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Repression of miR-143-3p by HBx promotes hepatocellular 
carcinoma pathogenesis via BAG3

Bo Tang1, Guangying Qi1, Xingsi Liang1, Fang Tang1, Shengguang Yuan1, Zhenran 
Wang1, Shuiping Yu1, Xingyuan Jiao2 and Songqing He1

1Department of Hepatobiliary Surgery, Department of Pathology and Physiopathology, First Affiliated Hospital of Guangxi 
Medical University, Nanning, 530021, Guangxi, China

2Department of General Surgery, The First Affiliated Hospital, Sun Yat-Sen University, Guangzhou, 510080, Guangdong, 
China

Correspondence to: Songqing He, email: pten1304hsq@163.com
Xingyuan Jiao, email: xyjiao006@163.com

Keywords: HBX; microRNA-143; hepatocellular carcinoma; BAG3; apoptosis
Received: September 24, 2016        Accepted: August 28, 2017        Published:
Copyright: Tang et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0 
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited.

ABSTRACT

Background: Hepatitis B virus (HBV) X protein (HBx) was correlated with 
progression of HBV infection associated hepatocellular carcinoma (HCC). The study 
was designed to understand the mechanism of miR-143-3p on progression in HBV 
induced HCC.

Method: Quantitative real-time Polymerase Chain Reaction (qRT-PCR) was 
performed to determinate the expression level of miR-143-3p and Bcl2-associated 
athanogene 3 (BAG3) in HBV (-) and HBV (+) human samples. Next, online database 
search and luciferase assay were conducted to evaluate the target genes of miR-
143-3p. The relation between HBx and miR-143-3p or BAG3 was evaluated by using 
western-blot and qRT-PCR. The impact of miR-143-3p and HBx on cell proliferation 
and apoptosis was evaluated bby using MTT assay and flow cytometry assay.

Results: Comparing with human HBV (-) samples, the expression level of miR-
143-3p significantly decreased in human HBV (+) samples. BAG3 is a direct target 
gene of miR-143-3p. The expression of BAG3 is significantly increased in the HBV (+) 
samples than that in the HBV (-) samples. HBx suppresses miR-143-3p and promotes 
BAG3 in HepG2 cells. HBx significantly promotes the proliferation and inhibits the 
apoptosis of HepG2 cells.

Conclusion: HBx inhibits miR-143-3p expression to promote liver cells 
proliferation and suppress apoptosis, which may explain its involvement in the 
tumorigenesis of HBV associated hepatocellular carcinoma.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the 5th most 
frequent malignancy disease and the 3rd cause of cancer-
associated death in the world [1]. It accounts for most of 
primary liver cancers. There are over half a million new 
cases diagnosed each year, with an approximately equal 
mortality each year due to its high fatality. The incidence 
of HCC is on the rise [2]. It is well known that cirrhosis 
and viral hepatitis are the most frequent risk factors for 

HCC. However, the mechanism of hepatocarcinogenesis 
is still unclear.

HBx has been reported to be involved in the 
development of liver cancer, such as hepatocellular 
carcinoma (HCC). HBx protein plays multiple roles in 
cell proliferation and apoptosis inhibition, cell signaling 
transduction, and gene expression regulation. In addition, 
HBx acts as a major regulator for viral replication [3]. 
However, there is argument about the direct causal 
effect of HBx on development of HCC [4]. Many studies 
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reported the HBx gene integrated into the host genome 
in tissues with hepatocarcinoma and the gene mutants in 
HBx that develops as a result of this integration process 
[5, 6].

