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Abstract: The X protein (HBx) of Human hepatitis B virus (HBV) acts as an indirect transcriptional transactivator 

to regulate the expression of many viral and cellular genes, as well as playing a critical role in pathogenesis and 

the development of Hepatocellular carcinoma (HCC). Here we described the biological effects of HBx in 

association with four cellular factors, including inflammatory factors (COX-2 and iNOS), oncoprotein (Ras), and 

a newly identified tumor suppressor (YueF). The characteristics of these effectors, which might be associated with 

hepatocellular carcinoma, are also discussed. 
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The genome of hepatitis B virus (HBV) is 

approximately 3 000 to 3 300 nucleotides in length, 

and molecular studies have suggested the presence of 

at least four genes in the viral genome: the S gene 

coding for the glycosylated envelope protein, C gene 

for the core protein, P gene for the HBV polymerase, 

and X gene for the X protein that is associated with 

transactivating properties (19). HBV infection causes 

liver diseases that vary greatly in severity from person 

to person. Some subjects control infection efficiently 

and eliminate the virus from circulation, while others 

are with an acute inflammation of the liver. A 

proportion of patients fail to clear the virus and 

develop chronic infection (2). 

There is accumulating evidence suggesting a close 

association between chronic HBV infection and an 

increased risk for the development of primary hepato- 

cellular carcinoma (HCC). Persistent infection by 

HBV results in sustained low level liver damage of 

infected hepatocytes. Almost all such damage can be 

attributed to attack by the host’s immune system. The 

rate of hepatocyte proliferation must increase in order 

to compensate for cell loss. It is generally accepted 

that such an increased rate of proliferation over long 

periods is a major contributor to the development of 

liver cancer (7, 23, 25). In addition, the inflammation 

and phagocytosis that are integral to the immune 

response can lead to increased local concentrations of 
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superoxides and free radicals that are highly carcino- 

genic (1).  

In addition, the viral X region appears to have 

pleiotropic effects that could also be involved in the 

oncogenic processes, including transcriptional acti- 

vation of cellular growth regulatory genes, modulation 

of apoptosis and inhibition of nucleotide excision 

repair of damaged cellular DNA (8, 14, 16). The 

effects of HBx are mediated by interaction with cell 

proteins and activation of cell signaling pathways. 

Here we focus on the roles of four representative 

cellular factors (COX-2, iNOS, Ras, and YueF) that 

are associated with HBx and discuss their contri- 

butions to hepatitis B virus-associated hepatocarcino- 

genesis according mainly to our recent work. 

 

RESULTS AND DISCUSSIONS 

Cyclooxygenase-2 (COX-2), a rate-limiting enzyme 

in the pathway of prostaglandin (PG) synthesis, is one 

of the important cellular factors that have been 

suggested previously to be associated with inflam- 

mation caused by microbes infections (5,15,18). Our 

previous studies proposed that the nucleocapsid (N) 

protein of SARS-associated coronavirus (SARS- CoV) 

activates COX-2 gene expression by recognizing 

directly to a nuclear factor-kappa B (NF-κB) binding 

site and a CCAAT/enhancer binding protein (C/EBP) 

binding site in the COX-2 gene promoter regions, 

which results in the induction of inflammatory 

responses through multiple COX-2 signaling cascades 

(24). In addition, we also demonstrate that the spike (S) 

protein of SARS-CoV can upregulate COX-2 expres- 

sion through both calcium-dependent pathway, PKC 

alpha/ERK/NF-kappaB, and the unusual calcium- 

independent pathway, PI3K/PKC epsilon/JNK/CREB 

(12). 

Recently, COX-2 has been categorized as an im- 

mediate-early gene associated with cellular growth, 

differentiation, and tumorigenesis. COX-2-expressing 

cells can induce neovascularization by upregulating 

proangiogenic enzymes and growth factors, such as 

inducible nitric oxide synthase (iNOS) and TGF-β. 

Moreover, COX-2 expression results in increased 

apoptosis resistance (14, 20, 22). All the above 

properties are shared by HBx protein.  

