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Abstract

Background and Aim Hepatitis B virus core promoter
(CP) mutations can increase risk of hepatocellular carci-
noma. The CP region overlaps with the HBV X (HBx)
gene, which has been associated with hepatocarcinogene-
sis. The cyclin kinase inhibitor P53 is an important regu-
lator of cell cycle progression. We determined whether
HBx mutants that result from mutations in the CP dereg-
ulate P53.

Methods A HBX combination (combo) mutant with
changes in the CP region that corresponded to A1762T/
G1764A (TA), T1753A, and T1768A was constructed and
expressed in L-02 and Hep3B cells. The effects of CP

Zhicheng Yao and Kunpeng Hu have contributed equally to this work.

J. Yan - Y. Zhong - Z. Xiong - M. Deng (<))

Hepatobiliary Surgery Department, The Third Affiliated
Hospital of Sun Yat-Sen University, No. 600, TianHe Road,
TianHe District, Guangzhou City 510630, China

e-mail: drdmh@medmail.com.cn

Y. Zhong
e-mail: zhongyuesi @gmail.com

Z. Yao - K. Hu

Department of General Surgery, Lingnan Hospital of Sun
Yat-Sen University, No. 600, TianHe Road, TianHe District,
Guangzhou City 510630, China

e-mail: yzc820215@126.com

K. Hu
e-mail: dr.hukunpeng @ gmail.com

M. Li

Department of Intensive Care Unit, Lingnan Hospital of Sun
Yat-Sen University, No. 600, TianHe Road, TianHe District,
Guangzhou City 510630, China

e-mail: Imlgz@126.com

mutations on expression and degradation of P53, and the
effects on cell cycle progression and proliferation were
analyzed.

Results The combo mutant decreased levels of P53 and
increased cyclin D1 expression, accelerated P53 degrada-
tion in L-02 cells, accelerated cell cycle progression, and
increased expression of S-phase kinase-associated protein 2
(Skp2) in L-02 and Hep3B cells. Silencing of Skp2 abro-
gated the effects of CP mutations on P53 expression. The
kinetics of P53 expression correlated with changes in cell
cycle distribution.

Conclusions The HBx mutant with a combination of CP
mutations can up-regulate Skp2, which then down-regu-
lates P53 via ubiquitin-mediated proteasomal degradation,
increasing the risk of hepatocellular carcinoma.

Keywords Core promoter (CP) - Hepatitis B virus
(HBV) - Mutation - Hepatocarcinogenesis

Introduction

Hepatocellular carcinoma (HCC) is one among the most
prevalent and lethal cancers in humans [1] and is the fifth
leading cause of cancer globally. Chronic hepatitis B virus
(HBV) infection is a significant risk factor for HCC in the
developing world, where there are more than 400 million
viral carriers [2, 3]. The biology, transmission mode, and
epidemiology of HBV continue to be actively investigated
and have been recently reviewed. People with chronic
HBV infection have approximately a 100-fold increased
risk of developing HCC compared with those without
chronic HBV infection [4]. The HBV genotype, core pro-
moter (CP) mutations, and high viral load are viral factors
associated with an increased risk of HCC [5-7].
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The prevalence of the common double mutation
A1762T/G1764A (TA) is associated with more aggressive
progression of liver disease and development of HCC [8—
10]. The truncated pre-S2/S and X HBV genes have been
found in hepatoma tissue [11-13]. Other hot spot CP
mutations are T1753V and T1768A, which have also been
associated with an increased risk of HCC [14, 15]. Those
other mutations are almost invariably found in association
with the TA mutation, suggesting an important role for the
TA double mutation in hepatocarcinogenesis. But the
mechanisms by which CP mutations induce hepatocarci-
nogenesis are not clear.

