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AbstractAbstractAbstractAbstractAbstract
AIM: To investigate the contribution of HBV in the
development of hepatocarcinoma by examining the effects
of HBV on p53 function in SMMU-7721 cell line.

METHODS: Plasmid pCMVp53 was transfected or cotransfected
with pCMVHBVa (wild-type HBV) or PCMVHBVb (mutation
type HBV) into the hepatoma cell line SMMU-7721 by
lipofectamine. Apoptosis cells were labeled with annexin
V-FITC and confirmed by flow cytometry. Reporter plasmid
PG13-CAT or p21-luc was cotransfected, respectively, into each
group to determine the transactivation activity of p53 and
its effect on p21 promoter. Western blot was performed to
observe p53 expression in hepatoma cell line of each group.

RESULTS: The group transfected with pCMVp53 alone
exhibited higher luciferase activity and higher apoptosis
rate, otherwise, the p53 expression and reporter activity
of PG13-CAT or P21-luc as well as cell apoptosis rate were
obviously higher in the group cotransfected of pCMVp53
with pCMVHBVa, but not in the other cotransfected group.

CONCLUSION: Transient transfection of HBV into the
SMMU-7721 cell line can enhance p53 expression and its
effects on development of hepatocarcinoma.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
HBV is a major etiological factor associated with

hepatocarcinogenesis, but its role in the transformation
process remains unknown. p53 is an important tumor
suppressor and its mutation or inactivation is thought to be
involved in the development of various types of cancers,
including primary hepatocellular carcinoma (PHC)[1]. It has
been reported that the p53 protein could bind with HBx antigen
to form the complexes, which led to p53 inactivation[2,3].
Genetic alterations in the cellular genome in HBV-transfected
HepG2 cells were also detected, which could indicate HBV
replication[4]. In view of the intimate relationship between
HBV infection and hepatoma, relationship between HBV
and p53 is always a research spot. In this experiment, we
observed the effect of  HBV on p53 expression and activity
in SMMU-7721 cell line.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS
Materials
Plasmids and cell  Human hepatoma cell line, SMMU-
7721, was constructed in our laboratory, which can express
wild type p53, but without HBV replication. The plasmids
of  pCMVHBVa (wild type HBV), pCMVHBVb (mutant
type HBV, C-T substitution at 1 653 bp) and pCMVp53
(containing wild type p53 1.8 kb cDNA) were supplied by the
Center for Human Virology of  Thomas Jefferson University.
PG13-CAT was kindly provided by Dr. Vogelstein, which
contains 13 consecutive p53 recognition sites, making the
expression of chloramphenicol acetyltransferase (CAT)
regulated by p53 protein in the cells, and its inner control
plasmid was pSVβ-gal (Promega, USA). p21-luc (kindly
provided by Dr. Vogelstein) contains p53 binding site with
p21 promoter and luciferase reporter gene. The inner
control plasmid PRL-SV40 (Promega) was cotransfected
into cells to eliminate the difference caused by transfection
efficiency or cell counts.
Chemicals and reagents  LipofectamineTM transfection
reagent was purchased from Gibco BRL (Gaithersburg,
MD, USA). Dual Luciferase Assay System was purchased
from Promega (USA). Annexin-V-FITC reagent was from
Bender MedSystems (Vienna, Austria), CAT-ELISA kit was
purchased from Roche (Mannheim, Germany). BCA protein
detection kit was from Tian-Cheng Company (Shanghai,
China). Protein prestained marker was provided by BioLabs
(Australasia). Western blotting luminal reagent was from
Santa Cruz (USA). Mouse mAb P53-DO7 was from Antibody
Diagnostica Incorporation (USA). Internal control β-actin
antibody was from Sigma (USA). Goat-anti-mouse horseradish
peroxidase antibody and PVDF were from Hua-Mei
Biological Company (Shanghai, China).



