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Abstract
AIM
To clarify the mechanisms of connexin 32 (Cx32) 
downregulation by potential transcriptional factors (TFs) 
in Helicobacter pylori  (H. pylori )-associated gastric 
carcinogenesis. 

METHODS
Approximately 25 specimens at each developmental 
stage of gastric carcinogenesis [non-atrophic gastritis, 
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chronic atrophic gastritis, intestinal metaplasia, dysplasia 
and gastric carcinoma (GC)] with H. pylori  infection 
[H. pylori  (+)] and 25 normal gastric mucosa (NGM) 
without H. pylori  infection [H. pylori  (-)] were collected. 
After transcriptional factor array analysis, the Cx32 
and PBX1 expression levels of H. pylori -infected tissues 
from the developmental stages of GC and NGM with 
no H. pylori  infection were measured by real-time 
polymerase chain reaction (RT-PCR) and Western 
blot analysis. Regarding H. pylori -infected animal 
models, the Cx32 and PBX1 mRNA expression levels 
and correlation between the gastric mucosa from 10 
Mongolian gerbils with long-term H. pylori  colonization 
and 10 controls were analyzed. PBX1 and Cx32 mRNA 
and protein levels were further studied under the H. 
pylori -infected condition as well as PBX1 overexpression 
and knockdown conditions in vitro .

RESULTS
Incremental PBX1 was first detected by TF microarray 
in H. pylori -related gastric carcinogenesis. The identical 
trend of PBX1 and Cx32 expression was confirmed in 
the developmental stages of H. pylori -related clinical 
specimens. The negative correlation of PBX1 and 
Cx32 was confirmed in H. pylori -infected Mongolian 
gerbils. Furthermore, decreased PBX1 expression was 
detected in the normal gastric epithelial cell line GES-1 
with H. pylori  infection. Enforced overexpression or 
RNAi-mediated knockdown of PBX1 contributed to the 
diminished or restored Cx32 expression in GES-1 and 
the gastric carcinoma cell line BGC823, respectively. 
Finally, dual-luciferase reporter assay in HEK293T cells 
showed that Cx32 promoter activity decreased by 30% 
after PBX1 vector co-transfection, indicating PBX1 as 
a transcriptional downregulator of Cx32 by directly 
binding to its promoters.

CONCLUSION
PBX1 is one of the determinants in the Cx32 pr-
omoter targeting site, preventing further damage of 
gap junction protein in H. pylori -associated gastric 
carcinogenesis.

Key words: Helicobacter pylori ; Inflammation-carcinoma 
chain; Connexin 32; PBX1; Carcinogenesis
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Core tip: In this paper, we first report on the increasing 
tendency of transcriptional factor PBX1 in response 
to Helicobacter pylori  (H. pylori ) infection. This is sig-
nificant because H. pylori  is the predominant factor of 
gastric carcinoma, and the enhanced PBX1 expression 
in epithelial cells was first revealed as a marker of H. 
pylori -associated gastric carcinogenesis. Moreover, 
PBX1 transcriptionally downregulates the expression 
of connexin 32, which is vital to epithelial cell-cell 
communication, indicating an anti-cancer target that 
prevents the accumulation of PBX1 in the presence of H. 
pylori  infection.
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INTRODUCTION
The development of gastric cancer is generally con
ceptualized as a gradual altering process subsequent 
to genetic susceptibility, carcinogens, and Helicobacter 
pylori (H. pylori) infection. H. pylori causes chronic 
gastritis and gastric ulcer, and its chronic infection greatly 
accelerates the process towards gastric carcinoma[1]. 
It has been widely suggested that inflammation with 
H. pylori infection triggers gastric carcinogenesis 
through an “inflammationcarcinoma chain” [non
atrophic gastritis (NAG) → chronic atrophic gastritis 
(CAG) → intestinal metaplasia (IM) → dysplasia (DYS) 
→ gastric carcinoma (GC)][2]. CAG and IM are dynamic 
inflammatory processes that might be prone to severe 
histopathologic changes over time if left unchecked.

