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Abstract

Project Code: RSA4580024

Project Title:  Prevalence and Clinical Significance of Hepatitis B Viral Genotypes
and Mutations

Investigator:  Associate Professor Pisit Tangkijvanich, M.D.

E-mail Adress: pisittkvn@yahoo.com

Project Period: 15 August 2002-14 August 2005

Project Description:

Hepatitis B virus (HBV) infection is a major public health problem, with more
than 400 million HBV carriers estimated worldwide. 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). There have been increasing lines of evidence to indicate influences of HBV
genotypes and mutations on the outcome of liver disease, particularly the
development of HCC. The project is aimed to study the prevalence and clinical
significance of genotypes and mutations in Precore/core and X regions of HBV in
Thai patients. Our study demonstrated that genotype C and B were the predominant
strains, accounting for approximately 75 and 20% of patients, respectively. 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. However, there
was no difference in the risk of developing HCC and its prognosis between patients
with genotypes B and C. Furthermore, certain X gene mutations and, particularly, CP
mutations in young patients may contribute to 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 genotypes and mutations in Thai populations.

Keywords: Hepatitis B virus, hepatocellular carcinoma, genotypes, mutations



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'. 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 virus?,. 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 (Figurel). Based on a comparison of complete
genomic sequences, HBV has currently been classified into 8 genotypes, designated
A to H ®. HBV genotypes appear to show varying geographic patterns in their
distribution. For instance, genotypes A and D are common in Europe and North
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 B*”. 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 B%°. However, the association between HBV genotype and the
risk of developing HCC is still controversial 41012 1 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 RNA' ', The well-known naturally occurring HBV variants include the
precore (PC) stop codon mutation (G1896A), which abolishes hepatitis B e antigen
(HBeAg) production, and the dual mutation in the basal core promotor (CP) region
(A1762T/G1764A), which down-regulates HBeAg production'®. These mutations
have been reported in up to 50-80% of patients with HBeAg-negative chronic
hepatitis B in Europe and Asia'>. 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 ',

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'®. HBx is a
promiscuous {rans-activator and has been shown to trans-activate many virus and
host genes through a wide variety of cis-elements'®. HBx can deregulate cell cycle
checkpoint controls and stimulate DNA synthesis and cell proliferation®. It has been
shown that the X gene is frequently integrated into the host genome and is expressed
in most HCC cases 2. However, its specific role and that of this mutant protein in the
pathogenesis of liver cancer have yet to be elucidated.



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 certain 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 genotypes and mutations in Thai populations.

3. Methodology
3.1 Subjects

Serum samples for HBV genotyping were obtained from patients with chronic
HBYV infection who had undergone long-term follow-up at Chulalongkorn 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 index?. 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 pL serum with proteinase-K/ SDS in Tris buffer,
followed by phenol/ chloroform extraction and ethanol precipitation. The pellet was
dissolved in 30 pL 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 described®. The forward
primer was Pl (nt. 2823-2845: 5’-TCACCATATTCTTGGGAACAAGA); the reverse
primer was P2 (nt. 80-61: 5>~ TTCCTGAACTGGAGCCACCA). The primers were



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 pL of 2.5X Eppendorf MasterMix (Hamburg, Germany), 1uM P1, 1
pM P2 and sterile water, in a final volume of 50 pL. 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 (10nL) 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
Avall and Dpnll (New England Biolabs, Beverly, MA) to determine the HBV
genotype. Briefly, 10 pL of PCR product were mixed with 1.5 pLL of 10X bufter, 3 uL
of sterile water and 0.5 pL (5U) of Avall and Dpnll, 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

HBYV genotypes based on the polymorphism patterns .

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: S’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



Serum HBV DNA level was quantified using a commercial kit (Amplicor
HBYV 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 ¢ test, and ANOVA 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
HBYV 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 Demographic and clinical data of 332 patiente with chronle HBV Infection

Genotype

Diagncsis n Sex (m/f Age fy1) ALT U HIeAg positive -

A B © u
Carrler R 5774 A G406 27500 12782 (31.2) 2422 16 417.2) 73{78.4) 222
(H <) RIZ19 J6.2210.0 13741038 1702 (.3} Al 20 (10.4) 76 {73.8) 2{1m
Curhesls G0 4713 1R R+138 13502909 26/51 (16.1) 23y 10 (16.7) 117 LN (93]
148 7 /16 M1z 107.82107 4 15/70 @21 242.6) 2303 30 (75.8) [ NURI)
C1L chronie hepatitis: HCC, hepatocellular carcinomi U uicdassified genotype, Quanititative vartables nre expressed as mean2SI categorical vatiables are expressed
s n (%)

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 TU/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



genotype B had a lower score of both necroinflammation activity and fibrosis than
those with genotype C, but the differences were not statistically significant (5.8%2.1
and 1.5£1.0 vs. 6.742.1 and 1.8+0.9, P=0.51 and 0.47, respectively).

Table 2 Demographic and clinical data of patients with
chronle hepatitis

Characteristics Genotype B Genotype C P
(n=20) (n=76)
Age (yr) 35.1£9.6 364£10.3 NS
Sex (male/ female) 16/4 G3/11 NS
Total bilirubin (mg/dlL) 0.820.2 0.7£0.3 NS
ALT (U/L) 119.8+58.5 159.8+106.4 0.03
HBeAg positive B/ 18 (44.1) 53/74 (71.6) 0.03
HBV DNA (LGE/ml) 7.25+1.74 7.10x1.34 NS
HALinflammation 5.8+2.1 6.7+2.1 NS
HALI fibrosis Lo£10 1.8409 NS

Quantitative variables are expressed as mean+SD. Categorical variables are
expressed as n (%), HAIL inflammation, sum of necroinflanumatory scores of
histology activity index. HAI fibrosis. sum of fibiosis scoves of histology activity
index.

4.3 Clinical differences between genotypes B and C in cirrhosis

There were no significant differences in gender, total bilirubin, serum
albumin, and Child classification between groups of patients, as shown in Table 3.
The mean age of patients with genotype B tended to be older than those with
genotype C (54.7+9.2 vs. 47.4+14.4 years, respectively, P=0.06). The positive rate of
‘HBeAg in patients with genotype B was significantly lower than that in patients with
genotype C (11.1% vs. 56.8%, respectively, P=0.01). Patients with genotype B tended
to have lower mean ALT and HBV DNA levels than those with genotype C, but the
difference was not statistically significant (101.5449.0 IU/L and 6.59+1.20 LGE/ml
vs. 133.7493.4 TU/L and 7.0542.50 LGE/ml, P=0.14 and 0.12, respectively).

Table 3 Demographic and clinical data of patients with

girrhogls
Characteristics Genotype B Genotype C P
{n=10) (n=+44)

Age (yr) 64.7+90.2 47 Az 14 0.06
Sex (male/fenale) 872 3549 NS
‘Total bilirubin (ing/dl.) 14208 2.2x12 NS
ALTIU/L) 101.5£490.0 133.7+93.4 NS
Albumin {g/dL) 37104 38+0.5 NS
HBeAg positive 1/ 25744 (56.8) 0.01
HBYV DNA (LGE/ml.) 6.59+1.20 7.052.50 NS
Child classification (A/B/CY 7/2/1 2471575 NS

Quantitative variables are expressed as mean=SD. Categorical variables are

expressed as n (%),

10



4.4 Clinical differences between genotypes B and C in HCC

The clinical data of 73 patients with HCC were compared according to HBV
genotype, as shown in Table 4. Between the two groups, there were no significant
differences in gender, total bilirubin, ALT, serum albumin, AFP and HBV DNA
levels, tumor staging according to CLIP criteria, However, the mean age of patients
with genotype B was significantly older than those with genotype C (61.1£9.8 vs.
51.3£13.1 years, respectively, P=0.001). Four of 22 patients (18.1%) with genotype B
were positive for HBeAg, whereas 11 of 49 patients (22.4 %) with genotype C were
positive for this marker, but the difference was not statistically significant (P=0.68).
When patients with HCC were stratified by age (Figure 1), none of the patients with
genotype B was younger than 40 years, whereas 9 patients (18 %) with genotype C
were younger than 40 years (P=0.03). On the contrary, 13 patients (56.5%) with
genotype B were older than 60 years, whereas 13 patients (26 %) with genotype C
were older than 60 years (P=0.01).

Table 4 Damographle and clinical data of patients with HCC

Characteristics Genotype I3 Genotype € P
(nn=23) (n=50)
Age (yr) 61,1498 51.3x13.1 0.001
Sex (male/ female) 20/3 38712 NS
Total bilirubin (mg/dl) 2.1+2.0 2.9£4.9 NS
ALTAU/L) 95.5x102.6 121421261 NS
Albumin (g/dl) 3407 3.5+0.5 NS
1{BeAg positive 4/22 (18.1) 11749 (22.4) NS
HBV DNA (L.GE/ml) 6.71x1.62 6.52+2.63 NS
AFP U/ mil) 42 185.2495 590.9 42 032.6+89 382.8 NS
CLIP score 5/7/11 8/25/17 NS

(0-1/2-3/4-6)

Quantitative variables are expressed as mean=SD. Categorical variables are

expressed as n (26,

11
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Figure 1 HBV genotypes B and C in 73 patients with HCC.

The Kaplan-Meier survival curves demonstrated that the overall median
survival for patients with genotypes B and C were 5.5 and 7.3 months, respectively
(P=0.81, using log-rank test) (Figure 2). For patients who were treated with any
specific therapeutic modality, the median survival for the genotype B and C groups
were 11.5 and 12.4 months, respectively (P=0.97). In the untreated cases, the median
survival of the genotype B and C groups were 4.5 and 4.0 months, respectively
(P=0.85).

100
- Genotype B
g — Genotype C
4“@3 60
§ 404
c
QA
207

0 1 1 ¥ i i l 1
0 10 20 30 40 50 60 70
Time (mo)

Figure 2 Overall survival of HCC patients with HBV genotypes B and C.

HBYV genotype was entered into Cox regression analysis together with other
variables that would influence prognosis. These included sex, age, HBeAg, HBV
DNA level, CLIP stage and therapy for HCC. The multivariate analyses revealed that
independent unfavorable factors of overall survival included CLIP stage and lack of
therapy for HCC (Table 5). However, the HBV genotype was not selected as an
independent predictor of survival.

12



Table 5 Multlvariate analysis of unfavorable factors of sur-
vival In patlents with HCC, by using Cox regression analysls

Factors Risk ratio 45%CI P
CLIP stage 4.63 1.70-12.62 0.003
No therapy .22 2.54-15.22 0.001

4.5 Sequence analyses for mutational patterns of the PC/CP and X gene

To investigate the mutations within PC/CP and X genes, the 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, as shown in Table 6. The obtained sequences span the
region from nt 1287 to 2038 which included the entire X-protein ORF (nt. 1374-
1836), the Enh2 region (nt. 1685-1773), the basal core promoter (BCP) (nt. 1742-
1849), direct repeat 1 (DR1) (nt. 1824-1834), direct repeat 2 (DR2) (nt.1590-1600),
the precore ORF (nt. 1814-1901), and a part of the core region (nt. 1901-2038).

After alignment of these regions with recently published HBV-genotypes
using BLAST search program and CLUSTAL X, we found that 14/50 (28%) and
12/50 (24%) of the obtained fragments from the HCC and control groups,
respectively, corresponded to genotype B. The remaining 36/50 (72%) of the HCC
group and 38/50 (76%) of the control group were clustered in genotype C (Figure 3,
4).

Case Control P Value
Number of 50 50
Sex M:F 44 : 6 44 : 6

Age mean 54.20 50.98 0.152
Age medain | 54.50 50.50 0.196
Genotype
Genotype B 14 (28%) | 12 (24%)
Genotype C | 36 (72%) | 38 (76%) | 0.820

HBeAg Status '
Negative 34 (68%) | 32 (64%)
Positive 16 (32%) | 18 (36%) | 0.833

Table 6. Demographic, clinical and virological characteristics of patients
with HCC (case) and patients with non-HCC (control)

13
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Figure 4. Phylogenetic tree of patients with non-HCC
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4.6 Precore mutations in patients with HCC

In the precore region, the PC stop codon mutant (G1896A) was found more
frequently in patients with HCC than non-HCC, but there was no significant
difference (48% and 36%, respectively, P=0.31). There was also no significant
difference in the percentage of patients with PC mutations between the HCC group
and the control group, regarding to patients’ mean age or HBV genotypes. However,
the frequency of the mutation at nt. 1899 (G1899A) was found to be significantly
higher in the HCC group than the control group (40% and 14%, respectively,
P=0.007) (Table 7, and Figure 5-7).

