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 Functional Characterization of Hepatitis B Virus X 
Protein Based on the Inhibition of Tumorigenesis 
in Nude Mice Injected with CCL13-HBx Cells 
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HBx suppressed tumorigenesis in the nude mice injected 
with CCL13-HBx cells, which proved to be a good animal 
model for the in vivo study of the effects of HBx on tumori-
genesis.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Hepatitis B virus (HBV) infection plays a critical role 
in the development of cirrhosis and hepatocellular carci-
noma (HCC)  [1] . HBV infection is largely endemic in Asia, 
Oceania, and Africa  [2] . The hepatitis B virus X (HBx) 
protein is one of the major causative factors of HCC. It
has been reported as a multifunctional protein that is in-
volved in cell cycle regulation, responses to apopto-
tic stimuli, genotoxic stress, protein degradation, cell 
transformation, carcinogenesis, and signaling transduc-
tion cascades  [3, 4] . HBx regulates cell growth via prolif-
eration or apoptosis, depending on different signaling 
pathways, which include the Ras/Raf/mitogen-activated 
protein kinase (MAPK)  [5] , Janus kinase (JAK)/signal 
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 Abstract 

  Objective:  This study aimed to determine the effects of HBx 
on the inhibition of tumorigenesis in nude mice injected 
with CCL13-HBx cells. Therefore, the characteristics of the in-
duced tumors and the phenomenon of apoptosis were as-
sessed.  Methods:  The induced tumors were identified using 
the specific marker of hepatocellular carcinoma (HCC), anti-
 � -fetoprotein (AFP), and their characteristics were patholog-
ically examined. Apoptosis was detected by DNA fragmenta-
tion, and the expression of the proapoptotic proteins p53, 
Bax, Bad, caspase-3, and caspase-8 and the anti-apoptotic 
protein Bcl-2 was detected by Western blotting. To identify 
possible molecules involved in the inhibition of tumorigen-
esis, extracts of the induced tumors were separated by 2D-
PAGE, and the proteins were identified by MS.  Results:  The 
tumors of the nude mice injected with CCL13 and CCL13-HBx 
cells were identified as HCCs. Moreover, HBx was found to 
suppress tumor growth via apoptosis in the nude mice in-
jected with CCL13-HBx cells. The MS findings revealed that 
phosphorylated myosin light chain was a candidate mole-
cule involved in the inhibition of tumorigenesis.  Conclusion:  
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transduction and activator of transcription (STAT)  [6] , 
and protein kinase B (PKB)/Akt  [7] . Moreover, HBx is also 
a transcriptional activator associated with a wide variety 
of transcription factors, including AP-1, AP-2, NF � B, cy-
clic adenosine 3 � ,5 � -monophosphate responsive element-
binding protein (CREB)/activating transcription factor 
(ATF), Est, and serum response factor (SRF)  [4] . However, 
the biological roles of HBx in various experimental sys-
tems are controversial. Sirma et al.  [8]  reported that HBx 
inhibits the clonal outgrowth of cells by blocking the cell 
cycle and subsequently triggering apoptosis via the p53-
independent pathway. Chirillo et al.  [9]  demonstrated that 
HBx sensitizes the NIH3T3 polyclonal cell line to death 
by programmed cell death. Many other studies have re-
ported that HBx mediates apoptosis in cells or sensitizes 
cells to apoptosis  [9–19] . In contrast, some studies have 
reported that HBx inhibits apoptosis and enhances cell 
proliferation  [7, 20–22] . Although HBx is considered to 
play an important role in hepatocarcinogenesis, its spe-
cific role remains unclear and controversial.