CP mutations may enhance HBV replication [16, 17].
However, several clinical reports have revealed that the
presence of the TA mutation is not always associated with
the high HBV-DNA levels [18-20]. HBx protein is a
multifunctional regulator that modulates transcription,
signal transduction, apoptosis, protein degradation, and
cell cycle control and which has been incriminated in
hepatocarcinogenesis [21, 22]. The CP region overlaps
with the HBX gene, and the mutations in the overlap
region may alter the biologic functions of the HBx pro-
tein, thereby increasing the risk of HCC [23]. Deregula-
tion of cell cycle-related protein plays an important role
in development and progression of HCC [24]. HBx
mutants with changes that correspond to a combination of
CP mutations up-regulate SKP2, which then down-regu-
lates p21 via ubiquitin-mediated proteasomal degradation
[25].

The tumor suppressor gene p53 is also involved in
maintenance of the genomic integrity of cells [26]. P53 has
many functions, such as transcriptional activation and
repression, modulation of factors engaged in DNA repair,
cell cycle control, and apoptosis regulation [27-29]. The
direct interaction of HBx and P53 both in vitro and in vivo
has been investigated recently [30-34]. Increasing evi-
dence supports the view that targeted proteolysis of cell
cycle-related proteins by the ubiquitin—proteasome system
plays a key role in regulating the growth of cells [35]. HBx
inhibits p53 transactivation and p53-dependent apoptosis
[31, 32, 36]. However, whether HBx transactivation is
affected by p53 is unclear. The relationship between
transactivation and the p53-binding functions of HBx has
not yet been clearly addressed.

The S-phase kinase-associated protein 2 (Skp2) is an
ubiquitin E3 ligase responsible for recognizing and
recruiting target proteins for polyubiquitylation. This pro-
tein regulates G1-S transition by posttranscriptional regu-
lation of tumor suppressors and may play a crucial role in
promoting or preventing cellular transformation and pro-
liferation [35, 37]. We hypothesized that a combination of
CP mutations modulates p53 expression through Skp2 and
the ubiquitin—proteasome system.
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In this study, we constructed a combination (combo)
mutant HBX (with mutations corresponding to A1762T/
G1764A/T1753A/T1768A) through the gene synthesis and
infected both cell L-02 and hepatoma cell lines to compare
the effect of the combo mutant versus wild-type (WT) HBx
on p53 expression and the pathways that modulate p53
expression.

Materials and Methods
Plasmid Construction

The combo mutant HBx of genotype C corresponding to
A1762T/G1764A/T1753A/T1768A, which contains an
open reading frame and enhancer/promoter region (nucle-
otides 1,060-1,838), was constructed through gene syn-
thesis. A FLAG epitope was introduced at the N-terminus
of HBx. The HBx-Flag constructs were verified by direct
sequencing. HBx protein expression was determined by
anti-FLAG antibody (BD Biosciences, San Jose, CA).

Cells and Cell Culture

The HCC cell line Hep3B (American Type Culture Col-
lection, Manassas, VA) was cultured in Minimum Essential
Medium (MEM; Gibco-BRL, Grand Island, NY) supple-
mented with penicillin (100 U/mL), streptomycin (100 pg/
mL), and 10 % fetal bovine serum (FBS). L-02 cells
(obtained from our lab storage) were cultured in RPMI
1640 (Gibco-BRL) supplemented with penicillin (100 U/
mL), streptomycin (100 pg/mL), and 10 % FBS. All cells
were passaged at a ratio of 1:4 every 4-5 days.

Carboxyfluorescein Diacetate Succinimidyl Ester
(CFSE) Labeling

CFSE cell labeling was conducted as previously described.
Briefly, cultured transfected L-02 and Hep3B cells were
harvested, suspended in phosphate buffered saline (PBS) at
a concentration of 107/mL, and labeled with 5 uM CFSE
for 15 min at room temperature in the dark. An equal
volume of fetal calf serum was added, and the labeled cells
were incubated for an additional 5 min. Cells were washed
three times in cold PBS and used in the proliferation
experiments described below. Typically, the labeling pro-
ficiency was over 98 % as analyzed by flow cytometry.