Intercellular communication mediated by gap 
junctions is known as an indispensable mechanism 
for maintaining tissue homeostasis. This type of com
munication, composed of protein subunits known as 
connexins (Cxs), is the only means by which small 
substances (< 1 kDa) flux between adjacent cells[3]. 
Connexins are expressed in specific and overlapping 
patterns, whose inhibition or disintegrity has been 
virtually found in cancer cells and in cells clearly ex
pressing oncogenes[4]. The gap junction protein 
connexin 32 (Cx32, an estimated molecular mass of 32 
kDa), encoded by the gap junction protein β1  gene, is 
expressed abundantly in mammalian gastric epithelium 
and defines cellspecific patterns of gap junctional 
intracellular communication (GJIC). Cx32 in mature 
mucosa appears to form a critical path of biological 
functions by directly potentiating the cells to cooperate 
electrically or metabolically. The heteromeric gap 
junction channels such as Cx26/Cx30 might be similar 
to Cx32 gap junction channels. Despite the similar 
function of Cx proteins found in specific tissues such 
as the liver and cochlea[5,6], to date, no evidence has 
shown that other Cx proteins could compensate for the 
loss of gastric epithelial Cx32. The expression levels 
of Cx32 were found to be significantly lower in human 
adenocarcinomas than in the normal stomach, agreeing 
with our previous finding that gastric carcinoma cells 
do not contain detectable Cx32 protein[7]. The altering 
localization of Cx32 expression from cytomembrane 
to the cytoplasm was found in gastric cancer cells 
compared with normal gastric epithelium[8]. The loss of 
Cx32 expression and membrane localization in human 
gastric cancer was further found to be related to the 
degree of tumor cell differentiation with unrestricted 
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growth control[9]. 
Although reduced or abolished Cx32 is the most 

common reporter in gastric carcinogenesis events, a 
better understanding of its expressing tendency and 
neoplastic transformation subjected to H. pylori chronic 
infection is needed[10]. The inhibited Cx32 expression 
was first reported to be associated with CagA-positive 
H. pylori infection[11]. Moreover, our previous in vivo 
studies confirmed significantly lower Cx32 expression 
in the H. pyloriinfected Mongolian gerbil than in the 
mucosa with the same stage in the “inflammation
carcinoma” chain, paving the way to further study how 
H. pylori accelerates gastric carcinogenesis[12].

Cxs function with high turnover rates with half
lives of 1.55 h, and the kinetics of Cx32 is largely 
dependent on its transcriptional regulation[13]. Acc
umulating evidence has shown multiple binding sites 
of transcriptional factors (TFs) in the promoter of 
Cx32 (TFSEARCH, version 1.3). In the present 
study, we collected gastric mucosal samples from 
patients with an H. pyloriinfected “inflammation
carcinoma chain” and analyzed the expression levels 
of TFs. The homeodomain transcription factor PBX1 
(PreBcell leukemia transcription factor 1) was 
considerably upregulated following H. pylori-associated 
carcinogenesis. Further studies delineated PBX1
related transcriptional activity, which might account for 
Cx32 downregulation, thereby proposing a prominent 
mechanism of altered Cx32 in the progression of H. 
pylorirelated gastric carcinogenesis.

MATERIALS AND METHODS
Bacterial culture
The malignant H. pylori (EastAsian type CagA+) used 
in this research was isolated from gastric carcinoma 
patients during gastroscopy and was grown on 
Columbia blood agar plates supplemented with 
antibiotics (10 mg/L vancomycin, 5 mg/L cefsulodin, 
5 mg/L amphotericin, 5 mg/L trimethoprim and 10% 
sheep blood (Bianzhen Biotech, Nanjing, China) at 
37 ℃ under microaerophilic conditions (5% O2, 10% 
CO2 and 85% N2) for 34 d. Next, H. pylori, which 
was in the early log phase with good motility and 
activity for subculture or intervention, was scraped and 
resuspended in PBS (with calcium). The concentration 
of H. pylori was analyzed by measuring the optical 
density of 1 × 108 colonyforming units at 600 nm.

Cell culture and cell/bacterial co-culture
The human gastric epithelial cell line GES1 and poorly 
differentiated human gastric cancer cell line BGC823 
were purchased from Bogu Biotech (Shanghai, China). 
All cells were maintained in highglucose (4.5 g/L) 
Dulbecco’s modified Eagle’s medium supplemented 
with 10% fetal bovine serum, 100 U/mL penicillin, 
100 μg/mL streptomycin, 15 mmol/L HEPES (pH 7.4), 
2 mmol/L Lglutamine, and 1% nonessential amino 

acids (HyClone, Logan, UT, United States) at 37 ℃ in an 
incubator containing 5% CO2 with a certain humidified 
atmosphere and was passaged with 0.25% trypsin. 
H. pylori was added at an H. pylori/GES1 cell ratio of 
35:1. 