We have investigated the regulation of COX-2 in 

chronic hepatitis B persisted patients and examined 

the relationship between HBx and COX-2 in hepatitis 

B virus-associated chronic liver diseases. Results 

showed that the CCAAT/enhancer binding protein 

(C/EBP) binding site in COX-2 promoter region is 

crucial for the induction of COX-2 by HBx (unpub- 

lished data). It has been demonstrated that NF- AT, 

but not NF-κB, is necessary for the induction of 

COX-2 by HBx. Their results suggest a role for NF- 

AT, oxidative stress, and calcium signaling in the 

induction of inflammatory mediators and tumor 

development induced by HBx (11).  

Nitric oxide (NO) is a small potent lipophilic gas 

with multiple biological functions, which plays critical 

roles in modulating tissue injury, immune response, 

and carcinogenesis. Three distinct forms of nitric 

oxide synthase (NOS), endothelial NOS (eNOS), 

neuronal NOS (nNOS), and inducible NOS (iNOS), 

catalyze the formation of NO. eNOS and nNOS are 

constitutively expressed in different tissues, whereas 

iNOS is associated with signal transduction pathway 

and is responsible for various pathological processes 
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(9). The expressions of iNOS and VEGF are closely 

related to tumor angiogenesis, and are also involved in 

the tumor relapse, expansion and the lymph node 

metastasis (3, 4). 

The specific example of biological effects of viral 

protein in association with iNOS can be enumerated 

from our previous work that focused on the study of 

the P protein of Borna disease virus (BDV) (17). BDV 

is one of the potential infectious agents involved in the 

development of central nervous system (CNS) diseases. 

Neurons and astrocytes are the main targets of BDV 

infection. We showed that BDV P protein inhibits the 

activation of iNOS in murine astrocytes induced by 

bacterial LPS and PMA. The nuclear factor kappa B 

(NF-κB) binding element, AP-1 recognition site, and 

interferon-stimulated response element (ISRE) in the 

iNOS promoter regions are involved in the repression 

of iNOS gene expression regulated by the P protein 

(22). These data suggested that P protein may 

suppress signal transduction pathways, which resulted 

in the inhibition of iNOS in astrocytes. 

We have recently shown that there is an enhanced 

intrahepatic expression of the iNOS gene during 

chronic hepatitis B virus infection, and that HBx 

transcriptionally activates this cellular gene (un- 

published data). The molecular mechanism for such 

activation is currently under investigation. The biologi- 

cal significance of upregulated iNOS expression in 

cancers remains controversial and elusive. 

Oncogenes are altered genes whose product can act 

in a dominant fashion to help make a cell cancerous. 

Typically, an oncogene is a mutant form of a normal 

gene (proto-oncogene) involved in the control of cell 

growth or division. However, the vast majority of the 

cells in the transgenic mouse that express the Myc or 

Ras oncogene, do not give rise to cancers, showing 

that the single oncogene is not enough to cause 

malignancy.  

In liver tissues, HBx can activate Src-Ras signal 

transduction pathways, which are critical for the 

activation of many transcription factors, HBV reverse- 

transcription, and viral DNA replication (26). The 

relationship between HBx-Ras interaction and HBV 

tumorigenesis or cellular transformation is not quite 

sure, as opposite results are frequently reported by 

investigators in different laboratories. These discrep- 

ancies could not always be explained by different 

experimental designs or conditions. Maybe cooperation 

among research groups are needed to solve this 

enigma in the near future. 

It has been showed that HBx collaborates with 

activated H-ras to transform immortalized rodent cells. 

REF52 cells transfected by both HBx and activated 

H-ras were morphologically transformed and were 

able to grow in soft agar. Nude mice injected with 

REF52 cells transfected by both HBx and activated 

H-ras developed tumors, whereas the mice injected 

with REF52 cells transfected by either gene alone did 

not. They concluded that HBx could contribute to 

neoplastic transformation of cells in collaboration 

with other oncogenes, such as H-ras, that renders cells 

to overcome the HBx-mediated apoptosis (10).  