Lentiviral Transfection
The procedure was similar with the previous study (The

EMBO Journal (2012) 31, 576-592). In brief, Flag-HBx or
its mutations were amplified by PCR and inserted into
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pENTR/D-TOPO vector using pENTR Directional TOPO
Cloning Kits (Invitrogen). The cDNA was then cloned into
pLenti4/V5-DEST wusing Gateway LR recombination
reaction following the manufacturer’s protocol (Invitro-
gen). The viruses were then used to infect cells in the
presence of polybrene (6 mg/mL).

Immunofluorescence

Stationary phase cells transfected with virus were washed
twice with PBS, added to a sufficient volume of 4 % form-
aldehyde to cover the cells, fixed at room temperature for
5 min, washed gently with PBS three times for 5 min each,
dispensed in cold 100 % methanol to rupture cell membranes,
rinsed with PBS for 5 min, and placed at —20 °C for 1 h to
reduce nonspecific binding and lower stain background. Cells
were incubated with primary antibody (anti-Flag, anti-EGFP,
Santa Cruz Biotechnology, Dallas, TX, USA) diluted 1:300 at
4 °C overnight. Unbound antibody was removed by three
5-min PBS washes. Secondary antibody (1:500, Jackson
ImmunoResearch, West Grove, PA, USA) was added and
incubated at room temperature for 2 h in the dark, followed by
addition of 10 pg/mL 4’,6-diamidino-2-phenylindole (DAPI,
Santa Cruz Biotechnology) nuclear stain and incubation in the
dark at room temperature for 10 min. Excess DAPI was
removed by three 5-min PBS washes, and samples were
observed by fluorescence microscopy.

Cell Proliferation Assay

Hep3B HCC cells and L-02 cells were plated at a density of
2 x 10° cells in triplicate in wells of 96-well plates
(Corning Life Sciences, Lowell, MA). Cell proliferation
was measured using the Cell Counting Kit-8 (Dojindo,
Rockville, MD) according to the manufacturer’s protocol.

Cell Cycle Analysis

Cell cycle distribution was analyzed using flow cytometry.
Briefly, 2 x 10 cells were trypsinized, washed, and fixed
in 80 % ethanol overnight at 4 °C in the dark. Fixed cells
were washed and resuspended in 50 pg/mL propidium
iodide. Cell cycle distribution was analyzed using a Bec-
ton-Dickinson FACS Calibur flow cytometer. The per-
centage of GO/G1 cells versus S versus G2/M was
performed using ModFit LT DNA analysis software and
the standard diploid model. Linearity was adjusted to
match the instrumentation. Although ModFit will auto-
matically identify peaks, the results were also visually
checked. For p53 overexpression, cDNA of p53 was
amplified and inserted into pcDNA3 vector and these
vectors were transfected into cells via Lipofectin (Life
Technologies) according to the manufacturer’s protocol.

RNA Interference

Cells were transfected with 100 nmol/L ONTARGET
plus SMART pool siRNAs (Dharmacon, Lafayette, CO)
directed against human p53, Skp2, or nonspecific control
siRNA, respectively. The p53 siRNA sequences were
5'-GAAGAAAATTTCCGCAAAA-3’, and Skip2 siRNA
sequence was 5-ATCAGATCTCTCTACTTTA-3'. siRNA
transfections were performed using Lipofectamine RNAi-
MAX (Invitrogen) according to the manufacturer’s
protocol.

Western Blot Analysis

Cell lysates were separated by sodium dodecyl sulfate/
polyacrylamide gel electrophoresis, and the resolved pro-
teins were transferred onto nitrocellulose membranes (Bio-
Rad, Hercules, CA). The membranes were incubated with
primary monoclonal antibody to anti-p53 (Cat#554167, BD
Biosciences, San Jose, CA), anti-f-actin (A5316, Sigma-
Aldrich, St. Louis, MO), and anti-cyclin D1 (H-295, Santa
Cruz Biotechnology). After washing, the membranes were
incubated with donkey anti-mouse immunoglobulin
Gr/horseradish peroxidase (Abcam, Cambridge, MA). The
bound antibody was visualized by chemiluminescence
(Dojindo, Rockville, MD). Relative protein levels were
quantified by densitometry analysis using NIH Image J.

