










Project Description 

1. Introduction and Rationale
Hepatitis B virus (HBV) infection is a major public health problem, with more 

than 400 million HBV carriers estimated worldwide 1
• Chronic HBV infection is

associated with a diverse clinical spectrum of liver damage ranging from
asymptomatic carrier status, chronic hepatitis, cirrhosis, and hepatocellular carcinoma 
(HCC). In HBV endemic areas such as Southeast Asia and sub-Saharan Africa, more
than 60% of HCC cases are attributable to chronic infection with the virus2,. Although 
the association between chronic HBV infection and HCC is well established the 

' 

virological factors contributing to tumor development are not yet fully understood. 
HBV, a member of the family Hepadnaviridae, is a partially double-stranded 

DNA virus that contains four overlapping open reading frames (ORFs) encoding the 
surface, core, polymerase and X genes (Figure 1 ). Based on a comparison of complete 
genomic sequences, HBV has currently been classified into 8 genotypes, designated 
A to H 3

. HBV genotypes appear to show varying geographic patterns in their 
distribution. For instance, genotypes A and D are common in Europe and N01ih 
America, whereas genotypes B and C prevail in Southeast Asia, China and Japan. 
Genotypes F and H are restricted to Central and South America. Genotype E is found 
predominantly in West Africa and genotype G is found in the USA and Europe. 

Besides the differences in geographical distribution, there is growing evidence 
that the viral genotypes may influence the clinical outcomes of patients with chronic 
HBV infection. Among Asian patients who constitute approximately 75% of HBV 
carriers worldwide, it has been shown that HBV genotype C is more commonly 
associated with severe liver diseases and the development of cirrhosis compared to 
genotype B4-7• Genotype C is also associated with a lower rate of hepatitis B e  antigen
(HBeAg) seroconversion and a lower response rate to alpha interferon therapy 
compared to genotype B8

' 
9. However, the association between HBV genotype and the

risk of developing HCC is still controversial 4' 10-12. In addition, the impact of HBV
genotype on clinical features and prognosis of patients with HCC remains unclear. 

HBV has a high mutation rate compared with other DNA viruses because it 
lacks of proofreading capacity during the replication via reverse transcription of its 
pregenomic RNA13 ' 

14
• The well-known naturally occurring HBV variants include the

precore (PC) stop codon mutation (G 1896A), which abolishes hepatitis B e antigen 
(HBeAg) production, and the dual mutation in the basal core promotor (CP) region 
(Al762T/G1764A), which down-regulates HBeAg production 14 • These mutations
have been reported in up to 50-80% of patients with HBeAg-negative chronic 
hepatitis B in Europe and Asia 15• While the role of the PC mutant to the course of
chronic HBV infection is still controversial, the CP mutants have been linked to the 
severity of liver diseases, particularly HCC 16, 17•

The X-ORF encodes a 154 amino acid protein called hepatitis B virus X 
protein (HBx). HBx plays an important role in the regulation of viral genome 
expression, and has also been implicated in hepatocarcinogenesis 18 . HBx is a
promiscuous trans-activator and has been shown to trans-activate many virus and 
host genes through a wide variety of cis-elements 19• HBx can deregulate cell cycle
checkpoint controls and stimulate DNA synthesis and cell proliferation20

• It has been
shown that the X gene is frequently integrated into the host genome and is expressed 
in most HCC cases 21• However, its specific role and that of this mutant protein in the
pathogenesis of liver cancer have yet to be elucidated. 
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2. Objectives
The project was aimed at studying the prevalence of genotypes and the 

frequency, location and nature of mutations in precore/core and X regions of HBV in 
Thai patients who are chronically infected with this virus. We also aimed to determine 
whether the HBV genotypes and ce1iain types of the mutations might influence the 
severity of chronic liver disease and the development of HCC. As the genetic 
variability of HBV differs geographically and the data available in Thailand are still 
limited, our study will provide useful information regarding the epidemiology and 
clinical relevance of HBV genotype� and mutations in Thai populations. 