Clinical/animal tissue collection
Clinical specimens of the gastric antral mucosa 
were obtained from a total number of 4190 patients 
who underwent gastroscopy and were diagnosed 
at the Third Xiangya Affiliated Hospital of Central 
South University from August 2012 to August 2014. 
All included patients had signed written informed 
consent for the use of materials. Six specimens at the 
developmental stages of carcinogenesis (NAG, CAG, 
IM, DYS and GC) with H. pylori infection [H. pylori 
(+)] and five normal gastric mucosa (NGM) specimens 
without H. pylori infection [H. pylori ()] were analyzed 
by transcriptional factor array. Additionally, 15 tissue 
specimens from CAG and GC with H. pylori infection 
and NGM without H. pylori infection were subjected 
to quantitative realtime polymerase chain reaction 
(RTPCR) analysis, and another 15 specimens from 
CAG, IM, and GC tissues with and without H. pylori 
infection and NGM tissue without H. pylori infection 
were subjected to Western blot analysis. Endoscopic 
and pathological diagnosis was performed according to 
criteria depicted in our previous study[12]. Table 1 shows 
the clinical characteristics of the study population.

Regarding animal tissues, the experimental protocol 
was approved by the ethics committee of the hospital. 
Twenty male Mongolian gerbils were divided randomly 
into an experimental group and a control group. 
After 24 h of fasting for all gerbils, the experimental 
group was inoculated with H. pylori (EastAsian type 
CagA+ from GC patients) by intragastric gavage 
once every two days for a week, and the control 
group was inoculated with saline. Fortyeight weeks 
after intragastric gavage, the gerbils were sacrificed, 
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Table 1  Gender, age (mean ± SD) and disease duration 
(median) of cases at each stage

Stage n M F Age Duration (yr)

NGM no H. pylori infection 25 12 13 40.00 ± 9.16 
(21-55)

0.17 (0.02-2)

NAG with H. pylori infection 24 13 11 39.08 ± 8.85 
(17-61)

0.71 (0.01-7)

CAG with H. pylori infection 25 14 11 50.52 ± 6.42 
(39-66)

     3 (0.08-7)

IM with H. pylori infection 25 13 12 54.04 ± 11.40 
(38-76)

     4 (0.17-8)

DYS with H. pylori infection 24 11 13 51.67 ± 10.03 
(31-67)

2.5 (0.17-27)

GC with H. pylori infection 25 11 14 58.76 ± 9.94 
(41-74)

0.25 (0.08-2)

NGM: Normal gastric mucosa; NAG: Non-atrophic gastritis; CAG: 
Chronic atrophic gastritis; IM: Intestinal metaplasia; DYS: Dysplasia; GC: 
Gastric carcinoma.
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Western blotting substrate (BioRad).

Transcriptional factor/DNA array
Cx32 promoter (2000 bp) sequences (H. sapiens) 
were downloaded from UCSC[14]. The candidate 
transcriptional factor binding sites of the Cx32 promoters 
were predicted with TFSEARCH (http://www.cbrc.
jp/research/db/TFSEARCH.html)[15]. Nuclear extracts 
of gastric mucosal biopsies were subjected to the 
TranSignal™ Protein/DNA Array (Panomics, Redwood 
City, CA, United States) according to the manufacturer’
s instructions. In short, biotinlabeled DNAbinding 
oligonucleotides (TranSignal™ Probe Mix) were 
incubated with 10 μg of nuclear extract at 15 ℃ for 30 
min to form transcription factor/DNA complexes. These 
complexes were then separated from the free probes 
by 2% agarose gel electrophoresis in 0.5 × TBE at 
120 V for 15 min. The probes in the complexes were 
released, ethanolprecipitated, and hybridized to the 
TranSignal™ Protein/DNA Array. The detection of signals 
was obtained using an enhanced chemiluminescence im
aging system.

