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Aim: To explore the mechanism of hepatocarcinogenesis associated with the hepatitis B virus X protein (HBx), we investigated the role 
of HBx in transformation using human liver L-O2 cells stably transfected with HBx as a model.
Methods: Plasmids encoding HBx were stably transfected into immortalized human liver L-O2 cells and rodent fibroblast NIH/3T3 
cells.  The expression of alfa-fetoprotein (AFP), c-Myc, HBx, and survivin in the engineered cells was examined by Western blotting.  The 
malignant phenotype of the cells was demonstrated by anchorage-independent colony formation and tumor formation in nude mice.  
RNA interference assays, Western blotting, luciferase reporter gene assays and flow cytometry analysis were performed.  The number 
of centrosomes in the L-O2-X cells was determined by γ-tubulin immunostaining.  The effect of HBx on the transcriptional activity of 
human telomerase reverse transcriptase (hTERT) and hTERT activity in L-O2-X cells and/or 3T3-X cells was detected by the luciferase 
reporter gene assay and telomerase repeat amplification protocol (TRAP).  
Results: Stable HBx transfection resulted in a malignant phenotype in the engineered cells in vivo and in vitro.  Meanwhile, HBx was 
able to increase the transcription of the NF-κB, AP-1, and survivin genes and to upregulate the expression levels of c-Myc and survivin.  
Abnormal centrosome duplication and activated hTERT were responsible for the transformation.  
Conclusion: Stable HBx transfection leads to genomic instability of host cells, which is responsible for hepatocarcinogenesis; mean-
while, transactivation by the HBx protein contributes to the development of hepatocellular carcinoma (HCC).  The L-O2-X cell line is an 
ideal model for investigating the mechanism of HBx-mediated transformation.  
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common 
cancers in China, and approximately 90% of the HCC cases are 
associated with hepatitis B virus (HBV) infection.  However, 
the complex mechanism by which HBV infection leads to the 
development of HCC remains unclear.  The HBV genome is a 
partially double-stranded DNA molecule with four open read-
ing frames (ORFs) termed S, C, P, and X[1].  Among them, the 
hepatitis B virus X protein (HBx), encoded by open-reading 
frame X, plays a central role in hepatocarcinogenesis.  HBx is 
preferentially maintained in HCC and the surrounding liver 
parenchyma in the absence of other viral antigens[2, 3].  Previ-
ous experiments indicated that HBx regulates a wide variety 

of genes, suggesting that HBx not only upregulates HBV gene 
expression by transactivating the HBV enhancer but also 
modifies the environment by transactivating cellular genes in 
infected cells to facilitate viral replication.  In addition, HBx 
affects a number of cellular processes, such as transcription, 
apoptosis, signaling, and cell growth[1].  However, HCC does 
not usually occur spontaneously upon HBV infection, indicat-
ing that onset of the disease requires other factors, such as 
oncogenes[4].  HBx itself is a poor transformer of human and 
rodent hepatic cells.  Indeed, co-transfection with an onco-
gene, such as H-ras, c-fos, a p53 mutant or the SV40 T-antigen, 
is necessary for cellular transformation[5–8].  These studies sug-
gest that HBx may be unable to transform hepatocytes without 
the collaboration of other activated cellular factors.  Interest-
ingly, HBx is also able to induce abnormal mitotic spindle for-
mation[9, 10] and inhibit caspase 3 activity[11], thus causing chro-
mosome segregation defects, resulting in genetic instability[12].  
Although extensive analyses on HBx functions in the stages of 
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tumor progression have been performed[13–17], the role of HBx 
in normal cells remains to be elucidated.

It has been suggested that HBx is a multifunctional oncopro-
tein that may be involved in malignant transformation of nor-
mal cells.  A number of transgenic mouse lineages that express 
high levels of HBx have been shown to develop HCC[18, 19].  
Previously, our data demonstrated that HBx upregulates both 
the expression and the activity of hTERT in hepatoma cells[20].  

