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Abstract 
Background: The HBV-X (HBX) protein is believed to contribute to the devel-
opment of HCC. However, the molecular mechanisms involved in HBX-
mediated hepatocarcinogenesis remain obscure. In this study, the effect of 
hepatitis B virus X gene and its protein product HBxAg on expression of p53 
gene in Hep G2 cell line was investigated. 
Methods: Viral DNA extracted from HBV-positive serum and HBX gene re-
gion was amplified using polymerase chain reaction (PCR). Then, PCR prod-
uct was cloned into the pcDNA3 vector. After confirmation of cloning, the re-
combinant plasmid pcDNA3-X was transfected into HepG2 cell line using li-
pid-mediated DNA-transfection procedure. SDS-PAGE and western blotting 
methods were used to identify expression of HBX protein. Relative quantifica-
tion was used to analyze the p53gene expression using the 2-∆∆ Ct method. 
Results: Recombinant plasmid pcDNA3–HBX was confirmed by restriction en-
donucleases digestion and colony-PCR. The results of SDS-PAGE and western 
blot assays showed that HBX gene could be expressed in Hep G2 cell line. 
There was no significant difference between the expression levels of p53 com-
pared with GAPDH gene as housekeeping gene (p<0.05).  
Conclusion: There was no significant difference in the protein levels between 
the transfected cells with X gene containing HBX130 and HBX131 double mu-
tations and p53 gene.  It is necessary to do more studies on Hepatitis B virus to 
understand the role of HBX on the development of liver cancer and its func-
tion on p53 tumor suppressor protein. 
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Introduction 

 

Hepatocellular Carcinoma (HCC) is a com-
mon malignancy and a leading cause of death 
worldwide. Recent epidemiological data have 
demonstrated that liver cancer incidence has 
been continuously rising for more than a dec-
ade, not only in Asia and Africa but also in 
North America and Europe 1. The risk factor 
of HCC has been identified based on epidemi 
ological studies i.e. chronic HBV and HCV in- 
fection and prolonged exposure to alfatoxin 2.  

Chronic Hepatitis B Virus (HBV) infection 
 

 
 
 
 

is the dominant global cause of HCC, ac-
counting for 55% of cases worldwide and 
80% or more in eastern Pacific region and 
sub-Saharan Africa, the regions with highest 
rates for incidence of the tumor 3. The mecha-
nisms whereby HBV causes malignant trans-
formation remain uncertain. However, much 
of the evidence available supports a patho-
genetic role for the product of HBVX gene, 
the HBX protein 4. HBX gene is the smallest 
of the four partially overlapping open reading 
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frames of HBV. It comprises 456 nucleotides 
that encode a 154-amino acid regulatory pro-
tein with a molecular mass of 17 kDa 5.  

In this study, an established human hepato-
carcinoma cell line (Hep G2) was used for the 
expression of HBX protein. Several studies 
have reported that HBX expression in Hep G2 
cell line has an important role in regulation of 
expression of many genes, which have a vari-
ety of cellular functions including oncogen-
esis, apoptosis and cell cycle regulation 6. 
Some studies indicate the correlation between 
mutation/inactivation of p53 and HBV protein 
X (HBX) in hepatocarcinogenesis. In that pro-
cess, HBX will suppress p53 function which 
leads to unlimited liver cell division and re-
sults in HCC 2. p53 is a protein which is re-
sponsible for protecting, maintaining and re-
pairing cells. HBX may cause inactivation of 
p53 function, therefore if HBxAg-p53 com-
plex is formed, p53 will lose its function, and 
it is the beginning of cancer development 2.   