Transfection
Three RNAi target sequences were selected according 
to stealth RNAi of the human PBX1 mRNA (Accession 
No. NM_001142077.1). The sequences of the 
synthesized oligonucleotides were as follows: siRNA1: 
sense 5’ACAAUCAACACCGUCAUUGAG3’, antisense 
5’CUCAAUGACGGUGUUGAUUGU3’; siRNA2: 
sense 5’AAAGGAAAAGGCUCAAACCCC3’, antisense 
5’GGGGUUUGAGCCUUUUCCUUU3’; siRNA3: 
sense 5’UAAGAAUCCCCAUUGAGUGAC3’, antisense 
5’GUCACUCAAUGGGGAUUCUUA3’. Lipofectamine 
reagent (Invitrogen) was used to transfect synthesized 
Stealth RNAi against PBX1 into BGC823 cells, and 
the negative control duplexes were delivered into 
BGC823 cells as well. BLOCKiT Alexa Fluor Red 
Fluorescent (Invitrogen) was used to confirm the 
transfection efficiency of each duplex siRNA. Regarding 
PBX1 overexpression, the fulllength human PBX1 3’
untranslated region and coding sequence region were 
amplified by PCR and cloned into the pcDNA™3.1(+) 
plasmid (GenePharma Inc. Shanghai, China), followed 
by transfection into GES1 cells according to the 
manufacturer’s instructions.

Plasmid construction and dual-luciferase assay 
The pGL3 Basic vector containing the entire se
quence of the Cx32 promoter was a kind gift from 
Yingrun Biotechnology (Changsha, China), and 
no mutation was previously confirmed by DNA 
sequencing. To validate the PBX1 binding sites in 
the Cx32 promoters, PBX1 cDNA was amplified 
by PCR using the BamH Ⅰ and EcoR Ⅰ digestion 
sites in the pDoubleExEGFP plasmid (sense, 5’ 
CGGGATCCGCCACCATGGACGAGCAGCCCAGG 

and their gastric antrum tissues were collected and 
maintained in liquid nitrogen immediately for further 
detection. All gerbils were dieted with the same food 
and sterile water.

Detection of PBX1 and Cx32 by RT-PCR and Western 
blot
Total RNA was isolated from cells, clinical specimens, 
and Mongolian gerbil gastric tissues according to the 
manufacturer’s instructions using the RNeasy Mini kit 
(Invitrogen, Life Technologies, Carlsbad, CA, United 
States). The cDNA was synthesized using random 
primers and MMLV reverse transcriptase (Qiagen) with 
the removal of genomic DNA contamination by DNaseI 
treatment (Qiagen, Valencia, CA, United States). Real
time PCR reactions were performed using the MyiQ 
Single Color Realtime PCR Detection system (BioRad, 
Hercules, CA, United States), the iScriptTM twostep RT
PCR kit with SYBR Green (Invitrogen) and gene primers 
(PBX1: forward: 5’AAAGGAGATTGAGCGGATGGT3’, 
reverse: 5’GGGTAAGGGTTGCTGAGATGG3’; 
Cx32: forward: 5’GGATGCTCCGACAGCGTCTC3’, 
reverse: 5’GCCCTCTGCTCCTCTTACCC3’; Cx32: 
forward: 5’ATGAACTGGACAGGTTTGTAC3’, reverse: 
5’ATGTGTTGCTGGTGCAGCCA3’). The Ct values 
were normalized to those of βactin (forward: 
5’GGCTGTGGAGACAAAAATGACCTC3’, reverse: 
5’AGGCTTGGGCTTGAATGGAGTC3’).

The PBX1 or Cx32 protein levels were analyzed 
using Western blot; however, the gastric antrum 
tissues from the Mongolian gerbil were not analyzed 
due to the lack of specific antibodies. The cells 
and clinical specimens were washed twice with 
PBS (with calcium) and then homogenized in RIPA 
lysis buffer (150 mmol/L NaCl, 1% NP40, 0.5% 
deoxycholic acid, 0.1% SDS, 50 mmol/L Tris at pH 
8.0) containing protease, phosphatase inhibitors 
and phenylmethylsulfonyl fluoride (all from Sigma, 
St Louis, MO, United States). Following sonication 
and centrifugation at 14000 g for 10 min at 4 ℃, the 
supernatant (soluble proteins) was collected. The 
protein concentration of each sample was determined 
using a protein assay kit (Pierce, Rockford, IL, United 
States). The samples were denatured in loading 
buffer. Equivalent amounts of proteins were separated 
by SDSPAGE and transferred onto nitrocellulose 
membranes (Millipore, Billerica, MA, United States). 
After incubation with antibodies specific for PBX1 
(Santa Cruz, Dallas, TX, United States; diluted 1:200), 
Cx32 (Proteintech, Chicago, IL, United States; diluted 
1:500), βactin (Proteintech; diluted 1:4000), calnexin 
(Cell Signaling, Danvers, MA, United States; diluted 
1:10000), and tubulin (Cell Signaling; diluted 1:10000) 
at 4 ℃ overnight, the membranes were incubated 
with a horseradish peroxidaseconjugated secondary 
antibody (1:5000, Jackson ImmunoResearch, West 
Grove, PA, United States). The membranes were then 
visualized using the enhanced chemiluminescence 
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CTGAT3’; antisense, 5’GGAATTCTCAGTTGGAGGTA 
TCAGAGT3’). The constructed CX32pGL3 Basic and 
pDoubleExEGFPPBX1 vectors were cotransfected 
into HEK293T cells. The firefly and Renilla luciferase 
activities in the cell lysates were triplicated and 
determined using a dualluciferase assay system 
(Promega), and the normalized ratio of the Renilla/
firefly reflected the expression activity.