We also found that HBx is able to upregulate the expression 
of survivin, which suggests that survivin may be involved in 
the HBx-mediated carcinogenesis of HCC[21].  However, most 
of the previous studies were performed in mouse cell lines or 
human hepatoma cells.  These models are not ideal for dem-
onstrating the basic response of host cells to the HBx gene or 
protein.  

Using a cDNA microarray assay, we found that only three 
genes are altered in both human hepatoma cells (H7402-X) 
and normal liver cells (L-O2-X cells) stably transfected with 
HBx[22, 23].  HBx may affect gene expression differently in hepa-
toma H7402 cells than in liver L-O2 cells because their genetic 
backgrounds are different.  The gene expression profiles medi-
ated by HBx in L-O2 cells may reflect alterations that occur in 
the early stages of carcinogenesis[23].  

Accordingly, in the present study, we demonstrated the role 
of stable HBx transfection in hepatocarcinogenesis using the 
human immortalized liver L-O2 cell line as a model.  Our data 
show that HBx integration leads to malignant transforma-
tion, faster proliferation, overexpression of oncoproteins and 
genomic instability, which are required for hepatocarcino-
genesis.  Meanwhile, transactivation by the HBx protein con-
tributes to the development of HCC.  Thus, we demonstrate 
that the engineered L-O2 cell line is an ideal model for further 
exploration of the mechanisms involved in hepatocarcinogen-
esis mediated by HBx.
 
Materials and methods
Cell culture 
The hepatocyte cell line L-O2 (Nanjing KeyGen Biotech Co 
Ltd, Nanjing, China), originating histologically from normal 
human liver tissue immortalized by stable transfection with 
the hTERT gene, has been used previously[21, 24–27].  L-O2-P (a 
cell line derived from L-O2 cells stably transfected with an 
empty pcDNA3 plasmid) and L-O2-X (a cell line derived from 
L-O2 cells stably transfected with the HBx gene) were estab-
lished as described previously[28].  L-O2, L-O2-P, and L-O2-X 
cells were cultured in RPMI Medium 1640 (GIBCO, NY, USA) 
containing 100 U/mL penicillin, 100 μg/mL streptomycin 
and 10% fetal calf serum (FCS, China).  NIH/3T3 cells were 
cultured in Dulbecco’s Modified Eagle’s medium (DMEM, 
GIBCO-BRL, USA) containing 100 U/mL penicillin, 100 μg/
mL streptomycin and 10% fetal calf serum (FCS, China).  Cul-
tures were incubated in a humidified atmosphere with 5% CO2 
at 37 °C.

Establishment of the stably transfected cell lines 
To replicate the role of HBx gene in another cell line, we 

attempted to establish a stably HBx-transfected NIH/3T3 
cell line.  NIH/3T3 cells were transfected with Lipofectamine 
(Invitrogen, USA) as described previously[21].  The plasmids 
pcDNA3 and pCMV-X were used in the transfection experi-
ments.  Briefly, 1 μg of each plasmid was mixed with 3 μL 
(6 μL in co-transfection) of Lipofectamine 2000 in serum-
free media and incubated at 37 °C for 6 h.  The media were 
then replaced with RPMI Medium 1640 or DMEM containing 
10% FCS.  After 48 h, the transfected cells were incubated 
in selection media containing 500 μg/mL G418 (Genview, 
Carlsbad, CA, USA).  The selection was maintained for 3−4 
weeks.  Empty pcDNA3 vector plasmid was used as control.  
We termed the NIH/3T3 cells 3T3.  The stable transfection of 
pCMV-X (termed 3T3-X) or the empty vector (termed 3T3-P) 
was confirmed by PCR using genomic DNA as the template 
and by Western blotting.  