Statistical Analysis

The data are presented as the mean £ SEM. Student’s 7 test
was used to compare the difference between groups.
P values <0.05 were regarded as statistically significant.

Results

Construction of Combo Mutant HBx and WT HBx
Expression Plasmids

A combo HBx mutant with A1762T/G1764A/T1753A/
T1768A and WT HBx of genotype C containing an open
reading frame and enhancer/promoter region (nucleotides
1,060-1,838) was constructed through gene synthesis.
A FLAG epitope was introduced at the N-terminus of HBx
(Fig. 1a). The HBx-Flag constructs were verified by direct
sequencing. HBx protein expression was determined by
anti-FLAG antibody (BD Biosciences). The lentiviral
vector combo mutant HBx and WT HBx can successfully
infect L-02 and Hep3B (Fig. 1b). L-02 and Hep3B cells
transfected with the combo mutant HBx and WT HBx
stably expressed HBX-Flag (Fig. Ic, d).
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Fig. 1 HBx protein expression.
a The HBx combo mutant of
genotype C corresponding to
A1762T/G1764A/T1753A/
T1768A was constructed. The
mutant contained an open
reading frame and enhancer/
promoter region (nucleotides
1,060-1,838). A FLAG epitope
was introduced at the
N-terminus of HBx. b HBx
protein expression was
determined by anti-FLAG
antibody. The lentiviral vector
combo mutant HBx and WT
HBx successfully infected L-02
and Hep3B cells. ¢ HBx
expression in L-02 cells
transfected with WT or combo
mutant HBx of C was detected
by Western blot. d HBx
expression in Hep3B cells
transfected with WT or the
combo mutant was detected by
immunofluorescence

Fig. 2 p53 expression in cells
expressing WT or the HBx
combo mutant. a, b Effects of
WT and HBx combo mutant on
p53 expression in L-02 cells.
p53 expression was markedly
decreased by combo mutant
compared with control, but WT
HBx had a modest effect on p53
expression (*P < 0.05;

*p < 0.01)

HBx-Flag Genotype C HBx gene

A [ Oversps fagion B EGFP
1060 1638 1838 "
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c Control Wild type Combo mutant
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P53/B-Actin
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A L-02 B
Wild type

P53 ’- —

BACHN  m— — —

Control Combo mutant

HBx-Flag

protein expression

Down-Regulated p53 Expression in the Combo Mutant

p53 expression was detected in L-02 cells transfected
with WT and combo mutant HBx. WT HBx had a
modest effect on p53 expression in L-02 cells compared
with a negative control plasmid. The combo HBx mutant
significantly = decreased p53 expression compared
with a negative control plasmid in hepatoma cell lines
(Fig. 2a, b).
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Stimulation of Cell Cycle Progression by the Combo
Mutant

To determine whether HBx-induced changes in p53
expression could affect cell cycle progression, flow
cytometry was performed 48 h after transfection. Consis-
tent with the effect of the combo mutant with respect to
decreased p53 expression, the combo mutant significantly
increased the proportion of cells in S phase. Transfection
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Fig. 3 Effect of HBx on cell cycle distribution. a Cell cycle
distributions in Hep3B cells expressing WT and HBx combo mutant,
with empty vector as a control. Flow cytometry was performed 48 h
after transfection. The combo mutant can significantly increase the
proportion of cells in S phase, but transfection with WT HBx did not
affect cell cycle progression. b Dynamics of p53 expression and cell
cycle progression in HBx-transfected Hep3B cells. p53 expression
and cell cycle distribution were ascertained at the indicated time
points. Overexpression of p53 was associated with a significant
decrease in the proportion of cells in S phase cotransfected with the

