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Abstract. Hepatitis B virus (HBV) infects many individuals 
globally each year. Researchers usually focus on the relationship 
between HBV and liver diseases. In this study, we investigated 
the effects of HBV infection on gastric mucosa. We detected 
the levels of HBX protein and mRNA in specimens from sixty-
four chronic hepatitis B patients (CHB) with gastric ulcers. We 
confirmed that HBX could aggravate gastric ulcers according 
to clinicopathological parameters. In addition, we constructed 
the pcDNA3.1-HBX plasmid and transfected it into GES-1, a 
gastric mucosal cell line. The results indicated that HBX could 
induce apoptosis and G1 arrest in GES-1 cells. Insights into the 
mechanism of HBX action in GES-1 cells were obtained using 
western blot analysis.

Introduction

Hepatitis B virus (HBV) infects ~350 million individuals 
globally each year and 1.2 million people die from chronic 
HBV infection, cirrhosis and liver cancer. About 2 billion of 
the world’s population has been infected with the hepatotropic 
DNA virus at present time (1). HBV contains four identified 
open reading frames (ORFs) named C, S, P, and X coding for 
hepatitis B core antigen (HBcAg), hepatitis B surface antigen 
(HBsAg), hepatitis B envelope antigen (HBeAg), and X protein, 
respectively (2,3). HBcAg, HBsAg, HBeAg can be used in 
the diagnosis of the infection and to determine the severity 
of the infection (4). The X protein (HBX), which consist of 
154 amino acids, contains four regions important for trans-
activation, and modulation of cytoplasmic signal transduction 
pathways (5). HBX has received much attention because it can 
affect apoptosis, gene expression, cell cycle, and cell prolifera-

tion in host cells (6-8). Furthermore, the relationship between 
HBX and many signaling pathways has been demonstrated, 
such as Ras-Raf MAPK signaling pathway (9,10), JAK-STAT 
signaling pathway (11,12), PKC signaling pathway (13,14), 
and SAPK/JNK signaling pathway (15,16). However, whether 
HBx induced or inhibited apoptosis remains unclear. Previous 
research has identified that HBX could upregulate survivin 
a well-known anti-apoptosis protein (17). Others have found 
HBX is associated with caspase activation and mitochondrial 
dysfunction (18).

Although chronic infection of HBV has been linked 
epidemiologically to the development of hepatocellular carci-
noma for >40 years (19), we neglect another basic problem. 
As known to us, Hepatitis B virus is transmitted by contact 
with blood or body fluids of an infected person. Gastric ulcers 
may cause vascular injury and bleeding, providing an impor-
tant way for HBV infection. In the last decades, we only pay 
attention to the relationship between HBV and the liver. We 
did not note that the lesions caused by HBV in the stomach. 
Whether HBV can aggravate the injury of gastric ulcer by 
infecting gastric mucosa epithelial cell remains unclear. This 
study aimed to determine the role of HBV X protein in gastric 
tissues and cells.

Materials and methods

Study population and ethics statement. Sixty-four chronic hepa-
titis B patients (CHB) with gastric ulcer were recruited from 
First Hospital of China Medical University in this study from 
July 2007 to July 2011. The diagnosis of CHB was confirmed 
by the serological examination of HBsAg for >6  months. 
Tissue specimens were derived from the patients after the 
resection at the Department of General Surgery. This study was 
in compliance with the Helsinki Declaration, all patients gave 
written informed consent for participation, and the procedure 
was approved by Our University Ethics Committee.

Cell lines. Human gastric mucosa cell line, GES-1, was 
obtained from the American Type Culture Collection 
(Bethesda, MD, USA) and grown in RPMI-1640 medium 
(Hyclone, UT, USA) supplemented with 10% fetal bovine 
serum and antibiotics (100 U/ml penicillin and 100 µg/ml 
streptomycin). Cells were maintained in a humidified cell 
incubator with 5% CO2 at 37˚C.
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Plasmids and transfection. A full-length ORF of HBX was 
obtained from gastric ulcer samples by RT-PCR. The primers 
of HBX were, sense: 5'-CGGAATTCATGGCTGCTAGGC 
TGTGCTG-3' (EcoRI) and antisense: 5'-CGCGGATCCGG 
CAGAGGTGAAAAAGTTGC-3' (BamHI) (Takara Dalian, 
Dalian, China). The cDNA of HBX was cloned into BamHI 
and EcoRI sites of mammalian expression vector pcDNA3.1. 
All of the constructs were confirmed by DNA sequencing 
(Sunbiotech, Beijing, China). Cells were transfected using 
Lipofectamine™ 2000 (Invitrogen, CA, USA) according to 
the manufacturer's instructions. HBX-expressing cells were 
obtained by transfecting with pcDNA3.1-HBX.