Methods
Cell culture and transient transfection with plasmid
DNA  SMMU-7721 cells were cultured in DMEM media
supplemented with 100 mL/L fetal calf serum (FCS) and
antibiotics, and incubated at 37  in a humidified atmosphere
containing 50 mL/L CO2. The experiment was divided into
four groups: pCMVp53 was transfected alone or
cotransfected with pCMVHBVa or pCMVHBVb into the
SMMU-7721 cell; and the control group was transfected
by sperm DNA. The total of  2 μg DNA was transfected
into the cells in each group. DNA amount was held constant
in all experiments by adjusting with sperm DNA. Plasmid
DNAs were introduced into SMMU-7721 by lipofectamineTM

following the manufacturer’s instructions. Briefly, cells were
seeded into 35-mm culture dishes for 24 h and the medium
was refreshed 4 h before transfection. The DNA mixed with
12 μL of lipofectamineTM was added to each plate and incubated
in serum-free medium at 37  for 6.5 h, and then the
medium was replaced with RPMI containing 100 mL/L
FCS. Sixty hours after transfection, cells were observed under
microscope. Cells were harvested to detect the apoptotic
rate by flow cytometry or p53 expression by Western blot.
CAT ELISA  Cells were prepared and transfected as
aforementioned. Total amount (2.0 μg) of  DNAs were kept
constant by adding PG13-CAT. SV40-driven β-gal internal
control plasmid and the respective test plasmids were as
follows: pCMVHBVa, pCMVHBVb, pCMVp53, or the
control sperm DNA. Before harvesting, the cells were
washed thrice with PBS and extracted following the
manufacturer’s instructions. β-Galactosidase activity was
determined in 96-well plates. A total of  200 μL aliquot of
the clear lysates was tested for CAT concentration in the
CAT ELISA according to the manufacturer’s instructions
(Roche Molecular Biochemicals). The CAT concentration
of  each sample was normalized with respect to β-gal activity.
Luciferase assays  Transfections were carried in triplicate.
Exponentially growing cells were plated at a density of
5×104/well in 0.5 mL medium into 24-well plates. Cells
were cultured overnight before transfection. Then 300 ng
of luciferase reporter constructs were cotransfected with
300 ng of constructs expressing wild-type p53 proteins or
pCMVHBVa or pCMVHBVb. Renilla luciferase expression
vector (3 ng) was regarded as an internal control. DNA
amount was held constant in all experiments by adjusting
with sperm DNA. The cells were harvested 60 h after
transfection by lysis with passive lysis buffer (Promega).
Firefly and Renilla luciferase activities were assayed using
Dual Luciferase Assay System (Promega) according to the
manufacturer’s instructions. The firefly luciferase activity
was normalized to Renilla luciferase activity to compensate
for variability in transfection efficiencies.
Flow cytometric analysis of apoptotic cells  The cells were
stained with FITC-labeled annexin V (Bender MedSystems)
and propidium. FITC-labeled annexin V has been used to
detect apoptotic cells because annexin binds PS exposed to
the outer membrane in apoptotic cells[5-7]. Flow cytometric
analysis was performed with a Becton Dickinson flow
cytometer (FACScan), and the results were analyzed with
the CELLQUEST program (Becton Dickinson).
Western blot analysis  Cell pellets were lysed in lysis buffer

containing protease inhibitors. The protein concentration
of  each cell lysate was determined with the BCA assay kit.
Eighty micrograms of total protein was separated in a
100 g/L SDS-polyacrylamide gel and transferred to a
polyvinylidene difluoride transfer membrane according to
standard procedures. Western blotting using anti-p53 mouse
mAb DO-7 (1:1 000 dilution) was performed. ECL internal
control protein β-actin detection was performed simultaneously.

Statistical analysis
The results were expressed as mean±SD. Differences
between experimental groups were evaluated by Student’s
t-test. P value <0.05 was considered statistically significant.

RESULRESULRESULRESULRESULTSTSTSTSTS
The promoter activity of p21 in each transient transfection
group
Expression of p53 has an influence on the p21 promoter.
As a control, we first tested whether wild-type p53 protein
could activate transcription from a p21 promoter. Wild-
type p53 triggered an increase in transcription from the
p21 promoter and the luciferase values increased significantly
when pCMVHBVa was cotransfected, but not in the
pCMVHBVb-cotransfected group (Table 1).