  To study the role of HBx in hepatocarcinogenesis, we 
detected the expression of the HBx antigen and anti-HBx 
antibodies in HCC patients by performing Western blot-
ting and enzyme-linked immunosorbent assay (ELISA). 
The results of the analyses indicated that the sera from 
70% of the HCC patients and 5% of chronic hepatitis 
(CH) patients contained antibodies that specifically 
bound to HBx. Further, the tissues obtained from the liv-
er of 85% HCC patients contained HBx  [23] . With regard 
to the effects of HBx on cell growth in vitro and in vivo, 
we demonstrated that HBx downregulates Wnt-3/ � -
catenin expression and suppresses cell growth by repress-
ing cell proliferation and/or triggering apoptosis in the 
CCL13-HBx stable cell line, and that it inhibits tumori-
genesis in nude mice injected with CCL13-HBx cells  [11, 
24] . However, the details of the mechanism underlying 
the inhibition of tumorigenesis in these mice remain un-
clear. In this study, we injected nude mice with CCL13-
HBx cells and assessed the expression of apoptotic pro-
teins in their tumor cells by Western blotting. The results 
indicated that the expression of the proapoptotic proteins 
p53, Bax, Bad, caspase-3, and caspase-8 was upregulated, 
while that of the anti-apoptotic protein Bcl-2 was slightly 
downregulated. Apoptosis in the tumors of the nude mice 
injected with CCL13-HBx cells was detected by the DNA 
ladder assay. The results of the assay demonstrated that 
the expression of glycogen synthase kinase (GSK-3 � ) was 
upregulated, while that of  � -catenin was downregulated; 
these results were consistent with those of our in vitro 
experiments  [11] . Further, to identify possible molecules 

that are involved in the inhibition of tumorigenesis in the 
nude mice injected with CCL13-HBx and CCL13 cells, a 
candidate molecule – phosphorylated myosin light chain 
(pMLC) – was identified and separated by two-dimen-
sional polyacrylamide gel electrophoresis (2D-PAGE).

  Materials and Methods 

 Transplantation of Cells into BALB/c Nude Mice 
 Tumorigenicity test in nude mice was performed in male 

BALB/c nude mice  [24] . Briefly, 1  !  10 7  CCL13 and CCL13-HBx 
cells in 0.2 ml PBS were subcutaneously injected into the flank 
region of nude mice. Tumor size was analyzed once a week until 
10 weeks  [24] .

  DNA Fragmentation 
 Tissues obtained from the tumors of the nude mice injected 

with CCL13-HBx or CCL13 cells were dissected into small pieces 
and washed with phosphate-buffered saline (PBS). DNA frag-
mentation analysis was performed using the Tissue and Cell Ge-
nomic DNA Purification Kit (GeneMark, Taiwan) according to 
the manufacturer’s instructions. The extracted DNA was subject-
ed to 2% agarose gel electrophoresis.

  Western Blotting 
 Proteins extracted from the tumor cells of the nude mice in-

jected with CCL13-HBx or CCL13 cells were subjected to Western 
blot analysis. Membranes were immunodetected using anti-HBx 
(Abcam), anti-p53 (Novocastra), anti-caspase-3, anti-caspase-8, 
anti-GSK-3 �  (Cell Signaling), anti-Bax, anti-Bad, anti-Bcl-2, 
anti- � -catenin (Santa Cruz), anti- � -fetoprotein (AFP; Zymed), 
anti-pMLC (GeneTex), or anti-actin (Sigma) antibody. The ECL 
kit (Millipore) was used according to the manufacturer’s instruc-
tions.

  2D-PAGE 
 2D-PAGE is a good method for proteomic analysis by high-

resolution protein separation, which is the best method for the 
monitoring of protein modification  [25] . The total proteins ex-
tracted from the tumor cells of the nude mice injected with 
CCL13-HBx and CCL13 cells were purified with the ReadyPrep 
2-D Cleanup Kit (Bio-Rad Laboratories), applied to 11-cm Ready-
Strip IPG Strips (Bio-Rad Laboratories), and analyzed according 
to the manufacturer’s instructions. The protein spots in the gels 
were visualized using the Bio-Rad Silver Stain Kit; the target pro-
tein spots were cut, and the proteins were identified according to 
the methods described by Lee et al.  [26] .

  Mass Spectrometry 
 The protein spots were visualized by silver staining after sepa-

ration by 2D-PAGE. The target protein spots were cut and sent to 
the Proteomic Research Core Laboratory at National Cheng-
Kung University, Tainan, Taiwan. The target protein was then 
analyzed by electrospray ionization mass spectrometry (ESI-MS)/
mass spectrometry (MS; Finnigan MAT, San Jose, Calif., USA) 
and searched with the Mascot computer program (Matrix Sci-
ence).
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  Results 

 Inhibition of Tumorigenesis in the Nude Mice Injected 
with CCL13-HBx Cells 
  In our previous study, CCL13 and CCL13-HBx cells 

were subcutaneously injected in nude mice. Examination 
revealed significantly larger tumors in the nude mice in-
jected with CCL13 cells than in those injected with 
CCL13-HBx cells  [24] . As shown in  figure 1 , the tumors 
of the nude mice injected with the 2 types of cells were 
considerably different in size. Further, tumorigenesis was 
suppressed in the nude mice injected with CCL13-HBx 
cells ( fig. 1 b). However, the details of the underlying 
mechanism remain unclear.