Western blot analysis. Tissues and cells were lysed in lysis 
buffer (20 mM Tris-HCl, 150 mM NaCl, 2 mM EDTA, 1% 
Triton-X100) containing a protease inhibitor cocktail (Sigma-
Aldrich, St. Louis, MO). Cell extract protein amounts were 
quantified using the BCA protein assay kit. Equivalent amounts 
of protein (20 µg) were separated using 12% SDS-PAGE and 
transferred to PVDF membrane (Millipore Corporation, 
Billerica, MA). Western blot was performed using primary 
antibodies: HBX (Alexis Biochemicals, San Diego, CA), 
stress-activated protein kinase/JNK antibody (Cell Signaling 
Technology, Beverly, MA), phospho-stress activated protein 
kinase/p-JNK (Thr183/Tyr185) (Cell Signaling Technology), 
CHOP (abcam), BiP (Cell Signaling Technology), c-jun (Cell 
Signaling Technology), phosphorylated c-jun (Ser63) (Cell 
Signaling Technology), and β-actin (Millipore). Each specific 
antibody binding was detected with horseradish peroxidase 
(HRP)-conjugated, respective, secondary antibodies and ECL 
solutions (Amersham Biosciences, UK).

Semi-quantitative real-time PCR. Total tissue and cellular RNA 
was isolated using TRIzol reagent (Invitrogen) and was reverse 
transcribed by using SuperScript  II reverse transcriptase 
(Invitrogen) according to the manufacturer's protocol. Real-time 
PCR was performed using primers specific for HBX and 
GAPDH. Real-time PCR analysis was performed on the ABI 
Prism 7500 sequence detection system (Applied Biosystems, 
Foster, CA) using the SYBR Green PCR Master mixture 
(Takara, Dalian). The PCR conditions were: one cycle at 95˚C 
for 10 min followed by 40 cycles at 95˚C for 15 sec and at 60˚C 
for 1 min. The following primer sets were used: HBX sense: 
5'-GGCAGAGGTGAAAAAGTTGC-3', antisense: 5'-GGC 
AGAGGTGAAAAAGTTGC-3'; GAPDH sense: 5'-GAA 
GGTGAAGGTCGGAGT-3', antisense: 5'-CATGGGTGG 
AATCATATTG GAA-3'. Relative quantitation was calculated 
by ∆∆Ct method. Each reaction was repeated independently at 
three times in triplicate.

Immunohistochemical staining (IHC). Immunohistochemistry 
was used to detect the expression of HBX protein in gastric 
ulcer samples. The study population included 64 patients. 
Immunohistochemical staining was performed on 4-µm 
sections obtained from formalin-fixed, paraffin-embedded 
blocks. Endogenous peroxidase activity was blocked with 3% 
hydrogen peroxide for 30 min. Antigen retrieval was carried 
out in citrate buffer (10 mM, pH 6.0) for 30 min at 95˚C in 
a pressure cooker. Anti-HBX (Alexis Biochemicals) at 1:500 
was applied incubated at 4˚C overnight. Afterward, sections 

were incubated with a biotinylated secondary antibody and then 
exposed to a streptavidin complex (HRP). Positive reactions 
were visualized with 3,3'-diaminobenzidine tetrahydrochloride 
(DAB, Sigma), followed by counterstaining with hematoxylin. 
Normal tissue was used as a control. Sections treated without 
primary antibodies were used as negative controls.