Mutation Case Control P OR.(95% CI)
G1896A 24 (48%) 18 (36%) | 0.311 | 1.641(0.737-6.355)
(n=50)
G1896A Age<=50yrs | 18 (34.8%) 6 (24%) 0.615 | 1.689(0.481-5.933)
(Case n=23, Control
n=25)
G1896A Genotype B 9 (64.3%) 10 (83.3%) | 0.391 | 0.360(0.055-2.338)
(Case n=14, Control
n=12)
G1896A Genotype C 15(41.7%) | 8(21.1%) | 0.096 |2.679(0.963-7.453)
(Case n=36, Control

=38)
T1858 47 (94%) 50 (100%) | - -
C1858 3 (6%)
G1899A 20 (40%) 7 (14%) 0.0007 | 4.095(1.539-10.90)
(n=50)

Table 7. Precore mutations in patients with HCC and non-HCC

15




Basal core promoter Precore start

1845
IGv“ 1762 1764 I &, 1858 1836 1899
® v

1751, ¥ 1769 1814 @ \ v
GenotypeB GATTAGGTTRAAGGTCTTT ATG CTCATGY CATGTCCTAC TTTGGGGCAT

THCu01 Govaienn e e Ve e T
THCu02 Gl isvamimimimsns v mymEms 2 v e e e FENY Ty
THCu0d ... i viaGusw  asmewswen ‘ s s o muarss
THCu08 I ¢ swsBs B waws tmE @ImES s CEmIBEMINE  swemimgwes
THCull ... i PR wmewmewew B imimsimens ows Dy ww s
THCulB ... .. i P T T s Bimemes
THCu29 TRV PRI | | A — e R N ...A A,
THCu34 Gavvin o s ol s B o mon s .C. sinbeim 0 wrwsmemis e aeaaaaraes
THCu35 G ws s e b N - R T s “RE L I A
THCu36 sy 5 1w R/ L VR e APEN © R R IT T ...A A,
THCu37 Bacew s o v ww T By v s vig s e Ca A
THCu38 Garawies comams viames S8 e e reera e e A. ..
THCu50 G wes cmmn Tl ons e wlae s v w e e e A s
THCu51 G T.A..... piaC@rsm wemewemows ... A
THCu0de ... it memis .0 mrimsmrmsas A
THCul 50 I e ) L | P ot 7 P h G RAEmE BN v Ry e e
THCu09%¢ o 5 5 L (9 MAO B 3 ¥ B s e R ARE RIS R RN
THCulle  ..... $F s e § P e T R R
THCu2le  ...... R w0 i, R R, e wrmers R VA
THCu23¢  ...... SR ERE AR E W (1] NG RR, swsEEsiEs mmamsamoess
THCUZ28C  vivivio iwmswsaow ohr Y D
THCu31lc Ceer s ta e ves i FARRY LR

THCu326  ...... T DR A N T T P T
THCu350 TGS s s ATILT - A C

THCud2c  ...... SmImImi M L p Y= T

THCub0c veeverionsTORG L AL @) < AL TET A

Figure 5. Alignment of HBV basal core promoter, and precore region from
patients with genotype B (cases: THCu01-51; controls THCu04C-50¢)
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Figure 7. Alignment of HBV basal core promoter, and precore region from
patients with non-HCC, who were infected with HBV genotype C
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4.7 Core promoter mutations in patients with HCC

In the CP region, there was a higher percentage of patients with double
mutations (A1762T/G1764A) in the HCC group (80%) compared with that of the
control group (64%), but the difference was not statistically significant (P=0.12).
However, among patients who were younger than 50 years, there was a significantly
higher prevalence of the double mutations in HCC patients compared with control
cases (82.6% and 48%, respectively, P=0.002). Furthermore, when HBV genotypes
were taken into account, there was a significantly higher prevalence of these
mutations in HCC patients compared with control patients with genotype B (51.5%
and 16.7%, respectively, P=0.045), but there was no significant difference between
HCC and control patients with genotype C (88.9% and 81.6%, respectively,
P=0.0.58). Similarly, there was significantly higher prevalence of the double
mutations in HCC patients compared with control patients who were younger than 50
years and were infected with HBV genotype B (66.7% and 0%, respectively, P=0.02).

Another frequent spot of mutation in the CP region found in this study was
T1753A. There was no significant difference in the percentage of patients with this
mutation between the HCC and control groups (38% and 32%, respectively, P=1.00)
(Table 8, and Figure 5-7).

Mutations Case Control P OR.(95% CI)
Al1762T/G1764A 40 (80%) | 32 (64%) | 0.119 | 2.250 (0.913-5.545)
(n=50)
A1762T/G1764A 19 (82.6%) | 12 (48%) | 0.028 | 5.146 (1.357-19.524)
Age <or 50 yrs

(Case n=23, Control n-25)
A1762T/G1764A 8(57.1%) |2(16.7) 0.050 | 6.667 (1.047-42.431)
Genotype B

(Case n-14, Control n=12)
Al1762T/G1764A 32 (88.9%) | 30 (81.6%) | 0.399 | 2.133 (0.582-7.824)
Genotype C

(Case n=26, Control n=38)
A1762T/G1764A 4 (66.7%) | 0 (0%) 0.021 | 4.500 (1.326-15.277)
Genotype B &

Age <or 50 yrs

(Case n=6, Control n=7)
T1753C/A 19 (38%) | 16 (32%) | 1.000 | 1.092 (0.480-2.484)
(n=50)

Table 8. Core promoter mutations in patients with HCC and non-HCC

4.8 X gene mutations in patients with HCC

Single nucleotide mutations were present in the X gene, but with a generally
scattered distribution, and without significant difference between the HCC and control
groups. However, two of the HCC group had a 24-bps insertion at nt 1674 and a 2-bps
deletion at nt 1721-1722, respectively, leading to a frameshift mutation of amino acid
followed by new stop codons. The resulting proteins would therefore be predicted
shorter than the full-length X protein (Table 9, and figure 8-13).




X gene mutation (n=50) | Case Control | P value
C13T 4 (8%) |3 (6%) 1.000
C31T 2(4%) |0 0.485
T/G/C88A 8 (16%) | 16(32%) | 0.101
C/T118G 2@4%) |0 0.485
T/G/Cnt124A WT :Mu (4 (8%) |0 0.117
Cnt131T WT : Mu 2(4%) 0 0.485
Tnt193C WT : Mu 4(8%) |0 0.117
Gnt240A 16(32%) | 18 (36%) | 0.726
(G1613A)

C256T 8(16%) | 5(10%) |0.552
C/A/G259T 4 (8%) |4(8%) 1.000
C280T 12 (24%) | 9 (18%) | 0.623
(C1653T)

T426C 8 (16%) [3(6%) |0.201

Table 9. X gene mutations in patients with HCC and non-HCC
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Figure 8. Alignment of HBV X region from patients with HCC
and non-HCC, who were infected with HBV genotype B
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Figure 9. Alignment of HBV X region from patients with HCC
and non-HCC, who were infected with HBV genotype B (cont)
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Figure 10. Alignment of HBV X region from patients with HCC,
who were infected with HBV genotype C
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Figure 11. Alignment of HBV X region from patients with HCC,
who were infected with HBV genotype C (cont)
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Figure 12. Alignment of HBV X region from patients with non-HCC,
who were infected with HBV genotype C
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Figure 13. Alignment of HBV X region from patients with non-HCC,
who were infected with HBV genotype C (cont)
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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 ® 2* % 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 *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 *°. 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 ** 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 & 2, but
differs from the distribution observed in Taiwan, where HBV genotype B is more
common than genotype C * %, 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 rezports conducted in
Japan & '! but it contradicts the observations from other studies” " **. 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 2.
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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Nonetheless, it would appear that there is no difference in the risk between patients
with genotypes B and C in the progression to liver cancer.

It is currently unclear whether a certain HBV genotype is associated with a
greater risk for progression of cirrthosis to HCC. Studies from Taiwan and Japan have
demonstrated an increase in HCC development among patients with HBV genotype C
compared to genotype B * & 1228, Similarly, a study conducted in China has suggested
that genotype C may predispose to HCC, whereas genotype B has a relatively better
prognosis %, On the contrary, recent studies from Hong Kong and Japan have shown
that there is no difference in the risk of developing HCC between patients with
genotypes B and C ' % Moreover, a potential correlation between HBV genotype
and the age of the patients with HCC has been debated. Intriguingly, the report from
northern Taiwan has observed that genotype B is associated with the development of
HCC in patients younger than 35 years of age, while those with genotype C more
frequently develop the cancer after 50 years of age *. This observation, however, has
not been confirmed by subsequent studies from southern Taiwan and Japan & ', In
southern Taiwan, for example, there is no significant difference in the mean age
between HCC patients with genotypes B and C 28, By remarkable contrast, the mean
age of Japanese patients with genotype B is approximately 70 years compared to 55
years of those with genotype C °. In the present report, the mean age of HCC patients
with genotype B was significantly older than those with genotype C (61 and 51 years,
respectively). Thus, the age distribution of HBV genotypes in Thai patients with HCC
seems to correspond with the report from Japan, but differs from those studies from
Taiwan.

The molecular virological factors responsible for this discrepancy among
countries remain largely unknown. It has been postulated that the difference in the
mean age between Taiwanese and Japanese patients with HCC may be partially
influenced by the divergence of HBV subtypes distributed among different
geographic areas®'. Recently, two subtypes of HBV genotype B, namely Ba and Bj,
have been identified based on the phylogenetic analysis. It has shown that genotype
Ba consists of the recombination with the precore/core region originating from
genotype C, whereas genotype Bj does not **. Genotype Bj is exclusively found in
Japan, while genotype Ba is ubiquitous in other countries in Asia, including
Thailand®®. Based on our data, however, this postulation could not clarify the
similarity in the mean age between Thai and Japanese patients with HCC, and the
diversity between Thai and Taiwanese patients. Thus, it is likely that other virological
factors, such as CP or X gene mutations might act as potential variables influencing
the development of HCC in patients with chronic liver disease, even though they are
infected with HBV of the same genotype. In addition, discrepancies regarding the role
of HBV genotype might be related to variability of host and environmental factors in
different geographic areas, such as genetic polymorphism and aflatoxin exposure.

Regarding the impact of HBV genotypes on the prognosis of HCC, a
prospective study in Japan demonstrates that patients with genotype C tend to have
relatively poor clinical outcomes after transcatheter arterial embolization (TACE)
therapy compared with those with genotype B**. This finding is consistent with a
recent report from Taiwan indicating that patients with genotype C exhibit a greater
recurrent rate after curative resection of the tumor compared with those with genotype
B *°. However, our findings showed that the clinical features at presentation and
overall survival of patients with HCC did not depend on the HBV genotype. The
similarity of the tumor characteristics and clinical outcome of patients with genotypes
B and C in this study was supported by the data of a recent case-control report

27



conducted in Hong Kong®®. Therefore, it would appear that in Thai populations, once
HCC has developed, the course of the disease might be independent from the
underlying HBV infection because the proportion of surviving patients is similar,
irrespective of the infecting genotype. It should also be noted that overall median
survival observed in this study was much shorter compared to other reports. The low
survival rates in Thai patients with HCC in this study were in part resulted from
advanced stages of the cancer at the time of the diagnosis, while only minorities had
an early detection in the course of follow-up programs.

A point mutation at nt. 1896 (G1896A) in the precore region is well
documented *’. The occurrence of the A1896 variant is restricted to HBV genotype
carrying T1858 and is thus widespread in China, Japan and Mediteranean basin,
where the predominant genotypes are B, C, and D, but rare in North America and
Europe, where the predominant genotype A has almost exclusively C1858 8. The
results presented in this study supported the predominance of genotype B and C
associated with T1858 in Thai patients, which corresponds to the pattern observed in
the other regions. However, this mutation alone might not account for the increased
risk of HCC, as shown in our case-control study. Furthermore, mutation at nt. 1899
(G1899A) was found to be significantly higher in the HCC group than the control
group. Such mutation in the encapsidation signal would stabilize base paring of the
stem-loop structure of the viral pregenomic RNA. That is, this mutation alters a G-U
pair of the stem structure to a more stable A-U pair*’. Interestingly, this mutation has
shown low prevalence in other reports, mainly in patients with chronic hepatitis®® *°,
but was found frequently in our patients with HCC. The reason for this discrepancy is
unclear, though it could probably be from the differences in the clinical stage of HBV
infection or could be related to the oncogenic role of the virus. Further studies are
needed to clarify the role of this mutant in HBV-related hepatocarcinogenesis.

Double mutations in the BCP at nt.1762 and 1764 have been previously shown
to be associated with the clinical outcome of chronic HBV infection'® '7. Our data
indicate that in an endemic area like Thailand, the frequency of these mutations is
high, particularly in patients with HCC. These findings are consistent with previous
studies in China and Africa, but not with other studies in Vietnam and Brazil'” 4042,
We also showed that patients infected with HBV genotype B harboring these
mutations were at increased risk for HCC. In addition, the prevalence of
A1762T/G1764A mutations in younger HCC patients was comparable with older
HCC patients, but was significantly higher than that in aged-matched non-HCC
patients. The findings in this case-control study also excluded the possibility of cohort
effect that patients with chronic HBV infection are prone to have these mutations in
advanced age. Accordingly, our data suggested that patients infected with genotype B
harboring the CP mutant might be at higher risk for the early development of HCC
than those without such mutant.

It has been reported recentlgl that mutation in the X gene may contribute in
HBV-related hepatocarcinogenesis'®. Our results are consistent with those studies in
that frameshift mutation that should result in the production of truncated HBx proteins
were more prevalent in HCC patients’” #*. In addition, our data showed that a point
mutation frequently detected in the X gene in serum samples of patients with HCC.
However, the prevalence of these mutants was similar between the HCC and control
groups, suggesting that emergence of these mutants did not immediately lead to
developing of HCC. Instead, these mutants likely occurred during a long-standing
inflammatory process of chronic HBV infection because the viral infection in

Thailand occurred mostly in the early childhood.
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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. Further 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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Abstract

AIM: The role of hepatitis B virus (HBV) genotypes on the
dinical features and prognosis of patients with hepatocellufar
carcinoma (HCC) is currently unknown. The aim of the
present study was o evaluate the distribution of HBV
genotypes and their clinical relevance in Thai patients.

METHODS: HBV genotypes were determined by PCR-RFLP
in stored sera of 93 asymptomatic carriers, 103 patients
with chronic hepatitis, 60 patients with cirrhosis and 76
patients with HCC. The dlinical data were analyzed in relation
to the HBV genotype.