MicroRNAs (miRNAs), a family of small non-
coding RNAs (~18–22 nt), regulate the expression of 
target genes on transcriptional level by accelarating mRNA 
degradation. Tumorigenesis and neoplastic transformation 
could be caused by specific miRNAs which impacting 
the translation of a range of crucial cellular genes and 
hence pivotal biological processes. Recently, Jiang et al. 
reported that miRNAs are commonly reduced in HCC and 
highly related with its clinical pathological characteristics, 
including prognosis, recurrence, metastasis and cirrhosis 
[7]. MiRNAs regulate proliferation, metastasis and 
apoptosis of HCC cells in hepatocarcinogenesis [8]. 
MiRNAs are also correlated with HCC cells that were 
originated from chronic HBV and HCV carriers, indicating 
that miRNAs could trigger the infection with HBV and 
HCV causing disease progression to HCC [9]. Wang et 
al systematically confirmed that full-length HBx inhibits 
of miRNAs and studied the downstream mechanisms 
involving hepatocarcino-genesis [10]. Exogenous HBx 
in HepG2 cells significantly inhibited the expression of 7 
miRNAs and increased the expression of 11 miRNAs than 
the parental cells [10]. Ct-HBx-induced transcriptional 
inhibition may be one of the factors causing the decreased 
productions of miR-26a and miR-29c in HCC cells 
because of over-expression of HBx in HBV-associated 
HCC and frequent integration of HBx into the host 
genome in truncated form [11, 12].

Previous studies reported that the expression of 
miR-143 as well as some other miRNAs was substantially 
altered in HCC patients infected with HBV compared 
with those HCC patients without HBV, which might be 
attributed to the presence of HBX coded by the genome 
of HBV. In addition, BAG3, an oncogene which was 
predicted to be a target gene of miR-143, has been shown 
to be involved in the pathogenesis of HCC by suppressing 
the apoptosis of tumor cells [13–15]. Here, we investigated 
the relationship between the HBx with miR-143-3p or 
BAG3, and explored the molecular mechanism underlying 
the development of HBV-induced HCC.

RESULTS

Demographic, clinicopathological and genotypic 
parameters of the participants recruited in this 
study

48 patients were enrolled in this study, including 
24 HCC patients positive for HBV and 24 cases negative 
for HBV. The demographic and clinicopathological 
characteristics of the participants, such as sex, age, 
differentiation and stage were described in Table 1. And 
the Student t-test was used to estimate the difference 

between groups. No significant difference was observed 
with respect to age, sex, differentiation and stage.

Loss of miR-143-3p in human HBV (+) samples

Based on 24 HCC cases with HBV infection and 24 
HCC patients without HBV infection, we evaluated the 
expression level of miR-143-3p using qRT-PCR. HCC 
patients with HBV have significant lower miR-143-3p 
level comparing with the control patients without HBV 
infections (Figure 1)

BAG3 is a direct target gene of miR-143-3p

To investigate the target gene of miR-143-3p in the 
HBV-positive HCC samples, we searched miRBase and 
found that miR-143-3p directly recognized 375 candidate 
genes. We confirmed BAG3 is a target of miR-143-3p 
(Figure 2A). To further confirm that miR-143-3p directly 
inhibited expression of BAG3, we conducted luciferase 
reporter assay, Luc-BAG3-3’UTR-wt (wild-type) and 
its 3’UTR mut (mutant) plasmids were constructed, and 
transfected into HepG2 cells along with miR-143-3p 
mimic and anti-sense. The transfection of miR-143-
3p significantly attenuated BAG3-3’UTR-wt reporter 
luciferase activity, but not the BAG3-3’UTR-mut. 
Meanwhile, the anti-sense of miR-143-3p significantly 
increase the expression of BAG3-3’UTR-wt, but not the-
3’UTR-mut (Figure 2B). In words, BAG3 is a direct target 
gene of miR-143-3p.

Gain of BAG3 in human HBV (+) samples

We evaluated the expression level of BAG3 in 
human samples, and confirmed that both mRNA level 
(Figure 3A) and protein level (Figure 3B) of BAG3 were 
significantly increased in HCC patients’ samples with 
HBV infection, which indicates that loss of miR-143-3p 
is highly correlated with the gain of BAG3.

We further investigated the miRNA-mRNA 
regulatory relationship using Pearson correlation analysis. 
The negative correlation coefficient is -0.499 (r=-0.499) 
(Figure 4). Our clinical data support that miR-143-3p 
mediates HBx induced BAG3 upregulation.

