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Abstract
AIM: To investigate the possible mechanism by which 
hepatitis B virus X protein (HBx) mediates apoptosis of 
HepG2 cells.

METHODS: HBx expression vector pcDNA3.1-X was 
transfected into HepG2 cells to establish an HBx high-
expression cellular model as pcDNA3.1-X transfected 
group. The pcDNA3.1-X and pSilencer3.1-shHBX (HBx 
antagonist) were cotransfected into HepG2 cells to es-
tablish an HBx low-expression model as RNAi group. 
Untransfected HepG2 cells and HepG2 cells transfected 
with negative control plasmid were used as controls. 
Apoptosis rate, the expression of Fas/FasL signaling 
pathway-related proteins and the phosphorylation lev-
els of MLK3, MKK7 and JNKs, which are upstream mol-
ecules of death receptor pathways and belong to the 
family of mitogen-activated protein kinases (MAPKs), 

were measured in each group.

RESULTS: Compared with HepG2 cell group and RNAi 
group, apoptosis rate, the expression of Fas and FasL 
proteins, and the activation of MLK3, MKK7 and JNKs 
were increased in the pcDNA3.1-X transfected group. 
The activation of JNKs and expression of FasL protein 
were inhibited in the pcDNA3.1-X transfected group 
when treated with a known JNK inhibitor, SP600125. 
When authors treated pcDNA3.1-X transfected group 
with K252a, a known MLK3 inhibitor, the activation of 
MLK3, MKK7 and JNKs as well as expression of FasL 
protein was inhibited. Furthermore, cell apoptosis rate 
was also significantly declined in the presence of K252a 
in the pcDNA3.1-X transfected group.

CONCLUSION: HBx can induce HepG2 cell apoptosis 
via  a novel active MLK3-MKK7-JNKs signaling module to 
upregulate FasL protein expression.
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INTRODUCTION
Hepatitis B virus (HBV) is one of  the major pathogenic 
causes of  primary hepatocellular carcinoma (HCC), 
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among which, HBV X gene is considered as a key gene 
that plays a critical role in the occurrence and progression 
of  HBV-related HCC[1]. It has been proposed that HBx 
is a cellular transactivator that may indirectly stimulate a 
variety of  viral and host gene promoters by interacting 
with transcription factors, including AP-1, ATF/CREB, 
ERCC, and is involved in several signal transduction path-
ways, including mitogen-activated protein kinase, Ras-
Raf-mitogen-activated protein kinase, and JAK/STAT 
signaling pathways, therefore HBx affects several cellular 
processes, such as proliferation and differentiation[2-4]. In 
contrast to its proliferative effects, HBx also participates 
in the apoptotic destruction of  liver cells during the vi-
rus infection. Several mechanisms might be involved in 
this process: (1) HBx induces cell apoptosis on its own 
or sensitizes cells to apoptotic stimuli such as tumor ne-
crosis factor α (TNF-α) or UV irradiation[5-8]; (2) HBx 
increases expression of  IL-18 and enhances transcription 
activity of  Egr-2 and Egr-3, which up-regulates FasL ex-
pression and induces the apoptosis of  hepatic cells by the 
death receptor pathway[9,10]; (3) HBx may directly not only 
target to mitochondria to enhance translocation of  Bax 
to mitochondria but also interact with the mitochondrial 
protein voltage-dependent anion channel (HVDAC3) 
to induce cell death by causing loss of  mitochondrial 
membrane potential; and (4) HBx also interacts with heat 
shock protein 60 which is also localized in mitochondria 
to enhance HBx-mediated apoptosis[11-13].

Cell death signals from the extracellular environment 
or internal sensors for the cellular response are major 
constituents of  apoptotic machinery. Cell surface death 
receptors that transmit cell death signals are activated by 
specific death ligands. It is demonstrated that Fas is one 
of  the best-characterized death receptors. Upon bind-
ing of  FasL onto Fas, apoptotic signals are subsequently 
transmitted via death adaptor molecule FADD which can 
mediate the activation of  caspase 8, and active caspase 8 
can proteolytically activate downstream effector caspases, 
such as caspase 3, to trigger apoptosis[14,15]. It is reported 
that liver cell apoptosis is mediated by Fas[16-18]. Under-
standing the molecular mechanism responsible for the 
regulation of  Fas and FasL may aid in developing novel 
therapeutic strategies for HCC.