RESULTS: HBV genotypes C and B were predominant in
Thailand, accounting for 73% and 21%, respectively. The
distributions of genotypes B and C were similar in HCC
patients compared to the other groups. Genotype C was
significantly more common in HCC patients who were under
40 years old than genotype B (18% vs 0%, P = 0.03), but
was significantly less common in patients older than 60 years
(26% v556.5%, P= 0.01). The positive rate of hepatitis B e
antigen (HBeAg) in patients with genotype C was significantly
higher than that in patients with genotype B (71.6% vs
44.4%, P = 0.03 in chronic hepatitis; 56.8% vs 11.1%,
P = 0.01 in cirrhosis). There were no differences between
HCC patients with genotypes B and C regarding tumor staging
by CUP criteria and the overall median survival. Multivariate
analyses showed that HBV genotype was not an independent
prognostic factor of survival in HCC patients.

CONCLUSION: Patients with genotype C had a higher
positive rate of HBeAg and exhibited earlier progression
of cirrhosis and HCC than those with genotype B. However,

there were no differences in the risk of developing HCC and
its prognosis between patients with these genotypes.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) infection is associated with a diverse
clinical spectrum of liver damage ranging from asymptomatic
cartier, chronic hepatitis, cirrhosis and hepatocellular
carcinoma (HCC)™, HBV, a member of the hepadnaviridae,
is a relaxed circular double-sttanded DNA virus, and has
currently been classified into eight genotypes, designed A-H
based on a compatison of entire genomic sequences™. HBV
genotypes appear to show varying geographic patterns in
their distribution. For instance, genotypes A and D are
predominant in Western countries and India, whereas
genotypes B and C prevail in Southeast Asia, China and Japan.
Genotype E is restricted to Africa and genotype F is found
in Central and South America.

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
HBYV carriers wotldwide, it has been shown that HBV genotype
C is more commonly associated with severe liver diseases and
the development of cirthosis compared to genotype BI*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 B
Howevet, the association between HBV genotype and the
tisk of developing HCC is still controversial™*'*'%, In addition,
the impact of HBV genotype on clinical features and
prognosis of patients with HCC remains unclear, Thus, the
aim of this study was to determine the role of HBV genotypes
on clinical severity of patients with chronic liver disease,
particulatly those with HCC.

MATERIALS AND METHODS
Subjects

Serum samples were obtained from 470 patients with chronic
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HBYV infection who had undergone long-term follow-up at
Chulalongkorn Memorial Hospital (Bangkok, Thailand), and
the National Blood Centet, Thai Red Cross, between August
1997 and August 2003. All patients were positive for Hepatitis
B s antigen (HBsAg), as determined by the use of a comm-
ercially available enzyme-linked immunosorbent assay kit
(Abbott Laboratories, Chicago, IL). 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 four groups including asymptom-
atic cartier, chronic hepatitis, cirthosis and HCC. Asymp-
tomatic carrier was diagnosed by petiodical examination of
normal serum alanine aminotransferase (ALT) level for at
least 1 year. Chronic hepatts was diagnosed by the ptesence
of prolonged elevation of serum ALT level, and confirmed
by histologic examinations. The degree of hepatic
inflimmation and fibrosis was graded according to modified
Knodell histology index!". Cirrhosis was diagnosed based
on histologic examinations and/or imaging studies, and its
severity was subsequently classified based on Child’s critetia.
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 criterial'®,

Serum samples were collected from each patient at the
time of their clinical evaluation and stored at -70 ‘C until
further tests were petformed. All patients were informed
regarding the purpose of exterminating the etiologies of
liver disease and their written consent were obtained. The
study was approved by the Ethics Committee, Faculty of
Medicine, Chulalongkorn University.

HBV-DNA extractions

DNA was extracted from 100 L setum with proteinase-
K/SDS in Tris buffer, followed by phenol/chloroform
extraction and ethanol precipitation. The pellet was dissolved
in 30 UL sterile water and directdy subjected to PCR-based
amplification.

HBV-DNA detection

HBV-DNA was amplified in an automated thermocycler
(Petkin Elmer Cetus, Branchburg, NJ), using the primer
sequences previously described!"”l. The forward primer was
P1 (nt 2823-2845: 5-TCACCATATTCTTGGGAACAAGA);
the reverse primer was P2 (nt 80-61: 5-TTCCTGAAC-
TGGAGCCACCA). The primers were located in consetved
genomic regions to ensure a high sensitivity for the ampli-
fication of all HBV genotypes. Two microliters of DNA
sample were combined with a reaction mixture containing
20 UL of 2.5xEppendorf MasterMix (Hambutg, Germany),
1 pmol/L P1, 1 pmol/L P2 and sterile water, in a final
volume of 50 L. 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-s denaturation at 94 ‘C, 30-s annealing at 55 'C and
30-s extension at 72 ‘C, followed by a final 10-min extension
at 72 "C. Each amplified DNA sample (10 UL) was added
to a loading buffer and run on a 2% agarose gel (FMC
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Bioproducts, Rockland, ME) at 100 V for 60 min. The
479-bp product stained with ethidium bromide on preparation
was visualized on a UV transilluminator,

PCR-RFLP analysis for genotyping

PCR products were subjected to RFLP analysis, using
restriction endonuclease Avall and Dpsll (New England
Biolabs, Beverly, MA) to determine the HBV genotype.
Briefly, 10 pL of PCR product was mixed with 1.5 UL of
10X buffet, 3 UL of sterile water and 0.5 L (SU) of Ardll
and Dpnll, respectively, in separate reactions and incubated
at 37 'C for 3.5 h. Aftet 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 ptior ethidium bromide staining, served to identify
the vatious HBV genotypes based on the polymorphism
patterns!',

Serological and virological assays

HBeAg was determined using commercially available
enzyme-linked immunosorbent assay kit (Abbott Laboratories,
Chicago, IL). Serum HBV-DNA level was quantified using
a commercial kit (Amplicor HBV Monitor, Roche Diagnostics,
Tokyo, Japan). The detection range of this assay was from
2.7 to 8.7 log genome equivalents/mL (LGE/mL).

Statistical analysis

Data were presented as percentage, mean and standard
deviation. %2 test, unpaired / test, and ANOVA were used
to assess the statistical significance of the difference between
groups where approptiate. 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 indepe-ndent
variables would have a significant influence on the overall
survival. P values below 0.05 were considered statis-tically
significant. All statistical analyses were performed using SPSS
10.0 software for Windows (SPSS, Inc., Chicago, IL).

RESULTS

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%). Our data showed that the
most common HBV genotypes wete 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. Male-to-female ratio of asymptomatic carriers was
significantly lower than the other groups (P = 0.002). 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
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Table 1 Demographlc and clinlcal data of 332 patlents with chronic HBV Infection

Diagnosis n Sex (m/f) Age (1) ALT(U/L)  HBeAg positive Genotype

A B C U
Carrier 93 57736 30.9+10.6 27.5:4.5 42782 (51.2) 2{2.2) 16 (17.2) 73 (78.4) 2(2.2)
H 103 84/19 36.2410.1 157441038 61792 (66.3) 5(4.9) 20 (19.4) 76 (13.8) 2019
Cirrhosls 60 47/13 48.8+13.8 135.0£90.9 26/53 (49.1) 2(3.3) 10 (16.7) 14(73.3) 16.7)
Hee 76 60716 54.412.9 107861074 15/71 @L.1) 2(26) 23 (30.3) 50 (65.8) 1(13)

CH, chronic hepatitis; HCC, hepatocellular carcinoma; U, unclassified genotype. Quantitative varlables are expressed as meanxSD; categorleal varlables are expressed

as n (%).

of the genotypes in various stages of chronic HBV infection
(P = 0.106).

Clinicopathologic differences between genolypes Band C in
chronic hepatitis

Because the number of patients with genotype A was less,
only genotypes B and C were included for further analysis
of clinicopathologic differences between genotypes. As
shown in Table 2, patients with genotypes B and C wete
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 (119.8458.5 and
159.8+106.4 IU/L, respectively; P = 0.03), but HBV-DNA
levels wete comparable between them (7.25%1.74 and
7.10+1.34 LGE/mL, respectively; P = 0.78). Patients with
genotype B had a lower score of both necroinflammation
activity and fibrosis than those with genotype C, but the
differences were not statistically significant (5.8+2.1 and
1.5+1.0 vs 6.7%2.1 and 1.8%£0.9, P = 0.51 and 0.47,
respectively).

Clinical differences between genotypes B and C in cirrhosis

There were no significant differences in gender, total
bilirubin, serum albumin, and child classification between
groups of patients, as shown in Table 3. The mean age of
patients with genotype B tended to be older than those
with genotype C (54.7£9.2 s 47.4114.4 years, respectively,
P = 0.06). The positive rate of HBeAg in patients with
genotype B was significantly lower than that in patients with
genotype C (11.1% 15 56.8%, respectively, P = 0.01). Patients

Table 2 Demographic and clinical data of patlents with
chronlic hepatitis

with genotype B tended to have lower mean ALT and HBV-
DNA levels than those with genotype C, but the difference
was not statistically significant (101.5£49.0 TU/L and
6.59%1.20 LGE/mL »s 133.7293.4 IU/L and 7.05%2.50
LGE/mL, P = 0.14 and 0.12, respectively).

Clinical differences between genotypes B and C in HCC

The clinical data of 73 patients with HCC were compared
according to HBV genotype, as shown in Table 4. Between
the two groups, thete were no significant differences in
gender, total bilirubin, ALT, serum albumin, AFP and HBV-
DNA levels, tumor staging according to CLIP criteria.
However, the mean age of patients with genotype B was
significantly older than those with genotype C (61.1£9.8 rs
51.3+13.1 yeats, respectively, P = 0.001). Four of 22 patients
(18.1%) with genotype B were positive for HBeAg, whereas
11 of 49 patieats (22.4 %) with genotype C were positive
for this marker, but the difference was not statistically
significant (P = 0.68). When patients with HCC were
stratified by age (Figure 1), none of the patients with genotype
B was younger than 40 years, whereas nine patients (18 %)
with genotype C were younger than 40 years (P = 0.03). On
the contrary, 13 patients (56.5%) with genotype B were
older than 60 years, wheteas 13 patients (26 %) with genotype
C wete older than 60 years (P = 0.01),

The Kaplan-Meier sutvival curves demonstrated that
the overall median survival for patients with genotypes B
and C were 5.5 and 7.3 mo, respectively (P = 0.81, using log-
rank test) (Figure 2). For patients who were treated with
any specific therapeutic modality, the median survival for
the genotype B and C groups were 11.5 and 12.4 mo,
respectively (P = 0.97). In the untreated cases, the median
survival of the genotype B and C groups were 4.5 and 4.0 mo,

Table 3 Demographic and clinical data of patlents with
clrrhosls

Characterlstics Genotype B Genotype C P Characteristics Genotype B Genotype C P
(n=20) (n=76) (n=10) (n=44)
Age (yr) 351496 36.4x10.3 N§ Age (yn) 54.7:9.2 47.4+14.4 0.06
Sex (male/female) 16/4 65/11 NS Sex {male/ fomalc) 8/2 15/9 NS
Z(;f;l(;)ll;!/rl‘j)mn WmEEH ng:iggzs 1 5;)_ ;::)0::3 4 Or(\jg Total bilirubin {mg/dLl) 14108 2.2:1.2 NS
HBeAg positive 8/18 (44.4) 53/74 (71.6) 0.03 ALT (IU/L) 101.5+49.0 133.7493.4 NS
HBVDNA (LGE/mL)  7.25+1.74 7.10£1.34 NS Albumin (g/dL) 3.7:04 3.8+0.5 NS
HAlinflammation 5.8+2.1 6.7+2.1 NS HBcAg positive 1/9(11.1) 25/44 (56.8) 0.01
HAI fibrosis 1.5:1.0 1.8:0.9 NS HBV DNA (LGE/mL)  6.59+1.20 7.05+2.50 NS
Child classification {A/B/C)  7/2/1 24/15/5 NS

Quantltative variables are expressed as meanxSD. Categorical variables are
expressed as n (%). HAI inflammation, sum of necroinflammatory scores of
histology activity index. HAI fibrosls, sum of flbrosis scores of histology activity

index.

Quanthative variables are expressed as mean£5D. Categorlcal variables are
expressed as n (%).
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respectively (P = 0.85).

HBV genotype was entered into Cox regtession analysis
together with other variables that would influence prognosis.
These included sex, age, HBeAg, HBV-DNA level, CLIP
stage and therapy for HCC. The multivariate analyses
revealed that independent unfavorable factors of overall
survival included CLIP stage and lack of therapy for HCC
(Table 5). However, the HBV genotype was not selected as
an independent predictor of survival.

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 sugg-
esting that HBV genotypes may play an important role in
causing different disease profiles in chronic HBV infection,
Most studies on HBV genotype and its clinical relevance
have been petformed in Asia and restricted to comparisons
between genotypes B and C, which are the two most comtmon
HBYV genotypes in this region accounting for mote than 90%
of cases®'®!], Current available data from this region demo-
nstrate that HBV genotype C is more commonly associated
with severe liver diseases and the development of cirrhosis
compated to genotype B*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!'l. Taken together,
these data suggest that patients with genotype C have a
tendency to exhibit mote severe liver disease than those
with genotype B.