HBx regulates the expression level of MiR-143-
3p and BAG3 in liver cells

To further confirm our finding based the clinical 
samples, we selected LO2, HepG2 and HepG2 2.2.15 cell 
lines for validation. LO2 is a normal liver cell line. HepG2 
cell line is a liver cancer cell line without HBV infection. 
HepG2 2.2.15 is a liver cell line with HBV infection. 
We found that miR-143-3p was significantly inhibited 
the in HepG2 (P<0.05) and HepG2 2.2.15 (p<0.01) cells 
comparing with LO2 cells (Figure 5A). Meanwhile, the 
BAG3 was increased in in HepG2 (P<0.05) and HepG2 
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2.2.15 (p<0.01) cells comparing with LO2 cells (Figure 
5B). The expression level of HBx was confirmed as what 
we expected (Figure 5C).

To further investigate if the expression of BAG3 is 
regulated by miR-143-3p and HBx, we introduce miR-143-
3p mimic or pHBx (HBx expression plasmid) into HepG2 
cells. As shown in Figure 6, miR-143-3p expression level 
was significantly inhibited in cell introduction of miR-
143-3p mimic or pHBx compared control group (Figure 
6A). Meanwhile, the miR-143-3p expression promotion 
of pHBx was much stronger than miR-143-3p mimic. The 

protein level of BAG3 was evidently increased in pHBx 
group compared to that in the vector group (Figure 6B), 
suggested that HBX inhibited miR-143-3p expression and 
improved BAG3 expression.

Next, we establish a stable HepG2 cells with HBx 
expression. The gain of HBx in HepG2 cells significantly 
inhibited miR-143-3p and increased BAG3 in HepG2 
cells (Figure 7A and 7B). We further confirmed the BAG3 
protein was significantly increased in the HepG2 cells 
(Figure 7C and 7D). This results further confirm that miR-
143-3p mediates the HBx induced BAG3 upregulation.

Figure 1: Loss of miR-143-3p is associated with HCC patients with HBV infaction. The level of miR-143-3p was measured 
among 48 participants consist of 24 HCC patients diagnosed with HBV and 24 HCC patients without HBV. (*, p<0.05).

Table 1: Characteristics of hepatocellular carcinoma patients in the present study’

Characteristics 
Patient numbers n (%) 

P value 
HCC+HBV (n=24) HCC-HBV (n=24)

Male gender (%) 14 (58.3) 15 (62.5) 0.768

Age (yr, %)      

  <50 3 (12.5) 5 (20.8)  

  ≥50 21 (87.5) 19 (79.2) 0.438

HCC differentiantion      

  Well 2 (8.3) 4 (16.7)  

  Moderate 15 (62.5) 16 (66.7)  

  Poor 7 (19.2) 4 (16.6) 0.468

Pathological staging      

  Stage I 1 (4.2) 2 (8.3)  

  Stage II 15 (62.5) 17 (70.8)  

  Stage III 8 (33.3) 5 (20.9) 0.562
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Figure 2: BAG3 is a direct target gene of miR-143-3p. (A) BAG3 was identified as the candidate target gene of miR-143-3p in 
cells with the “seed sequence” in the 3’UTR of BAG3. (B) In comparison with control, miR-143-3p mimics significantly inhibited the 
reporter luciferase activity of the BAG3 3-UTR-wt but not that of BAG3 3-UTR-mut. Meanwhile, miR-143-3p anti-sense increase the 
luciferase activity of BAG3-3UTR-wt, but not mutant reporter (*, p<0.05).

Figure 3: Gain of BAG3 is associated with HCC patients with HBV infraction. (A) The level of BAG3 mRNA was measured 
among 48 participants consist of 24 HCC patients diagnosed with HBV and 24 HCC patients without HBV, and BAG3 was highly expressed 
in HBV (+) group. (*, p<0.05). (B) The level of BAG3 protein was measured among 48 participants consist of 24 HCC patients diagnosed 
with HBV and 24 HCC patients without HBV, and BAG3 was highly expressed in HBV (+) group.