The mixed lineage kinases (MLKs) are a family of  ser-
ine/threonine protein kinases that function in a phospho-
relay module to control the activity of  specific mitogen-
activated protein kinases (MAPKs). The family includes 
three subgroups: MLKs (mixed lineage kinases, including 
MLK1-4), dual leucine zipper-bearing kinases (DLKs), 
and Zipper Sterile-a-Motif  Kinases (ZAKs). MLKs as 
mitogen activated protein kinase kinase kinases (MAP-
KKKs) could activate MKKs, such as MKK4 and/or 
MKK7, which in turn, activate c-Jun N-terminal kinases 
(JNKs)[19-21]. Ischemic brain injury studies provide the 
evidence that the ischemia-stimulating factor can activate 
MLK3-MKK7-JNKs signaling module to activate death 
receptor pathway, leading to the neural cell apoptosis[22,23]. 
It is noteworthy that hepatic cells also express MLK3, 
MKK7, JNK proteins[24,25]. Therefore, it is of  significance 

to clarify whether the HBx can also activate MLK3-
MKK7-JNKs signaling module and induce apoptosis of  
hepatic cells. 

In this study, we demonstrated that HBx induces the 
apoptosis of  hepatic cells depending on activating MLK3-
MKK7-JNKs signaling module to upregulate FasL protein 
expression. On this basis, this study gives a new insight 
into a better understanding of  how HBx mediates apop-
tosis in hepatocytes, and lays the foundation for further 
revealing the role of  HBx in HBV-related liver oncogen-
esis and development.

MATERIALS AND METHODS
Reagents
The RPMI 1640 medium, liposome Lipofectamine 2000, 
and Trizol reagent were obtained from Invitrogen (Carls-
bad, CA). Mouse monoclonal anti-HBx antibody was 
from Chemicon (Temecula, CA). Rabbit polyclonal anti-
phospho-MLK3 and rabbit polyclonal anti-phospho-
MKK7 were from Cell Signaling Technology (Beverly, 
MA). Mouse monoclonal anti-phospho-JNKs, rabbit 
polyclonal anti-Fas, and rabbit polyclonal anti-FasL were 
from Santa Cruz Biotechnology (Santa Cruz, CA). Mouse 
monoclonal anti-GAPDH antibody, goat anti-mouse 
IgG-AP, goat anti-rabbit IgG-AP, BCA Protein Assay 
Kit, BCIP/NBT Alkaline Phosphatase Color Develop-
ment Kit, the BeyoECL Plus Western blotting detection 
System, Caspase3 activity assay kit, Caspase8 activity as-
say kit, and Hoechst33258 staining solution were from 
Beyotime Institute of  Biotechnology (Jiangsu, China). In 
situ cell death detection kit was from Roche (Mannheim, 
Germany). Annexin V/PI apoptosis kit was from Biovi-
sion (Mountain View, CA). Primers were synthesized by 
Shanghai Sangon Biological Engineering Technology 
and Services (Shanghai, China). TIANScript RT Kit was 
from TIANGEN Biotech (Beijing, China). SP600125 
and K252a were obtained from Sigma (St. Louis, MO). 
Twenty mmol/L stock solution of  SP600125 and 20 
μmol/L stock solution of  K252a were prepared in di-
methyl sulfoxide (DMSO) and stored at -20  ℃ in the 
dark. SP600125 and K252a were prepared freshly for 
each experiment by serial dilution into 0.01% DMSO in 
RPMI 1640 medium. All other chemicals and reagents 
were of  analytical grade.

Plasmids construction
Plasmid pcDNA3.1-X containing the full length HBx se-
quence, was constructed in mammalian expression vector 
pcDNA3.1 (Invitrogen) as described previously[26].