with WT HBx did not affect the cell cycle progression
(Fig. 3a). To determine whether cell cycle changes
observed were truly correlated with p53 expression, p53
overexpression was forced. A significant decrease in the
proportion of cells in S phase cotransfected with the combo
mutant HBx and p53 compared with cells transfected with
combo mutant HBx only was evident (Fig. 3b). These
findings indicated that abrogation of p53 expression in cells
expressing the combo mutant HBx decreased the propor-
tion of cells that progressed into S phase. Finally, knock-
down of p53 by RNA interference increased the proportion
of cells in S phase compared with cells transfected with a
nontarget siRNA (Fig. 3c). The findings directly indicate
that the effect of combo mutant HBx on cell cycle distri-
bution is mainly mediated by p53. To determine whether
the combo mutant could influence S-phase progression in
L-02 cells, we monitored the expression of cyclin D1, an
important regulator of cell cycle progression. The level of
cyclin D1 protein was higher in combo mutant-expressing

HBx combo mutant and p53 compared with cells transfected with
mutant only. ¢ p53 silencing can increase the proportion of S phase in
combo mutant HBx-expressing Hep3B cells. p53 siRNA versus
nontargeting siRNA. Knockdown p53 by RNA interference can
increase the proportion of the cells in S phase compared with the cells
transfected with a nontargeting siRNA. d—f Effect of WT and combo
mutant HBx on cyclin E, cyclin D1 expression in L-02 cells. Cyclin
DI, but not cyclin E, protein level was higher in combo mutant-
expressing L-02 than WT HBx-expressing L-02 (*P < 0.05;
#p < 0.01)

L-02 cells than WT HBx-expressing L-02 cells (Fig. 3d, e).
However, cyclin E, another member of cyclin family, did
not change much (Fig. 3d, f). A similar result was observed
in Hep3B cells (data not shown).

Combo Mutant Promotes Cellular Proliferation

To detect whether the altered expression of p53 by CP
mutations could affect cellular proliferation, growth rate in
L-02 cells stably expressing WT and combo mutant HBx
was compared. Combo mutant HBx-expressing cells grew
significantly more quickly than WT (P < 0.001) HBx-
expressing cells (Fig. 4a, b). Similar results were seen in
Hep3B cells (Fig. 4c, d).

Accelerated p53 Degradation by the Combo Mutant

To further investigate the potential mechanisms by which
HBx regulates p53 expression, the effect of the combo

@ Springer
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Fig. 4 Impact of HBx mutants on cellular proliferation. a, b Trans-
fected L-02 were labeled by CFSE and cultured for 48 h. The
fluorescence intensity of the HBx combo mutant-expressing L-02
cells was reduced more quickly than WT HBx-expressing L-02 cells
and the control group. b Flow cytometry was performed to detect the
fluorescence intensity of transfected L-02 cells. The proportion of
lower fluorescence intensity of the mutant group was higher than that
of the WT and control groups. ¢ In transfected Hep3B cells at 24 and

mutant on p53 protein degradation was studied. Protein
stability was ascertained in cycloheximide-treated L.-02
cells. p53 stability was decreased in cells transfected with
the combo mutant, but was unchanged in WT HBx-trans-
fected cells compared with control (Fig. 5a). However,
there was no difference among mRNA expressions upon
these treatments (Fig. 5b). The results indicated that combo
CP mutations accelerated p53 degradation. To unravel the
mechanism by which the combo mutant regulated p53
stability, cells were treated with proteasome inhibitor
MG132. The effects of mutant HBx on p53 stability were
abolished (Fig. 5c, d), indicating HBx regulation of p53
stability via the ubiquitin—proteasomal system.