In agreement with previous studies!"”"”), our study demo-
nstrated that genotype C and B were the predominant strains,
accounting for approximately 75% and 20% of patients,

Table 4 Demographic and clinical data of patients with HCC

Characteristics Genotype B Genotype C P
(n=23) (n=50)

Age (yn) 61.19.8 51.3+13.1 0.001
Sex (male/female) 20/3 38/12 NS
Total bilirubin (mg/dL)  2.1+2.0 2.9+4.9 NS
ALT (U/L) 95.5¢102.6 121.4£126.1 NS
Albumin (g/dL) 3.410.7 3.5:0.5 NS
HBeAg positive 4/22 (18.1) 11749 (22.4) NS
HBV DNA (LGE/mlL) 6.71£1.62 6.52+2.63 NS
AFP(IU/mL) 42 485.2+95 590.9 42032.6+89 382.8 NS
CLIP score §/1/11 8/25/17 NS

(0-1/2-3/4-6)

Quantitative variables are expressed as mean+SD. Categorical variables are
expressed as n{(%).

Table 5 Multlvariate analysis of unfavorable factors of sur-
vival In patlents with HCC, by using Cox regression analysis

Factors Rlisk ratio 95%Cl P
CLIP stage 4,63 1.70-12.62 0.003
No therapy 6.22 2.54-15.22 0.004
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respectively. In this respect, it would appear that the prevalence
of HBV genotypes in Thailand is comparable to that
teported from Japan and Chinal®'%, but differs from the
distribution observed in Taiwan, whete HBV genotype B
is mote common than genotype C*. Interestingly, the
prevalence of genotype B and C in patients with HCC in
out study was compatable 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 reports conducted in
Japan'®'!l but it contradicts the observations from other
studies™™'9, Hence, our data suggest that although genotype
C is the most prevalent strain in Thailand, the risk of develo-
pment 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 compatison of clinical outcomes of patients who are
chro-nically 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 citrhotic 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
ot horizontally during eatly childhood from carrier family
members, their age would probably serve as a reasonable
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Figure 1 HBV genotypes B and C in 73 patients with HCC.
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Figure 2 Overall survival of HCC patients with HBV genotypes B and C.
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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, necroinfl-
ammatory scotes and HBV-DNA levels than patients with
genotype B. Moreover, patients with genotype C had a
significantly higher prevalence of HBeAg positivity, patticulatly
among patients with chronic hepatitis and cirthosis, but the
difference seemed to be disappeating upon the disease
progression to HCC. Although HBeAg is a marker of active
viral replication, the disappearance of HBeAg with ot
without seroconversion of antibody to HBeAg during the
course of chronic infection does not always imply disease
remission®. Collectively, it is reasonable to speculate that,
at least in our populations, patients with genotype C have a
trend for delayed HBeAg seroconversion and more prolonged
necroinflammatory process causing eatliet development of
cirrhosis and HCC. Nonetheless, it would appear that there
is no difference in the risk between patients with genotypes
B and C in the progression to liver cancer.

Indeed, it is currently uncleatr whether a certain HBV
genotype is associated with a greater risk for progression
of cirrhosis to HCC. Studies from Taiwan and Japan have
demonstrated an increase in HCC development among
patients with HBV genotype C compared to genotype
B*¢1220, Similatly, a study conducted in China has sugges-
ted that genotype C may predispose to HCC, whereas geno-
type B has a relatively better prognosis!'¥. On the contrary,
recent studies from Hong Kong and Japan have shown
that there is no difference in the risk of developing HCC
between patients with genotypes B and C!"'"?, Moreover, a
potential correlation between HBV genotype and the age
of the patients with HCC has been debated. Intriguingly,
the report from northern Taiwan has observed that genotype
B is associated with the development of HCC in patients
younger than 35 years of age, while those with genotype C
more frequently develop cancer after 50 years of age'.
This observation, howevet, has not been confirmed by
subse-quent studies from southern Taiwan and Japan!®'',
In southern Taiwan, for example, there is no significant
difference in the mean age between HCC patients with
genotypes B and C®. By remarkable contrast, the mean
age of Japanese patients with genotype B is approximately
70 years compared to 55 years of those with genotype C.
In the present report, the mean age of HCC patients with
genotype B was significantly older than those with genotype
C (61 and 51 years, respectively). Thus, the age distribution
of HBV genotypes in Thai patients with HCC seems to
correspond with the report from Japan, but differs from
those studies from Taiwan.

The molecular virological factors responsible for this
discrepancy among countries remain largely unknown, It
has been postulated that the difference in the mean age
between Taiwanese and Japanese patients with HCC may
be partially influenced by the divergence of HBV subtypes
distributed among different geographic areas®. Recently,
two subtypes of HBV genotype B, namely Ba and Bj, have
been identified based on the phylogenetic analysis. It has
shown that genotype Ba consists of the recombination with
the precote/ cote region originating from genotype C, whereas
genotype Bj does not®. Genotype Bj is exclusively found
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in Japan, while genotype Ba is ubiquitous in other countries
in Asia, including Thailand™\. Based on our data, however,
this postulation could not clatify the similarity in the mean
age between Thai and Japanese patients with HCC, and the
diversity between Thai and Taiwanese patients. Thus, it is
likely that other as yet untecognized virological factors might
act as potential vatiables influencing the development of
HCC in patients with chronic liver disease, even though
they are infected with HBV of the same genotype. In
addition, discrepancies regarding the role of HBV genotype
might be related to variability of host and environmental
factors in different geographic areas, such as genetic polym-
otphism and aflatoxin exposure.

Regarding the impact of HBV genotypes on the
prognosis of HCC, a prospective study in Japan demon-
strates that patients with genotype C tend to have relatively
poor clinical outcomes after transcatheter arterial emboli-
zation (TACE) therapy compared with those with genotype
BP9, This finding is consistent with a recent report from
Taiwan indicating that patients with genotype C exhibit a
greater recurrent rate after curative resection of the tumor
compared with those with genotype B®l, However, our
findings showed that the clinical features at presentation
and overall survival of patients with HCC did not depend
on the HBV genotype. The similarity of the tumor charact-
eristics and clinical outcome of patients with genotypes B
and C in this study was supported by the data of a recent
case-contto] report conducted in Hong Kong®. Therefore,
it would appeat that in Thai populations, once HCC has
developed, the coutse of the disease might be independent
of the underlying HBV infection because the proportion
of surviving patients is similar, irrespective of the infecting
genotype. It should also be noted that overall median survival
observed in this study was much shotter compared to other
reports. The low survival rates in Thai patients with HCC
in this study in part resulted from advanced stages of the
cancer at the time of the diagnosis, while only minorities
had an eatly detection in the course of follow-up programs.

In summary, 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 develo-
ping HCC and its prognosis between patients with genotypes
B and C. Fusther 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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Clinical and Virological Differences between Hepatitis B
Virus Genotypes B and C: A Case-Control Study
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Objective : The pathogenic significance of hepatitis B virus (HBV) genotypes is undefined. The aim of this study was to
elucidate the differences in clinical and virological features between HBV genotypes B and C by conducting a case-control
study in Thai patients who were chronically infected with the virus.

Patients and Method : HBV genotyping was assessed by polymerase chain reaction (PCR) and restriction fragment length
polymorphism (RFLP) method in stored sera of 470 patients with chronic hepatitis B. Among these, 65 patients with HBY
genotype B were enrolled and matched individually to those with HBV genotype C according to sex, age, and distribution
of liver disease which included asymptomatic carrier, chronic hepatitis, cirrhosis and hepatocellular carcinoma.

Results : Serum alanine aminotransferase (ALT) was significantly higher in patients with genotype C than those with
genotype B. Hepatitis B e antigen (HBeAg) was significantly more fiequent in genotype C than genotype B patients (50.8 and
30.8%, respectively, p=0.03), but the levels of HBV DNA were comparable between them. Among patients who were
positive for HBeAg, the mean age of genotype C patients tended to be older than genotype B patients.

Conclusion : The present study demonstrated that patients with HBV genotype C had a significantly higher rate of HBeAg,
experienced delayed HBeAg seroconversion and exhibited more severe liver disease compared to those with genotype B.

Keywords: Hepatitis B, Genotype, HBeAg
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Hepatitis B virus (HBV) infection is a major
public health problem, with more than 350 million HBV
carriers estimated worldwide . Chronic infection with
the virus is associated with a diverse clinical spectrum
of liver damage ranging from asymptomatic carrier
status, chronic hepatitis, cirrhosis and hepatocellular
carcinoma (HCC)®. The liver damage in chronic HBV
infection is thought to be due to the host immune
response rather than a cytopathic effect of the virus
itself . Accordingly, the virus and host factors that
influence the immune response play essential roles in
the pathogenesis of HBV-associated liver injury and
its clinical outcome™. Hence, identification of such
factors may have important clinical implications in the
management of patients with chronic HBV infection.

HBYV, amember of hepadnaviridae, is a circular
double-stranded DNA virus. On the basis of a compari-
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son of complete genomic sequences, HBV has currently
been classified into 8 genotypes, designated A to H ®.
HBV genotypes appear to show a geographic pattern
in their distribution. Genotype A is found in North
America, northern Europe and some parts of Africa.
Genotypes B and C are common in Southeast Asia,
whereas genotype D is found across the world. Geno-
type E is restricted to Africa; genotype F is found in
Central and South America, and genotype G has been
detected in France and North America. Recently,
genotype H has been reported from Central America®.
Besides the differences in geographical distribution,
there is growing evidence indicating that the viral
genotypes may influence the clinical outcomes of
patients with chronic HBV infection. Several studies
in Asia have suggested that HBV genotype C is
associated with a lower rate of hepatitis B e antigen
(HBeAg) seroconversion and more severe liver disease
compared with genotype B 719 However, most of the
current available data have been conducted from case
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series, in which confounding effects from selection
bias could not be excluded. Accordingly, case-control
studies on the association between HBV genotypes
and their clinical implications are still required.
Therefore, the aim of this study was to elucidate the
differences in clinical and virological features between
genotypes B and C by conducting a case-control study
in Thai patients with chronic HBV infection.

Patients and Method
Patients

Serum samples were obtained from 470 patients
with chronic HBV infection who had undergone long-
term follow-up at Chulalongkorn Memorial Hospital
(Bangkok, Thailand), and the National Blood Center,
Thai Red Cross, between August 1997 and August
2003. All patients were positive for Hepatitis B s
antigen (HBsAg), as deter-mined using a commercially
available enzyme-linked immunosorbent assay kit
(Abbott Laboratories, Chicago, IL). 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. 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 | year. Chronic hepatitis was
diagnosed by the presence of prolonged elevation of
serum ALT level, and confirmed by histological
examinations. Cirrhosis was diagnosed based on
histological examinations and/or imaging studies.
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 ng/ml.

Serum samples were collected from each
patient at the time of their initial clinical evaluation
and stored at -70°C until further tests were performed.
All patients had been informed as to its purpose of
exterminating the etiologies of liver disease and had
given their wrritten consent. The study was approved
by the Ethics Committee, Faculty of Medicine,
Chulalongkorn University.

To compare the clinical and virological
differences between patients with genotypes B and
C, a case-control was conducted by selecting patients
infected with each genotype, who were matched for
sex and age (+ 5 years), as well as the distribution of
asymptomatic carrier, chronic hepatitis, cirrhosis and

HCC.
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HBV DNA Extractions

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

HBV DNA Detection

HBV DNA was amplified in an automated
thermocycler (Perkin Elmer Cetus, Branchburg, NJ),
using the primer sequences described previously .
The forward primer was P1 (nt. 2823-2845: 5’-TCA
CCATATTCTTGGGAACAAGA); the reverse primer
was P2 (nt. 80-61: 5’-TTCCTGAACTGGAGCCACCA).
The primers were located in conserved genomic regions
of the preS1 gene to ensure a high sensitivity for the
amplification ofall HBV genotypes.

Two microlitres of DNA sample were
combined with a reaction mixture containing 20 mL of
2.5X Eppendorf MasterMix (Hamburg, Germany), [mM
P1, | mM P2 and sterile water, in a final volume of
50 mL. 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 (10mL) 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
ona UV transilluminator.

PCR-RFLP analysis for genotyping

PCR products were subjected to RFLP analysis,
using restriction endonuclease Avall and Dpnll (New
England Biolabs, Beverly, MA) to determine the HBV
genotype. Briefly, 10 mL of PCR product were mixed
with 1.5 mL of 10X buffer, 3 mL of sterile water and 0.5
mL (5U) of Avall and Dpnll, 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 ¢,

Serological and Virological Assays
Hepatitis B e antigen (HBeAg) was determined
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using commercially available enzyme-linked immuno-
sorbent assay kit (Abbott Laboratories, Chicago, IL).
Serum HBV DNA level was quantified using a commer-
cial kit (Amplicor HBV Monitor; Roche Diagnostics,
Tokyo, Japan).

Statistical analysis

Data were presented as percentage, mean and
standard deviation.The Fisher’s exact test and unpaired
t test were used to assess the statistical significance
of the difference between groups as appropriate. A
p-value < 0.05 for a two-tailed test was considered
statistically significant.

Results

Of the 470 patients enrolled in the present
study, HBV DNA was detected in 332 patients (70.6%).
The most common HBV genotypes in the present
study were genotype C and B, which were detected 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. Among
these, 65 patients with genotype B were enrolled and
matched individually to those with HBV genotype C
with respect to sex (male: female ratio; 10:3 in both
groups), age (43.7+15.8 and 43.6+16.1 years, respec-
tively), and the severity of liver disease.

Table 1 compares, clinical and virological
features between patients with genotypes B and C.
There were no significant differences in total bilirubin
(TB) and albumin. However, mean serum alanine
aminotransferase (ALT) was significantly higher in

Table 1. Clinical and virological features of patients with
HBV genotypes B and C

patients with genotype C than those with genotype B
(152.4+108.0 and 102.5+73.6 U/|, respectively, p=0.02).
HBeAg was also significantly more frequent in
patients with genotype C than those with genotype B
(50.8 and 30.8%, respectively, p = 0.03), although HBV
DNA levels were comparable between them.