Mutations of HBV are known as an escape 
mechanism for escaping from the host im-
mune system and they may affect the carcino-
genesis of chronic HBV diseases. A study 
showed that double mutations of HBV at nu-
cleotide 1762 and 1764 in the Basal Core 
Promoter (BCP) region were the most com-
mon mutation types in HCC patients 7. Be-
cause HBV core promoter overlaps partially 
with HBX coding sequence, these double mu-
tations in BCP region convert K to M at posi-
tion 130 and V to I at position 131 in the hep-
atitis B virus X gene product.  HBX130 and 
HBX131 double mutations were the most 
common HBX mutations occurring in HCC 
patients with chronic HBV infection. On the 
other hand, based on a study in our country, it 
was reported that prevalence rates of muta-
tions in the precore and basal core regions 
were 46 and 30%, respectively 8. 

In this study, the effect of hepatitis B virus 
X gene containing HBX130 and HBX131 dou-
ble mutations and its protein product (HBxAg) 
on expression of p53 gene in cell line Hep G2 
was investigated. 
 

Materials and Methods 
 

Biological and chemical materials 
DNA extraction kit, PCR product purifica-

tion kit, plasmid isolation kit, FuGene®6 
transfection kit and qRT PCR (SYBR Green I 
Light Cycler-based real-time PCR assay) 
were supplied by Roche Company (Germa-
ny). Cloning kit (Inset/Aclone PCR product 
cloning kit), DNA extraction kit from Aga-
rose gel kit, RT PCR kit and restriction endo-
nuclease were obtained from Fermentase 
(Switzerland). Hepatoma cell line Hep G2 
was obtained from the Cell Bank of Pasteur 
Institute. RPMI-1640, Fetal Bovine Serum 
(FBS) and penicillin/streptomycin were from 
Gibco Company. PCR primers were synthe-
sized by Cinnagen Company. The expression 
vector pcDNA3 was provided from Invitrogen 
(USA). 
 

Construction of HBX expression vector 
Viral DNA was extracted from HBV posi-

tive serum and a 465 bp HBX gene fragment 
was amplified using PCR. HBX gene was 
amplified using forward 5´ATGCAAGCTTA 
TGGCTGCTAGGCTGTACTG-3´and reverse 
5´TGCGAATTC T T AGGCAGAGGTGA A A 

AAGTTG-3´ primers. PCR amplification was 
performed at 95°C for 5 min followed by 35 
cycles at 94°C for 1 min, 61°C for 45 s and 
72°C for 1 min. Final extension was per-
formed at 72°C for 10 min. Then, PCR prod-
uct was purified and directionally cloned into 
PTZ57 vector and transformed into TG1 
strain of Escherichia coli (E. coli) (results not 
shown).  

The positive clones were selected to extract 
plasmid, and the plasmid was then digested 
with EcoRІ and Hind Ш and finally ligated 
into digested pcDNA3 to construct the recom-
binant plasmid pcDNA3-HBX. For confirma-
tion of cloning, colony-PCR, restriction endo-
nucleases digestion and sequencing methods 
were employed. 
 

Cell culture and DNA transfection 
Hep G2 cell line was cultured in RPMI-1640 

medium supplemented with 10% heat inacti-
vated Fetal Bovine Serum (FBS), penicillin 
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(100 U/ml), and streptomycin (100 μg/ml). 
Cells were maintained at 37°C in a saturating 
humidity atmosphere containing 5% CO2.  

About 2.5 ml of trypsin-EDTA was used 
for passaging the cells every 2-3 days. Hep 
G2 cells were cultured in flat-bottom culture 
plates. When the confluence reached 70-80%,  
pcDNA3-X vector that was established and 
sequenced, was transfected to Hep G2 cell 
line by lipid-mediated transfection  using Fu-
Gene®6 transfection Reagent Kit. According 
to the protocol of this kit, ratios of 3:1 and 6:1 
of FuGene®6 Transfection Reagent and the 
vector were used, respectively for transfection 
of pcDNA3vector and pcDNA3-HBX vector 
to Hep G2 cells. After 72 hr, the cell mono-
layer in 6-well culture plates was washed with 
PBS and then collected.  
 