Amplification of HBx gene 
Genomic DNA was extracted from cultured cells using the 
QIAamp DNA mini kit (Qiagen, Valencia, CA) according to 
the manufacturer’s protocol.  Stable integration of the pCMV-
X plasmid in the genome of NIH/3T3 cells was confirmed 
by PCR using genomic DNA from the HBx-transfected cells 
(termed 3T3-X).  The following primers were used: the HBx 
gene (forward, 5′-GGCTCGAGATGGCTGCTAGGCTGTGC-3′; 
reverse, 5′-GGCGAATTCAGAAG TCGTCGTCGTCC-3′; 
500 bp amplified fragment) and the human GAPDH gene 
(forward, 5′-GGTCATCCCTGAGCTGAACG-3′; reverse, 
5′-TCCGTTGTCATACC AGGAAA T-3′; 298 bp amplified 
fragment).  The cycling conditions for HBx amplification were 
94 °C for 5 min, followed by 35 cycles of 94 °C for 30 s, 54 °C 
for 30 s, and 72 °C for 30 s, followed by an elongation cycle of 
72 °C for 8 min.  The resultant PCR products were analyzed on 
a 1% TBE agarose gel.

Soft agar assay 
Anchorage-independent colony formation on these cell lines 
was determined as described previously[29], with some modi-
fications.  Briefly, the cells were harvested and washed, and a 
total of 3×103 cells were resuspended in RPMI Medium 1640 
containing 0.3% agarose.  The suspensions were cultured in 
24-well plates above a layer of solidified 0.5% agarose in RPMI 
Medium 1640 with 10% FCS.  A soft agar colony formation 
assay was performed in triplicate for each cell line.  After cul-
turing for 3 weeks, each cell line was photographed.  Plates 
were stained with 0.5 mL of 0.005% Crystal Violet for 1 h.  The 
colonies were counted under a dissecting microscope.  

Tumor formation in nude mice 
The tumorigenicity of transfected cell lines was measured as 
follows.  Cells were harvested by trypsinization, washed twice 
with sterile phosphate-buffered saline, and resuspended at 
2×107 cells per mL.  Aliquots (0.1 mL) were injected subcuta-
neously into 4- to 6-week-old nude mice (n=8 in each group).  
Mice were observed at periodic intervals.  Photographs were 
taken at 3 weeks after injection.
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Histologic analysis 
Nude mice were killed by cervical dislocation.  Half of the 
tumor tissues were snap frozen in liquid nitrogen for use in 
protein analyses.  The remaining tumor tissues were used 
for histological analyses.  For tumor cell examination, the 
tumor tissues from nude mice were fixed in 4% paraformalde-
hyde.  Histological analysis was performed on 5-μm paraffin-
embedded tissue sections that were stained with hematoxylin 
and eosin (H&E) (the slide from nude mice injected by L-O2-X 
cells).  The sections were stained with H&E and were sub-
jected to analysis under microscopy.
 
Flow cytometry analysis 
The cells (1×106) were harvested by trypsinization and washed 
twice with PBS.  Washed cells were resuspended in 0.6 mL 
PBS (pH 7.4), and fixed by the addition of 1.4 mL 100% ethanol 
at 4 °C overnight.  The fixed cells were rinsed twice with PBS, 
and resuspended in propidium iodine (PI) solution, including 
50 μg/mL PI and 50 μg/mL RNaseA (Sigma) in PBS without 
calcium and magnesium, and incubated at 37 °C for 30 min 
in the dark.  Stained cells were passed through a nylon-mesh 
sieve to remove cell clumps and analyzed by a FACScan flow 
cytometer and Cell Quest analysis software (Becton Dickinson, 
San Jose, CA, USA).  Flow cytometry analysis was repeated 3 
times.

Luciferase reporter assay 
L-O2 and NIH/3T3 cells were plated in 24-well plates (5×104 
cells/well) and cultured in Dulbecco’s modified essential 
medium (DMEM) containing 10% fetal bovine serum (FBS) 
(Invitrogen, Carlsbad, CA).  The following luciferase report-
ers were used: pGL3-Survivin, pGL3-NF-κB, pGL3-hTERT, 
and pGL3-AP-1, pGL3-basic, pGL3-control and the Renilla 
Luciferase Reporter Vector pRL-TK vector.  Cells were har-
vested after 48 h and lysed in 1×passive lysis buffer according 
to the manufacturer’s protocol[30].  The luciferase activity was 
determined and normalized to a cotransfected control reporter 
by using the Dual-Luciferase Reporter® Assay System (Pro-
mega, USA) on a Luminometer (TD-20/20, Turner Desings) 
according to the manufacturer’s instructions.