  Development of HCC in the Nude Mice Injected with 
CCL13 and CCL13-HBx Cells 
 To study the characteristics of the induced tumors, 

pathological examination was conducted. The tumors of 
the nude mice injected with CCL13 cells grossly measured 
14–32 mm in diameter, and those of the nude mice inject-
ed with CCL13-HBx cells grossly measured 5–12 mm in 
diameter ( fig. 2 , upper panel). Well-differentiated early-
stage HCCs are characterized by an increased cell density 
with a high nuclear/cytoplasmic ratio, an increased cyto-
plasmic eosinophilia, an irregular, thin, trabecular pat-
tern, and a frequently observed pseudoglandular pattern 
 [27] . These morphological characteristics were observed in 
the tumors of the nude mice injected with CCL13 cells 
( fig. 2 , left panel; magnifications,  ! 40 and  ! 200). How-
ever, poorly differentiated HCCs were observed in the tu-
mors of the nude mice injected with CCL13-HBx cells 
( fig. 2 , right panel; magnifications,  ! 40 and  ! 200). Fur-
ther, tumor cells with hyperchromatic nuclei and an in-
creased cell density with a high nuclear/cytoplasmic ratio 
were observed ( fig. 2 , lower panel, enlarged images; mag-
nification,  ! 400). However, the diagnosis of HCCs based 
on their pathological and morphological characteristics is 
very difficult. Prognostic molecular markers in HCC have 
recently been identified  [28] . Suzuki et al.  [29]  reported 
that the  � -catenin expression was increased in well-differ-
entiated tissues, and was decreased in the poorly differen-
tiated tissues. The results of Western blotting showed that 
the expression of  � -catenin was decreased in CCL13-HBx-
injected nude mice tumors (see  fig. 3 c, middle panel). The 
results suggested that poorly differentiated HCC was de-
termined in the tumors of the nude mice injected with 
CCL13-HBx cells.  Furthermore, AFP has been considered 
as a marker protein of hepatocellular carcinogenesis  [30, 
31] . The results of Western blotting revealed the expression 

of AFP in the tumor cells of the nude mice of both groups 
but not in the cervical tissues of patients with cervical can-
cers (CX19 and CX22;  fig. 4 ). Further, AFP expression was 
also detected in the tumorous liver tissues of an HCC pa-
tient but not in the normal liver tissue ( fig. 4 ). Thus, the 
tumors of the nude mice injected with CCL13 and CCL13-
HBx cells were identified as HCCs.

  Effect of HBx on the Inhibition of Tumorigenesis
via Apoptosis in the Nude Mice Injected with
CCL13-HBx Cells 
 Cell death or survival depends on the balance between 

apoptosis and proliferation; an imbalance between these 
2 processes is associated with the development of HCC 
 [32] . In addition, HBx plays an important role in hepato-
cellular carcinogenesis  [1, 3, 4] . HBx has been reported to 
inhibit cell growth by triggering apoptosis or inhibiting 
proliferation  [9–19] . However, contrasting results have 
also been reported  [7, 20–22] . As shown in  figure 1 , the 
size of the tumors in the nude mice injected with CCL13 
and CCL13-HBx cells was considerably different. To de-
termine the effects of HBx on the inhibition of tumorigen-
esis in the nude mice infected with CCL13-HBx cells,   the 

a b

CCL13 CCL13-HBx

  Fig. 1.  In vivo testing of tumorigenesis.  a  Tumors of a volume of 
approximately 1 cm 3  were found at the 6th week after CCL13 cells 
were subcutaneously injected into the nude mice.  b  Tumors of a 
volume of approximately 0.1 cm 3  were found at the 6th week after 
CCL13-HBx cells were subcutaneously injected into the nude 
mice. Bar = 10 mm. 
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expression of the proapoptotic proteins p53, Bax, caspase-
3, and caspase-8, and the anti-apoptotic protein Bcl-2 was 
analyzed by Western blotting. The results indicated that 
the expression of the proapoptotic proteins was upregu-
lated ( fig. 3 a), while that of the anti-apoptotic protein was 
slightly downregulated on HBx induction ( fig. 3 a). In ad-
dition, the phenomenon of apoptosis was assessed by the 
DNA ladder assay ( fig. 3 b). Interestingly, the expression of 
GSK3 �  was found to be upregulated, while that of  � -
catenin was found to be downregulated on HBx induction 
in the tumor cells of the nude mice injected with CCL13-

HBx cells ( fig. 3 c). These results were consistent with 
those of our in vitro   experiments  [11] . Thus, it was con-
cluded that HBx suppressed tumor growth via apoptosis 
in the nude mice injected with CCL13-HBx cells.