RNA extraction and RT-PCR 
Total RNA from 3 kinds of cells (Hep G2 

cells, cells that were transfected with Hep 
G2+pcDNA3 and Hep G2+pcDNA3+HBX) 
was isolated using Trizol reagent and stored at 
-70°C.  HBx cDNA was synthesized from to-
tal RNA (10 ng) using Moloney Murine Leu-
kemia Virus (MMLV), Reverse Transcriptas 
(Promega) and HBX specific  primers at 25°C 
for 10 min, 42°C for 60 min, 70°C for 10 min 
by RT-PCR kit and stored at -20°C. 
 

SDS/PAGE and western blot assays 
SDS/PAGE and Western blot methods were 

performed to detect HBX protein expression 
in Hep G2 cells. Briefly, the cells were col-
lected, washed, and lysed in lysis buffer and 
heated in denaturing lysis buffer for 10 min. 
The extraction from each sample was separat-
ed on 12% SDS polyacrylamide gel electro-
phoresis and transferred to nitrocellulose 
membranes. Then the membranes were blot-
ted for 60 min at room temperature with non-
fat dry milk (5%). The primary antibody dilu-
tion was 1:500, followed by 1:3000 dilution of 
goat anti-rabbit HRP-labeled antibody (Bio-
Rad). 
Quantification Real-Time PCR (q RT-PCR) 
To analyze the relative changes in gene ex-
pression, real-time quantitative PCR was used. 
Primers sequences used for real-time PCR 

were as follows: p53 sense: 5-TGCGTGTGG 
AGTATTTGGATG-3', antisense: 5'-TGGTAC 
AGTCAGAGCCAACCAG-3';GAPDH sense: 
5'-ACGCATTTGGTCGTATTG GG-3', anti-
sense:5'-TGATTTTGGAGGGAT CTCGC-3'. 

Glyceraldehyde-3-Phosphate Dehydrogen-
ase (GAPDH) gene was used as the internal 
control gene for normalization of relative 
quantification and also, Hep G cell line and 
Hep G2-pcDNA3 were used as the control 
samples. Real-time PCR was performed with 
SYBR Green I Light Cycler-based Real-Time 
PCR assay. Twenty μl reaction mixtures for 
any gene were prepared using 4 μg Light Cy-
cler Fast Start DNA master mixtures for 
SYBR Green I, 0.5 mM of each primer and  
5 μl of cDNA.  

The amplification reaction was carried out 
under the following conditions: first 95°C for 
10 min, followed by 40 cycles at 95°C for 5 s 
and 60°C for 10 s and 72°C for 20 s. After 
PCR amplification, a melting curve was gen-
erated by holding the reaction at 95°C for 60 s 
and the gradient from 72 to 95°C and raising 
by 1°C for each step. The efficiency of ampli-
fication of the target gene (p53) and internal 
control (GAPDH) was examined using real-
time PCR. Serial dilutions of cDNA were 
amplified by real-time PCR using specific 
primers for each gene. All reverse transcrip-
tion-PCRs were performed in triplicate. Then, 
Δ CT (CT, p53- CT, GAPDH) was calculated 
for each cDNA dilution.  The data were ana-
lyzed using least-squares linear regression. 
Relative quantification of p53 expression was 
performed using 2-ΔΔ Ct method. 
 

Statistical analysis 
All data were analyzed with non-parametric 

Wilcoxon test by using SPSS software pack-
age. A p-value less than 0.05 was considered 
to be significant. 
 

Results 
 

PcDNA3-HBX vector construction 
A 465 bp fragment of HBX gene was am-

plified using HBV- DNA and subcloned into 
the expression vector pcDNA3, with which 
the pcDNA3-HBX was constructed. The pre-
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sence of 465 bp fragment of HBX gene in 
pcDNA3 was verified by restriction endonu-
cleases digestion, colony PCR and DNA di-
rect sequencing (Figure 1). The result of se-
quencing showed that there were substitutions 
in amino acids 130 and 131 of HBV X protein. 
 