Table 1  Luciferase activity in each group (mean±SD)

Groups      p21-luc

pCMVp53 1.218±0.041a

pCMVp53+pCMVHBVa 2.197±0.522a,c

pCMVp53+pCMVHBVb 0.937±0.210e

Control 0.764±0.274

aP<0.05 vs  control group; cP<0.05 vs  pCMVp53 group; eP<0.05  vs
pCMVp53+pCMVHBVa group.

Effect of HBV on transcription activity of p53
To determine the effect of  HBV on the transcriptional
activities of p53, p53 plasmid was transfected transiently
alone or cotransfected with HBVa or HBVb, along with the
PG13-CAT reporter construct (the CAT reporter gene
under the control of a p53-responsive element). Even in
the group transfected with PG13-CAT plasmid alone, a weak
expression of  CAT enzyme (1.272±0.253) was observed,
which suggested that there was an underlying transcription
effect of p53 in SMMU-7721. However, in the group with
pCMVp53 transfection-induced overexpression of p53, CAT
activity was found to be greatly increased (3.585±0.869).
Moreover, the group cotransfecting HBVa with PG13-CAT
also had a significantly increased CAT activity than that of
the group transfected with PG13-CAT alone (2.559±0.231),
while cotransfection of HBVb had no marked influence
on CAT activity of  PG13-CAT (Table 2).

Western blot for p53 expression
It was found that an increase in p53 transcription activity
was associated with HBV replication, then it was interesting
to examine whether it was caused by the upregulation of
p53 protein expression. Our results showed that p53 had a
weak expression in the normal SMMU-7721 cells. However,
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p53 expression was markedly increased after transfection
with the pCMVp53 plasmid. Furthermore, cotransfection
of  pCMVp53 with pCMVHBVa showed an even higher
p53 expression, while the change was not remarkable when
pCMVHBVb was cotransfected with p53 (Figure 1).

Figure 1  Western blot analysis of p53 expression in each group. Cell lysates
(80 μg) were electrophoresed on SDS-PAGE gels and proteins were transferred
to PVDF membranes.

Detection of apoptosis by FITC-annexin V/PI double staining
One of the important effects of p53 was its apoptosis-

promoting effect. Thus, we observed the apoptosis rate
which, in some sense, could indicate p53 activity. We observed
that pCMVp53-transfected group had a significantly higher
apoptosis rate than the control group (12.32% vs 6.91%).
There was a much higher apoptosis rate in the pCMVp53 and
pCMVHBVa cotransfected group (23.08%), but not in the
pCMVp53 and pCMVHBVb cotransfected group (12.20%,
Figure 2).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION
Although several data have suggested that the transformation
process and tumorigenesis result from activation of
oncogenes and inactivation of tumor suppressor genes of
the DNA repair system, the question remains of what applies
to PHC development. Despite the long-standing association
between HBV and PHC development, the role of HBV in
the transformation process is still unknown.

The long list of loci with frequent mutations associated
with PHC suggests that the mechanism generating these
genetic changes might be important in PHC development
and needs to be identified. Mutation or inactivation of
tumor suppressor gene p53 and its downstream gene
p21WAF1 may have an implication in the PHC development
[8]. Under normal conditions, p53 is most probably latent.
Exposure of cells to p53-activating signals can lead, within
a relatively short time, to a marked elevation of p53 protein.

In this experiment, HBV and p53 were transiently
transfected into SMMU-7721 cell in order to investigate
the apoptosis of the cells, p53 expression, and activity of
p53 downstream gene-p21WAF1 promoter and the replication
of HBV. Our results showed that the transfection of p53

Table 2  CAT activity in each group

Groups CAT activity

PG13-CAT 1.272±0.253
HBVa+PG13-CAT 2.559±0.231a

HBVb+PG13-CAT 1.585±0.347
pCMVp53+PG13-CAT 3.585±0.869a

aP<0.05 vs PG13-CAT group.