Statistical analysis
Statistical analyses were performed using the 
Statistical Package for Social Sciences software 12 
(SPSS Inc., Chicago, IL, United States). All data are 
expressed as mean ± SD. Multiplegroup comparisons 
were characterized using oneway analysis of variance 
(ANOVA) with Dunnett’s multiple comparison tests. 
Twosided ttests and Spearmen’s correlation test were 
applied to determine the correlations between groups, 
and a value of P < 0.05 was considered statistically 
significant.

RESULTS
Upregulated PBX1 but downregulated Cx32 is confirmed 
along with H. pylori-associated gastric carcinogenesis 
in clinical specimens
Comparison of H. pylori () NGM and H. pylori (+) 
NAG, CAG, IM, DYS and GC tissues revealed the 
increased expression of PBX1 as follows: (1) a 
consistent trend of endogenous expression along 

the gastric inflammationcarcinoma chain; and (2) a 
remarkable change with clinical significance between 
any two successive stages (> 2fold or < 0.5fold). It 
was previously shown by TF microarray that PBX1 is 
rarely found in H. pylori () NGM, but its accumulation 
is initiated in H. pylori (+) NAG and CAG, enriched in 
IM and DYS, and highest in GC tissues[16]. H. pylori 
infection accounting for stimulated PBX was, for the 
first time, based on the comparison between each 
singlestage exposure to H. pylori and NGM. Moreover, 
because CAG is widely accepted as the initiating phase 
of gastric precancerous lesions, further amounts of 
PBX1 shown above could be counted as the molecular 
event involved in gastric epithelial neoplasia. PBX1 
malignancy was first classified as showing gastric epi-
thelial specificity given the continuous high expression in 
IM, DYS and GC. 

The pertinent roles of incremental PBX1 in the H. 
pylori-related gastric epithelial inflammation-carcinoma 
chain were further investigated. Consistent with the 
TF microarray results, enriched PBX1 mRNA was time
dependently subjected to H. pylori (Figure 1A, P < 
0.001) and showed the opposite tendency towards 
Cx32 mRNA levels in the same samples (Figure 1B, 
P < 0.01). PBX1 and Cx32 protein levels in typical 
specimens from H. pylori () NGM, H. pylori (/+) CAG, 
IM and GC demonstrated that PBX1 upregulation and 
Cx32 inhibition were associated with GC progression 
as well as the presence of H. pylori (Figure 1C). It 
was conceivable that the accelerated PBX1 activation 
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and inhibited Cx32 were synchronous with gastric 
carcinoma progression.

H. pylori triggers PBX1 augmentation and Cx32 
inhibition in vitro
Dramatic elevation of PBX1 mRNA expression was 
found after 24 h cocultures of H. pylori and GES1 
cells, and this enrichment was maintained for 48 h 
(Figure 2A, P < 0.01). The expected timedependent 
Cx32 mRNA decrease (Figure 2B, P < 0.001) was in 
accordance with the malfunction of GJIC revealed by 
the Scrapeloading and dye transfer technique (SLDT, 
data not shown). The increased PBX1 protein levels, as 
well as decreased Cx32 protein levels, were detected 
with prolonged time (Figure 2C), which is consistent 
with a previous report that H. pylori infection is co
rrelated with GJ inhibition[17]. These findings verified a 
significant stimulatory effect of short-time H. pylori on 
the gastric mucosa even in lowinfectious titers.