Expression of HBX gene in Hep G2 cells 
After transfection of pcDNA3-HBX in Hep 

G2 cell line, expression of HBX gene was 
confirmed by using RT-PCR (data not shown), 
SDS-PAGE and Western blot assays. HBX is 
154 amino acids in size, with a molecular 
mass of approximately 17 kDa. In this study, 
the presence of 17 kDa hepatitis B virus gene 
product, HBX, was investigated using SDS-
PAGE and Western blot assays (Figure 2). 
The expected band was seen in HBX expres-
sing cells while there was no detectable band 
in the control group (Hep G2-pcDNA3). The-
se results indicated that HBX was successful-
ly transfixed and expressed in Hep G2 cells. 
 

Expression of p53 gene with real-time PCR  
Expression of p53 gene in transfected and 

non-transfected cells with HBX gene com-
pared to GAPDH gene was evaluated by rela-
tive quantification and melting curve analysis. 
The results showed a 0.7 fold decrease in the 
expression of p53 compared to GAPDH as the 
housekeeping gene. However, there was no 
significant difference in expression level of 
p53 gene in transfected and non-transfected 
cells with HBX gene containing HBX130 and 
HBX131 double mutations.  

 
Discussion 

 

The small, 3.2 kb DNA genome of HBV 
contains four known open reading frames, 
called S, C, P, and X. The hepatitis B virus X 
(HBX) gene is the smallest, with a length of 
465 nucleotides. HBX is 154 amino acids in 
size, with a molecular mass of approximately 
17 kDa. Comparative analyses of HBV X 
gene sequences from mammalian hepadeno-
viruses of different species revealed areas of 
high conservation, including presumptive hel-
ical domains located in the amino and car-
boxy-terminal regions, and a potential coiled-
coil motif 9.  

Figure 2. Expression of HBX in Hep G2 cell line by SDS 
PAGE and Western blot. The purified bands had a molecular 
size of 17 kDa, corresponding with the size of HBX pro-
tein; A) Hepatitis B virus X protein was separated on 12% 
SDS-polyacrylamide gel electrophoresis; Lane 1: Protein 
marker (Sigma marker, M 3913), Lane 2: Non-transfected 
cell (negative control), Lane 3: transfected cell; B) Expres-
sion of HBX 16.7 kDa was analyzed using Western blot by 
serum samples from patients with Liver Cirrhosis. Lane 1: 
Protein molecular weight marker (Sigma marker, M 3913), 
Lane 2: transfected cell with HBX 

Figure 1. Confirmation of the presence of 465 bp hbx fragment in pcDNA3 vector by 3 methods; A) Colony PCR. Lane 1: 100 bp 
DNA molecular size marker, Lane 2: PCR product of pcDNA3 plasmid without HBX gene (negative control), Lane 3: PCR product 
of pcDNA3-HBX vector; B) Restriction endonucleases digestion. Lane 1: 100 bp DNA molecular size marker, Lane 2: pcDNA3-
HBX without digestion, Lane 3 and 4: Digestion product of pcDNA3-HBX with EcoRI and Hind III, Lane 5:  Digestion product of 
pcDNA3 (control); C) The direct sequencing result of pcDNA3-HBX 
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The highest rate of HBX gene expression 
has been seen in hepatoma cells and Qu ZL et 
al showed that the transfection efficiency was 
46.4% in Hep G2 cells and 29.6% in QBC939 
cells for both HBX gene expression vector 
and empty vector 10. HBX gene expression in 
HL-7702 and CCL13 cell lines by Hong-Ying 
Chen 11 and Di-Peng Ou 12 and also, frequent-
ly in Hep G2 cells 13 was employed. Thereto-
fore, Hep G2 cell line was selected for inves-
tigation of HBX gene expression and its effect 
on p53 was evaluated. As expected, presence 
of the approximately 17 kDa band confirmed 
expression of HBX gene using SDS-PAGE 
and Western blot assays.  

