all from
Sigma, St Louis, MO, USA). Following sonication and centrifu-
gation (14000g, 10 min, 4�C), the supernatant (soluble proteins)
was collected. Protein concentration of each sample was deter-
mined by protein assay kit reagent (Pierce, Rockford, IL, USA).
Samples were denatured in loading buffer, separated by poly-
acrylamide gel electrophoresis, and transferred to nitrocellulose
membranes. Anti-GATA-3 (Santa Cruz, Dallas, TX, USA;
diluted 1:200), Cx43 (Proteintech, Chicago, IL, USA; diluted
1:500), b-actin (Proteintech; diluted 1:4000) were incubated
4�C overnight followed by horseradish peroxidase conjugated
secondary antibody incubation (1:5000, Jackson Immuno-
Research, West Grove, PA, USA). Membranes were then visual-
ized by the enhanced chemiluminescence Western blotting sub-
strate (Bio-Rad).

Transcriptional factor/DNA array
Cx43 promoters (-2300bp) sequence (H. sapiens) were down-

loaded from UCSC.37 The candidate transcriptional factors
binding sites of Cx43 promoters were predicted by TFSEARCH
(http://www.cbrc.jp/research/db/TFSEARCH.html).38 Nuclear
extracts of gastric mucosa biopsies were subjected to the TranSi-
gnalTM Protein/DNA Array (Panomics, Redwood City, CA,
USA) according to the manufacturer’s specifications. In short,
Biotin-labeled DNA-binding oligonucleotides (TranSignalTM

Probe Mix) were incubated with 10mg of nuclear extract at 15�C
for 30 min to form the transcription factor/DNA complexes.
These complexes were then separated from the free probes by 2%
agarose gel electrophoresis in 0.5X TBE at 120 V for 15 min.
The probes in the complexes were released, ethanol precipitated,
and hybridized to the TranSignalTM Protein/DNA Array. Detec-
tion of signals was obtained using an enhanced chemilumines-
cence imaging system.

Transfection
Two RNAi targets sequences were selected according to

stealth RNAi of the human GATA-3 mRNA (GenBank Acces-
sion No.X55037.1). The sequences of synthesized oligonucleo-
tide were: siRNA-1: sense 50-CCACACUCUGGAG
GAGGAAUGCCAA-30, antisense 50-UUGGCAUUCCUC
CUCCAGAGUGUGG-30; siRNA-2: sense 50-GGCUCUA
CUACAAGCUUCACAAUAU-30, antisense 50-AUAUUGUG
AAGCUUGUAGUAGAGCC-30. Lipofectamine RNAi reagent
(Invitrogen) was used to transfect synthesized Stealth RNAi
against GATA-3 into BGC-803 and H. pylori infected GES-1
cells. Stealth RNAi, fluorescent logo or negative control duplexes
were delivered into cells as well. BLOCK-iT Alexa Fluor Red
Fluorescent (Invitrogen) was used to confirm the transfection
efficiency of each duplex siRNA.

Plasmid construction and dual-luciferase assay
To verify the GATA-3 binding sites in Cx43 promoters, frag-

ment of the human Cx43 promoter harboring the putative
GATA-3 binding site was amplified from primer DNA polymer-
ase (Genestar, Florham Park, NJ, USA) (sense, 50-gcgagctcG-
CATTGCATTTCAGTGCC-30; antisense, 50-gcaagcttGGT
AGGGAGGAGGCTGGT-30) with restriction cutting sites Sac I
and Hind III. The amplified PCR products were confirmed by
DNA sequencing and ligated to the pGL3 Basic vector (Promega,
Madison, WI, USA). To construct the GATA-3 plasmid, GATA-
3 cDNA was amplified by PCR with additional Nhe I and Xho I
digestion sites (sense, 50- cgctagcgATGGAGGTGACGG
CGGA-30; antisense, 50-gcctcgagCTAACCCATGGCGGT-
GAC-30). The constructed CX43-pGL3 Basic and GATA-3 plas-
mids were co-transfected into HEK293T cells. The firefly and
Renilla luciferase activities in the cell lysates were triplicated and
determined using a dual-luciferase assay system (Promega)
and normalized data were calculated as the ratio of the Renilla/
firefly luciferase activities.
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Statistical analysis
Statistical Package for Social Sciences software 12 (SPSS

Inc., Chicago, IL, USA) was used for analysis. Data were
shown as the mean and SD. Multiple group comparisons
were determined using one-way analysis of variance
(ANOVA) with Dunnett’s multiple comparison tests. Corre-
lations between groups were employed by 2-sided t-tests and
Spearmen’s correlation test. A value of P <0.05 was consid-
ered to be statistically significant.
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