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1. ABSTRACT 
 

Hepatocellular carcinoma (HCC) is one of the 
most common and deadly malignant neoplasms worldwide. 
Chronic hepatitis B virus (HBV) infection is closely 
associated with the occurrence of HCC. The HBV genome 
encodes a ubiquitous transactivator, termed the HBV X 
protein (HBx), that is essential for HBV replication in vivo. 
HBx is involved in multiple steps of carcinoma 
development. Even in the preneoplastic stage, HBx acts as 
a tumor promoter. HBx participates in several mechanisms 
that have been linked to cell proliferation, including gene 
transcription, cell cycle regulation, and several signaling 
pathways. Moreover, HBx mutants, especially those with 
mutations in the COOH-terminal end, have been implicated 
in hepatocarcinogenesis. Therefore, therapeutic strategies 
targeting HBx could be effective at multiple stages of HCC 
development, even as early as the preneoplastic stage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

Hepatocellular carcinoma (HCC) is the fifth most 
frequently diagnosed cancer and the third leading cause of 
cancer-related death worldwide (1). It is highly prevalent in 
the Asia-Pacific region and Africa and is becoming more 
common in Western countries (2), with an estimated 
incidence of between 500,000 and 1,000,000 new cases 
annually. The incidence of HCC in developed countries, 
including Japan, Australia, European countries, Canada, 
and the United States, has increased over the past 20 years 
(3,4). In the United States alone, the annual incidence of 
HCC has increased by approximately 80% over the past 
two decades (5). The incidence and mortality rates of HCC 
are almost identical, reflecting the poor overall survival 
rates for patients with this type of tumor. Interestingly, 
approximately 70%–90% of HCC patients have an 
established history of chronic liver disease and cirrhosis, 
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the major risk factors for which include alcoholic liver 
disease and chronic infection with hepatitis B virus (HBV) 
or hepatitis C virus (HCV) (6,7).  

 
A strong correlation between chronic HBV 

infection and HCC has been identified (8-11). As a result of 
ongoing viral replication and the immunological response 
to the infection, approximately 25% of chronically infected 
patients develop liver cirrhosis, inflammation and, 
ultimately, HCC. The HBV genome encodes a ubiquitous 
transactivator, termed the HBV X protein (HBx), that is 
essential for HBV replication in vivo. HBx gene is a viral 
non-structural gene that operates as a multifunctional 
regulator by modulating the activity of host cellular genes 
(12-14) and transactivating transcription factors such as 
AP-1, NF-kB, CREB, and TBP (15,16). Moreover, HBx is 
involved in the activation of multiple signaling pathways 
that are linked to cell proliferation and survival, such as 
RAS/RAF/MAPK, MEKK1/JNK and PI3K/Akt (17-19). 
HBx is often expressed from integrated fragments of the 
HBV genome in HCC tissues (20,21), and mice expressing 
HBx in their liver either develop HCC spontaneously (22) 
or display increased susceptibility to hepatocarcinogens 
(23). In this review, we will discuss the role of HBx in the 
proliferation of HCC cells.  

 
3. HBX PROMOTES PROLIFERATION IN THE 
PRENEOPLASTIC STAGE 
 

Cirrhosis, a consequence of progressive liver 
injury and fibrosis, is the single greatest risk factor for 
HCC (24). In most cases of HCC that are associated with 
cirrhosis, hepatic fibrosis is thought to represent an early 
step in hepatocarcinogenesis because cirrhotic changes in 
the liver can be caused by the accumulation and 
exacerbation of fibrosis (25). It has also been demonstrated 
that HCC patients with advanced fibrosis have shorter 
overall survival periods than those without fibrosis (26). 
The calculation of the fibrosis score is recommended for 
tumor-node-metastasis staging of HCC (27). Because HBV 
infection is a very common etiological factor in the 
development of HCC (28), the role of HBV, especially 
HBx, in liver cirrhosis has been investigated. Hepatic 
stellate cells (HSCs) play a central role in the process of 
hepatic fibrosis (29). HBx has been proposed to play a 
direct role in facilitating liver fibrosis through the paracrine 
activation of stellate cells (30) and by promoting HSC 
proliferation and upregulating the expression of the 
fibrosis-related molecules transforming growth factor-beta1 
(TGF-beta1) and connective tissue growth factor (CTGF) 
(31).  