 HBX protein has been shown to be associ-
ated with liver diseases such as Chronic Hep-
atitis B (CHB), Liver Cirrhosis (LC) and 
HCC. Antigen x of hepatitis B virus (HBxAg) 
induces viral replication and gene expression, 
which are important for survival and chronic 
state of this carrier and the progression of 
HCC. Several studies indicated that the anti-
bodies to HBxAg (antiHBX) may serve as a 
pre-neoplastic marker for diagnosis of HCC 
14-16. In this research, expression of recombi-
nant HBX protein in Hep G2 line was con-
firmed using Western blot and serum samples 
from patients with LC whereby the presence 
of anti-HBX in sera of these patients can be 
used as a marker for diagnosis of HCC in the 
future.  

HBX is a multifunctional transactivator for 
various viral and cellular genes. It is assumed 
that HBX is a protein kinase with autophos-
phorylation activity and the phosphorylized 
HBX in human hepatoma cell indicates that 
phosphorylation has a contribution in carcin-
ogenesis 2. Transactivation function of HBX 
involves both activation of signal transduction 
cascades and direct protein-protein interac-
tions. HBX can transactivate several signaling 
transduction pathways including protein ki-
nase C, ras/raf/ MAP, Jak1 kinase and src ki-
nase. In addition, HBX directly interacts with 
transcription machinery such as RNA poly-
merase, TATA- binding protein and TF IIB 
and other cellular proteins such as p53, a tu-

mor suppressor protein. Thus, the pleiotropic 
activity of HBX may contribute to the modu-
lation of gene expression, which finally leads 
to the formation of liver cancer 17,18.  

One of the most important molecules relat-
ing to cancer is p53. p53 protein is a common 
target site in molecular pathogenesis of DNA 
tumor virus. Many viral oncoproteins disrupt 
p53 activity through direct protein-protein in-
teraction 19. These include large T antigen of 
simian virus 40, E6 protein of human papil-
lomavirus 20, E1B 55 kDa of adenovirus 21 and 
HBX protein of HBV 22. Direct association 
between HBX and p53 proteins is observed 
with HBX-GST fusion proteins in vitro or 
with in vitro translated proteins 17,23.  

Some studies reported that HBX protein 
binds to the C-terminus of p53 and induces its 
sequestration from the nucleus to the cyto-
plasm, thereby leading to inhibition of its ef-
fects on cell cycle arrest and DNA repair 9. 
Chung et al 24 studied the expression of p53 in 
transfected cells compared with non transfect-
ed cells by eukaryotic recombinant vector 
pEGFP-C2-X and Chang cell line and con-
firmed that HBX had no effect on expression 
of p53. Alvin et al demonstrated that cells ex-
pressing HBX increased sensitivity to UV 
damage but in the absence of UV damage, 
cells expressing HBX were found to be simi-
lar to control cells in their morphology, cell 
cycle, and apoptotic profiles and untreated 
HBX-expressing cells were also able to repair 
damaged DNA as efficiently as the control 
cells. The ability of HBX to alter the capabil-
ity of the cell to repair damaged DNA may 
predispose a chronically HBV infected indi-
vidual to cancer. HBV and its HBX protein 
contribute to carcinogenesis by destabilizing 
the cellular genome, where random genetic 
alterations due to integration of HBV genome 
into cellular DNA can cause chromosomal re-
arrangements and affect key genes involved 
in the cell growth 25. 
 

Conclusion 
 

Our results were compatible with these 
findings that HBX does not change the level 
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of p53 expression. HBX130 and HBX131 
double mutations did not increase the expres-
sion levels of p53. However, the molecular 
mechanisms responsible for HBX protein-
induced HCC remain uncertain. In the future, 
regarding the essential role of HBX in the re-
plication of HBV and its effect on tumor sup-
pressor elements such as p53, we propose that 
HBX can be used in diagnostic kits for diag-
nosis of hepatic carcinoma. 
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