  Results of 2D-PAGE and ESI-MS/MS 
 To identify possible molecules that are involved in the 

inhibition of tumorigenesis in the nude mice injected 
with CCL13-HBx and CCL13 cells, the tumor extracts 
were separated by 2D-PAGE. We compared the protein 
spots obtained in the 2 gels, identified the target spots, 

Tissues derived from
CCL13

Tissues derived from
CCL13-HBx

×200

×400

×40

×1

  Fig. 2.  Pathological examination of the in-
duced tumors. The upper panel shows the 
gross view of the tumors induced by the 
CCL13 and CCL13-HBx cells. The mor-
phological characteristics of well-differen-
tiated HCCs were observed in the tumor 
cells of the nude mice injected with CCL13 
cells (left panel; magnifications,  ! 40 and 
 ! 200), while those of poorly differentiat-
ed HCCs were observed in the tumor cells 
of the nude mice injected with CCL13-
HBx cells (right panel; magnifications, 
 ! 40 and  ! 200). The enlarged image 
shows tumor cells with hyperchromatic 
nuclei (lower panel; magnification,  ! 400). 
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and analyzed them by ESI-MS/MS ( fig. 5 a, arrow). Based 
on the findings,  32 EAFTVIDQNRDGIIDKEDLR 51 , 
 60 LNVKNEELDAMMK 72 ,  91 LKGADPEDVITGAFK 105 , 
and  155 NICYVITHGDAKDQE 169  were identified as 
pMLCs (GenBank GI:7949078). The results obtained by 
Western blot analysis of MLCs revealed their upregulated 
expression in the tumor cells of the nude mice injected 
with CCL13-HBx cells ( fig. 5 b).

  Discussion 

 HBV and hepatitis C virus (HCV) are the 2 major hep-
atitis viruses involved in the development of chronic hep-
atitis and HCC  [33] . HBx plays a critical role in hepatocel-

lular carcinogenesis  [1, 3, 4, 34] . However, the intrinsic 
roles of HBx remain unclear and controversial. Conflict-
ing results obtained with regard to the role of HBx may 
be attributed to the fact that different types of cells, im-
mortalized or primary cells, and different experimental 
systems have been used in different studies  [12] . Schuster 
et al.  [35]  demonstrated that low levels of HBx expression 
supported cellular transformation in immortalized cell 
lines. Thus, the obvious conclusion would be that HBx 
suppresses apoptosis to facilitate malignant transforma-
tion or the accumulation of transformation mutations in 
the early stages of HBV infection. However, it was found 
to promote apoptosis or sensitize cells to apoptosis, there-
by facilitating the replication and dissemination of HBV 
 [36] , its escape from immunological responses  [37, 38] , or 
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a b

c  Fig. 3.  HBx suppressed tumorigenesis via 
apoptosis in the nude mice injected with 
CCL13-HBx cells.  a  The expression of the 
proapoptotic proteins p53, Bax, Bad, Bcl-2, 
caspase-8, cleaved caspase-8 ( V , 43 kDa), 
caspase-3, and cleaved caspase-3 (17 kDa) 
was detected by Western blotting.  b  DNA 
fragmentation was detected in the tumors 
induced by the CCL13-HBx cells but not in 
those induced by the CCL13 cells.  c  GSK3 �  
expression was upregulated and  � -catenin 
expression was downregulated in the tu-
mors induced by the CCL13-HBx cells. 
Actin was used as the internal control.           
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malignant transformation in the advanced stages of HBV 
infection  [39] . In addition, the different expression levels 
of HBx may contribute to the controversial results re-
garding its effects in HBV infection  [12] . HBx is expressed 
at low levels in the early stage of HBV infection, and this 
contributes to transcriptional activation and virus repli-
cation via HBx-triggered apoptosis  [40, 41] . Higher HBx 
expression was detected in chronic HBV infection  [41–
43] .