PBX1 downregulates Cx32 by binding to its promoters
The increased PBX1 was accompanied by decreased 
Cx32 upon H. pylori infection as mentioned above. It 
was confirmed that the PBX1 overexpression in GES-1 
cells (Figure 3A, P < 0.001) considerably reduced the 
Cx32 expression (Figure 3B, P < 0.001). Given that 
other PBX family proteins theoretically compensate for 
the endogenous PBX1 alteration if there are indeed 

overlapping structure and biological function among 
them, we additionally addressed specific functions 
in PBX1 attenuation studies. The relatively enriched 
PBX1 was previously found in the poorly differentiated 
gastric adenocarcinoma cell line BGC823 (data not 
shown); thus, these monolayers were subjected 
to PBX1 silencing (siRNA1, siRNA2 and siRNA3) 
as the downregulated PBX1 mRNA (Figure 3C, P < 
0.001). Restoration of the Cx32 mRNA (Figure 3D, P 
< 0.01) and protein levels (Figure 3E) supported the 
ameliorated Cx32 expression in GC cells subsequent 
to PBX1 suppression. It is tempting to speculate that 
H. pylori-mediated Cx32 disruption and gap junctional 
functions could be alleviated by restraining further 
PBX1 activation. 

Given the inverse trends of Cx32 expression upon 
enforced PBX1 changes, we next explored how 
PBX1 transcriptionally regulates the Cx32 gene 
using the dualluciferase reporter assay. The PBX1
overexpressing plasmid (pDoubleExEGFPPBX1, see 
vector map in Supplemental Figure 1) without any 
mutation (sequence alignment in Supplemental Figure 
2) and Cx32 promoters  were successfully transfected 
into HEK293T cells (Supplemental Figure 3). The 
activity of the wildtype Cx32 promoter reporter 
was reduced by approximately 30% shortly after 
pDoubleExEGFPPBX1 cotransfection (Figure 3F; P 
< 0.001), suggesting that PBX1 reduced the Cx32 
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activity by binding to its promoters. 

PBX1 enrichment and Cx32 inhibition are found in H. 
pylori-infected Mongolian gerbils
The augmented PBX1 and inhibited Cx32 mRNA levels 
in H. pylori (+) antral tissues were detected (Figure 
4A and B) compared with the control group, showing 
an inverse correlation between PBX1 and Cx32 
(Figure 4C). Among 21 gerbils with 48week H. pylori 

infection, 17  manifested with erosion, hemorrhage, 
edema, hyperemia, and food retention macroscopically. 
As for the pathological sections, 4 were unchanged, 12 
were non-atrophic gastritis (7 with mild inflammation, 
4 with moderate inflammation, and 1 with severe 
inflammation), 3 were atrophic gastritis, and 2 were 
intestinal metaplasia. Alternatively, no inflammatory 
status were found in the control group (Figure 4D). 
The lack of MGsspecific antibodies hindered the 
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Figure 3  PBX1 negatively regulates connexin 32 by directly binding to its promoters. Quantitative RT-PCR analysis of PBX1 (A) and Cx32 (B) levels in GES-1 
cells enforced with the PBX1 overexpressing (OE) vector and transfected with a negative control (NC) vector. Quantitative RT-PCR analysis of PBX1 (C) and Cx32 
(D) levels in human adenocarcinoma BGC823 cells treated with a scrambled control, PBX1 siRNA-1, PBX1 siRNA-2, and PBX1 siRNA-3. E: PBX1 and Cx32 protein 
levels in BGC823 treated with a scrambled control, PBX1 siRNA-1, PBX1 siRNA-2, and PBX1 siRNA-3. F: PBX1 directly binds to Cx32 promoters. HEK293T cells co-
transfected with pDoubleEx-EGFP-PBX1 and Cx32-pGL3 vectors. The results are displayed as the ratio of firefly luciferase activity in pGL3-Cx32-PBX1-transfected 
cells to the activity in Cx32-pGL3 controls. bP < 0.01, eP < 0.001.

Liu XM et al . PBX1 downregulates Cx32 in H. pylori  GC



5352 August 7, 2017|Volume 23|Issue 29|WJG|www.wjgnet.com

further test of PBX1 and Cx32 protein expression. But 
overall, these in vivo data strengthened the PBX1 and 
Cx32 tendencies in gastric mucosa models.

