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ABSTRACT

Introduction: The mechanism underlying gender disparity in hepatitis B virus 

(HBV)-induced hepatocellular carcinoma (HCC) still remains unclear. Recently, I 

have reported a novel W4P/R mutation in preS1 region of a large hepatitis B 

surface protein (LHB) associated with gender disparity of HCC patients in 

Korea via a molecular epidemiologic study. In the present study, I investigated  

whether a LHB mutant with W4P mutaion in preS1 region of HBV from a 

HCC patient play a pivotal role in gender disparity of hepatocarcinogenesis in 

vitro and in  vivo mouse xenograft model. 

Methods: LHB sequences from a HCC patients with wild type (WT) HBV 

and W4P mutant HBV were cloned and transfected into mouse fibroblast cell 

line, NIH3T3 and human hepatocellular carcinoma cell line, Huh7. The effect of 

W4P mutation on the cell proliferation and the tumorigenicity was assessed by 

trypan blue exlusion assay and colony formation assay, respectively. To confirm 

in vivo turmorigenecity of WT and W4P mutant-transduced cell lines upon gen-

der disparity, both cell lines were injected into male and female mice. And 

then, it was additionally confirmed with the injection of estrogen to each group. 

The serum levels of cytokines in each group of mice and patients with HCC 

were analyzed by ELISA. Through the inhibitor study with JAK2 inhibitor, I 

also examined whether IL-6 plays a critical role in the tumorigenecity of W4P 

mutant.   

Results: I have found that both WT and W4P mutant showed their enhanced 
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proliferating activity based on the results from cell cycle analysis and colony 

formation assay, but it was significantly higher in W4P mutant than in WT. In 

addition, tumor growth in Xenograft model was only observed in the mice in-

jected with W4P mutant LHB-expressing NIH3T3. Interestingly, it was not only 

definitely increased in mlae mice, but also decreased by the administration of 

estrogen. IL-6, but not tumor necrosis factor-α, was elevated in male mice har-

boring W4P-induced tumor, and was reduced by estrogen. IL-6 levels of HCC 

patients with the W4P mutant LHB were significantly higher than those of pa-

tients with WT LHB. W4P mutant LHB induced higher production of IL-6 than 

WT LHB from its transfeced cell lines, and IL-6 production by it was reduced-

with the treatment of estrogen. The ability to reduce cell proliferation and col-

ony formation of W4P mutant-expressing cells was hampered by inhibition of 

IL-6 signaling.  

Conclusions: This study suggests that the accumulation of W4P mutant in 

LHBs during the natural course of chronic hepatitis B virus infection, might be 

closely involved in the development of HCC in chronic HBV patients. It is  

particularly observed in male in an IL-6-dependent manner. This is the first 

report regarding direct relationship between mutation at LHBs of HBV and 

gender disparity of HBV infection and tumorigenecity. Therefore, this study will 

provide a novel insight for gender disparity of HBV infection and the process 

of hepatocarcinogenesis. 

                             

Keywords : HBV infection, Hepatocellular carcinoma, preS1 W4P mutant, Large 
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INTRODUCTION

Hepatitis B virus (HBV) infection is a global health problem: More than 350 

million people are chronic carriers of the virus [1, 2]. The infection is 

associated with a wide spectrum of clinical manifestations, ranging from acute 

or fulminant hepatitis to various forms of chronic infection, including 

asymptomatic carrier, chronic hepatitis, cirrhosis, and hepatocellular carcinoma 

(HCC) [3, 4].

HBV, which is 42 nM in diameter referred to as "Dane particles", is scien-

tifically classified as Hepadnavirus in Hepadnaviridae family. HBV was first re-

ported by Dr. Baruch S. Blumberg in 1963 [5]. The virus particle consists of 

an outer envelope and an icosahedral nucleocapsid core composed of protein. 

The nucleocapsid encloses the viral DNA and a DNA polymerase that has re-

verse transcriptase activity [6]. HBV is one of the smallest enveloped viruses, 

but pleomorphic forms exist, including filamentous and spherical bodies lacking 

a core which are 27 to 32 nM in diameter. These particles are not infectious 

and are composed of the lipid and protein that forms part of the surface of the 

virion, which is called the surface antigen (HBsAg) [7].

The genome of HBV is made of partially double-stranded circular DNA, and 

one end of the full length strand is linked to the viral DNA polymerase. The 

genome is 3020–3320 nucleotides size [8]. The viral DNA is found in the nu-

cleus after infection of the cell. There are four open reading frame (ORF) 

genes encoded by the genome, called Core, X, Polymerase, and Surface. Surface 
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gene codes for the HBsAg. These HBsAg is an important factor when trying to 

diagnose as HBV infection. The HBsAg gene is one long open reading frame 

but contains three in frame "start" (ATG) codons that divide the gene into three 

sections, pre-S1, pre-S2, and S. Because of the multiple start codons, poly-

peptides of three different sizes called large, middle, and small are produced 

[9]. Despite the small size, it is the most efficient replication because four ORF 

overlapping with each other.

Korea is recognized as an endemic area of HBV infection; based on the 

Korean National Health and Nutrition Survey of 2011, the prevalence of the 

HBsAg was 2.9% in meaned 3.1% in female and 2.7% in male [10]. Moreover, 

it was reported that the unique epidemiologic trait in this area, an exclusively 

high prevalence level of genotype C2, which is known to be more virulent than 

genotype B [11], may contribute to the distribution of characteristic HBV muta-

tion patterns related to the progression of liver diseases. And compared to the 

other genotype, genotype C2 has been shown to have a strong resistance to 

lamivudine or interferon known as anti-HBV drugs through mutation of HBV 

genome in the surface region especially [12-24]. 