Figure 4: Gain of BAG3 is associated with loss of miR143-3p in human patients. The negative correlation coefficient between 
miR-143-3p and BAG3 was -0.499 (r=-0.499).
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MiR-143-3p and HBx affected HepG2 cells 
proliferation and apoptosis

To investigate if the miR-143-3p and HBx regulates 
the proliferation and apoptosis, we establish stable HepG2 
cells with miR-143-3p or HBx. The over-expression of 
miR-143-3p significantly inhibited proliferation and 
promoted apoptosis. On the contrary, HBx expression 
in Hepg2 cells significantly promoted the proliferation 

and inhibited apoptosis (Figure 8). The results suggested 
that BAG3 may mediates HBx induced proliferation and 
apoptosis inhibition

DISCUSSION

More and more studies support that HBx regulates 
miRNAs. Especially, HBx medicated extensive regulation 
of miRNAs in liver cells. The HBx mRNA acts in 

Figure 5: HBx is associated with lower miR-143-3p expression and higher BAG3 expression. MiR-143-3p, BAG3 and HBx 
expressions in two HCC cells line (HepG2 and HepG2 2.2.15) and normal liver cells (L02). (A) miR-143-3p was highly expressed in L02 
cells than that in HepG2 and HepG2 2.2.15 cells. (*, p<0.05; **, p<0.01). (B) BAG3 mRNA was highly expressed in HepG2 2.2.15 cells 
than that in HepG2, and L02 cells. (*, p<0.05; **, p<0.01). (C) HBx was highly expressed in HepG2 2.2.15 cells comparing with HepG2 or 
L02 cells. (**, p<0.01).

Figure 6: HBx regulates miR143-3p and BAG3 level in HepG2 cells. (A) The expression of miR-143-3p in cells introduction 
with pHBx was decreased. (B) The expression of BAG3 in cells introduction with pHBx was increased.
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synergism with the HBx protein to inhibit miR-15a/16 
productions via c-Myc [16]. Up-regulation of miR-29a 
by HBx protein was discovered, which in turn promotes 
cell migration by impacting PTEN in hepatoma cell lines 
[17]. The HBx protein inhibits miR-101 mediated DNA 
methylation by impacting DNA methyl transferase 3A 
[18]. It has been reported that HBx inhibited miR-145 
mediated MAP3K upregulation, which promotes cell 
proliferation [19]. HBx expression also leads the loss of 
miR-21, the oncogenic miRNA, was observed in HepG2 

cells. [19]. In this study, we recruited 48 patients: 24 HCC 
patients with HBV infection and 24 HCC patients without 
HBV infection to evaluate the relationship of HBx with 
miR143-3p and/or BAG3. Our study confirmed that miR-
143-3p is inhibited in HBV positive patients.

Earlier studies have demonstrated substantial loss 
of miR-143 in gastric cancer, bladder, lung and colorectal 
cancers [20]. While gain of miR-143 is reported in 
esophageal cancer and pancreatic stellate cells cancer, 
there are still few studies investigated the correlation 

Figure 7: HBx inhibited the expression of miR143-3p and increased BAG3 expression in HepG2 cells. (A) The relative 
expression level of miR-146-3p was suppressed by pHBx. (**, p<0.01). (B) BAG3 mRNA level was over-expressed by pHBx. (**, p<0.01). 
(C and D) BAG3 protein level was over-expressed by pHBx. (**, p<0.01).
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between the diagnosis of HCC and miR-143 expression 
[21]. To date, the correlation between HCC and miR-
143 was rarely reported. Zhang et al. suggested that the 
expressions of miR-143 are significantly elevated in 
metastatic HBV-HCC of both HCC patients and p21-HBx 
transgenic mice. Gain of miR-143 enhances cancer cell 
migration/invasion and metastasis [22]. It also has been 
found that increased expressions of miR-143 and miR-215 
in the serum samples derived from patients with HCC and 
chronic hepatitis when compared to the controls [23], both 
of which are different from our results of this study. The 
previous reports about the role of miR-143 in oncogenesis 
is controversial, while the majority of the references 
reported that miR-143 functions as a tumor suppressor in 
the tumorigenesis including bladder cancer, lung cancer, 
esophageal cancer, prostate cancer, colon cancer, ovarian 
cancer, breast cancer, osteosarcoma, and pancreatic cancer, 
which is in line with the data of our study [24–33]. In liver, 