To construct the expression vector for shRNA target-
ing HBx, pSilencer3.1-shHBX, two chemically synthesized 
oligonucleotides encoding HBx specific shRNA with the 
following sense sequences: 5’-GATCCGGTCTTACATA-
AGAGGACTTTCAAGAG AAGTCCTCTTATGTA-
AGACCTTTTTTGGAAA-3’ and antisense sequences: 
5’-AGCTTTTCCAAAAAAGGTCTTACATAAGAG-
G AC T T C T C T T G A A AG T C C T C T TAT  G TA -
AGACCG-3’ were annealed and cloned into BamH Ⅰ-
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HindⅢ sites of  the linearized pSilencer3.1-H1-nero vector 
(Ambion, Austin, TX). 

Cell culture and transfection
Human hepatocarcinoma cell line, HepG2 cell, obtained 
from the Cell Bank of  the Chinese Academy of  Sciences 
(Shanghai, China) was cultured in RPMI 1640 medium 
supplemented with 100 mL/L fetal bovine serum, 2 
mmol/mL L-glutamine, 100 μg/mL streptomycin and 
100 units/mL penicillin at 37 ℃ in 5% CO2. When 
the cell fusion rate reached 80%, HepG2 cells were 
transfected with negative control plasmid pcDNA3.1, 
pcDNA3.1-X, cotransfected pcDNA3.1-X with either 
pSilencer3.1-shHBX or pSilencer3.1-H1 in a ratio of  1:3, 
in the presence of  the liposome Lipofectamine 2000 ac-
cording to the manufacturer’s instructions.

Reverse transcription polymerase chain reaction 
analysis
The total RNA of  HepG2 cells transfected with various 
plasmids was prepared with Trizol reagent according to 
the manufacturer’s instructions. The reverse transcription 
was performed with TIANScript RT Kit. The specific 
primers used are shown in Table 1, the amplification 
condition was 94 ℃ for 45 s, 58 ℃ (55 ℃-60 ℃) for 35s, 
72 ℃ for 1 min for 35 cycles and a final extension at 
72 ℃ for 5 min each. The PCR products were subjected 
to electrophoresis in 1% agarose gel and visualized by 
ethidium bromide staining.

Western blotting analysis
For protein extracts, cells were lysed using cell lysis buf-
fer [20 mmol/L Tris pH 7.5, 150 mmol/L NaCl, 1% 
TritonX-100, 2.5 mmol/L sodium pyrophosphate, 1 
mmol/L EDTA, 1% Na3VO4, 0.5 μg/mL leupeptin and 
other phosphatase inhibitors, 1 mmol/L phenylmeth-
anesulfonyl fluoride (PMSF)]. The lysates were collected, 
and centrifuged at 10  000 × g at 4  ℃ for 5 min. The 
bicinchoninic acid (BCA) Protein Assay Kit was used to 
measure the protein concentrations. Total protein of  100 
μg of  each above lysate was subjected to sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto polyvinylidene difluoride (PVDF) 
membranes, which were blocked with 3% bovine serum 
albumin (BSA) in tris buffered saline (TBS) containing 
0.01% Tween-20 for 3 h at room temperature, and then 
incubated with specific primary antibodies: mouse mono-

clonal anti-HBx antibody (1:250), rabbit polyclonal anti-
phospho-MLK3 (1:500), rabbit polyclonal anti-phospho-
MKK7(1:500), mouse monoclonal anti-phospho-JNKs 
(1:400), rabbit polyclonal anti-Fas (1:500), rabbit poly-
clonal anti-FasL (1:500), and mouse monoclonal anti-
GAPDH antibody (1:500), respectively, overnight at 4 ℃. 
The membranes were then incubated with goat anti-
mouse IgG-AP (1:500), goat anti-rabbit IgG-AP (1:500), 
goat anti-mouse IgG-HRP (1:2000) and goat anti-rabbit 
IgG-HRP (1:2000) for 2 h at room temperature sepa-
rately. The labeled bands were detected with NBT/BCIP 
Alkaline Phosphatase Color Development Kit or the Be-
yoECL Plus Western blotting detection system.