HBV is divided into four major serotypes (adr, adw, ayr, ayw) based on an-

tigenic epitopes presented on its envelope proteins, and into eight genotypes (A-H) 

according to overall nucleotide sequence variation of the genome. The genotypes 

have a distinct geographical distribution. Differences between genotypes affect 

the disease severity, course and likelihood of complications, and response to 

treatment and possibly vaccination [25, 26]. Genotypes differ by at least 8% of 

their sequence and were first reported in 1988 when six were initially described 
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(A-F) [27]. Two further types have since been described (G and H) [28]. Most 

genotypes are now divided into subgenotypes with distinct properties [29].

Genotype A is most commonly found in the Americas, Africa, India and 

Western Europe. Genotype B is most commonly found in Asia and the United 

States. Genotype B1 dominates in Japan, B2 in China and Vietnam while B3 

confined to Indonesia. B4 is confined to Vietnam. All these strains specify the 

serotype ayw1. B5 is most common in the Philippines. Genotype C is most 

common in Asia and the United States. Subgenotype C1 is common in Japan 

and China. C2 is common in Korea, South-East Asia and Bangladesh and C3 

in Oceania. All these strains specify the serotype adrq. C4 specifying ayw3 is 

found in Aborigines from Australia [30]. 

Due to the successful vaccine development for HBV, chronic HBV infection 

in children has been dramatically reduced worldwide [14, 31]. However, adult 

HBV carriers still have a significant risk for HCC. Especially, HBV genotype 

C, which is widely found throughout Asia, has a higher risk for HCC than 

other genotypes [32, 33]. Although the relationship between HBV infection and 

HCC development is clear, the mechanism by which the HBV facilitates HCC 

development is not clear. Among the viral factors, HBV X protein (HBx) is 

known to be closely related to HCC development [34-37]. 

One noteworthy universal epidemiologic trait of HCC is the predominance of 

male over female, with a male:female ratio range of 1.5–11:1 in different series 

of analyses [1, 38]. The male predominance is more pronounced in HBV-related 

HCC than in HCV-related HCC [39, 40]. Both higher androgen levels and more 

active androgen receptor (AR) gene alleles correlated with an increased risk of 
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HCC among male HBsAg carriers [41]. Recently, an intriguing interaction 

between HBx and the androgen axis in promoting male HCC was elucidated 

[42, 43]. 

In addition to the androgen axis, the possible tumor-protective effect of the 

estrogen axis for HCC has been suggested. For example, longer exposure to 

estrogen, by taking oral contraceptives or postmenopausal hormone therapy, in 

female HBV carriers is associated with a lower risk of HCC [44]. Moreover, in 

a diethylnitrosamine (DEN)-induced HCC mouse model, the endoplasmic 

reticulum (ER) -α mediated inhibition of interleukin-6 (IL-6) secretion from 

Kupffer cells was critical in alleviating the carcinogenic process [45, 46]. 

The role of large hepatitis B surface proteins (LHBs) in the biology of the 

virus has yet to be clarified, but it has been suggested that LHBs play a role 

in virus assembly [47] and attachment to hepatocytes [48]. Some studies have 

proposed LHBs having mutations in the preS region contribute to 

hepatocarcinogenesis through the induction of an  ER stress pathway or by 

altering the transactivating capacity [49-51], which suggests there may be a 

disparity in the HCC-inducing capacity between wild type (WT) LHBs and the 

mutant with mutations associated with disease severity.  

Recently, through a molecular epidemiological study, I discovered novel preS1 

substitutions (W4P) related to HCC, in which tryptophan changed to proline at 

the 4th codon from the preS1 start [20]. Of note, it occurred exclusively in 

male patients. Therefore, I hypothesized that the LHB mutant with a W4P 

mutation may contribute to the male predominance in HCC. To address the 

hypothesis, we investigated whether a LHB mutant with a W4P mutation from 
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a HCC patient would exhibit gender disparity in tumorigenicity. 
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MATERIALS AND METHODS

1. Generation of stable cell lines. 

Sequences encoding WT and W4P mutant LHBs were amplified from a pa-

tient with HBV carrier status and an HCC patient, which were proven without 

and with W4P/R mutation by a real-time polymerase chain reaction method as 

described previously [20]. Amplified products were cloned into the pIRES2 

vector. And then pIRES2-WT and pIRES2-W4P were transfected into NIH3T3, 

murine fibroblast cell line, and Huh7, human hepatocellular carcinoma cell line, 

to establish constitutive expressing stable transfectant cell lines. The stable trans-

fectant was selected of neomycin. 

2. Analysis of cell proliferation and cell cycle

To analyze the proliferation of cells, 104 cells were seeded on 100-mm tis-

sue culture dishes. The number of viable cells was determined at each time 

point by counting after staining with trypan blue staining. Cell cycle analysis 

was performed by flow cytometry, after staining with propidium iodide to assess 

DNA content of cells. The role of Janus Kinase2　 (JAK2) and Signal 

Transducer and Activator of Transcription3 (stat3) on the proliferation of WT 

and W4P mutant LHB expressing cell lines was examined by conventional 

MTT assay. 
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3. Colony-forming assay

One hundred cells of each cell line were seeded in a six-well culture plate. 