3-[4, 5-Dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide 
(MTT) assay. The proliferation rate of HBX-expressing 
cells and control cells were measured by MTT assay. Briefly, 
HBX-expressing cells or control cells were plated at a density of 
1x103/well in 96-well plates. After incubation of 48 h, 0.5 mg/ml 
MTT was added (Sigma). Four hours later, the medium was 
replaced with 100  µl dimethylsulfoxide (DMSO) (Sigma). 

Figure 1. Western blotting for HBX proteins in specimens. HBX proteins 
expression level was higher in ulcers than matched normal tissues (P<0.05). 
N: normal, U: ulcer. β-actin was used as an internal control.

Figure 2. The level of HBX mRNA was measured in specimens using real-
time PCR. The level of HBX mRNA was higher in ulcers than matched 
normal tissues (P<0.05). N, normal; U, ulcer. GAPDH was used as an internal 
control.
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Absorbance Optical density (OD) of each well was determined 
at 490 nm of wavelength with subtraction of baseline reading. 
Each time point was repeated six times and the mean and 
standard errors were calculated.

4'-6-Diamidino-2-phenylindole (DAPI) staining assay. DAPI 
staining was applied for determining the apoptotic cells. Cells 
at a density of 1x105 cells/well were maintained on six-well 
plates and then were treated under the normal culture condition. 
Cells in each well were individually fixed in 4% (v/v) parafor-
maldehyde (Sigma) for 15 min and then stained using DAPI 
(Invitrogen) for apoptotic cells. Cells were then examined 
and photographed using a fluorescence microscope (Olympus 
CX71, Japan).

Cell cycle and apoptosis analysis. The gastric mucosal GES-1 
cells (3x105/well), were plated and incubated overnight. The 
control and treated cells were trypsinized, collected in PBS and 
fixed on ice with 1% paraformaldehyde, followed by 70% cold 
ethanol. After treatment with 10 µg/ml RNase, the cells were 
stained with 50 µg/ml propidium iodide (PI, KeyGEN, Nanjing, 
China) for 15 min at room temperature for cell cycle analysis. 
The apoptotic cells were detected with AnnexinV-FITC/PI 
double staining. The cells were trypsinized and stained with 
Annexin V-FITC and PI following the manufacturer's instruc-
tions for the Apoptosis Assay kit (KeyGEN). The stained cells 
were analyzed by flow cytometry. Data analysis was performed 
with CellQuest software (BD Biosciences, MD).

Statistical analysis. All experiments were done three times in 
triplicate, and the results were expressed as means ± SD (standard 
deviation). P-values <0.05 were considered to statistically signifi-
cant. All statistical analyses were performed with SPSS software 
(version 16.0; SPSS Inc., Chicago, IL, USA).

Results

The levels of HBX mRNA and protein were evaluated in gastric 
ulcer specimens from 64 chronic hepatitis B patients (CHB). 
Western blotting was carried out to investigate the protein status 
of HBX in gastric ulcer specimens. As shown in the results, 
the level of HBX protein was higher in gastric ulcers than 
that in normal tissue (P<0.05, Fig. 1). To examine the relation-
ship between the level of HBX protein and the level of HBX 
transcription, real-time PCR of HBX mRNA was carried out 
in gastric ulcer specimens. The results showed that the level of 

HBX mRNA was also higher than normal tissue and coincident 
with the level of protein (P<0.05, Fig. 2).

Correlation between HBX expression and clinicopathological 
features in gastric ulcers. The immunostaining for HBX was 
only localized in the cytoplasm. HBX protein was highly 
expressed in gastric ulcer specimens, but not in normal parts 
of the specimens (Fig.  3). We then analyzed the potential 
relationship between the expression of HBX and the clinico-
pathological characteristics of these patients. The results are 
summarized in Table I. No correlation was found with gender, 
age, intake of alcohol, ulcer location, or ulcer stage (P>0.05). 
However, HBx expression was significantly associated with 
atrophy, metaplasia and bleeding (P<0.05).

HBX expressed in human gastric mucosa cell line GES-1. 
In order to study the role that HBX plays in human gastric 
mucosa cell line GES-1, we examined the effects of exogenous 
HBX expression in GES-1. To this end, we constructed an 
HBX-expressing plasmid, pCDNA-3.1-HBX, and transfected 
it into GES-1 cells. The levels of HBX mRNA and protein 
increased upon transfection, compared to the levels observed in 
human gastric mucosa cell line GES-1 (Fig. 5).