 
In a mouse model, HBx was found to act as a 

tumor promoter during the development of 
diethylnitrosamine-induced preneoplastic lesions. 
Furthermore, HBx expression contributes to the 
development of hepatocarcinogen diethylnitrosamine 
(DEN)-mediated carcinogenesis by promoting the 
proliferation of altered hepatocytes rather than by directly 
interfering with the repair of DNA lesions (32). In addition, 
HBx binds to Pin1 to enhance hepatocarcinogenesis in 
HBV-infected hepatocytes (33). Pin1 is a protein that binds 

to and inhibits the toxicity of never-in-mitosis A (NIMA), a 
fungal mitotic kinase (34). Pin1 specifically binds to and 
facilitates the isomerization of pSer/Thr-Pro motifs in a 
large and defined subset of phosphoproteins, which are 
usually substrates of proline-directed protein kinases. 
Proline-directed phosphorylation plays an essential role in 
both normal and malignant cell proliferation (35-37). Pang 
and colleagues (33) found that HepG2 cells expressing Pin1 
and HBx exhibited a synergistic increase in cellular 
proliferation compared with cells expressing Pin1 or HBx 
alone. Furthermore, the concomitant expression of Pin1 and 
HBx in the nontumorigenic human hepatocyte cell line 
MIHA led to a synergistic increase in tumor growth. In 
Hep3B cells with suppressed Pin1 expression, HBx-
enhanced tumor growth in nude mice was abrogated. Thus, 
HBx acts as a tumor promoter in the preneoplastic stage 
partly by interacting with functional proteins.  

 
In an HBx-transgenic HCC mouse model, four- to 

fivefold enhanced expression of the c-myc transgene and 
increased hepatocyte proliferation was observed at the 
preneoplastic stage (38). Thus, c-myc could cooperate with 
HBx in the initiation of hepatocarcinogenesis. In hepatoma 
cells, HBx and c-myc were found to work cooperatively to 
support ribosome biogenesis and cellular transformation (39). 
In addition, the fibroblast growth factor (FGF)-inducible 14 
(Fn14) immediate-early response gene is rapidly induced 
during liver regeneration in vivo and is expressed at high levels 
in HCC nodules in the c-myc/TGF-alpha-driven and HBx 
protein-driven transgenic mouse models of 
hepatocarcinogenesis (40). c-myc also acts as a downstream 
gene in HBx-SMYD3-related hepatocarcinogenesis, and HBx 
transfection enhanced SMYD3 and c-myc expression, 
decreased cell apoptosis, and increased cell proliferation in 
HepG2 cells (41). These findings indicate that c-myc could 
influence multiple aspects of cell proliferation, including 
gene expression, protein synthesis and cellular 
transformation. c-myc could act as a hub for the 
convergence of different mechanisms for cell proliferation, 
even during the preneoplastic stage, making it particularly 
attractive for efforts to prevent HCC at the preneoplastic 
stage.  
 
4. HBX PROMOTES PROLIFERATION IN 
HEPATOCARCINOGENESIS 
 

During hepatocarcinogenesis, HBx acts to 
promote HCC cell proliferation. Zhang and colleagues (42) 
found that HBx could facilitate cell proliferation in human 
liver tumor cells through its interaction with the Hepsin 
protein. In a human liver cell model, HBx was found to 
regulate many genes that may be involved in 
carcinogenesis, including COX-2, the upregulation of 
which leads to the enhancement of proliferation (43). HBx 
promotes the proliferation of HCC cells via several 
pathways: e.g., participating in gene transcription and 
affecting the cell cycle. 
 