After incubation for 14 days, colonies were fixed and stained with 0.5% meth-

ylene blue in ethanol for 10 min at room temperature. The number of cell col-

onies in each dish was counted under a microscope.

4. Immunoblot analysis

Cells were lysed in M-PER buffer (PIERCE, Rockford, IL, USA) supple-

mented with protease inhibitors. Cell extracts were separated by sodium dodecyl 

sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto a ni-

trocellulose membrane (Amersham International plc, Lttle Chalfont, 

Buckinghamshire, UK). The primary antibodies used in this study were an-

ti-preS1 (Aprogen, Daejeon, Korea), anti-cyclinA, anti-cyclinD1, anti-cdk2, an-

ti-cdk4 (Abcam, Cambridge, UK), anti-PCNA, anti-p53 and anti-β-actin (Santa 

Cruz Biotechnology Inc., CA) anti-pJAK2, anti-JAK2, anti-pSTAT3, anti-STAT3 

(Cell Signaling Technology, Danvers, MA, USA) antibodies were used for im-

munoblotting (IB) according to the manufacturer’s instruction. The dilution of 

the monoclonal antibodies were 1:1000.

5. Enzyme-linked immunosorbent assay (ELISA) 

Cells were incubated for 48 hrs and culture supernatants were collected. The 

amounts of secreted IL-6 and Tumor Necrosis Factor-α (TNF-α) were 
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determined by IL-6 and TNF-α ELISA kits (eBioscience, San Diego, CA, 

USA). Cells were treated with 20 nM β-estradiol for 48 hrs, the effect of β

-estradiol on the secretion of IL-6 was investigated. The effec of W4P mutant 

LHB expressing NIH3T3 homogenate (10 mg) on cytokine production from 

murine macrophage cell line, J774A.1 was examined in the presence or absence 

of 20 nM β-estradiol for 48 hrs. 

6. In vivo tumorigenicity study

About 107 NIH3T3, WT LHB (WT-LHB-NIH3T3) and W4P mutant LHB 

expressing NIH3T3 (W4P-LHB-NIH3T3) cells were subcutaneously injected into 

the right hind legs of 8-week-old Balb/c (nu/nu) mice (n=10). Tumor formation 

was monitored over a 4-week period. Tumor volumes were calculated using the 

following equation: length × (width)2 × 0.52. The resected tumor masses were 

fixed and processed in an alcohol–xylene series followed by paraffin 

embedding. For histological examination, sections were stained with hematoxylin 

and eosin or subjected to immunohistochemistry with anti-preS1 monoclonal 

antibodies. To examine the effect of estrogen on tumor growth, male mice were 

injected with β-estradiol (0.5 mg/kg) or PBS. One week later, mice were in-

jected with W4P-LHB-NIH3T3 cells subcutaneously together with β-estradiol 

(0.5 mg/kg) or PBS injection. Mice were injected with β-estradiol (0.5 mg/kg) 

or PBS twice weekly. Serum IL-6 and TNF-α levels were determined using a 

Bio-Plex cytokine panel (BioRad, CA). All of the animal experiments were con-

ducted following NIH guidelines for housing and care of laboratory animals and 
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in accordance with the protocol approved by Institutional Animal Care and Use 

Committee (IACUC) of Seoul National University College of Medicine (protocol 

number SNU-111025). 

6. Patients subjects

Sera from 22 male HCC patients with WT LHB and W4P mutant LHB 

were collected and subjected to measure cytokine levels by a Bio-plex cytokine 

panel. The information about patients was previously described in detail [44]. 

And it is briefly described in Table 1. The Ethical Committee of Seoul 

National University Hospital (IRB No. C-1007-021-322) approved this research 

protocol and waived the need for written informed consent because routine di-

agnostic data were analyzed anonymously. 
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Table 1. Clinical characteristics of patients. 

WT, wide type; W4P, W4P mutant; ALT, alanine aminotransferase;

ND, not detected
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7. Statistical analysis 

All of the results from ELISA and cell proliferation assays in this study 

were representative of more than three independent experiments, and the results 

were expressed as percentages, means ± SD, or as medians (range). Differences 

between categorical variables were analyzed using Fisher’s exact test or χ2 test. 

For continuous variables, Student’s t test was used when the data showed a 

normal distribution, or the Mann–Whitney U test was used when the data were 

not normally dis-tributed. A value of P < 0.05 (two-tailed) was considered to 

be statistically significant. 
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RESULTS

LHBs of HBV promoted proliferation of cells and the LHB mutant with 

W4P mutation showed enhanced cell proliferating activity. 