  In our previous studies, we reported that HBx induc-
tion in the CCL13-HBx stable cell line downregulated 
Wnt-3/ � -catenin expression and suppressed cell growth 
by repressing cell proliferation or triggering apoptosis 
 [11] . Moreover, we demonstrated that HBx negatively 
regulated the proliferation of CCL13-HBx stable cells 
via the GSK3 � / � -catenin cascade  [44] . Wang et al.  [24]  
also reported that HBx suppressed tumorigenesis in the 
nude mice injected with CCL13-HBx stable cells. The 
experimental system for the subcutaneous injection of 
cells into nude mice has been well established in many 
other studies  [45–49] . Therefore, we used the same ex-
perimental system to determine the in vivo effects of 
HBx on tumorigenesis. The experimental results re-
vealed that HBx inhibited tumorigenesis via apoptosis 
in the nude mice injected with CCL13-HBx cells, as de-
termined based on the upregulated expression of the pro-
apoptotic proteins p53, Bax, Bad, caspase-3, caspase-
8, and the downregulated expression of the anti-apo-
ptotic protein Bcl-2 on HBx induction in the mice 
( fig. 3 a). Furthermore, the phenomenon of apoptosis 
was detected by the DNA ladder assay only in the nude 
mice injected with CCL13-HBx cells and not in the nude 
mice injected with CCL13 cells ( fig. 3 b). By using 2D-
PAGE, we analyzed the candidate molecule – pMLC – 
for its involvement in the inhibition of tumorigenesis on 
HBx induction in the nude mice injected with CCL13-
HBx cells ( fig. 5 ).

  MLC is one of the major components of myosin in 
thick muscle filaments  [50] . Smooth muscle activation 
depends on the balance between the phosphorylation 
and dephosphorylation of MLC, which are mediated by 
MLC kinase (MLCK) and MLC phosphatase, respec-
tively  [51, 52] . Sebbagh et al.  [53]  showed that MLC phos-
phorylation increases and membrane blebbing occurs 
after apoptosis is induced. Furthermore, MLCK is in-
volved in tumor necrosis factor- � -induced apoptosis 
and caspase-3 activation  [54, 55] . Su and Schneider  [15]  
reported that HBx sensitizes cells to apoptosis by treat-
ment with tumor necrosis factor- � . We also suggested 
that HBx sensitizes cells to apoptosis via MLC-depen-

�-Fetoprotein
(AFP)

CCL13
CCL13-

HBx CX19 CX22
HCC

Tumor

Tumor

70 kDa

Normal

  Fig. 4.  Development of HCCs in the nude mice injected with 
CCL13 and CCL13-HBx cells. The results of Western blotting re-
vealed AFP expression in the tumor cells of these mice and in the 
tumorous liver tissues of an HCC patient. However, AFP expres-
sion was not detected in the cervical tissues of patients with cervi-
cal cancer (CX19 and CX22) or in the normal liver tissue of the 
HCC patient.           
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a

  Fig. 5.  Two-dimensional proteomics analysis.  a  2D-PAGE of tu-
mor extracts and silver nitrate staining. The molecular weights 
are shown on the left and the pH values on the top. Arrows indi-
cate the candidate protein at 20 kDa, which was identified by ESI-
MS/MS.  b  The candidate protein, namely, p-MLC, was confirmed 
by Western blotting. Actin was used as the internal control.                     
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dent pathway. However, we require more evidence to de-
termine the possible mechanisms underlying the in-
volvement of MLC in the HBx-induced inhibition of tu-
morigenesis in nude mice injected with CCL13-HBx 
cells.

  Acknowledgments 

 We appreciate the support of Dr. V.C. Yang at Tunghai Univer-
sity. This work was supported in part by the grants TCVGH-T-
937801, 947801, and 947812. We also appreciate the technical sup-
port offered by C.C. Cheng and C.S. Yang at Taichung Veteran 
General Hospital.
 

 References 

  1 Zhang X, Zhang H, Ye L: Effects of hepatitis 
B virus X protein on the development of liver 
cancer. J Lab Clin Med 2006;   147:   58–66. 