4.1. HBx promotes proliferation via upregulating 
transcription 

HBx promotes transcription in HCC cells. Wu 
and colleagues (44) found that the deregulation of cellular 
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genes by oncogenic HBx may be one early event that 
favors hepatocyte proliferation during liver carcinogenesis. 
Moreover, at early steps of the transformation process, a 
mutation in codon 249 (AGG to AGT, arginine to serine, 
p.R249S) of Aflatoxin B1 was found to contribute to 
hepatocarcinogenesis by affecting the interaction of this 
protein with HBx, conferring a subtle growth advantage, 
although this interaction is not required for the progression 
to advanced HCC (45).  

 
The eukaryotic RNA polymerase II (RNAPII) 

protein transcribes mRNA and microRNA genes (46,47). 
RNA polymerase II consists of 12 subunits, including 
RPB5, and functions by interacting with other transcription 
factors (48,49). HBx can interact directly with RPB5 (49). 
RPB5-mediating protein (RMP) is associated with the 
RNAPII subunit RPB5 and functionally counteracts the 
transcriptional activation promoted by HBx. RMP is a 
radiation-sensitive factor, and it may play essential roles in 
HCC growth by affecting the proliferation and apoptosis of 
HCC cells (50). Additionally, HBx and RMP compete with 
one another for association with transcription factor IIB 
(TFIIB) (51). During RNAPII recruitment and 
transcription, TFIIB plays a central role in preinitiation 
complex assembly, providing a bridge between the 
promoter-bound TFIID and RNAPII proteins (52). In vivo, 
TFIIB is a target of HBx, and a C-terminal domain 
mutation in TFIIB inhibits its transcriptional coactivation 
by HBx (53). TFIIB overexpression may play essential 
roles in the pathogenesis of hepatocellular carcinoma by 
affecting the proliferation of HCC cells, which is associated 
with HBx (54).  

 
Among the transcription factors that are regulated 

by HBx, NF-kappaB has been shown to be associated with 
tumorigenesis by activating the expression of over 200 
genes involved in immune response, inflammation, anti-
apoptosis signaling, and cell proliferation (55,56). The 
constitutive activation of NF-kappaB has been reported in 
HCC cell lines expressing HBx (57) and in HCC tissues in 
transgenic mice (58). HBx was found to bind to VHL 
binding protein (VBP1), which interacts with von Hippel-
Lindau protein (VHL), a protein that is associated with the 
regulation of NF-kappaB (59). Correspondingly, VBP1 was 
found to facilitate HBx-induced NF-kappaB activation and 
cell proliferation (60). Moreover, one of the direct 
transcriptional targets of NF-kappaB, iASPP, is an 
inhibitory member of the ankyrin-repeat-, SH3-domain- 
and proline-rich-region-containing protein (ASPP) family 
that was found to be up-regulated in HCC. Increased iASPP 
expression contributes to tumor progression through its 
proliferative and antiapoptotic activities (61).  

 
A dominant negative mutant of I-kappaB-alpha 

was shown to reduce the level of colony formation by HBx-
expressing liver cells, demonstrating the importance of NF-
kappaB in liver cell proliferation (62). However, neither an 
I-kappaB-alpha (S32/36A) mutant plasmid nor NF-kappaB 
inhibitors (1-pyrrolidinecarbonidithioic acid and 
sulfasalazine) had a substantial effect on cell proliferation 
(63). The same study further showed that proteasome 
inhibitor-1 (Pro1) and MG132 enhanced the HBx-induced 

endoplasmic reticulum-stress (ER-stress) response and the 
subsequent activation of caspase-12, -9 and -3 and reduced 
cell proliferation. However, camptothecin (CPT) triggered 
the activation of caspase-3 without inducing caspase-12 
and reduced cell proliferation (63). HBx also can 
upregulate mammalian target of rapamycin (mTOR) 
signaling through I-kappaB kinase beta (IKK beta), thereby 
increasing cell proliferation in HCC (64). These findings, 
which demonstrate that HBx participates in NF-kappaB-
related pathways, may inform future studies of the process 
of HCC development associated with inflammation.  