To understand the physiological role of W4P mutation of HBV genotype C, 

LHB sequences from a WT LHB and a W4P mutated HBV in a HCC patient 

were cloned. Seven variations between the WT and W4P mutant LHB 

sequences were found. Three variations were located in the pre-S1 region, and 

other three variants are in the preS2 region. Another two variations are in the 

S region (Figure 1). To investigate whether W4P variation is related with the 

growth of its expressing cells, WT-LHB and W4P-LHB expressing NIH3T3 and 

(W4P-LHB-NIH3T3) (Figure 2). As shown in Figure 3, the proliferation of  

WT-LHB-NIH3T3 and W4P-LHB-NIH3T3 were increased. Notably, the more 

rapid and significant growth were observed in W4P-LHB-NIH3T3 than in 

WT-LHB-NIH3T3. Similar results were obtained from the experiment using 

WT-LHB-Huh7 nd W4P-LHB-Huh7, established by the basis of, human 

hepatocellular carcinom cell line, Huh7. 
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Figure 1. Alignment of WT and W4P mutant. The amino acid sequences of the 

preS1 region from the reference strain (genotype A, B, C, and D) were aligned, 

in which tryptophan changed to proline at the 4th codon from the preS1 start 

region. The WT and W4P mutant LHB DNAs including genotype C2 by 

phylogenetic analysis [20] were cloned from a HBV carrier and a HCC patient, 

respectively. 
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Figure 2. NIH3T3 (left) and Huh7 (right) cell lines stably expressing WT and 

W4P LHBs were established. Expression of LHBs were confirmed by 

immunoblotting with an anti-preS1 antibody.
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(A)                                     (B) 

Figure 3. W4P mutant LHB enhances cell proliferation. Comparison of growth 

of WT-LHB and W4P-LHB-NIH3T3 cells (A) and Huh7 cells (B). Cell 

proliferation was analyzed by (A) counting after staining with tryphan blue and 

(B) MTT assay. The standard deviations are determined from three independent 

experiments. * P < 0.05, ** P < 0.01, *** P < 0.001 vs NIH3T3 cell only or 

vector, 1-way t-test. 
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W4P mutant LHB regulated cell cycle progression and possessed cell 

transforming capability. 

As shown in Fig. 3, W4P mutation in LHB facilitate cell proliferation; 

Therefore, I investigated whether W4P mutant LHB regulate cell cycle 

progression. The percentages of WT-LHB-NIH3T3 in S and G2/M was 33.5% 

and W4P-LHB-NIH3T3 was 52% (Figure 4A). The levels of p53 and p21 

proteins, which are associated with the G1/S checkpoint, were definitely reduced 

in W4P-LHB-NIH3T3, when it compared with WT-LHB-NIH3T3 (Figure 4B). 

In addition, the levels of cyclin-dependent kinase (CDK)2, CDK4, cyclin A, and 

cyclin D, which are known to be involved in G1/S transition, were higher in 

W4P-LHB-NIH3T3 than in WT-LHB-NIH3T3 (Figure 4B). All of the results 

described above were not shown in NIH3T3 without WT LHB or W4P variant 

LHB transfection. These results suggest that LHBs, especially W4P mutant 

LHB, regulate cell cycle progression, and LHBs may have important role in 

G1/S transition. To confirm the effect of W4P mutant LHB on cell 

proliferation, expression of proliferating cell nuclear antigen (PCNA), 

well-known proliferation marker, was examied. As a result, it was remarkably in 

creased by the transfection with W4P mutant LHB, even though it was also 

increased by WT LHB (Figure 4B). Next, we examined whether W4P mutation 

is involved in cell transformation. W4P-LHB-NIH3T3 cells showed a 

significantly higher colony forming ability than WT-LHB-NIH3T3 and NIH3T3 

cells (Figure 4C). Compared to NIH3T3 cells, the colony numbers in 

WT-LHB-NIH3T3 and W4P-LHB-NIH3T3 increased by about 1.9 times and 4.6 

times, respectively. Taken together, it suggests that W4P mutant LHB has 
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higher activity to regulate the cell cycle and a strong transforming ability. 

Similarly, W4P-LHB-Huh7 cells lines showed increased numbers of colonies, 

when it compared with  compared with WT-LHB-Huh7 and control Huh7 that 

W4P mutant LHB also facilitates the proliferation of HCC.
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Figure 4. Effect of WT and W4P mutant of LHBs on cell cycle and cell 

transformation. (A) Cell cycle regulation by WT or W4P mutant LHB. The 

percentage of cells in the G0/G1, S, and G2/M phases of the cell cycle was 

assessed by flow cytometry after propidium iodide staining. ** P < 0.01, *** P 

< 0.001 vs NIH3T3 cell line. (B) Effect of LHBs on cell cycle-related proteins. 

Expressions of cell cycle-related proteins in WT or W4P-LHB-NIH3T3 were 

analyzed by immunoblotting. Relative amounts of the proteins were analyzed by 

densitometry using actin as an internal control for normalization (right). The 

standard deviations are determined from three independent experiments. * P < 

0.05, ** P < 0.01 vs NIH3T3 cell only or vector. (C) Induction of cell 

transformation by WT or W4P mutant LHB. NIH3T3, Huh7, and both of cell 

lines expressing WT or W4P mutant LHB were subjected to a colony formation 

assay. Data represent means ± SEM from three independent experiments. **P < 

0.01 vs pIRES2-WT, *** P < 0.001 vs NIH3T3 cell line, 1-way t-test. 
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W4P mutant LHB had tumorigenic potential for formation of tumor masses  

and the growth of the tumors with gender disparity in Xenograft mouse model. 

To further test whether W4P mutaition is involved in tumorigenicity and 

gender disparity, I grafted the HCC cell lines to nude mice. Surprisingly, tumor 

masses were developed in 19 (10 male and 9 female) of 20 mice, which were 

injected with W4P-LHB-NIH3T3, whereas I could not observe tumor masses in 

mice injected with WT-LHB-NIH3T3 and the control NIH3T3 during 

exprimental period for 4 weeks. It indicates that LHB gained tumorigenic 

potential by W4P mutation (Figure 5A). Although there was no significant 

difference in tumor incidence between male and female mice, it was 

interestingly, the tumor volume in the male mice injected with 

W4P-LHB-NIH3T3 was significantly larger than in the female mice (Figure 5B). 