Table 2 compares clinical and virological
features between patients with genotypes B and C,
who were sub-classified by the HBeAg status (Table
2a, HBeAg positive; Table 2b, HBeAg negative).
Among HBeAg positive patients, the mean age of
patients with genotype C tended to be older than those
with genotype B, although the difference was not
statistically significant (39.7+14.2 and 33.4+17.7 years,
respectively, p = 0.07). Among patients who were
negative for HBeAg, mean serum ALT level was
significantly higher in patients with genotype C than

Table 2. Comparison between patients with HBV genotypes
B and C based on HBeAg status

a) HBeAg positive

Features Genatype B Genotype C Differences
(n=20) {(n=33)
Sex (male) 17 (85%) 25(75.8%) NS
Age (mean + SD) 3344177 39.7+14.2 NS
Liver discase NS
Asymptomatic carrier 7 (35%) 8(24.2%)
Chronic hepatitis 8 (40%) 14 (42.5%)
Cirrhosis 1(5%) 7(21.2%)
Hepatocellular 4 (20%) 4{12.1%)
carcinoma
Alanine transaminase 107.1+79.1 135.1+74.7 NS
(U/L)
HBV DNA 7.1241.25 6.97+2.47 NS

(fog.copies/mt)

Features Genotype B Genotype C  Differences
(n=65) (n = 65) b) HBeAg negative
Sex (male: female) 50:15 50:15 Matehed Features Genotype B Genotype C  Differences
Age (mean + SD) 43.7+15.8 43 6+16.1 Matched (n=45) (n=32)
Liver discase :
Asymptomatic carrier 16 (24.6%) 16 (24.6%) Matched Sex (male) 33(73.3%) 25 (78 1%%) NS
Chronic hepatitis 20(30.8%)  20(30.8%)  Matched Agé (lieai 5D 4874165 45.6+14.6 NS
Cirrhosis 10 (15.4%) 10 (15.4%) Matched Liver disease NS
Hepatocellular 19(29.2%) 19(29.2%) Matched Asymptomatic carrier 9 (20%) 8 (25%)
carcinoma Chronic hepatitis 12 (26.7%) 6(18.7%)
Total bilirubin (mg/dl) 1.8+1.8 3.0+53 NS Cirrhosis 9 (20%) 3(9.4%)
Alanine transaminase 102.5473.6 152.4+108.0 0.02 Hepatocellular 15 (33.3%) 15 (46.9%)
(U carcinoma
Albumin (g/dl) 37407 3.610.5 NS Alanine tansaminase 99.5487.6 168041357 0.01
HBeAg 20(30.8%) 33 (50.8%) 0.03 (U
HBV DNA 6.42+1.76 6.7811.52 NS HBV DNA 6.14+1.35 6.61+2.12 NS
(log.copies/ml} (log.copies/ml)
§225
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those with genotype B (168.0+135.7 and 99.5+87.6 U/
I, respectively, p = 0.01). Besides these two aspects,
there were no differences in sex distribution, severity
of liver disease, and HBV DNA levels between patients
infected with genotypes B and C, regardless of HBeAg
positive or negative in serum.

Discussion

Several circumstances, including hostand HBV-
related factors, have been recognized as important
determinations of the highly variable outcome of chronic
HBYV infection. There are now increasing data suggesting
that HBV genotypes may play an important role in
causing different disease profiles in chronic HBV
infection. Most of the current data demonstrate that HBV
genotype C is more commonly associated with severe
liver diseases and the development of cirrhosis compared
to genotype B 71210 Genotype C is also associated
with a lower rate of HBeAg seroconversion and a lower
response rate to alpha interferon therapy compared to
genotype B ("% Despite this information, case-control
studies regarding patients with HBV genotypes B and
C infection are rather limited thus far. For the reason
that the HBeAg status depends largely upon sex and
age of the patients!'®, case-control studies would be
necessary for investigation of the clinical relevance
of HBV genotypes in terms of the HBeAg status.

In the present study,-65 patients infected with
HBYV genotypes B and C were compared clinically and
virologically. Although they were matched for sex and
age, as well as the stage of chronic liver disease, the
duration of infection among them could not be specified.
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 reason-
able surrogate for the duration of HBV infection.

In accordance with previous reports, the
present data confirmed that patients with genotype C
had a significantly higher prevalence of HBeAg at
presentation than those with genotype B. These results
indicate that genotype C, compared to genotype B, is
associated with a lower rate of HBeAg seroconversion.
Moreover, among HBeAg positive patients, the mean
age of patients infected with genotype C tended to be
older than those infected with genotype B, suggesting
a delayed HBeAg seroconversion of HBV genotype
C. Although HBeAg is not essential for HBV replication
and not necessary linked to low replication or viremia,
early HBeAg seroconversion in the immune clearance
phase usually indicates a favorable outcome in the
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natural course of chronic HBV infection, because it is
frequently associated with the cessation of virus
replication and non-progressive liver disease!*?. In
contrast, late HBeAg seroconversion after multiple
episodes of reactivation and remission may accelerate
the progression of chronic hepatitis and, thus, have a
relatively poor clinical outcome®. In this respect,
studies conducted in Hong Kong and Taiwan demon-
strated that spontaneous HBeAg seroconversion in
patients with genotype B occurred approximately 1
decade earlier compared to patients with genotype C
1929 Hence, one explanation for the more severe liver
disease associated with HBV genotype C, as indicated
with higher elevation of ALT level in the present study,
may be related to a delayed HBeAg seroconversion
and longer duration of viral replication.

The mechanisms responsible for the difference
in rate of HBeAg scroconversion between HBV
genotypes B and C are not clear. One study showed
that the mean serum HBV DNA levels were higher
among patients with genotype C compared to those
with genotype B ), but this finding may be related to
a higher prevalence of HBeAg among patients with
genotype C. As shown in the present study, the mean
HBV DNA levels were comparable between genotype
B and C in either HBeAg positive or negative patients,
in keeping with the suggestion that each genotype
has a comparable replicative activity with the same
HBeAg status. Another study reported that the precore
stop codon variant (G, A), which abrogates HBeAg
production was more commonly found in patients with
genotype B than those with genotype C . However,
this finding was not confirmed in another study®. In
addition, a recent report revealed that although
patients with genotype B were more likely to exhibit
the precore mutation, the presence of this variant was
not an independent predictor of spontaneous HBeAg
seroconversion®, suggesting that factors other than
selection of the precore stop codon mutation may be
more important in HBeAg seroconversion.

In summary, the present case-control study
demonstrated that HBV genotype C had a significantly
higher rate of HBeAg and exhibited more severe liver
disease compared to genotype B in Thai patients with
chronic HBV infection. In addition, HBeAg serocon-
version tended to occur later in patients infected with
genotype C than patients with genotype B. Due to the
limitation of the present study for being a cross-sectional
observation, further analysis in large-scale longitudinal
studies is warrant to clarify the influence of HBV geno-
types on the clinical course of chronic liver disease.
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Abstract

Hepatitis B virus (HBV) genotype and HBV DNA levels have been implicated in clinical evaluation and prognosis of patients with chronic
HBYV infection. The aim of the present study was to develop a rapid and sensitive method for simultaneous HBV DNA quantitation and
differentiation between HBV genotypes B and C in a single-step reaction by real-time PCR and melting curve analysis using SYBR Green
I fluorescent dye. The genotypes obtained by this method were compared with those examined by PCR-RFLP and direct sequencing on 52
serum samples of patients with chronic HBV infection. Using the results obtained by direct sequencing and phylogenetic analysis as the
reference, the accuracy of HBV genotyping by PCR-RFLP and melting curve analysis was 90,38 and 92.31%, respectively. The geometric
mean of HBV DNA levels was 3.42 x 10°,2.10 x 10, 1.19 x 10% and 3.10 x 10* copies/p.l in asymptomatic carriers, patients with chronic
hepatitis, cirrhosis and hepatocellular carcinoma, respectively. It is concluded that this method has the advantages of rapidity, reproducibility
and accuracy, which would be feasible and attractive for large-scale analysis, particularly in regions where HBV genotypes B and C are
prevalent.
© 2004 Elsevier B.V, All rights reserved.

Keywords: Real-time PCR; Melting analysis; Genotypes; HBV

1. Introduction D are predominant in Western countries and India, whereas
genotypes B and C prevail in Southeast Asia, China and
Hepatitis B virus (HBV) infection is a public heath Japan. Genotype E is restricted to Africa and genotype F is
problem worldwide with an estimated 350 million people found in Central and South America,
are infected chronically with the virus (Maddrey, 2000). Besides the differences in geographical distribution,
Chronic HBV infection is associated with a diverse clin- there is growing evidence that the viral genotypes may
ical spectrum, ranging from asymptomatic carrier status influence the clinical outcomes of chronic HBV infection.
over chronic hepatitis and cirrhosis to hepatocellular carci- In par(icu]ar, among Asian paﬁents who constitute ap-
noma (HCC). HBV, a member of the hepadnaviridae, has proximately 75% of HBV carriers worldwide, it has been
a relaxed-circular, partially double stranded DNA genome shown that HBV genotype C is associated with more se-
of approximately 3200 nucleotides, and has been classified vere liver diseases (Lindh et al., 1999; Kao et al., 2000g;
into eight genotypes (A-H) based on an inter-group di- Orito et al,, 2001a; Chan et al., 2003), and it also has a
vergence of more than 8% in the entire genomic sequence lower response rate to antiviral treatment than genotype
(Kidd-Ljunggren et al.,, 2002; Arauz-Ruiz ct al,, 2002). It B (Kao et al., 2000b; Wai et al., 2002). These data sug-
has been shown that most HBV genotypes have distinct gest that the determination of HBV genotypes, especially
geographical distributions. For instance, genotypes A and genotypes B and C may constitute an essential part of the

clinical evaluation in patients with chronic HBV infec-
tion. Currently, HBV genotyping is performed mainly by
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Sarapsc g B restriction fragment length polymorphism (RFLP) (Lindh
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et al, 1998), post-PCR hybridization or line probe as-
say (Grandjacques et al., 2000), genotype-specific primers
(Naito and Abe, 2001) and direct sequencing (Norder et al.,
1990). However, all these methods are time-consuming and
require post-PCR manipulations. Thus, they are not suit-
able for routine clinical practices when population-based
testing is required. As a result, there is a need for rapid,
high-throughput and accurate assays to identify HBV
genotypes.

Determination of HBV DNA concentrations in serum has
also become an essential tool to identify patients with high
viral replication, and to predict whether antiviral therapy
will be successful (Mommeja-Marin et al,, 2003). There
is mounting evidence indicating that quantitative assays of
HBYV DNA using real-time polymerase chain reaction (PCR)
are highly reproducible and much more sensitive than the
currently used branched-chain DNA (bDNA) method (Abe
et al,, 1999; Pas et al., 2000; Loeb et al., 2000; Chen et al.,
2001; Jardi et al,, 2001; Yates et al., 2001). In this study,
a method for simultaneous quantitation of HBV DNA and
genotyping to distinguish between genotypes B and C was
performed by real-time PCR using SYBR Green 1 fluores-
cent dye. This novel assay allows real-time detection of PCR
products and genotype determination by melting curve anal-
ysis. The accuracy of HBV genotyping ascertained by this
method was compared to that obtained by RFLP and direct
sequencing. The data suggest that this new method has the
advantages of rapidity, reproducibility and accuracy, which
would be both feasible and attractive for large-scale testing,
particularly in regions where genotypes B and C are highly
prevalent.

2. Materials and methods
2.1. Clinical samples

Serum samples investigated in this study were obtained
from patients with chronic HBV infection, who had attended
The King Chulalongkorn Memorial Hospital, Bangkok,
Thailand. All specimens were stored at —70 °C until tested.
The use of the sera was approved by the University Ethics
Committee, and written consent was obtained from all pa-
tients. To validate the genotyping assay, 52 samples were
randomly selected and divided into the four groups listed
below based on the clinical spectrum of chronic HBV in-
fection: 12 samples from HBV asymptomatic carrier, 16
samples from patients with chronic hepatitis B, 12 samples
from patients with cirrhosis and 12 samples from patients
with HCC.

2.2. HBV DNA extractions
DNA was extracted from 100 pL serum with proteinase-

K/SDS in Tris buffer, followed by phenol/chloroform ex-
traction and ethanol precipitation. The pellet was dissolved
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in 30 pL sterile water and directly subjected to PCR-based
amplification,

2.3. HBV DNA detection

HBV DNA was amplified in an automated thermo-
cycler (Perkin Elmer Cetus, Branchburg, NJ), using the
primer sequences described previously (Lindh et al., 1998).
The forward primer was Pl (nt. 2823-2845: 5-TCA-
CCATATTCTTGGGAACAAGA); the reverse primer was
P2 (nt. 80-61: 5-TTCCTGAACTGGAGCCACCA). The
primers were located in conserved genomic regions to en-
sure a high sensitivity for the amplification of all HBV
genotypes.

Two microlitres of DNA sample were combined with a
reaction mixture containing 20 pL of 2.5x Eppendorf Mas-
terMix (Hamburg, Germany), 1 .M P1, 1 uM P2 and sterile
water, in a final volume of 50 pL. PCR was performed
under the following conditions: After an initial 2 min de-
naturation step at 94°C, 35 cycles of amplification were
performed, each including 30 s denaturation at 94°C, 30s
annealing at 55 °C and 30 s extension at 72 °C, followed by
a final 10 min extension at 72 °C. Each amplified DNA sam-
ple (10 L) was added to loading buffer and run on a 2%
agarose gel (FMC Bioproducts, Rockland, ME) at 100 V for
60 min. The 479-bp product stained with ethidium bromide
on preparation was visualized on a UV transilluminator.