Caspase activity assay
The enzyme activities of  caspase3, caspase8 and caspase9 
were quantified using caspase3, caspase8 and caspase9 
activity assay kit, respectively. Adherent and floating cells 
were collected and lysed in caspase lysis buffer. Cas-
pase3 enzyme activity in 30 μg cell lysate was measured 
by cleavage of  Ac-DEVD-pNA colorimetric substrate. 
Caspase8 enzyme activity in 30 μg cell lysate was mea-
sured by cleavage of  Ac-IETD-pNA colorimetric sub-
strate. Caspase9 enzyme activity in 30 μg cell lysate was 
measured by cleavage of  Ac-LEHD-pNA colorimetric 
substrate. The absorbance at A405 nm was quantified in a 
microtiter plate reader after incubated at 37 ℃ for 2 h.

Apoptosis analysis
Cells were adjusted to a density of  2 × 105 cells/mL, add-
ed to 24-well plates in 0.5 mL each well. After transfection 
and incubation for 72 h, cell apoptosis was analyzed by 
three methods: (1) terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end labeling (TUNEL) stain-
ing: cell apoptosis was analyzed using the in situ cell death 
detection kit, according to the manufacturer’s protocol. 
The number of  TUNEL-positive cells was divided by the 
total number of  cells to determine the ratio of  TUNEL-
positive cells. Five optical fields, about 200 cells were 
selected randomly and analyzed; (2) Hoechst 33258 stain-
ing: cells were fixed with 4% paraformaldehyde, washed 
twice with phosphate-buffered saline (PBS) and stained 
with Hoechst 33258 staining solution according to the 
manufacturer’s instructions. The morphologic changes of  
apoptotic cells, including reduction in volume and nuclear 
chromatin condensation, were observed under a fluores-
cence microscope. Five optical fields containing about 200 
cells were selected randomly and analyzed; and (3) flow 
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Table 1  Primers for the reverse transcription polymerase chain reaction amplification

Gene Sense Antisense Product length (bp)

HBX 5’-TGTGAAGCTTATGGCTGCTAGGC-3’ 5’-TGTGGAATTCTTAGGCAGAGGTG-3’ 465
Fas 5’-GTGAACACTGTGACCCTT-3’ 5’-TCATTGACACCATTCTTTCG-3’ 349
FasL 5'-CTGGGGATGTTTCAGCTCTTC-3’ 5'-CTTCACTCCAGAAAGCAGGAC-3' 304
Bax 5’-TTTGCTTCAGGGTTTCATCC-3’ 5’-CAGTTGAAGTTGCCGTCAGA-3’ 246
BcL-2 5’-GTGGAGGAGCTCTTCAGGGA-3’ 5’-AGGCACCCAGGGTGATGCAA-3 304
β -actin 5’-GGCATCGTGATGGACTCCG-3’ 5’-GCTGGAAGGTGGACAGCGA-3 607

HBx: Hepatitis B virus X protein.
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HBx expressing plasmid pcDNA3.1-X was transiently 
transfected into a human HCC cell line, HepG2. RT-
PCR and Western blotting analysis demonstrated that 
HepG2 cells transfected with pcDNA3.1-X could 
steadily express HBx. To further identify the function of  
HBx upon apoptosis of  HepG2, the expression vector 
for shRNA targeting HBx named pSilencer3.1-shHBX 
was constructed. When the shRNA expression plasmid 
was transfected to HepG2 cells in combination with 
pcDNA3.1-X, the expression of  HBx was specifically 
inhibited by shRNA against HBx, while universal nega-
tive control plasmid pSilencer3.1-H1 did not display any 
effect on HBx expression (Figure 1).

Effects of hepatitis B virus X protein on induction of 
apoptosis in HepG2 cells
To investigate the roles of  HBx in cell apoptosis, TU-
NEL assay was used to detect the presence of  DNA 
strand breaks. The in situ TUNEL staining showed that 
the TUNEL-negative cells appeared with blue nucleus 
and TUNEL-positive cells with yellow nucleus. To fur-

cytometry: cell apoptosis was evaluated by double staining 
with fluorescein isothiocyanate (FITC)-conjugated Annex-
in V and propidium iodide (PI) using annexin V/PI apop-
tosis kit. Cells were washed with PBS twice and stained 
with Annexin V and PI for 5 min at room temperature in 
the dark. The level of  apoptosis was determined by mea-
suring the fluorescence of  the cells with a flow cytometer 
(Becton-Dickinson, San Diego, CA).