W4P mutant LHB-induced tumor showed a typical fasciculated proliferating 

pattern with increase of an interstitial collagen matrix (Figure 5C). Most areas 

are filled with highly polymorphic, poorly differentiated spindloid cells with 

hyperchromatic nuclei. Tumor cells had an oval vesicular nucleus with two 

instances of prominent nucleoli and basophilic cytoplasms. The mitotic rate was 

increased and apoptotic cells were occasionally found. Most tumor cells 

expressed the preS1 antigen in their cytoplasms with various degrees (Figure 

5C). 
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Figure 5. Tumorigeneisis and gender disparity of W4P-LHB-NIH3T3 in 

Xenograft model. (A) Tumorigenic potential of W4P-LHB-NIH3T3. Balb/c 

(nu/nu) mice were injected with control NIH3T3 (male, n=10), 

WT-LHB-NIH3T3 (WT) (male, n=10) and W4P-LHB-NIH3T3 cells [male 

(n=10) and female (n=10)]. The graph shows the tumor incidence of each 

group. (B) Comparison between the two genders (male and female) in terms of 

the tumor size in nude mouse injected with W4P-LHB-NIH3T3. * P < 0.05. 

(C) Hematoxylin and eosin staining of the tumor mass from mice injected with 

W4P-LHB-NIH3T3. Expression of LHB was confirmed by immunohistochemical 

staining using preS1 Ab (AP1).  
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W4P mutant LHB induced high levels of IL-6 production, especially in male 

mice

Since IL-6 was reported to be closely related to gender disparity in the 

hepatocarcinogenesis [45, 46], I attempted to determine whether IL-6 is also 

related to gender disparity with the tumorigenicity in W4P-LHB-NIH3T3 

injected mice model. Serum level of IL-6 in mice injected with 

W4P-LHB-NIH3T3 was significantly higher than mice injected with 

WT-LHB-NIH3T3 or control NIH3T3 (Figure 6A). However there was no 

significant difference in serum level of TNF-α (Figure 6B). In addition, the 

IL-6 serum levels were significantly higher in male mice than  that of in 

female mice. It strongly implicates IL-6 in gender disparity of W4P mutant 

LHB for tumor growth (Figure 6A). As shown in Figure 6C, there was a 

positive correlation between IL-6 serum level and tumor size in mlae mice 

(Figure 6C). In line with data from levels of animal experiment, HCC patients 

with W4P mutant LHB showed significantly higher serum IL-6 levels than HCC 

patients with WT LHB (Figure 7A). In addition, there was no significant 

difference in the level of TNF-α (Figure 7B).
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(A)                                     (B)  

(C)  

Figure 6. The correlation of serum IL-6 and gender disparity in mice bearing 

W4P-LHB-NIH3T3. The levels of IL-6 (A) and TNF-α. (** P < 0.01, *** P < 

0.001.) were measured in serum from mice injected with control NIH3T3, 

WT-LHB-NIH3T3 and W4P-LHB-NIH3T3. (C) Correlation between the serum 

IL-6 levels and tumor volumes of W4P-LHB-NIH3T3 injected mice (10 male 

and 10 female) (r: 0.862, P < 0.001).
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(A)                                     (B)  

Figure 7. Increased serum IL-6 level in HCC patients with the W4P mutant 

LHB. Serum IL-6 level (A) and TNF-α level (B) were measured from 11 HCC 

patients with WT LHB and 11 patients with W4P mutant LHB. ** P < 0.01. 
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IL-6 signaling pathway through STAT3 activation was  necessary for cell 

proliferating and transforming activities of W4P mutant LHB

I examined the phosphorylation of STAT3, which is activated through IL-6 

receptor (IL-6R)–JAK2 signaling pathway. The phosphorylation of STAT3 wsa 

much higher in NIH3T3 and Huh7 with W4P mutant LHB than its expression 

with WT LHB or control cell lines (Figure 8A). Even though there was no 

change on p53 expression, but the expression of cyclin D, involved in G1/S 

transition, and PCNA, well-known proliferating marker, were increased in 

W4P-LHB-Huh7 (Figure 8B). It suggests that increaed STAT3 phosphorylation 

in W4P-LHB-Huh7 is closely related with the increased expression of cyclinD 

and PCNA.  I examined advantage of the pharmacological inhibition of the 

IL-6 signaling pathway by JSI-124, a specific inhibitor of JAK2. Although 

JAI-124 reduced the proliferation of both WT-LHB-NIH3T3 and 

W4P-LHB-NIH3T3, the proliferation of W4P-LHB-NIH3T3 was much more dis-

tinctive than that of WT-LHB-NIH3T3 (Figure 8C). The colony formation activ-

ity of W4P-LHB-NIH3T3 was also suppressed by treatment with JSI-124, and 

there was no significant difference in WT-LHB-NIH3T3 and W4P-LHB-NIH3T3 

by the treatment with JSI-124 (Figure 8D). Suppression of the JAK2–STAT3 

signaling axis by siRNAs targeting JAK2 or stat3 resulted in significant sup-

pression of the growth of W4P-LHB-NIH3T3 (Figure 8E, F).
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Figure 8. Effects of STAT3 phosphorylation by IL-6 on proliferation and 

colony formation of W4P-LHB-NIH3T3. (A) STAT3 and its phosphorylation 

were analyzed by immunoblotting. (B) STAT phosphorylation and expression of 

proliferation related proteins in control Huh7, WT-LHB-Huh7 and W4P-LHB 

-Huh7 were analyzed by immunoblotting. Data present as means ± SD. ** P < 

0.01, *** P < 0.001.(C) After designated cells were treated with JSI-124 (10 μ

M), a specific JAK2 inhibitor, their proliferation was assessed by MTT assay. 