The effects of HBX on GES-1 cells. MTT assays were 
performed, and growth inhibition curves were generated 
(P<0.05, Fig. 4A). Proliferative ratio of the human gastric 
mucosa GES-1 cells was inhibited by HBX expression. DAPI 
staining showed morphological changes in the nucleus after 
HBX transfection. Fig. 4B shows nuclear condensation in 
apoptotic cells. AnnexinV-FITC and PI double staining 
was performed to detect apoptotic cells quantitatively. The 
apoptotic ratio of the cells transfected with pCDNA-3.1-HBX 
was 6-7 times higher than that of untransfected cells (P<0.05, 
Fig. 4C). When cell cycles of transfected and untransfected 
cells were examined using PI staining, the ratio of cells in the 
G1 phase increased in transfected cells versus untransfected 
cells (P<0.05, Fig. 4D).

The mechanism of HBX induced-apoptosis in GES-1 cells. 
Given that ER stress is highly correlated with the promotion of 
apoptosis, in this study we examined the changes of ER-stress 
mediated apoptotic pathways in GES-1 after pCDNA-3.1-HBX 
transfection. As shown in Fig.  5, expression of ER stress 
molecules (BiP and CHOP) was significantly increased in 
HBX-transfected cells. Activation of JNK pathway in GES-1 

Figure 3. Representative results of two paires of gastric ulcer and corresponding normal tissue by immunohistochemical staining with anti-HBX antibody. 
(A) paired normal tissue (B) gastric ulcer tissue (C) negative control. HBX was stained yellow with granules and localized to the cytoplasm. The nuclei were 
counterstained with hematoxylin.
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cells transfected with pCDNA-3.1-HBX was confirmed using 
a phosphorylated JNK-specific antibody and by detecting the 
phosphorylation of c-jun (Fig. 5). No significant changes of 
JNK and c-jun were detected in transfected cells. These results 
indicate that JNK phosphorylation is a crucial event controlling 
HBX-induced apoptosis. We also confirmed that caspase-3 was 
activated in transfected cells.

Discussion

HBV infection is a major risk factor of human chronic liver 
disease and is strongly associated with hepatocellular carcino-
genesis (HCC) (20). Although the relationship between HBV 

infection and chronic liver disease has been identified, the 
effects of HBV infection on gastric problems remain unclear. 
HBX is a 17-kDa transcriptional co-activator that plays a 
significant role in the regulation of genes involved in inflam-
mation and cell survival (21). In our studies, HBX was found 
to be highly expressed in gastric ulcer specimens from chronic 
hepatitis  B patients. We found that HBX expression was 
significantly associated with atrophy, metaplasia and bleeding. 
These results suggested that HBV could infect gastric mucosa 
and aggravate gastric mucosal injury. 

Some previous studies have suggested that HBX can 
activate apoptotic pathways and induce apoptosis (22-25). 
However, opposing the pro-apoptotic activity of HBX was 

Table I. Relationship between HBx expression and clinicopathological parameters of gastric ulcers.

	 HBx expression
Clinicopathological	 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
features	 n	 -	 +	 ++	 +++	 PR (%)	 χ2 value	 P

Gender							       0.986	 0.982
  Female	 26	 4	 2	 11	   9	 84.6
  Male	 38	 5	 6	 14	 13	 86.8

Age (years)							       0.882	 0.498
  <45	 22	 3	 3	 10	   6	 86.4
  ≥45	 42	 6	 5	 15	 16	 85.7

Intake of alcohol							       5.266	 0.510
  No	 23	 1	 5	   8	   9	 95.7
  Yes	 41	 8	 3	 17	 13	 80.5

Atrophy							       7.866	 0.048
  -	 16	 2	 1	   3	 10	 87.5
  +	 48	 7	 7	 22	 12	 85.4

Metaplasia							       11.00	 0.012
  -	 19	 4	 2	   2	 11	 78.9
  +	 45	 5	 6	 23	 11	 88.9