RNA interference (RNAi) targeting mRNA of HBx 
The pSilencer3.0-X plasmid encoding double-chain HBx 
mRNA [21] was used to transfect 3T3-X cells as described above.  
Cultured 3T3-X cells were placed in 6-well dishes 24 h before 
transfection at a concentration that gave 80%−90% confluence.  
The pSilencer3.0-X and Lipofectamine (Life Technologies, Inc.  
USA) were added to 600 μL of Opti-MEM medium (GIBCO-
BRL) and were then mixed and incubated for 20 min at room 
temperature.  The cells were incubated with the pSilencer3.0-
X/Lipofectamine/media mixture for 6 h at 37 °C.  Transfected 
cells were lysed after 48 h.  Western blot analysis was used to 
determine the expression levels of c-Myc, survivin and HBx.

Western blot analysis 
L-O2 and NIH/3T3 cells were washed three times with ice-

cold PBS and extracted directly in lysis buffer (62.5 mmol/L 
Tris-HCl, pH 6.8, 2% SDS, 5% 2-mercaptoethanol, 10% glyc-
erol).  Equal amounts of protein (30 μg) were separated by 
12% SDS-polyacrylamide gel electrophoresis (SDS-PAGE).  
Following electro-transfer onto polyvinylidene difluoride 
membranes, proteins were hybridized with the following 
primary antibodies against AFP: (1:500 dilution, NeoMark-
ers, USA), c-Myc (1:500 dilution, Labvision, USA), survivin 
(1:1000 dilution, Labvision, USA), HBx (1:1000 dilution, 
Abcam, USA), Bcl-2 (1:1000 dilution, NeoMarkers, USA), 
PCNA (1:1000 dilution, NeoMarkers, USA) and β-actin (1:1000 
dilution, NeoMarkers, USA) as described previously[21, 31], and 
stained with an HRP-linked secondary antibody (GE Health-
care Bio-Science, USA).  The protein bands were visualized by 
an enhanced chemiluminescence (ECL) kit according to the 
manufacturer’s specifications (GE Healthcare Bio-Sciences).

Centrosome analysis 
Because γ-tubulin was used as a marker for centrosomes[10], 
we examined the expression of γ-tubulin in the engineered cell 
lines using immunofluorescence staining.  After synchroniza-
tion, engineered cells were fixed with 4% paraformaldehyde 
for 10 min and methanol for 20 min and then incubated in 
PBS for 5 min.  Samples were blocked with 10% normal don-
key serum at room temperature for 1 h, stained with mouse 
anti-γ-tubulin (1:100 dilution, Sigma, USA) at 37 °C for 1 h 
and stained with FITC-conjugated anti-mouse IgG at room 
temperature for 1 h.  FITC staining was observed using a fluo-
rescent microscope.  L-O2 and L-O2-P cells were used as nega-
tive controls.  We assessed the proportion of cells with either 
multipolar spindles or dipolar/monopolar spindles.  A total of 
60–80 cells were counted in 4 representative fields.

TRAP analysis 
We assayed telomerase activity using the TRAP method with 
the TRAPeze telomerase detection kit (Intergen, Purchase, NY, 
USA).  Cells stably expressing HBx and untransfected controls 
were pelleted, washed with ice-cold PBS, and then repelleted.  
Each cell pellet was then resuspended in the 3-cholamido-
propyl dimethylammonio-1-propanesulfonate (CHAPS) lysis 
buffer supplied in the kit.  After 30 minutes of incubation on 
ice, the lysate was centrifuged at 14 000 r/min for 30 minutes 
at 4 °C, and the supernatant was frozen and stored at -70 °C.  
We measured protein concentrations using the 2-Dquant kit 
(Amersham Biosciences Corp, USA); an aliquot of the extract 
containing 3 mg of protein was used for each TRAP assay in 
accordance with the manufacturer’s suggested protocol.  Prod-
ucts were separated on 12% SDS-PAGE and visualized after 
silver staining.