3. Methodology
3.1 Subjects

Serum samples for HBV genotyping were obtained from patients with chronic 
HBV infection who had undergone long-term follow-up at Chulalongkom Memorial 
Hospital (Bangkok, Thailand), and the National Blood Center, Thai Red Cross, 
between August 1997 and August 2004. All patients were positive for Hepatitis B s 
antigen (HBsAg). Of these, patients who were positive for hepatitis C virus antibody 
(anti-HCV) and those who had another potential cause of chronic liver disease were 
excluded. Patients who had previously been treated with antiviral therapy were 
excluded. The patients were clinically classified into 4 groups including 
asymptomatic carrier, chronic hepatitis, cirrhosis and HCC. Asymptomatic carrier was 
diagnosed by persistent normal serum alanine aminotransferase (ALT) level for at 
least 1 year. Chronic hepatitis was diagnosed by the presence of prolonged elevation 
of serum ALT level, and confirmed by histological examinations. The degree of 
hepatic inflammation and fibrosis was graded according to modified Knodell 
histology index22

. Cirrhosis was diagnosed based on histological examinations and/or 
imaging studies, and subsequently classified its severity based on Child's criteria. 
HCC was established by histopathology and/or a combination of mass lesions in the 
liver on hepatic imaging and serum alpha-fetoprotein (AFP) levels above 400 IU/ml. 
The staging of HCC was classified according to CLIP criteria. 

To investigate whether mutations within the PC/CP and X genes could be 
associated with the development of HCC, a case-control study was conducted by 
selecting 50 patients with HCC and 50 patients without HCC, who were matched for 
sex and age, as well as the distribution of hepatitis B e antigen (HBeAg) and HBV 
genotypes. 

Serum samples were collected from each patient at the time of their clinical 
evaluation and stored at -70°C until the above-mentioned tests were performed. 

3.2 HBV DNA extractions 

DNA was extracted from 100 �LL serum with proteinase-K/ SDS in Tris buffer, 
followed by phenol/ chloroform extraction and ethanol precipitation. The pellet was 
dissolved in 30 µL sterile water and directly subjected to PCR-based amplification. 

3.3 HBV DNA detection for genotyping 
HBV DNA was amplified in an automated thermocycler (Perkin Elmer Cetus, 

Branchburg, NJ), using the primer sequences previously described23
. The fo1ward 

primer was P l  (nt. 2823-2845: 5'-TCACCATATTCTTGGGAACAAGA); the reverse 
primer was P2 (nt. 80-61: 5'-TTCCTGAACTGGAGCCACCA). The primers were 
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located in conserved genomic regions to ensure a high sensitivity for the amplification 
of all HBV genotypes. 

Two microlitres of DNA sample were combined with a reaction mixture 

containing 20 µL of 2.5X Eppendorf MasterMix (Hamburg, Germany), lµM Pl, 1 

µM P2 and sterile water, in a final volume of 50 µL. PCR was performed under the 
following conditions: after an initial 2 min denaturation step at 94°C, 35 cycles of 
amplification were performed, each including 30 sec denaturation at 94°C, 30 sec 

annealing at 55°C and 30 sec extension at 72°C, followed by a final 10 min extension 

at 72°C. Each amplified DNA sample (lOµL) was added to loading buffer and run on 
a 2% agarose gel (FMC Bioproducts, Rockland, ME) at 100 Volt for 60 min. The 
479-bp product stained with ethidium bromide on preparation was visualized on a UV
transilluminator.

3.4 PCR-RFLP analysis for genotyping 
PCR products were subjected to RFLP analysis, using restriction endonuclease 

AvaII and Dpnll (New England Biolabs, Beverly, MA) to determine the HBV 

genotype. Briefly, 10 µL of PCR product were mixed with 1.5 �tL of l0X buffer, 3 pL 
of sterile water and 0.5 µL (SU) of AvaII and DpnII, respectively, in separate 

reactions and incubated at 37°C for 3.5 hours. After incubation, the samples were run 
on a composite gel containing 2% NuSieve agarose (FMC BioProducts, Rockland, 
ME) and 1 % standard agarose. The sizes of the RFLP products, visible under UV 
light as a result of prior ethidium bromide staining, served to identify the various 
HBV genotypes based on the polymorphism patterns 23

.

3.5 Amplification of the X/CP/PC regions 
Partial gene covering 752 nt. (from nt. 1287 to 2038) of the X/CP/PC region 

was amplified by PCR using primer pair Xil: 5'AGCTTGTTTTGCTCGCAGC3' 
(forward primer, nt. 1287-1305), and Ci 1: 5' TTCCGGAGACTCTAAGGCC 3' 
(reverse primer, nt. 2020-2038). The PCR reaction was performed as described above. 

3.6 Nucleotide sequencing and phylogenetic analysis 
For automated DNA sequencing, the bands of PCR amplified products were 

purified from the gel using Gel Extraction Kit (Perfectprep Gel Cleanup, eppendorf, 
Hamburg, Germany) according to the manufacturer's specifications. The sequencing 
reaction was performed using the Gene Amp PCR System 9600 (Perkin-Elmer, 
Boston, USA). The sequencing product was subjected to a Perkin Elmer 310 
Sequencer (Perkin-Elmer, Boston, USA). Nucleotide sequences were multiple­
aligned, analyzed using the CLUSTAL X program (version 1.8). Nucleotide 
consensus sequences of X/CP/PC regions of HBV genotypes B and C were taken 
from GenBank for multi-alignment and mutant analysis. Tree construction was 
analyzed by using TREEVIEW (version 1.5). 