DISCUSSION
Studies of gap junction proteins during the progression 
of gastric epithelial carcinogenesis have provided us 
with remarkable insights into various outcomes of 
hostbacterial interactions. Reduced or absent Cx32 
expression has been implicated in the entire process 
of H. pyloriassociated gastric carcinogenesis, one 
mechanism of which is promoter methylation[12]. Mean
while, a growing number of transcriptional factors 
involved in Cx32 regulation for a potential pathway 

remain unidentified. One of our previous studies con
firmed the augmented transcriptional factor GATA-3 in 
H. pylorirelated GC occurrence, and GATA3 enables 
the Cx32 transcriptional downregulation by directly 
binding to its promoters; these results are in line 
with the sequence prediction using a bioinformatics 
approach[18]. These observations raise the possibility 
that the emerging transcriptional factors directly 
regulate Cxs genes that participate in key pathways 
related to gastric oncogenesis.

PBX1 is a wellestablished transcriptional factor 
in the selfrenewal of hematopoietic stem cells and 
participates in reprogramming lineagecommitted 
blood cells into hematopoietic stem cells[19,20]. Studies 
in mice have suggested that PBX1 may be involved 

Liu XM et al . PBX1 downregulates Cx32 in H. pylori  GC

Figure 4  Effects of Helicobacter pylori on PBX1 and connexin 32 expression in Mongolian gerbils. Alteration in the PBX1 (A) and Cx32 (B) mRNA expression 
levels in Mongolian gerbils with 48-wk H. pylori infection (n = 21) compared with those in the control group (n = 4). eP < 0.001; C: Correlation between the PBX1 and 
Cx32 mRNA levels in Mongolian gerbils (21 from the experimental group and 4 from the control group); D: Pathological outcome of Mongolian gerbils (HandE staining 
400 ×) after 48-wk H. pylori infection: NGM with no H. pylori infection; NAG (mild/moderate/severe inflammation), CAG, and IM in the experimental group. Scale bar: 
20 μm. NGM: Normal gastric mucosa; NAG: Non-atrophic gastritis; CAG: Chronic atrophic gastritis; IM: Intestinal metaplasia.
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in the regulation of osteogenesis, and it is required 
for skeletal, neuronal, pancreatic island, spleen, 
and urogenital tract patterning by binding to known 
regulatory regions of growthrelated genes[2023]. 
In human cancer, PBX1 was first referred to as a 
translocated protooncogene in leukemia, and the 
translocated gene product (together with the TCF3/
E2A gene) was shown to have oncogenic potential[24,25]. 
Its hematopoietic malignancy was partly addressed 
by the signaling networks, including those of the E2A
PBX1 target genes ZAP70, SYK, and LCK that encode 
kinases upstream of PLCγ2; particularly, PBX1 plays 
an oncogenic role in preBALL[26]. Furthermore, 
PBX1 is highly expressed in solid tumors, including 
melanoma, prostate, ovarian, and breast cancers[2730]. 
For instance, PBX1 has been identified as an effector 
in the NOTCH3 signaling pathway in ovarian cancer 
and is strongly related to a high extent of prostate 
cancer from TF microarray analysis and is known 
to be positively correlated with multiple epithelial 
malignancies through regulation of the PI3K/Akt 
pathway[28,31].

The in silico analysis of the Cx32 promoter sequence 
data demonstrated that PBX1 may act as an upstream 
molecular hub by directly regulating Cx32. We report 
here that PBX1 is a critical transcriptional regulator 
required for Cx32 expression. At the tissue level, 
PBX1 is upregulated significantly compared with the 
matched stages in nonH. pylori infected tissues, and 
its upregulation is associated with a less favorable 
prognosis in patients. Moreover, the high affinity of 
PBX1Cx32 transcriptional regulation was confirmed 
by luciferase reporter assay. These findings established 
a novel but determinant role of PBX1 in the event of 
reduced Cx32 along the development of H. pylori
related gastric carcinogenesis and provide a molecular 
basis for targeting PBX1 or its downstream effectors to 
overcome the inflammation-carcinoma progression.