Statistical analysis 
All values are presented as means±SEM.  Each value is the 
mean of at least three separate experiments in each group.  
Data were analyzed to compare two groups (P<0.01 was con-
sidered significant) using Student’s t test.
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Results
Establishment of a stably HBx-transfected NIH/3T3 cell line
Previously, we successfully established a human liver L-O2 
cell line conditionally expressing HBx[23, 28].  To investigate 
the different effects of HBx on L-O2 and NIH/3T3 cells, we 
established a stable HBx-expressing NIH/3T3 cell line (termed 
3T3-X cells) via G418 screening.  It has been reported that HBx 
alone is not able to induce tumor formation using rodent fibro-
blast NIH/3T3 cells as a model[8, 32–35].  Here, we were inter-
ested in identifying the different roles of HBx in L-O2 cells and 
NIH/3T3 cells.  We identified the integrated HBx gene in the 
genomic DNA of the engineered NIH/3T3 cells using genomic 
PCR.  GAPDH was used as a loading control (Figure 1A).  The 
data showed that the HBx gene had been successfully intro-
duced into the host genome in 3T3-X cells.  Western blotting 
showed that expression of the HBx protein was detectable in 
3T3-X cells (Figure 1B).  Our data suggest that a stably HBx-
transfected NIH/3T3 cell line was successfully established.

Engineered L-O2-X cells display a malignant phenotype 
To investigate whether HBx could lead to transformation, we 
examined the expression of  alfa-fetoprotein (AFP), a hepa-
toma maker, in the engineered L-O2-X cells.  Our data show 
that AFP was detectable in human hepatoma H7402 cells (as a 
positive control), but not in L-O2 cells transiently transfected 
with HBx (L-O2+HBx) (Figure 2A).  However, AFP could be 
detected in L-O2-X cells (Figure 2B).  This suggests that, unlike 
transient HBx transfection, stable HBx transfection is able to 
transform L-O2 cells.  We further confirmed the results using 
Glyco BandScan software (PROZYME, San Leandro, CA, 
USA).  A soft agar assay showed that L-O2-X cells displayed 
a faster colony-forming rate than the controls (Figure 2C), 

suggesting that L-O2-X cells have characteristics of a malig-
nant phenotype.  Next, tumorigenicity assays showed that 3 
mice (n=8) injected with L-O2-X cells developed tumors in 9 
d, whereas L-O2 and L-O2-P cells did not cause any visible 
tumors (Figure 2D).  The three primary tumors in the L-O2-
X-injected mice reached volumes of 720, 805, and 645 mm3 
and weights of 0.9, 1.0 and 0.8 g, respectively.  In addition, we 
identified AFP and HBx in the tumor tissues by Western blot 
analysis (Figure 2D).  Pathological observation of the primary 
tumors revealed a malignant phenotype by hematoxylin and 
eosin (H&E) staining (Figure 2D).  Thus, our findings reveal 
that engineered L-O2-X cells exhibit a malignant phenotype.  

L-O2-X cells grow faster than controls 
To investigate the effect of HBx on cell proliferation, we exam-
ined the cell proliferation of engineered cells by flow cytom-
etry analysis.  The data showed that L-O2-X cells grew faster 
than controls.  The proliferation index (PI) is the sum of the S 
and G2/M phase activities of the cell cycle expressed as a frac-
tion of the total cell population, that is PI=[(S+G2/M)/(G0/
G1+S+G2/M)] ×100%[30].  A high PI value corresponds with fast 
cell proliferation.  Cells were counted using a FACScan flow 
cytometer.  The PIs of L-O2-X, L-O2-P, and L-O2 cells were 
50.64%, 35.33%, and 33.97%, respectively (Figure 3).  Thus, 
stable HBx transfection significantly accelerated proliferation 
of L-O2 cells.