3. 7 Serological assays
HBsAg, HBeAg and anti-HCV were determined by enzyme-linked 

immunosorbent assay (ELISA), using commercial available kits from Abbott 
(Abbott Laboratories, Chicago, IL). 

3.8 Quantitative assay of viral load 
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Serum HBV DNA level was quantified using a commercial kit (Amplicor 
HBV Monitor; Roche Diagnostics, Tokyo, Japan). The detection range of this assay 
was 2.7 to 8.7 log genome equivalents/ml (LGE/ml). 

3.9 Statistical analysis 

Data were presented as percentage, mean and standard deviation. Chi-square 
test, unpaired t test, and ANOV A analysis were used to assess the statistical 
significance of the difference between groups where appropriate. Survival curves 
were established using the Kaplan-Meier method and differences between curves 
were verified using the log-rank test. Cox regression analysis was performed to 
identify which independent variables would have a significant influence on the overall 
survival. P values below 0.05 were considered statistically significant. All statistical 
analyses were performed using SPSS 10.0 software for Windows (SPSS, Inc., 
Chicago, IL). 

4. Results

4.1 Distribution of HBV genotypes in patients with chronic HBV infection
Of the 470 patients enrolled in this study, HBV DNA was detected in 332 

patients (70.6%). The most common HBV genotypes were genotypes C and B, which 
were found in 243 (73.2%) and 69 (20.8%) patients, respectively. The remaining 20 
cases included 11 (3.3%) with genotype A and 9 (2.7%) with unclassified genotype. 
The demographic and clinical data of 332 patients with different stages of chronic 
HBV infection are shown in Table 1. Mean age was significantly higher in patients 
with cirrhosis and HCC than in the other two groups (P=0.001), and positive HBeAg 
rate was significantly higher in patients with chronic hepatitis than in other groups 
(P=0.001 ). Although genotype C was the most common genotype in each group, no 
significant differences were observed with respect to the distribution of the genotypes 
in various stages of chronic HBV infection (P=0.16). 

Table 1 Demoiraphlc and cllnleal data or 332 patient• with chronic HBV Infection 

Diagno,i, �,x(m/ll ,\go(yr) AU (LI/I.) I llleAg pnslllvn 
Gc11ol�'J"'1 

Tl 

ll C ll J\ 

Carrl('r 9:l 571:v; :hl.H±IO.G 27.5!<1.5 ·12/82 (;, 12) 2(22) lfi (17.2) 73 (7�.4) 1 (221 

rn 11r1 81/1!1 :JG.2±IO.I 157.-1±10:1.R fil/!J2(fJIU) :\(l!>l 21) (19.-1) i6(7J.S) 2(1_q1 

Clnhrnl� 60 17/D 1R K,118 l:tJ.lh!IO.!) 211/:i:l Hfl.l) 2 (l 1) IO(IIU) 11(7.U) l(f,1) 

lkC 7r, f,0/16 5-1.•I t·l2.!I 107.8,107 •I 15171 (211) 2 (2.H) 2:1(:10'.I) jO (IIS.R) I (I J) 

Cl I, rhronk tw1lati1h; I ICC. IK'Jlillocdlulm uud1vm,;1; lJ, l1111JiL">sifkd J..'t:11otyp.•. Q11rn11ita1ivt• Yrninhli,:o-,:nn•t·.'(prn:<..•·,(:d n� mc,111.:tSD. wtq�r)(·kal Y,ui;tlllt�nn• ('XJHt"'St'd 
,r;n(%J. 

4.2 Clinicopathological differences between genotypes B and C in chronic 
hepatitis 

Because the number of patients with genotype A was small, only genotypes B 
and C were included for further analysis of clinicopathological differences between 
genotypes. As shown in Table 2, patients with genotypes B and C were comparable 
with respect to sex, age and total bilirubin. The rate of positive HBeAg in patients 
with genotype B was significantly lower than that in patients with genotype C (44.4% 
vs. 71.6%, respectively, P=0.03). Mean ALT level was also significantly lower in 
patients with genotype B than those in patients with genotype C (119.8±58.5 IU/L and 
159.8±106.4 IU/L, respectively; P=0.03), but HBV DNA levels were comparable 
between them (7.25±1.74 and 7.10±1.34 LGE/ml, respectively; P=0.78). Patients with 
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5. Discussion