 
Moreover, HBx can regulate gene expression 

through the regulation of microRNAs (miRNAs). miRNA 
microarrays were employed to evaluate the expression of 
cellular miRNAs in HBx-versus control-HepG2 cells, and 
the results showed that HBx up-regulated 7 and down-
regulated 11 miRNAs, including let-7 family members. The 
deregulation of the expression of the let-7 family of 
miRNAs by HBx may represent a potential novel pathway 
through which HBx acts to deregulate cell proliferation 
leading to hepatocarcinogenesis (65). HBx also down-
regulated miR-338-3p in HCC, and miR-338-3p has been 
shown to inhibit proliferation by regulating CyclinD1 (66). 
By contrast, long noncoding RNAs (lncRNAs) were found 
to be highly up-regulated in liver cancer; these lncRNAs 
have been shown to promote hepatoma cell proliferation by 
down-regulating p18 in vitro and in vivo. When the highly 
up-regulated lncRNAs were knocked down, the HBx-
enhanced cell proliferation through the up-regulation of 
p18 was abolished (67). Thus, both miRNAs and lncRNAs 
can influence the effects of HBx on transcription in HCC 
cells, though they do not encode proteins. These studies 
provide a novel perspective of how HBx affects gene 
expression in hepatocytes to promote hepatoma cell 
proliferation. Some of the miRNAs that are regulated by 
HBx were recently found to affect the cell cycle, which will 
be discussed in a later section of this review.  
 
4.2. HBx promotes proliferation by affecting cell cycle 
progression  

The cell cycle refers to the series of events that 
take place in a cell leading to its division and duplication, 
and it consists of four distinct phases: G1 phase, S phase, 
G2 phase and M phase. The activation of each phase is 
dependent on the proper progression and completion of the 
previous phase. Cells that have temporarily or reversibly 
stopped dividing are said to have entered a state of 
quiescence, called G0. HBx has been shown to promote 
hepatocyte proliferation by altering cell cycle progression. 
In primary mouse hepatocytes, HBx inhibits cell cycle 
progression by increasing the expression of p21(Cip-
1/WAF1/MDA6) and p27(Kip-1). The reduced expression 
of p16, p21, and p27, which is often observed in HCC, 
enhances mitogen-activated protein kinase (MAPK) 
signaling and HBx, causing proliferation in hepatocytes 
(68).  

 
In each phase of the cell cycle, HBx can act as a 

regulator to interfere with normal cycle events, leading to 
HCC development. HBx can induce G2/M arrest through 
the sustained activation of cyclin B1-CDK1 kinase but does 
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Figure 1. HBx in the cell cycle. HBx can induce G2/M arrest through sustained activation of cyclin B1-CDK1 kinase, and 
negatively regulated cell growth in vitro and in vivo. HBx could affecte the levels and activities of various cell cycle-regulatory 
proteins to induce normally quiescent hepatocytes to enter the G1 phase of the cell cycle, but it does not promote S phase entry in 
cultured primary rat hepatocytes.  

 
not inhibit this kinase, as many other G2/M arrest 
mechanisms do, and HBx negatively regulates cell growth 
in vitro and in vivo (69). However, HBx also induces 
normally quiescent hepatocytes to enter the G1 phase of the 
cell cycle. HBx, both by itself and in the context of HBV 
replication, is able to affect the levels and activities of 
various cell cycle-regulatory proteins to induce normally 
quiescent hepatocytes to enter the G1 phase of the cell 
cycle, but it does not promote S phase entry in cultured 
primary rat hepatocytes (70) (Figure 1). In HBx transgenic 
mice, Wu and colleagues (71) observed a similar 
phenomenon, finding that HBx could block the G1/S 
transition in hepatocytes and caused both a failure of liver 
functionality and cell death in the regenerating liver.  