The association between PBX1 expression and 
development of cell neoplasia suggests that the 
PBX1 pathway is potentially actionable for target
based therapy. In fact, PBX1 orchestrates multiple 
functional networks, and additional PBX1regulated 
signaling pathways are yet to be discovered. A 
direct strategy employing a combination of PBX1 
antagonists and chemotherapeutic agents may at least 
offer a better intervention to delay tumor advancement 
and recurrence. Another feasible rationale is to target 
downstream effectors of PBX1 such as JAK2/STAT3 (JAK2, 
a tyrosine kinase that directly phosphorylates and 
activates STAT3) that leads to transcriptional activation 
of various STAT3regulated genes that work in concert 
to promote tumor progression[30]. Similarly, E2APBX1 
notably expands progenitor Bcell subpopulations 
in preleukemic mice, increasing penetrance and 
shortening leukemia latency accompanied most notably 
by JAK/STAT activation, which is required for leukemia 
cell proliferation[32]. It was recently reported that PBX1 
acts directly on the STAT3 promoter to induce STAT3 

transcription. More intriguingly, STAT3 is responsible 
for all PBX1mediated phenotypes[30]. Further 
efforts are needed to illuminate the mechanisms 
through which PBX1 is reactivated or its network 
reprogrammed in response to challenges in the tumor 
environment, such as experiencing inflammation or 
under pathogen invasion. Cx32 has a strong tumor
suppressive effect on multiple cancer cell lines via 
various pathways[33,34]. A previous study considers 
Cx32 as a tumor suppressor gene in a renal carcinoma 
(Caki1 cell) since this tumorsuppressive effect partly 
depends on the inhibited SrcStat3VEGF signaling[35]. 
Overall, our data largely illustrate the sequential up/
downstream relationship between PBX and Cx32, 
revealing a “convenient access” to Cx32 regulation 
independent of intermediate networks such as STAT3. 
It would be meaningful to further study potential 
crosstalk between these signaling pathways. 

Collectively, H. pylori retarded gap junction function 
by reducing Cx32 expression, expediting gastric 
cancerous susceptibility. TF screening shows that PBX1 
activation is one of novel events of H. pylorirelated 
gastric carcinogenesis. A global view of increasing 
PBX1 is presented in H. pyloriassociated clinical 
specimens, gastric epithelial cells and Mongolian 
gerbils. The reversed regulating trend of Cx32 by PBX1 
presumably presents an approach for the restoration 
of Cx32 in precancerous lesion tissues. Apart from 
binding directly to the Cx32 promoter, the research 
direction of PBX1 in gastric epithelial cells is challenging 
but warrants further investigation. PBX1 would be a 
crucial mediator that unravels H. pyloridependent 
microenvironment and the gastric inflammation
carcinoma chain. It could be expected that the PBX1
Cx32 targeting site sheds light on preventing further 
damage by H. pylori chronic infection.

COMMENTS
Background
Helicobacter pylori (H. pylori) infection has been widely suggested to 
accelerate gastric carcinogenesis through an “inflammation-carcinoma chain”. 
Connexin 32 (Cx32), a gap-junction protein, plays a suppressive role in gastric 
carcinogenesis. Our studies previously revealed the reduced Cx32 expression 
in H. pylori-infected gastric mucosa and its association with the carcinogenesis, 
but its regulating patterns, including transcriptional control, remain enigmatic.

Research frontiers
Previous studies have demonstrated the decreasing expression of Cx32 
from normal gastric mucosa to precancerous lesions and gastric carcinomas 
(GCs). Cx32 abnormality is a crucial molecular event for loss of gap junctional 
functions. The changing expression patterns of transcriptional factors (TFs) 
caused by H. pylori might affect Cx32 expression. It is requisite to clarify the 
mechanisms regarding how Cx32 is downregulated by potential TFs to unravel 
the transcriptional regulation mechanism of GC occurrence.

Innovations and breakthroughs
The authors draw attention to PBX1 because of its increasing tendency toward 
H. pylori-associated gastric carcinogenesis and its Cx32 binding sites predicted 
by bioinformatics tools. The multiple H. pylori-infected cell, animal and clinical 
specimen models were rigorously designed and performed in terms of PBX1 
and Cx32 expression, whose negative correlation is in line with our previous 
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work. It is intriguing that PBX1 downregulates Cx32 expression by directly 
binding to its promoters, and inhibition of PBX1 leads to Cx32 upregulation, 
indicating PBX1 as a promising anti-cancer target.

Applications
This study showed increased PBX1 expression during gastric carcinogenesis 
stages with H. pylori infection that is largely responsible for Cx32 down-
regulation. It is therefore expected that Cx32 inhibition could be somehow 
reversed by treating against potential TFs, which provides new insights for H. 
pylori-related GC therapy.

Peer-review
This is a very-well designed, performed and written experimental and clinical 
study for deciphering PBX1-Cx32 regulating axis under H. pylori infection and 
its association with gastric carcinogenesis.
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