2.4. PCR-RFLP analysis for genotyping

PCR products were subjected to RFLP analysis, using re-
striction endonuclease Avall and Dpnll (New England Bio-
labs, Beverly, MA) to determine the HBV genotype. Briefly,
10 pL. of PCR product were mixed with 1.5pL of 10x
buffer, 3 pL of sterile water and 0.5 pL (5U) of Avall and
Dpnll, respectively, in separate reactions and incubated at
37°C for 3.5 h. After incubation, the samples were run on a
composite gel containing 2% NuSieve agarose (FMC Bio-
Products, Rockland, ME) and 1% standard agarose. The
sizes of the RFLP products, visible under UV light as a re-
sult of prior ethidium bromide staining, served to identify
the various HBV genotypes based on the polymorphism pat-
terns (Lindh et al., 1998).

2.5. Direct sequencing

For automated DNA sequencing, the PCR products of in-
terest were purified from the gel using the Gel Extraction
Kit (Perfectprep Gel Cleanup, Eppendorf, Hamburg, Ger-
many) according to the manufacturer’s specifications. The
sequencing reaction was performed using the Gene Amp
PCR System 9600 (Perkin-Elmer, Boston, USA). The se-
quencing products were subjected to a Perkin Elmer 310
Sequencer (Perkin-Elmer, Boston, USA). The results were
analyzed and HBV genotypes were determined by BLAST
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analysis. HBV DNA sequences were also subjected to phy-
logenetic analysis.

2.6. Phylogenetic analysis and HBV genotyping

New sequences obtained in this study have been sub-
mitted to GenBank and assigned accession numbers:
AY486238-AY486289 (S1-S52). The following genome
sequences of eight different HBV genotypes (A-H) were
obtained from GenBank and used as reference sequences
for the phylogenetic tree: (A: AJ344115, B: AB33554,
AY 167101, C: AFIS57113, AY206393, D: Al344116,
E: AB106564, F: AB036919, G:. AF405706 and H:
AY090460).

Nucleotide sequences were multiple aligned using the
CLUSTAL X program (version 1.8). TREEVIEW (version
1.5) was run for phylogenetic tree construction. Those sam-
ple sequences appearing on the same node with reference
sequences were interpreted to be of the same genotype.

2.7. Quantitation of HBV DNA and melting curve analysis

Samples previously identified as HBV genotypes B and C
served as controls for developing the genotyping assay based
on real-time PCR with melting curve analysis. The HBV
plasmid DNA standard was constructed by inserting the PreS
region (nt. 2814-80) into pGEM-T Easy Vector (thereafter
called pGEM-PreS) through T-A cloning strategy. The con-
centration of the pGEM-PreS plasmid was determined by
measurement of OD,gp and verified by agarose gel elec-
trophoresis (data not shown). Serial 100-fold dilutions of
the pGEM-PreS plasmid DNA from 102 to 10'? copies/pL
were detected by real-time PCR assay and used to prepare
the standard curve for quantitation of HBV DNA from pa-
tient specimens. The standard plasmid DNA for quantitation
and contro! plasmid DNA for genotyping were included in
each run as an external standard of the real-time PCR assay.

The primers used in this analysis allowed the amplifica-
tion of a 280-bp product in PreS1 region. The forward primer
was PreSIF (nt. 2814-2835: 5-GGGTCACCATATTCT
TGGGAAC-3'); the reverse primer was PreSIR (nt.
3094-3075: 5'-CCTGAGCCTGAGGGCTCCAC-3"). The
primers are conserved among over 150 known sequences
obtained from GenBank corresponding to different geno-
types. The combination of 1.0 pL. of DNA sample with a
reaction mixture containing 10 pL of 2x QuantiTect SYBR
Green PCR Master Mix (QIAGEN, Hilden, Germany),
0.5uM PreS1F, 0.5uM PreSIR and RNase-free water
were used in a final volume of 20 uL (the final MgCly
concentration was 2.5 mM per reaction).

Real-time PCR amplification was carried out in a
LightCycler™ (Roche, Basel, Switzerland). After a prein-
cubation step at 95°C for 15min in order to activate the
HotStarTaq DNA polymerase, amplification was performed
during 40 cycles including denaturation (94°C, 15s with
a temperature transition rate of 20 °C/s), annealing (60 °C,
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20s, with a temperature transition rate of 20°C/s) and ex-
tension (72°C, 25s with a temperature transition rate of
20°C/s). A single fluorescent signal was obtained once
per cycle at the end of the extension step with detection
channel F1. After amplification, melting curve analysis was
performed on the products by heating to 95°C for 55, cool-
ing to 75°C for 155, followed by a temperature increase to
98 °C with a temperature transition rate of 0.05°C/s while
continuously collecting the fluorescent signal.

To analyze the data of the real-time PCR assay, base line
adjustment was carried out in the ‘ Arithmetic’ mode and flu-
orescence curve analysis was carried out in the ‘Fit Points’
mode of the LightCycler data analysis software, version 3.5
(Roche, Basel, Switzerland). A standard curve was created
automatically in each run by plotting the threshold cycle
number against the copy numbers of each standard, and
HBYV DNA quantitation of unknown samples was deduced
from the regression line. The derivative melting curves were
also obtained with the LightCycler data analysis software,
version 3.5 (Roche). The melting temperature (Ty,) of the
melting curve in each sample was used to identify the HBV
genotype. The samples whose melting curves shared the
same T, point with the control genotypes were interpreted
as belonging to the same genotype.

2.8. Data analysis

All samples were genotyped blindly by RFLP, sequencing
and melting curve analysis without any conscious bias. HBV
genotypes determined by different methods were also com-
pared. The results of direct sequencing were used as a stan-
dard in the comparison with the other methods. To confirm
the melting curve analysis, the test was repeated on some of
the specimens and yielded identical results. HBV DNA lev-
els corresponding to different clinical phases were analyzed
and presented as geometric means. Data were analyzed us-
ing SPSS for Windows version 11.5 software package. Sta-
tistical analyses were performed using Mann-Whitney test
for comparison of HBV DNA levels among each group. Re-
sults were considered statistically significant at P < 0.05.

3. Results
3.1, Preliminary real-time PCR genotyping assay

Three preliminary real-time PCR assays with melt-
ing curve analysis suggested that a pair of primers
(PreS1F/PreS1R), which yield a 280-bp product amplified
from the PreS1 region was effective to discriminate between
the melting peaks of genotypes B and C. In addition, the
reaction occurred without any unexpected PCR product or
primer dimers (data not shown). There were no unwanted
fluorescent signals that interfered with the genotyping as-
say. The mean Ty, values for genotypes B and C were 85.56
and 83.86 °C, respectively. Therefore, the cut-off value was
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Table 1
Intra- and inter-assay variation of Ty,s for tested specimens
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Genotype Variation of Ty, ("C)
Intra-assay Inter-assay
Interval Range Interval Range Mean (SD) Ccv
B 84.98-85.49 0.51 84.95-85.87 0.92 85.29 (0.29) 0.34
C 83.46-84.33 0.87 83.40-84.33 0.93 84.02 (0.25) 0.30

set at 84.71 °C (mid-point between B and C) and used it to
interpret the genotype of unknown samples.

3.2, Variability of Tn for genotypes B and C

The variation in Tj,s found for each HBV genotype
tested is presented in Table 1. The intra-assay variation
was indicated from runs with more than one sample of a
specific genotype. This analysis included all samples with
concordant results between melting curve analysis and
sequencing method. The coefficient of variation (CV) of
Tms (inter-assay) was 0.34 and 0.30 for genotype B and C
samples, respectively.

3.3. HBYV genotyping by three different methods

Among 52 samples tested by RFLP, one was untypeable,
three were typed as A, 11 were typed as B and 37 were typed
as C. According to the genotyping results by melting curve
analysis, 11 samples were typed as B and 41 samples were
typed as C. Fig. | shows a representative genotyping expet-
iment by real-time PCR with melting curve analysis using
SYBR Green 1. Based on the results of direct sequencing,
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one sample was typed as A, 14 samples were typed as B
and 37 samples were typed as C. The data obtained from
direct sequencing were aligned with the reference genotype
sequences and analyzed; the phylogenetic tree is shown in
Fig. 2.

3.4. Comparative HBV genotyping assays

To compare this new method with RFLP and sequencing,
52 patient samples were blindly tested by all three methods.
Table 2 shows the results of genotyping by RFLP, direct
sequencing and melting curve analysis. The results obtained
by direct sequencing were used as a standard to compare
with the other methods, Among 52 samples tested, one was
untypeable (822) and four were wrongly typed (83, §29, §32
and S33) by RFLP when comparing the results with direct
sequencing. Discrepancies between the real-time PCR with
melting curve analysis and the direct sequencing method
occurred in four of 52 samples (S3, S22, S33 and S36).
Therefore, the accuracy of HBV genotyping by RFLP and
melting curve analysis was 90.38 and 92.31%, respectively.

As an illustration of the different results obtained from
melting curve analysis and direct sequencing, samples S3,

0,0-
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Fig. 1. Representative genotyping experiment by melting analysis based on real-time PCR using SYBR Green 1. The melting point peaks were clearly
separated between genotypes B and C using PreSIF/PreSIR at 2.5mM MgCly.
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Fig. 2. Phylogenetic tree analysis of the PreS1 region (nt. 2881-3216) of 52 sample sequences used in this study, Sample numbers are identical to those

indicated in Table 2.

S22 and S36 were identified as genotype B by direct se-
quencing but were determined as genotype C by melting
curve analysis. For sample S33, melting analysis indicated
genotype C, whereas direct sequencing yielded genotype
A. Furthermore, the percentage of GC content (between nt.
2881-3094) was calculated in each sample based on the
DNA sequence. The percentages of GC content were 57.94
and 56.07 for the controls of genotypes B and C, respec-
tively. With the incongruous sample S3, the percentage of
GC content was 57.01 (Ty;, = 84.59) and thus, the melting
curve indicated genotype C instead of genotype B. In the
same way, S22 and S36 had a 56.07 and 56.54% of GC con-
tent, respectively. Therefore, these samples displayed dis-
crepancy of genotyping results due to GC content variations.

3.5. Analysis of the percentages of GC content fiom
GenBank sequences

To evaluate whether melting curve analysis is use-
ful for discriminating between HBV genotypes B and
C in other parts of Asia, GenBank sequences obtained
from Japan, Taiwan, China, Indonesia, Vietnam, Myan-
mar and the Philippines were analyzed (accession num-
bers AB106884, AY 167098, AY169097, AY167093-4,
AY206390-1, AY518556, AF282917-8, and AB033555 for
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genotype B; accession numbers AB033552, AB115418,
AY167099, AY167095-6, AY167091-2, AY206388,
AF461363, AB112065, AB111946, AB112063, AB112348,
AB112408, and AB112066 for genotype C). Based on the
analysis of these sequences, the mean percentages of GC
content were 58.24 + 0.43 and 55.86 = 1.13 for genotypes
B and C, respectively, while the mean percentages of GC
content in this study were 58.03 == 0.50 and 55.88 & 0.56,
respectively. Therefore, expected Ty, for genotypes B and
C in other regions should be comparable with the val-
ues described in this study, These data suggest that the
method described here could also be applied in other parts
of Asia.

Since genotypes A and D may occur in regions where
genotypes B and C are prevalent, some GenBank se-
quences obtained from other countries in Asia were
also analyzed for their GC content (accession num-
bers AB116081, AB166080, AB116079, AB116086-7,
AY 373429, AB116082-4, and AB116091-4 for genotype A;
accession numbers AB116266, and AY 373430 for genotype
D). In this respect, the mean percentages of GC content
were 56,61 10.60 and 57.24 £ 0.43 for genotypes A and D,
respectively. However, it is expected that genotype D may
have a Ty, value different from those of other genotypes
due to a 33-bp deletion in its PreS1 region.
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Table 2
HBYV genotypes of 52 samples determined by three different methods

Sample no. Group HBV eAg RFLP Sequence Melting

Twm (°C) %GC DNA levels (copies/pl) Accession no.