 
The G1/S cell cycle progression, cell proliferation 

and blunted cellular senescence could be induced by 
decreased Notch1 intracellular domain (ICN1) in vitro 
through transient HBx expression. The suppression of 
ICN1 also reduced the senescence-like growth arrest 
caused by stable HBx expression in a nude mouse 
xenograft transplantation model and in HBV-associated 
HCC patient tumor samples (72). Activated Notch 
signaling is required for HBx to promote the proliferation 
and survival of human hepatic cells both in vitro and in 
vivo (73). One of the ligands of Notch signaling pathway, 
namely Jagged1, which controls cellular proliferation and 
differentiation, has been found to be regulated by HBx and 
may contribute to the development of HCC (74). On the 
other hand, HBx could affect G1 phase exit and promote 
proliferation in malignant hepatocytes by altering miRNA 
expression. By arresting cells in the G1 phase and inducing 
apoptosis, ectopically expressed miR-15a/16 suppressed the 
proliferation, clonogenicity, and anchorage-independent 
growth of HBx-expressing HepG2 cells, whereas the 
reduced expression of miR-16 accelerated the growth and 
cell-cycle progression of HepG2 cells. During this process, 
c-myc acts as a mediator of the HBx-induced repression of 
miR-15a/16 in HepG2 cells (75). 

4.3. Signaling pathways in promoting proliferation  
In addition to the identified functions of HBx in 

transcription and cell cycle progression, HBx participates in 
several signaling pathways, promoting the proliferation of 
HCC cells. HBx strongly increased the transcription of 
fatty acid synthase (FAS) in human hepatoma HepG2 
and H7402 cells, and this up-regulation was mediated by 
5-lipoxygenase (5-LOX). HBx was also shown to 
upregulate 5-LOX through the phosphorylated 
extracellular signal-regulated protein kinases 1/2 (p-
ERK1/2). FAS was able to upregulate the expression of 
5-LOX through a feedback mechanism in which released 
leukotriene B4 (LTB4) promotes the up-regulation of 
FAS (76). Thus, HBx promotes cell growth through a 
positive feedback loop involving 5-LOX and FAS. A 
similar positive feedback loop involving 5-LOX was 
also found by Shan and colleagues (77). However, this 
loop is distinct from the former loop in that HBx 
enhances and maintains liver cell proliferation via not 
only 5-LOX and p-ERK1/2 but also cyclooxygenase-2 
(COX-2), released arachidonic acid metabolites and Gi/o 
proteins. Through this positive feedback loop, HBx 
upregulates the levels of COX-2, 5-LOX and 
phosphorylated extracellular signal-regulated p-ERK1/2 
in liver cells and also releases arachidonic acid 
metabolites, including LTB4, that are able to activate p-
ERK1/2. Subsequently, the activated p-ERK1/2 could 
upregulate the expression of COX-2 and 5-LOX, in 
another positive feedback mechanism (77) (Figure 2). In 
addition to p-ERK1/2, mitogen-activated protein kinase 
kinase kinase 2 (MEKK2), which is a member of the 
MAPK signaling pathway, was found to be involved in 
the HBx-induced growth of hepatoma cells. By 
upregulating MEKK2, HBx could promote hepatoma cell 
proliferation, which may be involved in 
hepatocarcinogenesis (78). Because MAPK regulates the 
activities of several translation and transcription factors, 
HBx is thus able to regulate translation or transcription 
during cell proliferation through some MAPK members.  
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Figure 2. HBx promotes HCC cell growth through the positive feedback loop. HBx could upregulate 5-lipoxygenase (5-LOX) 
through phosphorylated extracellular signal-regulated protein kinases 1/2 (p-ERK1/2). And the 5-LOX was responsible for the 
up-regulation of FAS. FAS was able to upregulate the expression of 5-LOX through a feedback mechanism. HBx upregulates the 
levels of COX-2 and also releases arachidonic acid metabolites, which are able to activate ERK1/2. Subsequently, the activated 
p-ERK1/2 could upregulate the expression of COX-2 and 5-LOX, in another positive feedback mechanism 
 