Our work demonstrated that co-transfection of 

mouse embryo fibroblasts (STO) with HBx and 

activated Ras triggered apoptotic cell death, while 

HBx or activated Ras individually failed to induce 

apoptosis (21). In addition, STO cells were able to 

form colonies on soft agar after transfected with HBx 
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or Ras, and cells co-transfected with both genes failed 

to transform. Moreover, nude mice injected with STO 

cells carrying either HBx or Ras could develop tumor, 

but tumor growth was inhibited by the injection of 

both STO cells harboring HBx and carrying Ras. 

These results suggested that HBx plays a role as a 

tumor inducer and stimulates neoplastic transfor- 

mation of normal cells, but shifts its function to the 

induction of apoptosis in association with Ras (21). It 

seems that Ras-related cell signaling pathway is most 

important for regulating HBx-induced cellular events. 

We, therefore, examined the mechanism of HBx- 

triggered cell death in associated with Ras. Results 

showed that coexpression of HBx and activated Ras 

resulted in the decrease of mitochondrial membrane 

potential and release cytochrome C from mitochondria, 

while HBx or activated Ras individually failed to do 

so. Furthermore, caspase-8 was found to be activated 

when HBx and ras were both expressed in cells, and 

caspase-8 inhibitor (Z-IETD-FMK) repressed such 

cells apoptosis. Subsequently, it was found that HBx 

induced FasL expression in association with activated 

ras. These results provide a novel mechanism of 

HBx-induced cells apoptosis in association with the 

ras signaling pathway (unpublished data).  

Tumor suppressors are a specific group of proteins 

that appear to prevent formation of cancer and loss-of- 

function mutations in related genes enhance suscep- 

tibility to cancer. In a previous study, we used HBV X 

protein as a bait protein for screening a human liver 

cDNA library using a yeast two-hybrid system (27). 

Several cell proteins were identified as new HBx 

interacting partners, including a salient tumor sup- 

pressor protein YueF. Direct interaction between HBx 

and YueF proteins was confirmed by in vitro and in 

vivo co-immunoprecipitation assays. HBx also co- 

localized with YueF in human cells as determined by 

confocal immunofluorescence microscopy. YueF is 

expressed at high levels in normal human hepatic cells 

and tissues, but scarcely found in hepatoma cells or 

other tumor tissues. Over-expression of YueF, or 

YueF and HBx could induce cell apoptosis and 

enhance a well known tumor suppressor, p53, expres- 

sion in hepatoma cells, whereas overexpression of 

HBx alone behaved contrarily. These results confirm 

that YueF has tumor suppressor activity and affects 

the functions of HBx in cell apoptosis and p53 

expression in hepatoma cells (9). Thus, further 

intensive investigation of this newly detected 

important cellular factor is currently carried out for 

the mechanisms involved in its tumor suppression 

faction and for its potential application in tumor 

diagnostic and cancer gene therapy. 

 

CONCLUSIONS 

The exact role of a cancer associated virus such as 

the hepatitis B virus is often hard to decipher because 

there is a delay of many years from the initial viral 

infection to the development of cancer. Moreover, the 

virus is responsible for only one of a series of steps in 

the progression to cancer, and other genetic accidents 

and environmental factors may be also involved. 

Viruses can either alter a cell’s DNA directly or act as 

tumor promoter. In some other cancers, viruses seem 

to have additional indirect tumor promoting actions. 

Many human hepatocellular carcinomas contain inte- 

grated HBV, and the viral X protein appears to have 

pleiotropic effects that could be involved in the 
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oncogenic process. Through interaction with cell 

proteins, HBx also alter mechanisms of apoptosis and 

interfere with nucleotide excision repair of damaged 

DNA. Together with an influence on cellular signaling, 

these mechanisms may favor the cell’s malignant 

clonal expansion. But we cannot forget that tumor 

formation in mammals is a much more complex 

process and we must make the best endeavors to make 

more apparent the role of viruses in the development 

of human cancer. 
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