Bleeding							       12.34	 0.006
  -	 24	 2	 5	   4	 13	 91.7
  +	 40	 7	 3	 21	   9	 82.5

Location							       3.305	 0.951
  Antrum or angle	 18	 2	 2	   7	   7	 88.8
  Lower body	 15	 3	 1	   6	   5	 80.0
  Mid-body	 16	 1	 2	   7	   6	 93.8
  Upper body	 15	 3	 3	   5	   4	 80.0

Stage							       6.295	 0.974
  A1	 11	 1	 1	   4	   5	 90.9
  A2	   8	 1	 1	   3	   3	 87.5
  H1	   9	 1	 1	   5	   2	 88.8
  H2	 12	 2	 2	   2	   6	 83.3
  S1	 11	 2	 2	   5	   2	 81.8
  S2	 13	 2	 1	   6	   4	 84.6

χ2 value, Chi-squared distribution.
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observed in other studies (15,26-28). The effects of HBX 
on apoptosis are not entirely understood. In our studies, we 
confirmed that HBX could induce GES-1 cells to apoptosis. 
GES-1 cells transfected with pCDNA-3.1-HBX exhibited 
apoptosis and G1 arrest. The results of our study are consistent 
with two other studies which concluded that HBX inhibited 
hepatocyte regeneration (29,30). Wu et al (29) found that 
HBX protein blocks G1/S transition of the hepatocyte cell 

cycle progression. The results of Gearhart and Bouchard 
(31) also suggest that HBX uses mitochondrial-dependent 
calcium signaling to cause hepatocytes to exit G0 but stall 
in G1.

In previous studies, HBX was shown to be involved in 
many cell signaling transduction pathways, such as Ras-Raf 
MAPK signaling pathway, JAK-STAT signaling pathway, 
PKC signaling pathway, and SAPK/JNK signaling pathway 
(9-16). HBX activates AP-1 via a pathway that is mediated by 
the activation of ERK and JNK (32,33). Kong et al (34) have 
demonstrated that activation of AP-1 and JNK was inhibited 
in the cells after siRNA treatment. In order to detect the 
mechanism of HBX in GES-1, we carried out western blot to 
analyze the changes of related signaling pathways. Consistent 
with previous studies, we found that HBX induced apoptosis 
in GES-1 though the JNK signaling pathway. We confirmed 
that HBX was able to efficiently provoke endoplasmic 
reticulum (ER) stress in GES-1. ER stress can be induced 
by the unfolded protein response (UPR), which is activated 
in a number of disease processes, such as obesity, diabetes, 
heart disease, cancer, and viral infection (35,36). Previous 
studies have demonstrated that alteration of the levels of 
the ER molecular chaperone GRP78/BiP can inhibit tumor 
growth in vivo (37). Others studies also confirmed that ER 
stress-induced apoptosis is highly dependent on the upregu-
lation of the UPR-inducible transcription factor CHOP (38). 
Consistent with previous studies, we found that the levels of 
BiP and CHOP in GES-1 cells were higher than untreated 
ones. These results indicated that HBX could provoke ER 
stress and further activate JNK signaling pathway in GES-1.

Figure 4. The effects of HBX on GES-1. (A) The growth curve of cell lines was measured using the MTT assay. (B) Apoptotic body formation was observed 
under a fluorescence microscope after DAPI staining. Yellow arrows indicate nuclear condensation. (C) Apoptotic ratio of cells transfected with HBX was 
determined from Annexin-V/PI double-staining assays. The histogram indicates statistically significant results (P<0.05). (D) Propidium iodide staining 
showed changes in the cell cycle. The histogram shows the results has statistical significant (P<0.05).

Figure 5. The mRNA level of HBX was determined by RT-PCR. GAPDH 
was used as an internal control (left panel). HBX provokes ER stress and 
further activates JNK signaling pathway in GES-1 (right panel). Each experi-
ment was performed in triplicate.
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In conclusion, our results demonstrated that the infection 
of HBV is involved in progression of gastric ulcers. In addi-
tion, HBX acts as a positive regulator in the JNK signaling 
pathway. These findings may provide important information in 
understanding the role of the HBV infection in gastric ulcers.
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