the reports about miR-143 in oncogenesis is conflicting, 
and our results are consistent with the data from the 
following two studies [34, 35].

HBV infection is a primary cause to hepatocellular 
carcinoma (HCC) and human cirrhosis [36]. 7 types of 
viral proteins are encoded by 4 open reading frames of 
HBV. HBx plays a critical role among these proteins 
for replication of virus and pathogenesis of HCC [37, 
38]. HBx is a 17-kDa multifunctional modulator that 
regulates gene expression via cytoplasmic signaling 
pathways and nuclear transcription factors [39]. HBx 
acts as an oncogene in the occurrence of hepatocellular 
carcinoma (HCC) [40]. It has reported that frequent 
integration of HBx into the host genome in truncated 
form which did not have its carboxyl-terminus and over-
expression of HBx in HCC tissues related to HBV [11]. It 
is demonstrated that these variants of carboxyl-terminal 
truncated HBx (Ct-HBx) cancel the apoptotic and growth-

Figure 8: HBx promotes cell proliferation and inhibits apoptosis. (A) MiR-143-3p inhibited cell survival, while HBx improved 
cells growth. (*, p<0.05). (B) MiR-143-3p promoted cell proliferation, while HBx suppressed cells apoptosis. (*, p<0.05).
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inhibitory effects of full-length HBx [41]. Moreover, 
HBx is associated with epigenetic modifications during 
hepatocarcinogenesis [42]. The mechanism of HBx-
induced hepatocarcinogenesis is still unclear.

BAG3 is identified as a binding partner of Bcl-
2 [43]. The expression of BAG3 was robust in a lot of 
solid tumors, including colorectal carcinomas, non-small 
cell lung cancer and HCC [13, 14, 44]. The upregulation 
of BAG3 is triggered by a lot of stressful stimuli, 
including heavy metal exposure and high temperature, 
even though its expression is restricted to the striated 
muscle cells [45, 46]. BAG3 is associated with a board 
range of biological functions including cell invasion, cell 
survival and cell adhesion [47]. Loss of BAG3 promotes 
apoptosis of renal cancer cells. Meanwhile suppression 
of JNK signal pathway regulates BAG3 [48]. Our recent 
study in unilateral urinary obstruction (UUO) rat models 
have shown that BAG3 is implicated in fibroblast growth 
factor-2 (FGF2) mediated epithelial-mesenchymal 
transition (EMT) of HK2 cells, and elevated expression 
is found in tubular epithelium [49]. Although BAG3 
is described as an oncogene, there are several studies 
with opposite findings. Recently, De-Hui Kong et al. 
determined that BAG3 prevented of anti-apoptotic effect 
[50]. Li et al. found that BAG3 could ensure stability of 
JunD mRNA to enhance growth suppression by serum 
starvation [51]. We investigated the role of BAG3 in HCC 
and found that BAG3 facilitated epithelial–mesenchymal 
transition, angiogenesis, invasion and tumor growth of 
HCC [13]. It has also been identified that the signaling 
pathway of HIF-1α might be part of the mechanisms of 
BAG3 in regulation of the angiogenesis and metastasis of 
HCC cells [52]. In this study, we found that the expression 
of BAG3 was apparently enhanced in HCC patients with 
HBV infection. We also found that miR-143-3p level in 
HepG2 was higher than HepG2 2.2.15 cells but lower than 
L02 cells. Meanwhile BAG3 in HepG2 was lower than 
HepG2 2.2.15 cells but higher than L02 cells. In addition, 
the gain of HBx inhibited the expression of miR-143-3p 
and promoted expression of BAG3 in HepG2 cells. Gain 
of HBx promotes the proliferation of HepG2 cells and 
inhibits apoptosis.