Statistical analysis
All experiments were performed three times. Semiquan-
titative analysis of  the bands was performed with the 
Image J analysis software (Version 1.30v, Wayne Rasband, 
NIH, United States). The data were presented in mean 
± SD and analyzed by one-way ANOVA (SPSS version 
13.0). P < 0.05 was considered statistically significant.

RESULTS
Expression of hepatitis B virus X protein in HepG2 cells
To investigate the potential apoptotic ability of  HBx, 
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Figure 1  Detection of hepatitis B virus X protein expression in transfected HepG2 cells. HepG2 cells were transfected with pcDNA3.1-X plasmids or cotrans-
fected with pcDNA3.1-X and pSilencer3.1-shHBX plasmids. Forty-eight hours later, the expression of hepatitis B virus X protein (HBx) in HepG2 cells was determined 
by reverse transcription polymerase chain reaction (A) and Western blotting analysis (B). HepG2 group was not transfected with any plasmids. pcDNA3.1 transfected 
group was transfected with plasmid pcDNA3.1; pcDNA3.1-X transfected group was transfected with pcDNA3.1-X; RNAi group was cotransfected with pcDNA3.1-X 
and pSilencer3.1-shHBX in a ratio of 1:3; negative control group was cotransfected with pcDNA3.1-X and negative control plasmid pSilencer3.1-H1 in a ratio of 1:3. 
Data are expressed as mean ± SD (n = 3), aP < 0.05 vs pcDNA3.1-X transfected group. 
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ther confirm the occurrence of  apoptosis, the apoptosis 
of  HepG2 cells and HepG2 transfected with HBx were 
detected by Hoechst 33258 staining and flow cytometry 
(FCM). In Hoechst 33258 staining, reduced cell sizes and 
increased nuclear chromatin condensation were detected 
in the apoptotic cells. As it is shown in Figure 2, when 
compared with HepG2 cells group, the apoptosis rate 
of  pcDNA3.1-X transfected group and negative control 
group was increased, while, in contrast, that of  RNAi 
group was decreased. It indicated that the high expres-
sion of  HBx could promote the apoptosis of  HepG2 
cells, and inhibiting the expression of  HBx protein could 

reduce the apoptosis rate of  HepG2 cells.

Hepatitis B virus X protein-induced apoptosis was 
attributed to the upregulation of Fas/FasL signaling 
pathway-related proteins
To determine which signaling pathway was involved in 
cell apoptosis by HBx, expression of  Fas, FasL and apop-
totic regulators Bax, Bcl-2 in HBx-transfected HepG2 
cells were examined by RT-PCR and Western blotting 
analysis. The results showed that the Fas, FasL, Bax 
mRNA and protein expression were increased induced by 
HBx, while the Bcl-2 mRNA and protein were decreased 
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after transfection with HBx in HepG2 cells for 48 h 
(Figure 3). When HepG2 cells were cotransfected with 
pcDNA3.1-X and pSilencer3.1-shHBX for 48 h, the lev-
els of  Fas, FasL, Bax mRNA and protein were decreased. 
However, Bcl-2 mRNA and protein were increased af-
ter cotransfection with pcDNA3.1-X and pSilencer3.1-
shHBX in HepG2 cells.

In order to determine the dynamic effect of  HBx on 
the Fas/FasL signaling pathway, we detected the gene 
and protein expression of  Fas and FasL at 24 h, 48 h, and 
72 h after transfection with HBx, respectively, and found 
that the Fas and FasL mRNA expression was increased 
by HBx in a time-dependent manner (Figure 4A). In par-
allel, the levels of  Fas and FasL proteins in pcDNA3.1-X 
transfected cells were increased by HBx in a similar man-
ner (Figure 4B). 