CP Mutations Regulate p53 Expression by Skp2
Results from both Hep3B cells (Fig. 6a) and L-02 cells
(Fig. 6b) showed that Skp2 expression increased in the

combo mutant and was unchanged in WT HBx-expressing
cells compared with control. A similar result was observed

@ Springer

48 h, the average fluorescence intensity of HBx combo mutant-
expressing Hep3B cells was lower than that of the WT and control
groups. d Growth rates of Hep3B cells stably expressing the mutant
were compared with that of cells expressing WT HBx and control.
The mutant-expressing Hep3B cells grew significantly more quickly
than WT HBx-expressing Hep3B cells and control (*P < 0.05;
#P < 0.01)

in Huh7 cells (data not shown). To further investigate the
role of Skp2 in regulating p53 expression, Skp2 expression
was abrogated by RNA interference to determine the effect
on p53 protein expression and cell cycle distribution.
Silencing of Skp2 increased the p53 expression in cells
transfected with the combo mutant. Skp2 silencing resulted
in similar cell cycle distributions regardless of which HBx
protein (WT, combo, or control) was expressed. Skp2
knockdown also abolished the enhancement of S-phase
entry by the combo mutant (Fig. 6¢). The results indicate
that HBx can regulate p53 expression mainly through
Skp2.

Discussion

Hepatitis B virus CP resides in the overlapping X gene and
plays an important role in HBV replication and hepato-
carcinogenesis [38]. The CP is composed of the core
upstream regulatory region (URR) and the basal CP. The
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Fig. 5 The combo mutation A
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T1762/A1764 double mutation has been associated with
severe forms of liver disease [8, 39-42], although the
overall pathogenic significance remains controversial.
Clinical observations have suggested that HBV CP muta-
tions generally accumulate in a stepwise fashion before the
development of HCC, often beginning with the TA double
mutation. T1768A and T1753A are frequent in HCC
patients [43—45]. HBx is a multifunctional viral protein that
may influence apoptotic and cell cycle regulatory path-
ways, but the results of these activities are likely affected
by the systems in which the studies have been conducted
[21]. Several studies reported that HBx can induce apop-
tosis [46—48], sensitize cells to proapoptotic stimuli [49],
prevent apoptosis [50-52], or promote cell proliferation
[53, 54]. But the mechanism underlying CP mutation and
hepatocarcinogenesis is largely unknown. Since mutations
in the CP region in patients with HCC can alter the coding
sequence of the overlapping HBx gene, and HBx protein
has been previously incriminated in hepatocarcinogenesis,
we investigated the impact of combination HBX mutations
on the biologic function of HBx protein.

The combo mutant with changes corresponding to CP
mutations T1753A/A1762T/G1764A/T1768A dramatically
decreased p53 expression in L-02 cells compared with
control. Cell cycle analysis showed the combo mutant
markedly increased the proportion of cells in S phase and
increased cellular proliferation and growth. The mutant
also up-regulated cyclin D1 expression in L-02 cells.

Wild type Combo

e ——
3-

B-actin “— E— —

25 - P53/B-Actin

protein expression

Cyclin D1 can promote G1/S-phase transition and acts as a
switch for various cellular processes, including initiation of
DNA replication [33]. The combo mutant decreased p53
and increased cyclin D1 expression in L-02 cells, providing
indirect evidence to support the view that this mutant
contributes to DNA replication and cellular proliferation.
Tumor suppressor protein p53 can respond to genotoxic
and oncogenic stress by inducing cell-growth arrest or by
promoting apoptosis [55]. The tumor suppressor function
of p53 depends on its activity as a transcription factor.
The F box protein Skp2 is required for substrate rec-
ognition of the SCFSkp2 ubiquitin ligase complex. Skp2
targets many proteins for subsequent degradation and
ubiquitination, including p21, p27, p57 and tumor sup-
pressors including p130 [56]. Skp2 mediates ubiquitination
and degradation of c-Myc, indicating that Skp2 may
enhance c-Myc-induced G1/S transition and c-Myc trans-
activation activity [57]. Skp2 is oncogenic, and its over-
expression correlates with the grade of malignancy in many
tumors. Skp2 has also been implicated in the regulation of
apoptosis. Gastric cancer cells transfected with Skp2 are
resistant to induction of apoptosis by actinomycin D [58].
On the other hand, down-regulation of Skp2 by small
interfering RNA can decrease cell growth and increase
apoptosis [59-61]. However, the exact molecular mecha-
nism by which Skp2 suppresses apoptosis remains unclear.
Our results indicate that Skp2 plays a key role in cellular
proliferation. Overexpression of Skp2 significantly reduces
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Fig. 6 The role of Skp2 on WT and HBx combo mutant modulation
of p53 expression and cell cycle distribution. a Investigation of Skp2
protein in WT and mutant HBx-expressing Hep3B cells by Western
blot analysis. Skp2 expression increased in the combo mutant and was
unchanged in WT HBx-expressing cells compared with control.
b Investigation of Skp2 protein in WT and mutant HBx-expressing
L-02 cells. Skp2 expression was increased in the combo mutant and
unchanged in WT HBx-expressing cells compared with control.