(D) Colony-forming ability of WT-LHB-NIH3T3 and W4P-LHB-NIH3T3 were 

examined by a colony forming assay in the absence or presence of JSI-124 (E 

and F). Cells were transfected with siRNAs (200 nM) targeting JAK2 (E), 

STAT3 (F) or control scrambled siRNAs as indicated. Cells proliferation was 

analyzed by MTT assay. 
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IL-6 production and tumor growth by W4P mutant LHB were downregulated 

by the treatment of estrogen

Since W4P mutant LHB-mediated production of IL-6 is involved in tumor 

growth and IL-6 production was significantly lower in female mice, I examined 

whether estrogen may suppress IL-6 production and inhibit IL-6-mediated tumor 

growth. Consistent with the in vivo data, high amount of IL-6 is spontaneously 

produced from W4P-LHB-NIH3T3, but it was remarkable suppressed by the 

treatment with β-estradiol. However I found that IL-6 was not produced from 

control NIH3T3 and WT-LHB-NIH3T3 (Figure 9A). It is known that macro-

phoage has an important role in immune escape of tumor in tumor 

microenvironment. Therefore, IL-6 production from W4P-LHB-NIH3T3 upon in-

teraction with marcrophage cell line, J774A.1. When W4P-LHB-NIH3T3 was 

co-cultured with J774A.1, decreased IL-6 production by β-estradiol was rescued 

(Figure 9B). Interestingly IL-6 production form J774A.1 was enhanced by the 

treatment with W4P-LHB-NIH3T3 lysate (Figure 9C). It suggests that IL-6 is 

not only produced from W4P mutant LHB contatined tumor cells, but also by 

their neighboring macrophages. Consistent with the previous data regarding the 

crucial role of IL-6–JAK2–STAT3 signaling pathway on the proliferation of tu-

mor cells and its tumorigenic activity. β-estradiol completely suppressed the 

growth of W4P-LHB-NIH3T3 via the inhibition of STAT3 phosphorylation and 

induction of cyclin D expression (Figure 9D and E). 

I confirmed the effect of estrogen on W4P-induced tumor growth in male 

mice (Figure 10A). When male mice were treated with β-estradiol, the tumor 

incidence of W4P-LHB-NIH3T3 was drastically reduced. I found tumor for-
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mation in six mice of control group (n=8), but it was found in only one of β

-estradiol treated group (n=10) (Figure 10B). In case of tumor size, it was defi-

nitely small in β-estradiol treated group (Figure 10C). Four weeks after β

-estradiol injection, the serum levels of IL-6 and TNF-α were measured. β

-estradiol significantly decreased serum IL-6 level, when it compared with the 

PBS control group (Figure 10D), but I could not find any difference on TNF-α 

production (Figure 10E). Taken together, data in the present study strongly sug-

gest that IL-6 plays a pivotal role in tumorigenicity and growth of 

W4P-LHB-NIH3T3, and estrogen could effectively suppresses W4P mutant 

LHB-mediated tumorigenicity and tumor growth.
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Figure 9. Effect of estrogen on W4P mutant LHB-mediated IL-6 production 

and cell proliferation. (A) Control NIH3T3, WT-LHB-NIH3T3 and 

W4P-LHB-NIH3T3 were incubated for 48 hrs with or without 20 nM β

-estradiol. Production of IL-6 was determined by ELISA. (B) J774A.1 cells 

were co-cultivated with control NIH3T3, WT-LHB-NIH3T3 and 

W4P-LHB-NIH3T3 for 48 hrs in the presence or absence of 20 nM β-estradiol. 

(C) J774A.1 cells were treated with 10 mg lysates of tumors expressing W4P 

mutant LHB in the presence or absence of 20 nM β-estradiol. (D) Cells were 

treated with vehicle (0.01% ethanol) or 10 nM β-estradiol. And then cell pro-

lifertion was measured by MTT assays. (E) Control NIH3T3, WT-LHB-NIH3T3 

and W4P-LHB-NIH3T3 were treated with vehicle (0.01% ethanol) or 10 nM β

-estradiol for 48 hrs and STAT3 phosphorylation and cyclin D expression were 

examined by Immunoblotting. Data represent means ± SD. * P < 0.05, ** P < 

0.01, *** P < 0.001.
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Figure 10. Suppression of W4P mutant LHB-mediated tumorigenicity by 

estrogen. (A) Scheme of the experiment. Male mice were injected with 0.5 

mg/kg β-estradiol or PBS. One week later, mice were subcutaneously in-

noculated with W4P-LHB-NIH3T3 together with 0.5 mg/kg β-estradiol or PBS. 

Mice were injected with 0.5 mg/kg β-estradiol or PBS with twice per week. 