To further determine the effect of  HBx on the Fas/
FasL signaling pathway, enzyme activity of  caspase8, 
caspase9 and caspase3 were also detected by spectropho-
tometric test. The results showed that the activation of  
caspase8, caspase9 and caspase3 was increased in HBx-

transfected HepG2 cells (Figure 5). 
It could be concluded that HBx could mediate cell 

apoptosis by upregulating Fas/FasL signaling pathway-
related protein expression to activate the Fas/FasL sig-
naling pathway. 

Hepatitis B virus X protein upregulates FasL protein 
expression by activating MLK3-MKK7-JNKs signal 
module and induces apoptosis
The upstream mechanisms of  HBx on expression of  
Fas/FasL signaling pathway-related proteins were fur-
ther investigated. Previous studies showed that MLK3, 
MKK7 and JNKs which belong to MAPK signaling 
pathways, could form MLK3-MKK7-JNKs signal-
ing module and the activation of  the signaling module 
could upregulate the expression of  Fas/FasL signaling 
pathway-related protein, leading to cell apoptosis[22,23]. To 
find out whether the upregulation of  Fas/FasL signaling 
pathway-related proteins induced by HBx was dependent 
on activation of  MLK3-MKK7-JNKs signaling module, 
the phosphorylation levels of  MLK3, MKK7 and JNKs 
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scribed in Figure 2. Forty-eight hours after transfection, the mRNA (A) and protein (B) expression levels of Bax, Bcl-2, Fas and FasL were determined by RT-PCR and 
Western blotting analysis. Data are expressed as mean ± SD (n = 3), aP < 0.05 vs the HepG2 group; cP < 0.05 vs pcDNA3.1-X transfected group and negative control 
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were detected. The phosphorylation levels of  MLK3, 
MKK7 and JNKs proteins in pcDNA3.1-X transfected 
group were increased remarkably compared with the 

HepG2 cells. When silencing HBx protein expressed by 
pSilencer3.1-shHBX, phosphorylation of  MLK3, MKK7 
and JNKs was inhibited (Figure 6). The changing ten-
dency of  expression level of  FasL protein was consistent 
with phosphorylation levels of  MLK3, MKK7 and JNKs 
proteins. When we treated HepG2 cells transfected with 
HBx with a known JNK inhibitor, SP600125, the activa-
tion of  JNKs and expression of  FasL protein were inhib-
ited (Figure 7A). Furthermore, the phosphorylation levels 
of  MLK3, MKK7 and JNKs and the protein expression 
of  FasL also concomitantly decreased in pcDNA3.1-X 
transfected group when treated with K252a, a known 
MLK3 inhibitor[27,28] (Figure 7B). The results demon-
strated that HBx could activate MLK3-MKK7-JNKs 
signal module and upregulate Fas/FasL death receptor 
pathway-related protein expression.

To determine the relationship between activation of  
MLK3-MKK7-JNKs signal module and HBx-stimulated 
cell apoptosis, the apoptosis rate of  the pcDNA3.1-X 
transfected group treated with K252a or not was deter-
mined by flow cytometry. As expected, apoptosis rate of  
the HBx-transfected HepG2 cells was suppressed in the 
presence of  the MLK3 inhibitor (Figure 8), indicating that 
HBx could activate the MLK3-MKK7-JNKs signaling 
modular and its downstream death receptor pathway, and 
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induce the apoptosis of  the hepatocarcinoma cell line.

DISCUSSION
HBx protein has been reported to be either a promoter 
or an inhibitor of  cell apoptosis[11,29-31]. The dual activ-
ity of  HBx protein on cell apoptosis suggests that the 
expression of  HBx gene and its physiological role de-
pend on cellular environments and infection stage[30,32-33]. 
Naturally, HBx shows extremely low levels of  expression 
during the early stage of  HBV infection, which may con-
tribute to the activation of  transcription and virus repli-
cation[33,34]. With the development of  chronic HBV infec-
tion, expression of  HBx protein increased and activated 
apoptosis to contribute to virus spread and the progres-
sion of  chronic hepatitis and HCC[32,35,36]. It was reported 
that HBx could induce the apoptosis of  hepatic cells by 
the death receptor pathway and the mitochondrial path-
way. However, the question how HBx activates the death 
receptor pathway to induce the apoptosis of  hepatic cells 
remains unclear. The further elucidation of  signaling 
pathways that regulate apoptosis by HBx would help us 
understand the effectiveness of  HBX in the development 
of  HCC.