HBx promotes the transcriptional activities of NF-κB, AP-1 and 
survivin 
To further demonstrate the effect of HBx on cell proliferation, 
we examined whether the expression of HBx stimulated the 
transcriptional activities of NF-κB, AP-1, and survivin in the 
engineered cells.  The data show that the transcriptional activi-
ties of NF-κB, AP-1, and survivin were remarkably increased 
in L-O2-X or 3T3-X cells relative to controls (P<0.01, Student’s 
t test, Figure 4A and 4B), suggesting that HBx is a powerful 
transactivator.

HBx upregulates expression of c-Myc and survivin 
In order to further clarify the molecular mechanism involved 
in the transformation mediated by HBx, we investigated sev-
eral proteins associated with carcinogenesis, including c-Myc, 
proliferating cell nuclear antigen (PCNA), Bcl-2 and survivin.  
Western blot analysis revealed that expression of each of these 
proteins was remarkably upregulated in L-O2-X cells relative 
to the controls (Figure 5A and 5C).  RNA interference (RNAi) 
targeting HBx mRNA could abolish the upregulation 48 h 
after transfection (Figure 5B and 5D), suggesting that HBx was 
responsible for the upregulation of these proteins involved 
in carcinogenesis.  Similar results were observed in the engi-
neered NIH/3T3 cells (Figure 5E−5H). 
 
HBx leads to genetic instability by centrosome hyperamplification 
Excessive centrosome production and multipolar mitotic 
spindles cause chromosome segregation defects, which result 
in genetic instability.  Chromosomal instability is a charac-

Figure 1.  The identification of stable HBx transfection in NIH/3T3 cells.  (A 
and B) Integration of the HBx gene in NIH/3T3.  (A) Integration of the HBx 
gene in the engineered cells was identified by PCR using genomic DNA as 
a template.  GAPDH was used as a loading control.  (B) Western blotting 
showed the expression of HBx in 3T3-X.  The histogram shows the results 
after analysis with the Glyco Band-Scan software.  Results shown are 
representative of three independent experiments.
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teristic feature of HCC, and it plays an important role in liver 
carcinogenesis.  Here, we examined centrosome production 
in the engineered L-O2 cells by immunofluorescence analysis.  
Abnormal centrosome duplication was observed in L-O2-X 
cells, where three or more centrosomes were found, but few 
cases of centrosome duplication were found in other control 
cells (Figure 6).  The data show that the proportions of L-O2, 
L-O2-P, and L-O2-X cells with either multipolar spindles 

or dipolar/monopolar spindles were about 3.0%, 4.0%, and 
93.0%, respectively, suggesting that stable HBx transfection 
leads to genetic instability of L-O2 cells.

HBx enhances telomerase function 
To further provide evidence of a malignant phenotype in 
the L-O2-X cells, we examined the transcriptional activity of 
hTERT using a luciferase reporter gene assay and TRAP assay.  

Figure 2.  Stable HBx transfection results in transformation of L-O2 cells.  (A) Western blot analysis showed that AFP was detectable in human hepatoma 
H7402 cells (positive control), but not L-O2 cells transiently transfected with HBx (L-O2+HBx), suggesting that transient overexpression of HBx could not 
transform L-O2 cells.  β-actin was used as loading control (lower panel).  (B) Western blot analysis showed that AFP could be detected in both H7402 
and L-O2-X cells, suggesting that stable HBx transfection promotes transformation of L-O2 cells.  The histogram shows the results after analysis with the 
Glyco Band-Scan software.  Results shown are representative of three independent experiments.  (C) Representative photographs of soft agar colony 
formation were taken three weeks after culture of engineered cells.  The diagram shows the mean colony counts from three petri dishes (error bars 
indicate SEM, n=3 experiments, cP<0.01, Student’s t test).  (D) Number of nude mice with tumor formation (n=8 per group) 3 weeks after injection 
with engineered cells.  Only 3 of 8 mice injected L-O2-X cells generated tumors.  Western blot analysis showed the expression levels of HBx and AFP in 
the tumor tissues.  β-actin was used as loading control (lower panel).  The histological analysis revealed the pathological features of the tumors (H&E.  
staining).