  2 Iino S: Natural history of hepatitis B and C 
virus infections. Oncology 2002;   62(suppl 
1):18–23. 

  3 Murakami S: Hepatitis B virus X protein: a 
multifunctional viral regulator. J Gastroen-
terol 2001;   36:   651–660. 

  4 Murakami S: Hepatitis B virus X protein: 
structure, function and biology. Intervirol-
ogy 1999;   42:   81–99. 

  5 Chirillo P, Falco M, Puri PL, Artini M, Bal-
sano C, Levrero M, Natoli G: Hepatitis B vi-
rus pX activates NF-kappa B-dependent 
transcription through a Raf-independent 
pathway. J Virol 1996;   70:   641–646. 

  6 Waris G, Huh KW, Siddiqui A: Mitochondri-
ally associated hepatitis B virus X protein 
constitutively activates transcription factors 
STAT-3 and NF-kappa B via oxidative stress. 
Mol Cell Biol 2001;   21:   7721–7730. 

  7 Lee YI, Kang-Park S, Do SI, Lee YI: The hep-
atitis B virus-X protein activates a phospha-
tidylinositol 3-kinase-dependent survival 
signaling cascade. J Biol Chem 2001;   276:  
 16969–16977. 

  8 Sirma H, Giannini C, Poussin K, Paterlini P, 
Kremsdorf D, Brechot C: Hepatitis B virus X 
mutants, present in hepatocellular carcino-
ma tissue abrogate both the antiproliferative 
and transactivation effects of HBx. Onco-
gene 1999;   18:   4848–4859. 

  9 Chirillo P, Pagano S, Natoli G, Puri PL, Bur-
gio VL, Balsano C, Levrero M: The hepatitis 
B virus X gene induces p53-mediated pro-
grammed cell death. Proc Natl Acad Sci USA 
1997;   94:   8162–8167. 

 10 Kim H, Lee H, Yun Y: X-gene product of hep-
atitis B virus induces apoptosis in liver cells. 
J Biol Chem 1998;   273:   381–385. 

 11 Kuo CY, Wang JC, Wu CC, Hsu SL, Hwang 
GY: Effects of hepatitis B virus x protein 
(HBx) on cell-growth inhibition in a CCL13-
HBx stable cell line. Intervirology 2008;   51:  
 26–32. 

 12 Miao J, Chen GG, Chun SY, Lai PP: Hepatitis 
B virus X protein induces apoptosis in hepa-
toma cells through inhibiting Bcl-xL expres-
sion. Cancer Lett 2006;   236:   115–124. 

 13 Pollicino T, Terradillos O, Lecoeur H, Gou-
geon ML, Buendia MA: Pro-apoptotic ef-
fects of the hepatitis B virus X gene. Biomed 
Pharmacother 1998;   52:   363–368. 

 14 Shintani Y, Yotsuyanagi H, Moriya K, Fujie 
H, Tsutsumi T, Kanegae Y, Kimura S, Saito I, 
Koike K: Induction of apoptosis after switch-
on of the hepatitis B virus X gene mediated 
by the Cre/loxP recombination system. J Gen 
Virol 1999;   80:   3257–3265. 

 15 Su F, Schneider RJ: Hepatitis B virus HBx 
protein sensitizes cells to apoptotic killing by 
tumor necrosis factor alpha. Proc Natl Acad 
Sci USA 1997;   94:   8744–8749. 

 16 Su F, Theodosis CN, Schneider RJ: Role of 
NF-kappaB and myc proteins in apoptosis 
induced by hepatitis B virus HBx protein. J 
Virol 2001;   75:   215–225. 

 17 Tanaka Y, Kanai F, Kawakami T, Tateishi K, 
Ijichi H, Kawabe T, Arakawa Y, Kawakami T, 
Nishimura T, Shirakata Y, Koike K, Omata 
M: Interaction of the hepatitis B virus X pro-
tein (HBx) with heat shock protein 60 en-
hances HBx-mediated apoptosis. Biochem 
Biophys Res Commun 2004;   318:   461–469. 

 18 Terradillos O, Pollicino T, Lecoeur H, Tri-
podi M, Gougeon ML, Tiollais P, Buendia 
MA: p53-independent apoptotic effects of 
the hepatitis B virus HBx protein in vivo and 
in vitro. Oncogene 1998;   17:   2115–2123. 

 19 Yang Y, Zheng L, Lv G, Jin X, Sheng J: Hepa-
tocytes treated with HBV X protein as cyto-
toxic effectors kill primary hepatocytes by 
TNF-alpha-related apoptosis-induced li-
gand-mediated mechanism. Intervirology 
2007;   50:   323–327. 