Figure 2  Flow cytometric analysis of cell apoptosis. SMMU-7721 cells were
transfected with p53, p53+HBVa, p53+HBVb. The cells were stained by FITC-

labeled annexin V and propidium (A-D).
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alone in SMMU-7721 cells could increase p21-promoter
activity and the apoptosis rate of  the cells, suggesting that
p53 could promote p21 transcription and contribute to the
apoptosis process of the cells. While cotransfection of wild-
type HBV markedly increased both p53 protein expression
and its transcription activity, and simultaneously, the cell
apoptosis rate was significantly increased. In contrast,
cotransfection of mutant HBV did not show any effect.

As we know, wild-type p53 is usually a very labile protein,
turning over with a half-life sometimes as short as few
minutes[9]. On contrary, mutant p53 has a longer half-life,
which makes its accumulation in cells. It is generally accepted
that the accumulation of active p53 in response to stress
occurs mainly through post-translational mechanism, which
stabilizes the p53 and increases the ability of nucleolus
location[10]. The current results showed that HBV may contribute
to promote the stability and activity of p53.

Shi et al.[11], showed that p21 (WAF1/CIP1) expression
was inversely correlated with p53 expression in hepatitis C
virus (HCV)-related hepatocellular carcinomas (HCCs), but
not with HBV-related HCCs and HCCs without viral infection,
suggesting that different modes of  p21 (WAF1/CIP1)
regulation are involved in HCCs, differing from their hepatitis
viral infection status, and p21 (WAF1/CIP1) expression
appears to be predominantly related to altered p53 in HCV-
related HCCs. Livezey et al.[12], analyzed the p21/Waf1
protein expression in several different kinds of cells by
Western blot and indicated that p21/Waf1 protein was
upregulated in cells that replicate HBV, but there was still
no reasonable interpretation about this phenomenon. Since
p21WAF1/CIP1 (p21) is a universal inhibitor of  cyclin-
dependent kinases and is regulated transcriptionally by p53,
which is activated by DNA stress, its expression reflects DNA
stress in chronic hepatitis. We observed the correlationship
of HBV with p53 and p21, raising the possibility that HBV
may have an effect on p21 expression through p53 upregulation,
thereby leading to the cell apoptosis.

It has been reported that expression of  p21WAF1 in
the hepatic disease may be correlated with the disease
progression. p21 expression has been reported to be
upregulated by the stress of inflammation and fibrosis, and
might be influenced by viral proteins in human chronic liver
disease. Once the liver develops HCC, the p21 mRNA
expression decreases to prominently low levels[13]. In
hepatocarcinogenesis induced by HBV and aflatoxin B in
tree shrews, the immunopositivity for p21 was found before
HCC development, which suggested that p21 protein might
be an early marker in the development of HCC[14]. The
upregulated p21 expression may play a role as a guard to
prevent hepatocytes from tumorgenicity in hepatitis.

Most of the previous reports deemed that apoptosis
could not happen to the carcinogenesis cells and/or such
cells had no response to the death signal, which lead to
unlimited cell growth. But recent research indicates that
tumor cells not only exhibited excessive proliferation, but
also underwent apoptosis at rates that far exceed those in
normal tissue. Proliferation and apoptosis of  the tumor

cells coexist at all stages and the rates of cell replication are
higher than that of apoptosis, allowing a preferential net
gain of pre-neoplastic cells[15]. Though HBV chronic
infection is an important risk factor of HCC development,
HBV-related hepatocarcinoma often happens after dozens
of years of infection. In this study, we found that transient
transfection of HBV induced apoptosis of SMMU-7721
cells and inactively proliferation. Thus, it is considered that
there may be a balance between proliferation and apoptosis
in HBV-infected hepatic cells. Hence, disruption of  this
balance, that is, predominance of proliferation over apoptosis,
leads to tumorigenesis.
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