MATERIALS AND METHODS

Subjects

24 HCC patients with chronic HBV infection were 
enrolled from Department of Hepatobiliary Surgery, 
Affiliated Hospital of Guilin Medical University (Guilin, 
China) from April 2013 to November 2014. 24 HCC 
patients free of HBV infection were also enrolled during 
the same time. The participants with other liver diseases 
(such as drug-induced liver injury, Wilson’s disease, 
alcoholic hepatitis, steatohepatitis, autoimmune hepatitis, 
viral hepatitis A, hepatitis C, hepatitis E; metabolic), 

endocrine diseases (such as human immunodeficiency 
virus infection, hyperthyroidism, diabetes mellitus), and 
other comorbidities (such as renal dysfunction, respiratory 
system and cardiovascular) were excluded from our 
research. Participants or their first-degree relatives had 
already signed the informed consents before participating 
in the study. The Ethical Committee of Guilin Medical 
University (Guilin, china) approved the protocol of 
this study. The study was conducted according to the 
Declaration of Helsinki.

RNA isolation and quantitative real-time PCR

TRIzol reagent (Invitrogen, CA, USA) was used to 
extract the total RNA from tissue samples and cultured 
cells in accordance with the manufacturer’s protocol. 
Prime Script II 1st Strand cDNA Synthesis Kit (Takara 
Bio Inc., Japan) was used to reverse transcript the RNA 
samples based on the manufacturer’s recommendation. 
ABI PRISM 7900 Sequence Detection System (Applied 
Biosystems, Foster City, CA) with SYBR Green PCR 
mixture was used to perform the qRT-PCR (Quantitative 
real-time PCR) to quantify the expression of BAG3 and 
GAPDH, and GAPDH was used as the internal control 
to normalize the relative expression of BAG3 mRNA. 
ABIPRISM 7900 Sequence Detection System (Applied 
Biosystems, Foster City, CA) was used to perform the 
PCR in accordance with the manufacturer’s mannual. 
2−ΔΔCt was used to analyze the relative quantification of 
the BAG3 mRNA and miR-143-3p. Three independent 
experiments were performed.

Cell culture and transfection

DMEM/F12 (Thermo Scientific, South Logan, 
Utah) containing 20 ng/mL EGF (Peprotech, New Jersey, 
USA), 100 ng/mL cholera toxin (Sigma, St. Louis, MO), 
5% horse serum (Invitrogen, CA, USA), 10 μg/mL insulin 
(Sigma, St. Louis, MO), 0.5 μg/mL hydrocortisone 
(Sigma, St. Louis, MO), 100 μg/mL streptomycin and 100 
units/mL penicillin was used to maintain the LO2, HepG2 
and HepG2.1.1.15 cells at 37°C under a humidified 
atmosphere of 5% CO2/95% air. Lipofectamine™ plus 
Reagent (Invitrogen, CA, USA) was used to perform 
transient transfect, and then X-treme GENE siRNA 
transfection reagent (Roche, Basel, Switzerland) was used 
to transfect the HepG2 and HepG2.1.1.15 cells with miR-
143 mimics or inhibitors and BAG3 siRNA in accordance 
with the manufacturer’s recommendation. Each test was 
repeated three times.

Proliferation assay

Cell proliferation reagent kit I (MTT) (Roche 
Applied Science, Indianapolis, IN, USA) and 
FACSCalibur flow cytometer (BD Biosciences, New 
Jersey, USA) were used to assess the proliferation of 
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HepG2 cells in accordance with the manufacturer’s 
guidelines.