 20 Madden CR, Slagle BL: Stimulation of cellu-
lar proliferation by hepatitis B virus X pro-
tein. Dis Markers 2001;   17:   153–157. 

 21 Shih WL, Kuo ML, Chuang SE, Cheng AL, 
Doong SL: Hepatitis B virus X protein inhib-
its transforming growth factor-beta-induced 
apoptosis through the activation of phospha-
tidylinositol 3-kinase pathway. J Biol Chem 
2000;   275:   25858–25864. 

 22 Shih WL, Kuo ML, Chuang SE, Cheng AL, 
Doong SL: Hepatitis B virus X protein acti-
vates a survival signaling by linking SRC to 
phosphatidylinositol 3-kinase. J Biol Chem 
2003;   278:   31807–31813. 

 23 Hwang GY, Lin CY, Huang LM, Wang YH, 
Wang JC, Hsu CT, Yang SS, Wu CC: Detec-
tion of the hepatitis B virus X protein (HBx) 
antigen and anti-HBx antibodies in cases of 
human hepatocellular carcinoma. J Clin Mi-
crobiol 2003;   41:   5598–5603. 

 24 Wang JC, Hsu SL, Hwang GY: Inhibition of 
tumorigenicity of the hepatitis B virus X 
gene in Chang liver cell line. Virus Res 2004;  
 102:   133–139. 

 25 Chignard N, Beretta L: Proteomics for hepa-
tocellular carcinoma marker discovery. Gas-
troenterology 2004;   127(5 suppl 1):S120–
S125. 

 26 Lee MF, Chen YH, Lin HC, Wang HL, Hwang 
GY, Wu CH: Identification of hevamine and 
hev B 1 as major latex allergens in Taiwan. Int 
Arch Allergy Immunol 2006;   139:   38–44. 

 27 Kojiro M: Focus on dysplastic nodules and 
early hepatocellular carcinoma: an Eastern 
point of view. Liver Transpl 2004;   10(2 suppl 
1):S3–S8. 

 28 Mann CD, Neal CP, Garcea G, Manson MM, 
Dennison AR, Berry DP: Prognostic molec-
ular markers in hepatocellular carcinoma: a 
systematic review. Eur J Cancer 2007;   43:  
 979–992. 

 29 Suzuki T, Yano H, Nakashima Y, Nakashima 
O, Kojiro M: Beta-catenin expression in he-
patocellular carcinoma: a possible participa-
tion of beta-catenin in the dedifferentiation 
process. J Gastroenterol Hepatol 2002;   17:  
 994–1000. 

 30 Pang RW, Joh JW, Johnson PJ, Monden M, 
Pawlik TM, Poon RT: Biology of hepatocel-
lular carcinoma. Ann Surg Oncol 2008;   15:  
 962–971. 

 31 Yao DF, Dong ZZ, Yao M: Specific molecular 
markers in hepatocellular carcinoma. Hepa-
tobiliary Pancreat Dis Int 2007;   6:   241–247. 

 32 Fabregat I, Roncero C, Fernández M: Surviv-
al and apoptosis: a dysregulated balance in 
liver cancer. Liver Int 2007;   27:   155–162. 

 33 Akbar SM, Horiike N, Onji M, Hino O: Den-
dritic cells and chronic hepatitis virus carri-
ers. Intervirology 2001;   44:   199–208. 

 34 Feitelson MA: Hepatitis B virus in hepato-
carcinogenesis. J Cell Physiol 1999;   181:   188–
202. 

 35 Schuster R, Gerlich WH, Schaefer S: Induc-
tion of apoptosis by the transactivating do-
mains of the hepatitis B virus X gene leads to 
suppression of oncogenic transformation of 
primary rat embryo fibroblasts. Oncogene 
2000;   19:   1173–1180. 

 36 Lau JY, Xie X, Lai MM, Wu PC: Apoptosis 
and viral hepatitis. Semin Liver Dis 1998;   18:  
 169–176. 



 Kuo   /Wang   /Hsu   /Hwang   

 

Intervirology 2008;51:253–260260

 37 Shin EC, Shin JS, Park JH, Kim H, Kim SJ: 
Expression of fas ligand in human hepatoma 
cell lines: role of hepatitis-B virus X (HBX) 
in induction of Fas ligand. Int J Cancer 1999;  
 82:   587–591. 