F igure 3 .  HBx i s respons ib le fo r 
the proliferation of L-O2 cells.  Flow 
cytometry analysis revealed that L-O2-X 
cells had higher proliferation rates 
than L-O2-P cells, as measured by the 
prol i feration index (PI=S+G2M/G0/
G1+S+G2M×100%) and the S phase 
fraction (SPF=S/G0/G1+S+G2M×100%) 
using flow cytometry analysis. 
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The data showed that the transcriptional activity of hTERT 
was remarkably increased in L-O2-X or 3T3-X cells relative to 
controls (P<0.01, Student’s t test, Figure 7A and 7B).  TRAP 
showed that telomerase activity of hTERT was significantly 
enhanced in L-O2-X cells compared with control cells (Figure 
7C and 7D), suggesting that L-O2-X cells have a malignant 
phenotype.

Discussion
HBV has an oncogenic role in the development of HCC[17, 36]; 
however, the mechanism underlying HBV-induced HCC 
remains unclear.  It has been reported that HBx is preferen-
tially maintained in HCC in the absence of other viral anti-
gens[25].  However, the function of HBx in the transformation 
of human liver cells is unknown.  Many studies have shown 

Figure 4.  HBx promotes the transcriptional activities of NF-
κB, AP-1, and survivin.  A luciferase reporter gene assay 
revealed that the transcriptional activities of survivin, NF-
κB and AP-1 were increased in L-O2-X/3T3-X cells relative 
to controls (cP<0.01 vs L-O2-P or 3T3-P, Student’s t test).

Figure 5.  HBx upregulates expression of c-Myc, PCNA, Bcl-2, and survivin in the engineered cells.  (A) Western blot analysis showed that expression 
levels of c-Myc, PCNA, Bcl-2, and survivin were upregulated in L-O2-X cells.  (B) RNAi targeting HBx mRNA abolished this upregulation.  (C, D) The 
histogram shows the results after analysis using the Glyco Band-Scan software.  Results shown are representative of three independent experiments.  
(E–H) Similar results were found in 3T3-X cells.  The findings suggest that HBx transforms the cells by upregulating c-Myc, PCNA, Bcl-2, and survivin.  
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that HBx alone could not transform cells without other factors 
in transgenic mouse and rodent NIH/3T3 cells[8, 32–35].  In the 
present study, we show that stable HBx transfection resulted 
in carcinogenesis using an immortalized human liver cell 
line L-O2 as a model.  However, the reasons for the different 
results remain unclear.  The different integration patterns of 
the HBx gene in different host cells may play an important role 
in the transformation, in addition to the role of transactivation 
by the HBx protein.  

In the present study, to verify the effect of HBx on human 
liver cells, we chose human immortalized liver L-O2 cells and 
NIH/3T3 cells as models.  The expression of AFP, a tumor-

associated antigen, is silenced in normal adult hepatocytes, 
but reactivated in human HCC[37–39].  AFP may play a role in 
one of the fundamental steps in the progression of hepatoma.  
We performed stable HBx transfection in L-O2 cells and exam-
ined the expression of AFP in the engineered L-O2-X cells.  
Usually, a hallmark of transformed cells is the ability to form 
colonies in soft agar and induce tumor formation in animals—
non-transformed cells fail to do so[8, 32–35].  Interestingly, our 
findings showed that L-O2-X cells were able to form colonies 
in soft agar and tumors in nude mice (Figure 2), suggesting 
that the HBx gene alone may have strong oncogenic potential.  
Thus, we provide evidence that HBx contributes to hepatocar-
cinogenesis in vivo and in vitro.