Tumor incidence (B) and tumor volume (C) were determined. (D and E) Serum 

IL-6 (D) and TNF-α (E) levels in mice were determined using a Bio-Plex cyto-

kine panel (BioRad) and Luminex 200 (Luminex). ** P <0.01.
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DISCUSSION

South Korea is still a high endemic area of HBV infection and HCC in 

South Korea is more prevalent by approximately 4.2-5.9 times in men than in 

women [52, 53]. This male-to-female ratio of HCC incidence is higher than the 

average of 2.9:1 of males to females worldwide [54], which suggests that there 

may be crucial HBV viral factors in Korean chronic patients favoring the 

predominance of HCC in males. In an effort to determine HBV mutation types 

that contribute to gender disparity in HCC, I recently discovered the W4P/R 

mutation found only in the male gender through a molecular epidemiologic 

approach. 

I selected W4P mutant LHB and WT LHB from a HCC patient and a 

carrier with or without W4P mutation, respectively [20]. Sequence comparison 

between W4P mutant LHB and WT LHB showed that there are seven 

variations including W4P mutant. However, in our careful inspection of the 

literature, we did not find any notable mutations, except for W4P mutant, 

related to liver disease severity. Thus, although the acquisition of W4P mutation 

is likely to most deeply affect the tumorigenic nature of mutant-LHB, the 

synergistic or additive effect of other variations cannot be excluded. 

In thus study, I demonstrated that the expression of LHBs enhanced cell 

proliferation and W4P mutant LHB exerted a stronger effect. Expression of 

W4P mutant LHB resulted in down-regulation of the p53 pathway. It is likely 

that W4P mutant LHB impair the cell-cycle checkpoint at the G1/S phase by 
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inhibiting the p53-p21 axis, which in turn may contribute to HCC by the 

accumulation of mutations due to the maintenance of genome stability. Cyclin A 

plays an important role in the S and G2/M phases of the cell cycle [55]. It 

should be noted that W4P mutant LHB upregulate the expression of cyclin A 

in hepatocytes, as it is reported to be overexpressed in HCC tissue [56, 57]. 

The enhanced colony-forming capability of W4P-LHBs provides further support 

for the potential role of the W4P mutation in HBV-related hepatocarcinogenesis. 

Taken together, our in vitro data suggest that mutation occurrence in the LHB 

region, such as W4P during the natural course of chronic hepatitis B, may 

contribute to the HCC generation. This strongly supports the previous 

epidemiologic finding showing a higher prevalence of W4P mutation in patients 

with severe forms of liver disease than in those with milder forms of liver 

disease [20].

HBx has been proved to contribute to gender disparity in HBV infection or 

HCC generation mainly due to signaling via androgen axis [43,58,59]. However, 

although it is important for the initial replication into the host, it is not 

essential for HBV viral life or chronic infection, so its function has been lost 

occasionally in chronic patients during the course of CHB via deletion events 

[58, 60]. Therefore, besides it, another viral factor providing a likely 

explanation of gender disparity in HCC, generation mainly occurring in the final 

stage of CHB, should be considered. Our in vivo mice data clearly proved 

W4P-LHB-NIH3T3, but not WT-LHB-NIH3T3, had higher potential for tumor 

formation in males than in females, suggesting mutations in LHB, such as W4P 

mutant, occurring in a later stage of CHB could contribute to the gender 
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disparity in HCC generation. 

Our in vivo data also showed that the gender disparity in W4P mutant 

LHB-induced tumorigenicity was closely related to the difference in the IL-6 

production characteristics between genders. In fact, IL-6 is known to play a 

crucial role in the liver-regeneration-related hepatic fibrosis and HCC 

[45,46,61,62]. Moreover, HCC patients with W4P mutant displayed a higher 

IL-6 serum level than HCC patients with WT. The NIH3T3 cell line 

constitutively expressing W4P mutant LHB was proven to induce preferential 

tumor formation in male nude mice over females as well as to have oncogenic 

potential at a very high level, with 95% tumor generation incidence within 4 

weeks. In particular, our in vivo system showed a significant positive 

correlation between tumor size and IL-6 secretion level, supporting the previous 

reports regarding the positive role of the IL-6 in tumorigenesis [45,46]. Estrogen 

was also proven to evoke a biological defense against hepatocarcinogenesis by 

functioning as a negative regulator of IL-6 production in liver Kupffer cells 

[61,63,64]. In our study, I have shown that estrogen suppressed production of 

IL-6 and subsequently reduced the tumor growth of W4P-LHB-NIH3T3 in male 

mice, which suggests that a high level of estrogen in female mice might 

suppress tumorigenesis by the W4P mutant HBV through regulating IL-6 

signaling. Thus, a likely explanation of the preponderance of tumor generation 

in males observed in our W4P mutant LHB-injected mice model is that female 

hormone factors play a suppressive role in W4P mutant LHB-induced 

tumorigenicity by inhibiting IL-6 production. 