Luciferase assay

MiRBase (www.mirbase.org) and MircroRNA 
(www.microrna.org) were used to predict that the BAG3 
is a target gene of miR-143-3p. High-Capacity cDNA 
reverse transcription kit (Applied Biosystems, Foster City, 
CA, USA) was used to perform the reverse transcription 
(RT-PCR) to synthesize cDNA (BAG3) including 
binding sites for miR-143 based on the described from 
the manufacture. Agarose gel was used to separate and 
extract the PCR products following standard protocol. 
The PCR products were sub-cloned into the downstream 
of the luciferase gene in a pGL3-promoter plasmid using 
TA cloning Kit (Invitrogen, CA, USA), and the sequencing 
was used to confirm the efficiency. The mutagenesis was 
inserted into the same site of a control vector (Ambion, 
Cambridgeshire, UK) at the same time. Lipofectamine™ 
transfection Reagent (Invitrogen, CA, USA) was used to 
co-transfect the HepG2 cells with wild-type pGL3-BAG3 
3’UTR or mutant pGL3-BAG3 3’UTR and negative 
controls (GenePharma, Shanghai, China) in accordance 
with the manufacturer’s instruction. Two days later, Dual-
Luciferase Reporter Assay System (Promega, WI, USA) 
was used to detect the renilla luciferase activity/firefly 
luciferase activity following the supplier’s instruction. 
Each test was carried out three times.

Western blot analysis

To analyze the expression of BAG3 protein, Ice-cold 
RIPA lysis buffer including 0.01% phosphatase inhibitor 
cocktail (Sigma, St. Louis, MO) and phosphatase and 
protease inhibitors (Protease Inhibitor Cocktail Tablet, 
Roche, Indianapolis, IN) was used to prepare the whole 
cell extracts to lyse the cultured cells in accordance 
with manufacturer’s instruction. 12% SDS-PAGE was 
used to separate the whole cell proteins and the protein 
were transfer onto a nitrocellulose membrane (Millipore, 
Bedford, MA, USA). 5% defatted milk (Merck, 
Darmstadt, Germany) was used to block the membranes 
to avoid unspecific binding. GAPDH (glyceraldehyde-
3-phosphate dehydrogenase) (Cell Signaling, Danvers, 
MA) was used to as the internal control. The primary 
antibodies (1:1000, Cell Signaling, Danvers, MA) and 
anti-β-actin (1:8000, Cell Signaling, Danvers, MA) was 
used to treat the membrane at 4°C overnight, and the 
secondary antibodies (1:15000, Cell Signaling, Danvers, 
MA) was used to incubate the membrane for 2 hours. And 
Super Signal West Femto chemoluminescent substrate 
(Thermo Scientific, IL, USA) was used to develop the 
blots, and digital acquisition system (ChemiDoc-It; 
UVP, Upland, CA) was used to visualize the bands, and 
ImageJ1.42 software (NIH, Bethesda, MD) was used to 

quantify the protein in accordance with the manufacturer’s 
recommendation. GAPDH was used as the internal control 
to normalize the expression of BAG3 protein. Each test 
was performed three times.

Apoptosis analysis

FACS Calibur flow cytometer (BD Biosciences, 
New Jersey, USA) was used to evaluate the apoptosis 
of HepG2 cells in accordance with the manufacturer’s 
protocol.

Statistical analysis

Data are shown as the means ± SD (standard 
deviation). One-way analysis was used to perform the 
comparisons, followed by and Mann-Whitney U test and 
Bonferroni post hoc test. SPSS version 16.0 (SPSS, Inc., 
Chicago, IL, USA) was used to perform the statistical 
analysis. The value of P less than 0.05 was considered 
significant.

CONCLUSION

Gain of HBx caused by HBV infection inhibits the 
expression of miR-143-3p, which leads to the upregulation 
of BAG3, a well-documented oncogene. HBx promotes 
the proliferation and inhibits the apoptosis of HepG2 cells. 
The HBV-HBX-miR-143-BAG3 signaling pathway is 
involved in the pathogenesis of HBV induced HCC.
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