 38 Yoo YD, Ueda H, Park K, Flanders KC, Lee 
YI, Jay G, Kim SJ: Regulation of transform-
ing growth factor-beta 1 expression by the 
hepatitis B virus (HBV) X transactivator: 
role in HBV pathogenesis. J Clin Invest 1996;  
 97:   388–395. 

 39 Arbuthnot P, Capovilla A, Kew M: Putative 
role of hepatitis B virus X protein in hepato-
carcinogenesis: effects on apoptosis, DNA 
repair, mitogen-activated protein kinase and 
JAK/STAT pathways. J Gastroenterol Hepa-
tol 2000;   15:   357–368. 

 40 Feitelson MA: Products of the ‘X’ gene in 
hepatitis B and related viruses. Hepatology 
1986;   6:   191–198. 

 41 Moriarty AM, Alexander H, Lerner RA, 
Thornton GB: Antibodies to peptides detect 
new hepatitis B antigen: serological correla-
tion with hepatocellular carcinoma. Science 
1985;   227:   429–433. 

 42 Paterlini P, Poussin K, Kew M, Franco D, 
Brechot C: Selective accumulation of the X-
transcript of hepatitis B virus in patients 
negative for hepatitis B surface antigen with 
hepatocellular carcinoma. Hepatology 1995;  
 21:   313–321. 

 43 Wang WL, London WT, Feitelson MA: Hep-
atitis B x antigen in hepatitis B virus carrier 
patients with liver cancer. Cancer Res 1991;  
 51:   4971–4977. 

 44 Kuo CY, Wu CC, Hsu SL, Hwang GY: HBx 
inhibits the growth of CCL13-HBX-stable 
cells via the GSK-3beta/beta-catenin cas-
cade. Intervirology 2008;   51:   130–136. 

 45 Chan DW, Ng IO: Knock-down of hepatitis 
B virus X protein reduces the tumorigenicity 
of hepatocellular carcinoma cells. J Pathol 
2006;   208:   372–380. 

 46 Feitelson MA, Clayton MM, Sun B, Schinazi 
RF: Development of a novel mouse model to 
evaluate drug candidates against hepatitis B 
virus. Antivir Chem Chemother 2007;   18:  
 213–223. 

 47 Hsu SL, Lin HM, Chou CK: Suppression of 
the tumorigenicity of human hepatoma 
hep3B cells by long-term retinoic acid treat-
ment. Cancer Lett 1996;   99:   79–85. 

 48 Lu JJ, Lay JD: Tumor formation in nude mice 
inoculated with cultured human epithelial 
cells co-expressing Epstein-Barr virus latent 
membrane protein 1 and Bcl-2. Intervirolo-
gy 2007;   50:   454–460. 

 49 Wei W, Huang W, Pan Y, Zhu F, Wu J: Func-
tional switch of viral protein HBx on cell 
apoptosis, transformation, and tumorigene-
sis in association with oncoprotein Ras. Can-
cer Lett 2006;   244:   119–128. 

 50 Eddinger TJ, Meer DP: Myosin II isoforms in 
smooth muscle: heterogeneity and function. 
Am J Physiol Cell Physiol 2007;   293:C493–
C508. 

 51 Clark K, Langeslag M, Figdor CG, van Leeu-
wen FN: Myosin II and mechanotransduc-
tion: a balancing act. Trends Cell Biol 2007;  
 17:   178–186. 

 52 Lincoln TM: Myosin phosphatase regulatory 
pathways: different functions or redundant 
functions? Circ Res 2007;   100:   10–12. 

 53 Sebbagh M, Renvoizé C, Hamelin J, Riché N, 
Bertoglio J, Bréard J: Caspase-3-mediated 
cleavage of ROCK I induces MLC phosphor-
ylation and apoptotic membrane blebbing. 
Nat Cell Biol 2001;   3:   346–352. 

 54 Petrache I, Birukov K, Zaiman AL, Crow 
MT, Deng H, Wadgaonkar R, Romer LH, 
Garcia JG: Caspase-dependent cleavage of 
myosin light chain kinase (MLCK) is in-
volved in TNF-alpha-mediated bovine pul-
monary endothelial cell apoptosis. FASEB J 
2003;   17:   407–416. 

 55 Wadgaonkar R, Nurmukhambetova S, 
Zaiman AL, Garcia JG: Mutation analysis of 
the non-muscle myosin light chain kinase 
(MLCK) deletion constructs on CV1 fibro-
blast contractile activity and proliferation. J 
Cell Biochem 2003;   88:   623–634. 

  