Identification of host and viral factors leading to severe liver damage and to 
the development of HCC may have important clinical implications in the management 
of patients with chronic HBV infection. There are now increasing data suggesting that 
HBV genotypes and mutations may play an important role in causing different disease 
profiles in chronic HBV infection. Regarding the roles of HBV genotypes, most 
studies have been performed in Asia and restricted to comparisons between genotypes 
B and C, which are the two most common HBV genotypes in this region accounting
for more than 90% of cases 6• 24' 25

• Current available data from this region 
demonstrate that HBV genotype C is more commonly associated with severe liver 
diseases and the development of cirrhosis compared to genotype B 4

-
7
_ In addition, 

patients with genotype C infection, compared to those with genotype B, are more 
frequently HBeAg positive and display higher HBV DNA levels that may contribute 
to multiple episodes of acute flares and progression of liver disease 26. Taken together,
these data suggest that patients with genotype C have a tendency to exhibit more 
severe liver disease than those with genotype B. 

In agreement with previous studies 25• 27, our study demonstrated that genotype
C and B were the predominant strains, accounting for approximately 75 and 20% of 
patients, respectively. In this respect, it would appear that the prevalence of HBV 
genotypes in Thailand is comparable to that reported from Japan and China 6• 24, but
differs from the distribution observed in Taiwan, where HBV genotype B is more
common than genotype C 4• 28. Interestingly, the prevalence of genotype B and C in
patients with HCC in our study was comparable to that in asymptomatic carrier, 
chronic hepatitis and cirrhosis. The equal distribution of genotypes B and C among 
various stages of chronic liver disease is consistent with previous re:florts conducted in
Japan 6• 11

, but it contradicts the observations from other studies4• 7• 
4

• Hence, our data
suggest that although genotype C is the most prevalent strain in Thailand, the risk of 
development of HCC may not be different between genotypes B- and C-related 
chronic liver disease. 

The predominance of HBV genotypes B and C allows the comparison of 
clinical outcomes of patients who are chronically infected with these two HBV 
strains. Our results showed that the mean ages among asymptomatic carriers and 
chronic hepatitis were comparable between patients with genotypes B and C. 
However, the mean age of patients with genotype C tended to be older than those with 
genotype B in cirrhotic group. Interestingly, the divergence in the mean age of 
patients with genotypes B and C was more noticeably in those with HCC. Given that 
the majority of Thai patients acquire HBV infection vertically from their mothers at 
birth or horizontally during early childhood from carrier family members, their age 
would probably serve as a reasonable surrogate for the duration of HBV infection, 
regardless of the viral genotype. Our results also showed that patients with genotype 
C had a tendency of higher ALT, necroinflammatory scores and HBV DNA levels 
than patients with genotype B. Moreover, patients with genotype C had a significantly 
higher prevalence of HBeAg positivity, particular among patients with chronic 
hepatitis and cirrhosis, but the difference seemed to be disappearing upon the disease 
progression to HCC. Although HBeAg is a marker of active viral replication, the 
disappearance of HBeAg with or without seroconversion of antibody to HBeAg 
during the course of chronic infection does not always imply disease remission 29

.

Collectively, it is reasonable to speculate that, at least in our populations, patients with 
genotype C has a trend for delayed HBeAg seroconversion and more prolonged 
necroinflammatory process causing earlier development of cirrhosis and HCC. 
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6. Conclusion and Future Prospect
Our study demonstrated that patients with HBV genotype C, compared to 

those with genotype B, had a higher positive rate of HBeAg and exhibited earlier 
progression of cirrhosis and HCC. Genotype by itself, however, might not be 
responsible for an increased oncogenic effect because there was no difference in the 
risk of developing HCC and its prognosis between patients with genotypes B and C. 
Instead, certain X gene mutations and, particularly, CP mutations in young patients 
may contribute to the development of HCC. Fmiher large-scale prospective studies, 
which offer advantages over cross-sectional investigations, are needed to establish the 
existence of these observations in the future. 
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Output 

Publications from the project 

4 published articles, and 1 expected publication 

1. Hepatitis B virus genotypes and hepatocellular carcinoma. World J
Gastroenterol 2005; 11: 2238-43.

2. Clinical and virological differences between hepatitis B virus genotypes B and
C: a case-control study. J Med Assoc Thai 2004; 87 (supple 2): S223-7.

3. Simultaneous quantitation and genotyping of hepatitis B virus by real-time
PCR and melting curve analysis. J Virol Methods 2004; 120: 131-40.

4. A novel recombinant of hepatitis B virus genotype G and C isolated from a
Thai patient with hepatocellular carcinoma. J Gen Virol 2005; 86: 3027-30.

5. Precore, core promoter and X gene mutations of hepatitis B virus in Thai
patients with hepatocellular carcinoma: a case-control study. (manuscript in
preparation)
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