In conclusion, the novel HBV preS1 mutation W4P may contribute 
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importantly to HCC in male chronic patients in an IL-6-dependent manner. To 

our knowledge, this is the first report showing direct involvement of HBV 

LHBs in gender disparity of tumorigenesis. This study provides a new insight 

into understanding the reason behind the predominance of HCC in males over 

females in chronic hepatitis B patients. Additionally, our data showing the 

inhibitory effect of estrogen in tumor formation of male nude mice suggest that 

estrogen may have potential for the treatment of patients with W4P mutant 

LHB induced HCC. 
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국문 록

남성 특이적인 B형 간염 바이러스 preS1 W4P 변이주에 의한 

간세포암 성별차이 기전 규명

이승애

서울 학교 학원

의학과 미생물학 공

지도교수 김 범

B형 간염바이러스 (HepatitisB virus,HBV)에 의해 발생되는 간세포

암 (Hepatocellularcarcinoma)은 성별에 따라 암 발생 정도의 차이가 있다

는 보고가 있으나 이에 한 기 연구는 거의 진행되지 않고 있다.최근,

본 연구자는 한국의 만성 B형 감염 환자들을 상으로 분자역학 조사를 실

시하여 간세포 암과 연 된 HBV preS1 치에서 지 까지 보고되지 않은,

새로운 W4P/R 변이를 발견하 다.이에,간세포 암 환자로부터 획득한

W4P preS1변이를 포함한 외피 항원 단백 (largehepatitisB surface

protein,W4PLHB)변이에 의한 간세포 암 발생과정에서 성별에 따른 차이

를 확인하기 하여 다양한 분자생물학 실험 기법과 드 마우스 모델 시

스템을 이용하여 기 을 규명하고자 하 다.

본 연구에서는 야생형 (WT)과 HBV 외피 항원에 W4P변이를 포함하

는 변이주의 유 자를 각각 B형 간염 바이러스 감염 보균자와 간세포 암

환자로부터 획득하여 라스미드 DNA를 합성한 후 마우스 NIH3T3세포와
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사람 간세포 암 세포 (Huh7)에 주입하여 구세포주를 구축하 다.확보된

구세포주의 세포 증식능과 집락 형성능을 확인하 고,동물 실험에서 수

컷과 암컷 마우스 등에 W4P-LHB-NIH3T3를 피하 주입하여 성별에 따른

종양 형성능을 분석하 다.마우스의 종양 형성 과정 에스트로젠에 의한

효과를 확인하기 하여 수컷 마우스에 에스트로젠을 먼 주입한 후,

W4P-LHB-NIH3T3T 를 주입하여 종양 형성을 확인하 고 에스트로젠에

의한 종양 형성 억제 기 을 확인고자 간세포 암 환자와 마우스 실험으로부

터 획득한 청에서 ELISA를 이용하여 IL-6와 TNF-α 를 정량 으로 분

석하 다. 한,W4P-LHB-NIH3T3를 이용하여 IL-6를 의존하는 방식의

신호 달 체계에서 에스트로젠이 직 으로 미치는 향을 확인하고자

JAK-STAT3신호 달을 인 으로 억제하여 그 효과를 찰하 다.

그 결과, 구세포주를 이용한 실험에서 WT-LHB에 비해 W4P-LHB-

NIH3T3와 Huh7에서 하게 높은 세포 증식 능력을 확인하 고 이는

W4P변이에 의해 세포 주기가 조 되고 련 단백질의 발 을 증가시켰을

뿐 아니라 집락 형성이 유도됨을 찰하 다. 드 마우스에 구세포주를

주입하여 종양 형성능을 찰한 결과,W4P-LHB-NIH3T3주입 마우스에서

종양이 형성된 반면 WT-LHB-NIH3T3 는 찰되지 않았다.

W4P-LHB-NIH3T3주입하여 형성된 종양은 암컷 보다 수컷 마우스에서

하게 크게 형성되었으며 이는 에스트로젠에 의하여 감소됨을 확인하

다.W4P-LHB-NIH3T3를 주입하여 생긴 종양을 갖는 마우스의 청에서

염증 련 사이토카인을 분석한 결과 IL-6의 분비가 하게 증가되었고,

이에 에스트로젠을 주입한 마우스에서는 IL-6의 분비가 하됨을 확인하

다.이러한 W4P변이에 의해 증가된 IL-6형성은 동물 모델뿐 만 아니라

간세포 암 환자 W4P변이가 발견된 환자의 청에서도 증가된 IL-6수
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을 찰 되었으며 이는 야생형이 발견된 환자에 비해 유의하게 높게 찰

되었다. 한,IL-6의 합성은 W4P-LHB-NIH3T3에서 WT-LHB-NIH3T3

에 비해 높게 유도 되었으며 에스트로젠에 의해 감소하는 것으로 보아

W4P변이 구세포주의 세포 증식 집락형성능 억제는 IL-6합성 억제

에 의한 것임을 확인되었다.

결론 으로,본 연구에서는 한국인 만성감염 환자로부터 획득한 남성 특

이 인 W4P변이주의 의해 증가된 large외피 항원 단백의 축 은 만성감

염 환자에서 간세포 암으로 진행하는데 아주 요한 역할을 할 것으로 사료

되며 특히 남성 환자에서 IL-6-의존 신호 달 체계로 작용된다는 기 을

입증하는 결과라고 할 수 있다.이 기 은 HBV 의 large외피항원 단백이

직 으로 암 진행과정 에 성별에 따른 차이가 있다는 최 의 보고이며

이 연구는 W4P변이주가 간세포 암 진행과정 에 성별에 따른 차이를 보

여 다는 가설을 입증함에 있어서 하나의 요한 실마리를 제공한다고

사료된다.

                              

Keywords:HBV감염,간세포암,preS1W4P변이주,LHB항원,IL-6,

성별차이,에스트로젠
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