p53 expression and promotes cellular proliferation,
whereas siRNA-mediated down-regulation of Skp2 mea-
surably increases the level of p53 and abrogates this effect.
As overexpression of Skp2 suppresses the transactivation
ability of p53, Skp2 may also partially impair p53-medi-
ated cell cycle arrest at the G1 phase. So, Skp2 may targets
p53. In this regard, overexpression of Skp2 is expected to
show a cooperative effect with the reduction in CDK
inhibitors to suppress the p53-mediated cell cycle arrest.
Thus, Skp2 is likely to attenuate p53 activation and to
trigger cell proliferation, the combination of which influ-
ences tumorigenesis.

To determine how CP mutations regulate p53 expres-
sion, we detected the effects of WT and the HBx combo
mutant on p53 transcription. The mutant markedly
decreased p53 expression, and this effect was mediated
through the ubiquitin—proteasomal system. Levels of SKP2
were higher in L-02, and Hep3B cells transfected with the
mutant than with WT. Thus, SKP2 may be important in
HBx regulation of p53. Increased Skp2 expression has been
found in many human malignant tumors, including HCC
[62, 63]. In addition to p53, SKP2 also targets other cell
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¢ Hep3B cells were transfected with control or Skp2 siRNA for 24 h
and then transfected with WT and combo mutant HBx followed by
Western blot and determination of cell cycle distribution by
fluorescence-activated cell sorting. p53 expression in the Skp2
silenced group was higher than the nontarget siRNA group. The
S-phase proportion in Skp2 silencing cells was lower than the
nontarget siRNA group. (*P < 0.05)

cycle regulators such as p27, p21, p57, and pl130 for
polyubiquitination [35]. Although we did not detect these
other factors in response to HBx expression, we hypothe-
size that the ability of combo mutant HBx to promote he-
patocarcinogenesis may be mediated by deregulation of
additional factors besides p53. Skp2 up-regulation may
favor cellular transformation and tumor progression.
Therefore, Skp2 may be a therapeutic target for HCC.

Previous studies showed that HBx plays an important
role in expression of p53 [64—66]. But these studies did not
provide details on the HBx protein sequence. Presently,
HBx mutations corresponding to CP T1753A/A1762T/
G1764A/T1768A had opposite effects on p53 expression
compared with WT HBx. The demonstration that HBx
regulates p53 via SKP2 is novel. Finally, the combo CP
mutations not only down-regulated p53 expression but also
up-regulated Skp2 level in L-02 as well as in cancer cell
lines.

In summary, this study provides a possible mechanism
by which HBV CP mutations are associated with an
increased risk of HCC. The results suggest that combo CP
mutations may promote hepatocarcinogenesis, possibly via
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down-regulation of p53 expression and, in turn, enhance-
ment of colony formation, cellular proliferation, and
acceleration of cell cycle progression. These CP mutations
may promote hepatocarcinogenesis through some other
mechanisms. These findings will provide further insight
into the oncogenic role of combo CP mutations and may
lead to the development of novel therapeutic strategies to
prevent HBV-related HCC.
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