Next, by flow cytometry analysis, we showed that stable 
HBx expression in L-O2 cells caused an acceleration in cell 
proliferation (Figure 3).  Some investigators have reported 
that the HBx protein transactivates multiple DNA elements, 
including AP-1 and NF-κB[18, 40].  Indeed, our findings further 
support that NF-κB and AP-1 are targets of HBx (Figure 4).  
The activation of NF-κB and AP-1 may play a critical role in 
the functional switch of the viral protein HBx in cell apoptosis 
and transformation.  A growing body of evidence has shown 
that HBx can affect many genes and signal pathways involved 
in cell function[9, 11, 16].  Tumorigenesis is a multistage process, 
which involves activation of cellular oncogenes and inactiva-
tion of tumor suppressor genes.  Some studies have shown 
that c-Myc plays a crucial role in tumor development and that 
it is an inducible oncogene[41].  In addition, cancer often cor-
relates with an enhanced level of PCNA, and PCNA levels 
can be used as a prognostic marker in some cases[42–44].  In our 
experiments we showed that c-Myc, PCNA, Bcl-2, and sur-
vivin were upregulated in L-O2-X cells (Figure 5), suggesting 
that our data are consistent with previous reports.  Chromo-
somal instability is a characteristic feature of HCC.  It plays an 
important role in liver carcinogenesis[9, 45].  Here, we explored 
centrosome production in L-O2-X cells by immunofluores-
cence analysis (Figure 6), revealing that HBx may dysregulate 
the normal processes during cell division, resulting in genomic 
instability.  It has been reported that hTERT expression and 
telomerase activity are both detected in HCC samples but not 
in normal liver tissues[46, 47].  In our study, we found that HBx 
was able to activate hTERT (Figure 7).  It has been reported 
that c-Myc plays a key role in the process of telomerase acti-
vation, and it induces telomerase activity and prolongs the 
lifespans of certain normal cells, such as human mammary 
epithelial cells (HMECS)[48].  c-Myc protein can bind the two 

Figure 6.  HBx stimulates centrosome hyperamplifica
tion.  Immunofluorescence staining showed that stable 
HBx transfection resulted in centrosome aberrations 
with three or more centrosomes.  The proportions of 
L-O2, L-O2-P, and L-O2-X cells with either multipolar 
spindles or dipolar/monopolar spindles were about 
3.0%, 4.0%, and 93.0%, respectively, suggesting that 
HBx leads to genomic instability of host cells.

Figure 7.  HBx activates telomerase function.  (A and B) A luciferase 
repor ter gene assay revealed that HBx was able to promote the 
transcriptional activities of hTERT in L-O2-X/3T3-X cells relative to L-O2-
P/3T3-P cells (cP<0.01 vs L-O2-P or 3T3-P, Student’s t test).  (C and D) A 
TRAP assay confirmed telomerase activity; proteins were separated by 
electrophoresis and visualized after silver staining.  Lane 1, L-O2 cells; 
lane 2, L-O2-P cells; lane 3, L-O2-X cells.  The data suggest that L-O2-X 
cells have a malignant phenotype.



1160

www.nature.com/aps
Zhang WY et al

Acta Pharmacologica Sinica

npg

c-Myc sites on the hTERT gene promoter to trigger hTERT 
gene expression and activate telomerase activity[49], and cells 
can evade apoptosis via c-Myc and other oncogenes, lead-
ing to carcinogenesis.  Our data provide more evidence that 
stable HBx transfection could result in a malignant phenotype 
because hTERT is activated in the engineered cells.

Accordingly, we suppose that the integration of HBx in the 
host genome may result in genetic instability.  Furthermore, as 
a transcriptional co-activator, HBx exerts a pleiotropic effect 
on diverse cellular functions.  The aberrant high expression 
of the HBx gene in normal cells may provide a strong influ-
ence on both cell cycle progression and growth advantage, 
which promotes cell transformation.  HBx affects cellular fate 
by shifting the balance toward cell survival, probably causing 
loss of apoptotic functions or directly contributing to oncogen-
esis by gain of transforming functions.  Therefore, HBx is not 
acutely oncogenic, but contributes to oncogenesis by stimulat-
ing proliferation of cells.  Meanwhile, the transactivation by 
the HBx protein contributes to the development of HCC.  

Our findings provide valuable evidence that stable HBx 
transfection in L-O2 cells is an ideal model, which is superior 
to the hepatoma cell model[23] and mouse models, for further 
exploration of the mechanisms involved in hepatocarcinogen-
esis associated with HBx.  Using our model, further studies 
may provide new insights into the mechanisms of pathogen-
esis and the contribution of HBx to hepatocarcinogenesis.
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