St HCC - C C C
S2 CH + C C C
S3 HCC + A B C
S4 CH + C C C
S5 CH + c C C
S6 LC + C C C
S7 LC + C C C
S8 CH + C C C
S9 LC + C C C
S10 LC + C C C
Sil LC + C C C
S12 LC + C C C
S13 LC + C C C
Si4 HCC - C C C
S15 CH + C C C
Si6 CH + B B B
S17 CH + C C C
Si8 CH + C C ¢
St9 CH + B B B
S20 LC + C C C
szl LC — B B B
$22 LC + Unt B C
$23 LC - B B B
524 CH - B B B
S25 CH + C G C
S26 CH - B B B
S27 CH + C C C
S28 HCC ND C C C
S29 ASC - A B B
S30 HCC - C c (¢,
S3t CH + C C G
S$32 CH + A B B
$33 ASC + B A C
S34 ASC + C C €
S35 ASC + C C C
S36 ASC + B B C
S37 ASC + B B B
S38 ASC + C C (&
S39 ASC + C C C
S40 ASC + C C C
S41 ASC + C C C
S42 ASC - C C C
S43 LC - C C C
S44 HCC — B B B
s45 ASC ND B B B
S46 HCC - C C C
$47 HCC - (e} C C
S48 HCC ND C C C
S49 CH + C C C
S50 HCC - C C C
S5t HCC — C C C
S52 HCC + C C C

84.20 56.07 135 x 10° AY486238
84.17 56.07 449 x 10° AY486239
84.59 57.01 9.52 x 10° AY 486240
84.17 56.07 3.02 x 10° AY 486241
83.97 56.07 4.40 x 10° AY486242
84.33 56.07 4,05 x 107 AY486243
84.04 56.07 1.98 x 10° AY486244
84.17 56.07 1.01 x 108 AY 486245
83.49 55.61 6.34 x 10? AY486246
83.88 56.07 2.68 x 10° AY486247
83.85 55.14 2.52 x 10¢ AY486248
84.20 55.61 2.00 x 10* AY486249
84.23 56.07 1.88 x 10° AY486250
83.46 56.54 8.03 x 10° AY486251
84.19 55.61 1.53 x 10% AY 486252
85.42 58.41 3.31 x 108 AY486253
84.14 56.07 5.46 x 108 AY 486254
84.10 55.61 2.34 x 10° AY486255
84.98 57.48 1.24 x 107 AY 486256
84.07 55.61 3.27 x 108 AY486257
85.16 57.94 9.83 x 10% AY486258
84.23 56.07 3.01 x 10° AY 486259
84.95 57.48 1.94 x 10* AY486260
84.95 57.94 3.15 x 10* AY 486261
84.00 55.61 1.66 x 108 AY 486262
85.26 58.41 6.17 x 107 AY486263
84.14 56.07 1.12 x 107 AY486264
84.33 56.07 5.65 x 107 AY 486265
85.42 57.48 4,76 x 10° AY486266
84.62 57.94 9.46 x 10° AY486267
84.01 54.67 2.69 x 107 AY486268
85.00 57.48 1.40 x 10° AY486269
84.49 57.01 3.19 x 107 AY486270
84.10 55.14 8.43 x 109 AY 486271
84.17 56.07 2.83 x 107 AY486272
84.20 56.54 3.20 x 10¢ AY486273
85.42 58.41 6.40 x 107 AY 486274
84.23 56.07 1.29 x 107 AY486275
84.23 55.61 1.21 x 108 AY486276
84.20 56.07 577 x 10° AY486277
84.23 56.54 2.12 x 108 AY486278
84.04 55.61 3.45 x 10° AY486279
83.68 55.14 3.39 x 10° AY486280
85.10 58.41 8.63 x 10° AY 486281
85.71 58.88 5.28 x 106 AY486282
84.04 55.14 4.38 x 10° AY 486283
83.62 56.54 1.61 x 10° AY486284
83.59 55.61 1.07 x 10* AY 486285
84.07 55.14 2.09 x 108 AY486286
84.07 55.61 1.89 x 10° AY 486287
83.40 56.07 1.12 x 10? AY486288
84.30 56.54 1.05 x 10* AY 486289

Abbreviations: ASC, asymptomatic carrier; CH, chronic hepatitis; LC, liver cirrhosis; HCC, hepatocellular carcinoma; Unt, untypeable; ND, not done.

3.6. Quantitation of HBY DNA by real-time PCR

Plasmid pGEM-PreS diluted serially from 10% to 1017
copies/pl was detected by real-time PCR assay. Fig. 3 shows
that a series of fluorescence amplification plots were ob-
tained with nearly equal intervals. A standard curve was then
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constructed plotting cycle threshold (Ct) values against the
known copy number of each standard sample (Fig. 4). The
standard curve showed good regression between copy num-
ber and Ct value (» = —1.00). The amount of HBV DNA in
an unknown sample could be calculated by measuring the
Ct value through the standard curve within an eight order of
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Fig. 4. Standard curve for real-time PCR. Serially diluted pGEM-Pre§ plasmid was amplified and analysed in real time. The threshold cycle (Ct) values

were plotted against copy number to construct the standard curve, r = —1.00.

icant lower than those detected in asymptomatic carriers
(P < 0.05).

magnitude wide linear range. A minimum of 10% copies/p.l
of the standard plasmid could be constantly detected by the
system. The results of the tested specimens were reported
and confirmed reproducibility.

Fig. 5 shows comparative HBV DNA levels in differ-
ent clinical phases of disecase. The geometric means were
3.42 % 108,2.10 x 105, 1.19 x 10° and 3.10 x 10 copies/pl

4, Discussion

There are now substantial data suggesting that HBV

in asymptomatic carriers, patients with chronic hepatitis, cir-
rhosis and HCC, respectively. The data demonstrated that
HBYV DNA levels tended to decrease with increasing sever-
ity of the diseases. In this respect, HBV DNA levels in
patients with cirrhosis and HCC were statistically signif-

genotypes may play an important role in causing different
disease profiles in chronic HBV infection. However, almost
all these studies on HBV genotype and its clinical relevance
have been performed in Asia and restricted to compar-
isons between genotypes B and C, which are the two most
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Fig. 5. Comparative geometric mean of HBV DNA levels among different
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The horizontal lines indicate geometric mean of HBV DNA levels. The
levels of HBV DNA in LC and HCC patients were significantly lower
than those found in ASC patient (P < 0.05).

common HBV genotypes in this region accounting for more
than 90% of cases (Theamboonlers et al., 1999; Kao et al.,
2000a; Orito et al., 2001a; Ding et al,, 2001). Current data
demonstrate that HBV genotype C is more commonly as-
sociated with severe liver diseases and the development of
cirrhosis compared to genotype B (Lindh ct al.,, 1999; Kao
etal., 2000a; Orito et al., 2001b; Chan et al., 2003). Although
the association between HBV genotype and the risk of pro-
gression to HCC is still conflicting (Kao et al., 2000a; Orito
et al., 2001b; Fujie et al., 2001), a recent study indicates that
HCC patients with genotype C have a relatively poor clinical
outcomes compared to patients with genotype B (Tsubota
et al., 2001). Genotype C is also associated with a higher
frequency of core promoter mutation and a lower response
rate to alpha interferon therapy (Kao et al., 2000b; Wai et al,,
2002). In addition, patients with genotype C infection, com-
pared to those with genotype B, are more frequently HBeAg
positive and display higher HBV DNA levels that may con-
tribute to muitiple episodes of acute flares and progression
of liver disease (Kao et al,, 2002). Taken together, these
data emphasize the need for a simple genotyping method to
discriminate between HBV genotypes B and C, particularly
in regions where these genotypes are highly predominant.
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In contrast to the methods used in prior studies, the
technique employed in this study permitted genotyping and
quantitation of HBV in a single-tube PCR reaction. Cur-
rently, HBV quantitation and genotyping have been evalu-
ated by separated assays, which have increased both time
and expenditure. For quantitation of HBV DNA, the bDNA
assay has been so far the method applied most frequently
mainly due to its reproducibility (Hendricks et al., 1995),
but its low sensitivity is a major limitation. The commercial
quantitative PCR assay has a higher sensitivity (Noborg
et al,, 1999), but the variation within the lower detection
range is high, and the linear range is relatively narrow
requiring pre-dilution of high-titer samples. Thus, the de-
velopment of quantitative techniques that are sensitive and
reproducible, such as real-time PCR, offers a new tool for
precise and linear quantitation of HBV DNA over a wide
range of concentrations. Likewise, assays for genotyping
based on conventional PCR such as RFLP, line probe assay
and direct sequencing are time-consuming and may increase
the risk of cross-contamination. To solve these problems,
the method described here has, for the first time, allowed
simultaneous quantitation of HBV DNA by real-time PCR
and determination of HBV genotypes B and C on the basis
of melting curve analysis.

Melting curve analysis in conjunction with real-time PCR
was first introduced in 1997 (Ririe et al., 1997; Lay and
Wittwer, 1997). Following this technique, detection of am-
plification products and analysis of the melting curves can
either be performed by hybridization probes or by applying
the nonspecific DNA binding fluorescent dye SYBR Green
L. Genotyping assays based on hybridization probes are the-
oretically accompanied by higher specificity, but the require-
ment for oligonucleotides with fluorescent label significantly
increases the expenditure. In contrast, SYBR Green I is less
expensive and could be developed in an economical man-
ner. In addition, this simpler method can be performed with
any established PCR primers with only minor modifications
of the described protocols. Hence, genotyping assay based
on real-time PCR using SYBR Green I fluorescence may
be more appropriate for large-scale molecular analysis com-
pared to hybridization-based methods. Using the LightCy-
cler system, amplification products can be detected by the
dye being intercalated in minor groove of double-stranded
DNA, and genotype determination can be performed by anal-
ysis of the melting curves. As shown in this study, the Ty,
values are directly related to the nucleotide sequence vari-
ations (percentage of GC contents) of corresponding geno-
types, if other external and internal factors such as MgCl;
concentration and the length of the PCR products are con-
trolled (Wittwer et al., 1997).

For genotyping by melting curve analysis, a set of primers
(PreS1E/PreSIR) was used to amplified the preS! region,
which has been shown to be the most variable part of the vi-
ral genome yet, remarkably conserved within each genotype
(Lindh et al,, 1998). The preliminary results demonstrated
that HBV genotypes B and C could be discriminated by
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means of distinct T, values (85.56 and 83.86°C, respec-
tively). Moreover, the T, values of corresponding genotypes
were highly reproducible with relatively small intra- and
inter-assay variability in the study of an additional 52 sam-
ples. In this report, the coefficient of variation (CV) for
the Ty values of HBV genotypes B and C were as low as
0.34 and 0.30, respectively. The accuracy of the assay was
further validated by comparison with the results obtained
by RFLP and direct sequencing. In fact, RFLP is currently
regarded as the most commonly used method, whereas di-
rect sequencing is the “gold standard” for identifying HBV
genotypes. Using the results obtained by direct sequencing
as the reference, the data showed that the accuracy of HBV
genotyping by melting curve analysis was comparable to
that determined by conventional RFLP analysis (approxi-
mately 92.3% and 90.4%, respectively). Altogether, these
data suggest that the method described above is reliable for
differentiating between HBV genotypes B and C, which
represent the two most common genotypes worldwide.

Despite comparable in their accuracies, the real-time
PCR-based technique offers several advantages over RFLP
analysis in determining HBV genotypes. First, techniques
based on RFLP analysis need PCR conditions of sufficient
specificity to produce a clean amplification product that can
be enzymatically digested and unambiguously analyzed by
electrophoresis. Thus, interpretation using this method may
be complicated by incomplete digestion of the amplicons.
Secondly, real-time PCR-based genotypic assays are more
amenable to high-throughput screening, as they do not re-
quire extensive post-amplification manipulation. Since the
reaction is carried out in a single step in a closed system,
the risk of carryover contamination following PCR amplifi-
cation is considerably reduced. Thirdly, the time saved by
the present approach is considerable. Using the real-time
PCR technique, less than 2h were required to complete
setting up and performing a 40-cycle amplification and data
analysis. Finally, the method described here also facilitates
simultaneous quantitation of HBV DNA. As mentioned
previously, measurement of HBV DNA concentrations in
serum has become an essential tool to identify patients with
high viral replication, and to predict the response to antivi-
ral therapy (Mommeja-Marin et al., 2003). In this regard,
the quantitative real-time PCR assay is highly sensitive as
it can detect samples ranging from 10% to 10'% copies/pl
as shown in this study, while the widely used bDNA
method is limited to a range of approximately 10 to 105
copies/pl (Abe et al., 1999; Loeb et al., 2000). Thus, this
quantitative PCR assay certainly assists in defining accu-
rately levels of viral replication among patients with HBV
infection.

Nonetheless, there were some discrepancies between
HBV genotyping obtained by melting curve analysis and
direct sequencing. These differences could be explained by
the fact that sequence variations in the preS1 region may
complicate melting curve analysis for HBV genotyping by
producing Ty, values that differ from the values expected for
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genotypes B or C. Also, it could be argued that this method
excludes the detection of other HBV genotypes, as it is de-
signed to detect only HBV genotypes B and C. Moreover,
due to the close proximity between the Ty, values of geno-
types A and C, and to the melting peaks exhibiting slight
variations between different runs, discrimination between
these two genotypes may sometimes prove difficult. Thus,
this assay may not be suitable in some geographical regions,
such as North America where different HBV genotypes
are found as a result of immigration from countries with a
high prevalence of HBV infection (Chu et al., 2003). These
disadvantages are, however, negligible for clinical purposes
when studies are performed in Asia. Considering that the
prevalence of other genotypes in this region is very low and
their clinical significance is still unclear, determination of
HBYV genotypes other than genotypes B and C appears to
be irrelevant for therapeutic decisions. Notably, the method
described here could also be applied in other geographical
regions, such as Western Europe and India, where HBV
genotypes A and D are highly prevalent. In fact, current
data suggest that the viral genotypes in these areas may cor-
relate with differences in clinical features among patients
chronically infected with the virus. For instance, one recent
study in Spain demonstrates that biochemical remission,
clearance of HBV DNA, and clearance of HBsAg are more
common among patients with genotype A than genotype D
(Sanchez-Tapias et al,, 2002). Likewise, a recent study in
India has shown that genotype D is associated with more
severe liver disease and may predict occurrence of HCC in
younger patients (Thakur et al., 2002). Taking into consid-
eration that HBV genotype D is characterized by a 33-bp
deletion in the PreS1 region (Locarnini et al,, 2003), it is
reasonable to speculate that such a deletion should facilitate
the identification of this genotype by producing a Ty, value
very different from that of genotype A.