In this study, the regulation mechanism of  apoptosis 
by HBx in HepG2 cells was investigated. First, the ability 

of  HBx to induce apoptosis using transient transfection 
of  HBx was tested. As a result, after transfected with 
HBx, HepG2 cells exhibited more conspicuous apoptotic 
nuclear condensation and a higher level of  cell death, 
which is in agreement with the previous reports that HBx 
could induce cell apoptosis on its own[5-6,37,38]. Second, 
the expression level of  the Fas/FasL signaling pathway-
related proteins was examined in HepG2 cells. The ex-
pression of  Fas/FasL signaling pathway-related proteins 
were remarkably upregulated in pcDNA3.1-X transfected 
group. RNA interference targeting HBx in HepG2 cells 
could reduce the cell apoptosis and down-upregulate the 
Fas/FasL signaling pathway-related proteins at the same 
time. Based on the above results, it was reasonable to 
conclude that HBx is able to induce apoptosis by upregu-
lating Fas/FasL signaling pathway-related protein expres-
sion in HepG2 cells, which was similar to the previous 
report that HBx played a role in inducing apoptosis of  
hepatocyte via Fas/FasL system[39,40].

Recent studies have found that the MAPKs were in-
volved in the signal transduction for apoptosis. The animal 
model experiments for cerebral ischemia demonstrated 
that MLK3-MKK7-JNKs signaling modules, a member 
of  the MAPK family, could activate its downstream Fas/
FasL signaling pathway and induce the apoptosis of  nerve 
cells[22-23]. In addition, it was reported that hepatic cells 
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could also express MLK3, MKK7 and JNKs[24-25]. We sup-
posed HBx protein could act as the stressor to activate the 
signal module of  MLK3-MKK7-JNKs, and to induce the 
apoptosis of  the hepatic cells.

On the basis of  this hypothesis, the phosphorylation 
levels of  MLK3, MKK7 and JNKs were detected in all 
groups. It was found that the phosphorylation levels of  
MLK3, MKK7 and JNKs were increased obviously in 
the pcDNA3.1-X group, indicating that the HBx might 
increase the phosphorylation levels of  these proteins. 
When we treated pcDNA3.1-X group with SP600125, 
the activation of  JNKs and expression of  FasL were sig-
nificantly inhibited. Moreover, when pcDNA3.1-X group 
was treated with K252a, the expression levels of  p-MLK3, 
p-MKK7, p-JNKs and FasL were also significantly de-
creased, and then cell apoptosis rate obviously declined, 
suggesting that the HBx protein could act as a stressor 
and activate the MLK3-MKK7-JNKs signaling module 
and its downstream Fas/FasL death receptor pathway to 
induce the apoptosis of  HepG2 cells. This would provide 
us a new research target and a novel concept for blocking 
the HBx-induced apoptosis process.

The ratio of  Bax and Bcl-2 could change the mito-
chondrial membrane potential and result in the release 
of  cytochrome C, the activation of  caspase9, and then 
further activate caspase3 to induce apoptosis[41,42]. As 
shown in Figures 3 and 5, HBx up-regulated the expres-
sion of  Bax, down-regulated the expression of  BcL-2, 
and increased the activation of  caspase9 at the same time. 
This data indicated that the apoptosis induced by HBx 
also referred to the mitochondrial pathway. Nevertheless, 
effects of  activating the mitochondrial pathway on apop-
tosis needs to be further investigated.

In conclusion, this study demonstrated that the high 
expression level of  HBx protein could activate MLK3-
MKK7-JNKs module and upregulate FasL protein. It has 
provided a novel insight into the mechanism of  HBx-
induced heptocarcinoma cell apoptosis.
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