In addition, HBx is involved in several other 
signaling pathways to promote proliferation. The 
stimulation of cell proliferation by HBx could be linked to 
its function in elevating cytosolic calcium signals, the 
underlying molecular mechanism of which is an increase in 
mitochondrial calcium uptake and store-operated calcium 
entry that leads to higher sustained cytosolic calcium levels 
and stimulates HBV replication in vitro (79). By repressing 
wild-type beta-catenin expression and enforcing a beta-
catenin-dependent signaling pathway, HBx can induce 
cellular changes that lead to the acquisition of metastatic 
and/or proliferative properties, thus contributing to the 
development of HCC in HepG2 cells (80). HBx can also 
up-regulate serine/threonine p21-activated kinase 1 
(PAK1), which can regulate cytoskeletal dynamics and 
protect cells from anoikis, thus promoting the growth of 
aggressive xenograft tumors in mice (81). In the 
extracellular space, HBx could up-regulate LASP-1, a focal 
adhesion protein, through the phosphatidylinositol 3 kinase 
(PI3K) pathway to promote the proliferation and migration 
of hepatoma cells (82).  

 
4.4. HBx mutants 

In humans, HBx has been shown to be expressed 
in HCC tissues, and it is the sequence that is most 
preferentially retained in the integrated form of HBV (83-
86). Several HBx mutants have been isolated from sera 

and/or liver tissues from patients with HCC. HBx 
sequences isolated from integrated HBV genomes in tumor 
tissues have frequently been reported to have a deletion at 
the 3’ end (87-94). In addition, a Ser31Ala point mutation 
(95) and two linked point mutations, Lys130Met and 
Val131Ile (96-98), were also shown to be prevalent in HCC 
patients.  

 
COOH-terminal amino acid deletions of HBx are 

common in human HCC. Tu and colleagues (99) found that 
the HBx COOH-terminus plays a key role in controlling 
cell proliferation, viability, and transformation. They 
further found that although full-length HBx suppressed the 
focus formation induced by the cooperation of the ras and 
myc oncogenes in primary rat embryo fibroblasts, COOH-
terminally truncated HBx enhanced the transforming ability 
of ras and myc (99). HBx mutants with 20, 30, or 40 amino 
acids deleted from the COOH-terminus (HBx3'-20, -30, -
40) have been described. HBx3'-20 and HBx3'-40 
promoted the proliferation of HCC cells, while HBx3'-30 
had the opposite effect (100-102). Moreover, HBx3'-20 and 
HBx3'-40 stimulated increased cell proliferation, focus 
formation, tumorigenicity, and invasive growth and 
metastasis due to the promotion of the G0/G1 to S phase 
transition of the cell cycle, compared with the full-length 
HBx. In contrast, the HBx3'-30 mutant repressed cell 
proliferation by triggering arrest in G1 phase. The 
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expression of the P53, p21(WAF1), p14(ARF), and MDM2 
proteins is also altered by the expression of HBx mutants 
(102). These findings support the hypothesis that HBx 
mutants might be selected in tumor tissues and play a role 
in hepatocarcinogenesis by modifying the biological 
functions of HBx. 
 
5. CONCLUSION 
 

HBV is one of the leading causes of HCC. The 
HBx protein is the HBV protein that is most commonly 
implicated in the pathogenesis of HCC. HBx is involved in 
multiple aspects of carcinoma development, and it activates 
several signaling pathways that lead to the transcriptional 
upregulation of a number of genes, including oncogenes. 
Moreover, HBx mutants, especially those with COOH-
terminal deletions, could be involved in 
hepatocarcinogenesis. Thus, therapeutic strategies targeting 
HBx could be effective at multiple stages of HCC 
development, even as early as the preneoplastic stage. 
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