In conclusion, the real-time PCR-based method described
in this study provides a rapid and effective way for simul-
taneous quantitation and genotyping of HBYV, particularly
for distinction between genotypes B and C, which prevail
in Asia. Additional investigations performed on serum sam-
ples from other geographic regions are warranted to explore
further the clinical value of this method.
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Genomic recombination between different genotypes of Hepatitis B virus (HBV) resulting in
hybrid strains has been increasingly documented. In this study, a novel recombinant of

HBV genotypes G and C isolated from a Thai patient with hepatoceliular carcinoma is reported.
Based on phylogenetic analyses of the S, P and X genes and the entire genome, the HBV
isolate clustered on a branch within genotype G, but clustered with genotype C on analysis of
the C gene. Using the program SIMPLOT and bootscanning analysis, the recombination breakpoints
were located at nt 1860 and 2460 of the precore/core region. The hallmarks of the original
genotype G, including a 36 bp insertion in the core region and dual stop codons in the precore
region, were not identified in this isolate. These data should encourage further investigations on
the epidemiological and virological characteristics of HBV genotype G involved in recombination
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Hepatitis B virus (HBV) is one of the major causes of chronic
liver diseases, including chronic hepatitis, cirrhosis and
hepatocellular carcinoma (HCC), which affect more than
350 million people worldwide (Ganem & Prince, 2004).
HBV, a member of the family Hepadnaviridae, is a circular
double-stranded DNA virus of approximately 3200 bp that
encodes four overlapping open reading frames (ORFs).
Based on sequence divergence in the entire genome of > 8 %,
HBV is currently classified into eight genotypes, designated
A to H (Weber, 2005). The genotypes of HBV have distinct
geographical distributions and may influence the clinical
outcomes of patients with chronic infection (Schaefer,
2005). Genotypes A and D are common in Europe and
North America, whereas genotypes B and C are highly
prevalent in Asia. Genotypes F and H are restricted to
Central and South America. Genotype E is found pre-
dominantly in West Africa and genotype G is found in the
USA and Europe.

Hybrid HBV strains resulting from genomic recombination
between different genotypes have been increasingly docu-
mented (Bollyky et al., 1996; Bowyer & Sim, 2000; Fares &
Holmes, 2002; Morozov et al, 2000). For instance,

The GenBank/EMBL/DDBJ accession number for the sequence
reported in this paper is DQO78791.

phylogenetic analysis revealed that hybrids between HBV
genotypes B and C, which have sites of recombination over
the precore/core region, were found ubiquitously in Asian
countries, except for Japan (Luo et al., 2004; Sugauchi et al,,
2002). Similarly, hybrids between HBV genotypes A and D
have been reported in Italy and South Africa (Morozov et al.,
2000; Owiredu et al., 2001) and an aberrant recombinant
between genotype C and a subgroup of genotype A was
isolated in Vietnam (Hannoun et al, 2000). Recently,
hybrids of HBV genotypes C and D have been identified in
Tibet and China (Cui et al, 2002; Wang et al., 2005).

In a previous study, the distribution of HBV genotypes in
332 Thai patients with chronic HBV infection was investi-
gated by using PCR-restriction fragment-length poly-
motphism analysis (Tangkijvanich et al,, 2005). Our data
showed that the most common HBV genotypes in this group
were C, B and A, accounting for 73, 21 and 3 %, respectively.
However, the genotypes of the remaining isolates could not
be specified by using this technique. As a result, samples that
could not be genotyped were sent for direct sequencing of
the preSl gene. Among these samples, an aberrant HBV
strain belonging to genotype G was recovered from a Thai
patient with HCC. Through a more extensive analysis, it was
revealed that the isolate represented a novel HBV hybrid
with genotype C in the precore/core region.

0008-1241 © 2005 SGM  Printed in Great Britain
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Here, the complete genomic sequence of this HBV isolate is
reported. The isolate was from a patient (male, 47 years old)
who was a resident in southern Thailand and had undergone
follow-up at Chulalongkorn Memorial Hospital (Bangkok,
Thailand) between February and April 1998. The patient was
diagnosed with HCC by the presence of mass lesions in the
liver on hepatic imaging and serum «-fetoprotein levels
above 400 ng ml™". The patient was seropositive for HBsAg
(ELISA; Abbott Laboratories), but negative for HBeAg
(ELISA; Abbott Laboratories) and anti-HCV (ELISA; Ortho
Diagnostic Systems). To determine the complete nucleotide
sequence of the HBV isolate, DNA was extracted from
100 pl stored serum (—70 °C) by using proteinase K/SDS in
Tris buffer, followed by phenol/chloroform extraction and
ethanol precipitation. DNA pellets were dissolved in 30 pl
sterile water and subjected directly to PCR-based amplifica-
tion. PCR was performed by using a set of primers to amplify
six overlapping fragments of the HBV genome as follows. In
fragment 1, sense and antisense primers were COREI (5'-
GAGTGTGGATTCGCACTCCTCC-3'; nt 2268-2289) and
R1(5-TGTAACACGAGCAGGGGTCCTA-3";nt 201-180),
respectively. In fragment 2, sense and antisense primers were
F2 (5'-CATCCTCAGGCCATGCAGTGGA-3'; nt 3193-3214)
and R4 (5'-ATGGCACTAGTAAACTGAGCC-3'; nt 689~
669), respectively. In fragment 3, sense and antisense primers
were F4 (5'-GTCCTCCAATTTGTCCTGG-3'; nt 348-366)
and R6 (5'-GGCGAGAAAGTGAAAGCCTG-3"; nt 1103-
1084), respectively. In fragment 4, sense and antisense
primers were F6 (5'-ATATGGATGATGTGGTATTGGG-3";
nt 737-758) and MD26 (5'-GTTCACGGTGGTCTCCAT-
3'; nt 1625-1608), respectively. In fragment 5, sense and
antisense primers were Xil (5'-AGCTTGTTTTGCTCGC-
AGC-3'; nt 1287-1305) and Xi3 (5'-GGCACAGCTTGGA-
GGCTTG-3'; nt 1883-1865), respectively. In fragment 6,
sense and antisense primers were X101 (5'-TCTGTGCC-
TTCTCATCTG-3'; nt 1552-1569) and CORE2 (5'-CCCA-
CCTTATGAGTCCAAGG-3'; nt 2476-2457), respectively.
Amplicons were purified with a gel-extraction kit (Perfect-
prep Gel Cleanup; Eppendorf). DNA sequencing analysis of
the PCR products was performed with a Perkin-Elmer 310
sequencer.

For phylogenetic analysis, nucleotide sequences were multi-
ply aligned by using the program CLUSTAL_X (version 1.83).
Alignments were then fed into the software program PHYLIP
(version 3.5¢). SEQBOOT, DNADIST and NEIGIBOR were used
for bootstrapping of a 1000-replicate dataset; CONSENSE was
used to compute a consensus tree, The phylogenetic trees
were visualized by using TREEVIEW software (version 1.6.6)
(http://taxonomy.zoology.gla.ac.uk/rod/rod.html).

An entire HBV genome of 3213 nt was obtained, which was
designated CU400. Analysis of the whole genome sequence
after running through the BLAST program and comparing
with sequences in GenBank indicated that the isolate
belonged to genotype G. Phylogenetic analysis of the S
gene sequences showed that the isolate clustered on a
genotype G branch (Fig. 1a); this was also observed on

analysis of the P and X genes and the full genome sequences
(data not shown). However, in trees based on the C gene, the
sequence clustered with genotype C, instead of genotype G
(Fig. 1b). Phylogenetic analyses of the S, P and X genes of
this hybrid exhibited a close sequence similarity (96-8-
973 %) to the original isolates of genotype G, but <887 %
similarity to any isolates of genotypes A to F. Taken together,
the clustering of sequences in discordant positions following
phylogenetic analysis provided evidence of a novel recom-
binant between genotypes G and C.

To locate the breakpoints of genomic recombination more
accurately, the program SIMPLOT (version 2.5) (Lole et al.,
1999) and bootscanning analysis (Salminen et al., 1995)
were used. The SIMPLOT program was applied to identify
phylogenetically informative sites supporting alternative tree
topologies. This method was performed by considering four
sequences at a time: one putative recombinant sequence,
two reference sequences of original G (GenBank accession
no. AB056513) and C (GenBank accession no. X04615)
genotypes, and one sequence of a known outgroup (geno-
type E; GenBank accession no. X75664). Each informative
site supports one of three possible phylogenetic relation-
ships among the four taxa. Bootscanning and cluster
analysis maximizing the x> parameter were used to identify
breakpoints in the intergenotypic recombinants; the P value
for the subsequent division of the sequence into genotypes
was calculated by using Fisher’s exact test. Following these
methods, the similarity plots of the complete sequence
showed regions of higher similarity to genotype G alternat-
ing with regions of higher similarity to genotype C within
the precove/core region (Fig. 2a). The recombination break-
points were estimated at positions nt 1860 and 2460, which
are located in the terminal areas of the precore and core
regions, respectively (Fig. 2b).

Unlike other HBV genotypes, the .authentic genotype G
would not be able to encode HBeAg because of stop codons
at positions 2 and 28 (Stuyver et al.,, 2000) in the precore
region, which can abort translation of the HBeAg precursor
made of 10 aa encoded by the 3'-terminal part of the precore
region and 149 aa encoded by the 5'-terminal part of the C
gene (Okamoto ef al,, 1990). When the nucleotide sequence
of the new isolate was aligned, a translational codon was
detected at codon 2 (C1817T) in the precore region, but
the stop codon at codon 28 could not be identified. Thus,
the presence of a translational stop mutation at codon 2
indicates that this strain would not express HBeAg in the
serum. In contrast to the original strain of HBV genotype G
(Stuyver et al., 2000), the core region did not possess an
insertion of 36 bp located at the 5' end. However, a 3 bp
deletion at position 3 in the preS1 region, which is a typical
characteristic of genotype G, was found. In the HBsAg
region, amino acids at position 122, 127 and 160 were lysine
(K), proline (P) and lysine (K), respectively. Hence, the
serological subtype of this HBV strain was expected to be
adw2.

The most interesting result of the present study is that a
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Recombination of HBV genotypes G and C
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Fig. 1. Phylogenetic analysis of isolate CU400 compared with reference strains; GenBank accession numbers are given.
Bootstrap values (%) are shown at the nodes. (a) Analysis of the surface S (surface) gene ORF (including preS1/preS2/

HBsAg). (b) Analysis of the C (core) gene region.

novel hybrid HBV strain resulting from recombination
between genotypes G and C has been described at length for
the first time. This mosaic strain was recognized because
it produced an unusual genotyping pattern by nucleotide
sequencing and phylogenetic analysis. Indeed, strong evid-
ence suggests that genotype G is frequently co-infected with
other genotypes. For instance, all of the isolates of genotype
G recovered in San Francisco were co-infected with genotype
A (Kato etal,, 2002b). Similarly, all of the genotype G isolates
from Canada were co-infected with either genotype A or
genotypes A and C (Osiowy & Giles, 2003). Given evidence
for the high frequency of co-infection with other genotypes,
it is uncertain whether genotype G is competent to replicate
by itself or mainly depends on other genotypes for replica-
tion (Kato et al.,, 2002a). Moreover, whether the recombi-
nant strain of genotypes G and C would facilitate the evasion
of immune surveillance and have an advantage for per-
sistence in hosts over the authentic genotype G is unclear.

1t should be mentioned that the recombination breakpoints
identified in this study occurred in the vicinity of the DRI
region and encapsidation signal of the HBV pregenome. In
an in vitro recombination assay, fragments containing the

region spanning DR1, which is believed to be the origin of
virus replication and a preferred site in the viral genome
for integration, enhanced recombination in the presence of
extracts from actively dividing cells (Hino et al, 1991). Of
relevance to this evidence, it was demonstrated that the
region encompassing nt 1600-2000 achieved a recombination-
site density that was almost fivefold higher than that
of the remaining part of the genome (Pineau et al.,, 1998).
Thus, it is possible that the genomic region covering DRI
would be responsible for intergenotypic recombination of
genotype G, as well as for integration between HBV and the
host genome. However, additional data on the recombina-
tion of HBV genotype G are still required before any
conclusions can be drawn, Furthermore, the possibility that
such a recombination might contribute to the development
of HCC in this case needs further investigation.
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Fig. 2. (a) Nucleotide similarity comparison of the complete
genome of CU400 with those of genotype G (GenBank acces-
sion no. AB056513) and genotype C (GenBank accession no.
X04615), showing a window size of 200 bp and a step size of
20 bp. (b) Bootscan plots showing the likelihood of clustering
of the putative G/C recombinant sequence (CU400) with the
reference sequences of genotypes G and C, as well as geno-
type E as the outgroup (GenBank accession no. X75664).
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Summary

Chronic hepatitis B virus (HBV) infection is a major cause of hepatocellular
carcinoma (HCC). However, the pathogenesis of HBV-associated HCC is not fully
understood. To investigate whether mutations within the precore, core promoter and
X genes of HBV 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. HBV mutations in serum samples were determined by
PCR with specific primers at nucleotide (nt) 1287-2038, and direct sequencing. Our
data showed that precore stop codon mutation (PC) and double mutations in basal
core promoter (A1762T/G1764A) (CP) were found more frequently in the HCC group
than in the control group, but the differences were not statistically significant (PC
48% vs. 36%, P=0.33; CP 80% vs. 64%, P=0.12). However, the prevalence of CP in
HCC patients who were younger than 50 years or who were infected with HBV
genotype B were significant higher than that of the controls (82% vs. 48% P=0.03,
and 57.1% vs 16.7% P=0.04, respectively). In addition, single nucleotide mutations
were present in the X gene, but with a generally scattered distribution, and without
significant difference between groups. However, two of the HCC group had a 24-bps
insertion at nt 1674 and a 2-bps deletion at nt 1721-1722, respectively, leading to a
frameshift mutation of amino acid. We conclude that certain X gene mutations and,
particularly, CP mutations in young patients who are infected with genotype B may

contribute to the development of HCC.
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