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Abstract This report describes the full-length sequences of
2 HBV clones from a hepatocellular carcinoma (HCC) patient,
one with preC mutation (1896A) and the other without preC
mutation. The high level of discrepancy in mutation frequency
between these 2 strains was observed in the Core (C) region
among 4 ORFs. These data support previous results that Korean
HBYV strains, belonging to genotype C2, are prone to mutations.
It is possible that the mutations (BCP and preC mutations)
associated with the HBeAg defective production might contribute
to the diversity of mutations related to HBV persistence, playing
an important role in hepatocarcinogenesis in this patient.
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Chronic Hepatitis B virus (HBV) infection affects more
than 350 million people, some of whom develop severe
liver diseases, which include cirrhosis and hepatocellular
carcinoma (HCC) [13]. Moreover, Korea is an endemic
area of HBV infection, and based on the Korean National
Health and Nutrition Survey of 1998, the prevalence of
HBsAg was 5.1% in men and 4.1% in women [9].12

HBYV has a quasispecies distribution in infected patients
owing to an error-prone HBV reverse transcriptase lacking
3'-5' proofreading capacity [2, 4]. Because the quasispecies
distribution of HBV facilitates the selection of variants
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bearing survival advantage against host immune response,
which could contribute to the persistence of viral replication,
it should be monitored to ensure the adequate managemert
of chronic infections.

Genotype C has a higher disease-inducing capacity, is
more prone to mutations than genotype B, and is known to
infect almost all Korean patients [7, 9, 18, 20]. The higher
prevalence of double mutations in the basal core promoter
(BCP) region, which is closely related to the reduction of
HBeAg, an immune tolergen, or major hydrophilic region
(MHR) variants is also found in more Korean chronic
patients than patients of other countries [19, 22]. Therefore,
it seems likely that these characteristic features of Korean
chronic patients might contribute to the construction of a
HBYV quasispecies composed of diverse variants.

Although Korea is a hepatitis B virus (HBV) endemic
area [9], relatively few full-length genome sequences are
available [8, 9, 18]. In particular, to our knowledge, comparative
studies based on the complete genome sequences between
HBYV strains with different polymorphisms in preC mutation
from patients have not yet been performed.

To understand the molecular dynamics between 2 strains
with or without preC mutation within a HCC patient,
comparisons of the nucleotide and amino acid sequences
between these 2 strains are presented, and their characteristic
mutation patterns are evaluated in the present study.

A serum sample was collected from a HBeAg negative
patient who visited Cheju National University Hospital,
Jeju, Korea, in 2004. The patient, designated by code name
JH4, was diagnosed with HCC either histologically or
radiologically. Clinical data are shown in Table 1.
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Table 1. Clinical characteristics of an HCC patient, JH4, the subject of this study.

Samples  Sex Age(years) ALT(1U/l) HBeAg

Anti-HBe

HBV DNA (pg/ml) Diagnosis

JH4 M 52 52 -

+ 70 Hepatocellular carcinoma

DNA was extracted using phenol/chloroform/iscamylalcohol
(50:49:1) from 200 ml of serum. To amplify the full-length
genome of HBYV, the nested Expand High Fidelity PCR

67[— JH4-1896-G *
’2{— JH4-1896-A *x
AY641563/Korea
AY841561/Korea
\E 108805/Japan
oi AY641559/Korea
AY641560/Korea
s AY 247032/Kor2
‘ﬂ D16667/Japan
ESOMQIJapan
AY641558/Korea
72_ o AY247030/Korea
J_ AY641562/Korea
- D23682/Japan
o wj- D23683/Japan
X14193/Korea
AY247031/Korea
10 D23684/Japan
c2 AF182805/China
5 D23681/Japan

HBV-055
100 HBV-047

10q ABO74755/Thailand
100[ 1 ABQ74756/Thailand
c1 AF068756/Thailand

& 0 ABO31265/Vietnam
AB031262/Vietham
AF223957/Vietnam
AF223960/Vietnam
% AB100695/Vietnam
10 000329/ Japan
M57663/Philippine
X70185/Europe

MME—- AB106564/Ghana
X75664/Senegal

Genotype C 14

Genotype D X02496/Russia
10 X65257/Italy
l GenOtype S AB056514-G/USA
Genotype i X75663/France

—
0.01

Fig. 1. A phylogenetic tree based on the entire genome
sequences of 37 reference HBV strains and of the 2 HBV strains
sequenced in this study.

Genetic distances were estimated by using the Kimura two-parameter
matrix and the phylogenetic tree was constructed by the neighbor-joining
method. Stars () indicate HBV strains sequenced in this study; Country
origins of all the reference HBV strains are given. Percentages at nodes
represent levels of bootstrap support from 1,000 resampled datasets.
Bootstrap values of less than 50% are not shown. The bar indicates 1%
estimated sequence divergence.

System (Roche, Penzberg, Germany) was used. The HBV
sequences of this patient were amplified using a two-step
full-length genome amplification method as previously
described [7, 8].

PCR amplicons were purified using a QIAEXII gel
extraction kit (QIAgen, Hilden, Germany), and cloned into
a TOPO TA cloning vector (Invitrogen, California). The
HBV DNA insert was sequenced with vector- and HBV-
specific primers as previously described [7].

Based on full nucleotide sequences, phylogenetic analysis
was performed on the 2 HBV clones, JH4-1896-G and
JH4-1896-A, and results were compared with the sequences
of 37 reference clones retrieved from GenBank. Phylogenetic
trees were inferred using the neighbor-joining method [3,
6, 11, 211, which was carried out using MEGA version 2.1
[10]. A phylogenetic tree showed that the 2 strains
belonged to genotype C2, which predominates in Far East
Asia (Japan, Korea, and China), and that they form a
closely related branch (Fig. 1).

The most discernible feature observed between these 2
HBYV strains is the polymorphism of nucleotide position
1896 in the preC region (G or A), which is known to be
associated with interruption of HBeAg production. One is
with preC mutation, designated as a JH4-1896-A strain
(GenBank No. EF137803) not producing HBeAg, but the
other is without preC mutation, designated as a JH4-1896-
G strain (GenBank No. EF137802), which can produce
HBeAg (Table 2).

All two HBYV strains from the HCC patient, JH4, had the
same nucleotide lengths of 3,200 bp, with deletion of 15 bp
in preS1 and in the overlapping P region. These nucleotide
deletions led to 5 and 6 amino acid deletions in the P and
preS1 regions, respectively. However, since these deletions
affect the start codon in the overlapping preS1 region and
the next start codon was located at the 12" amino acid
position, both strains contained 11 amino acids deleted large
S antigens (389 amino acids), characteristic of genotype
D strain. Moreover, both strains showed premature
termination in the 665" codon of P protein, and they had P
proteins with length of 659 amino acids, much shorter than
that of wild strain with a length of 843 amino acids (Table 2,
Table 3). Although the catalytic domain of the reverse
transcriptase domain of truncated P protein was intact, the
RNase H domain was completely deleted. Ribonuclease H
activity encoded by the RNase H domain is essential for
cleavage of the RNA in the RNA-DNA hybrid during
reverse transcription [14]. The possibility that the loss of
this activity might be compensated for by the intact P
protein of different quasispecies HBV strains in this patient
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Table 2. Amino acid substitutions deduced from full genome sequences, and mutation patterns of the BCP region of 2 HBV strains

from an HCC patient, JH4.

. BCP Precore
Samples Polymerase PreS1  PreS2  Surface X protein Core
1762 A 1764 G 1896 G
JH4-1 E17A,G32D,E39D,V69I, 1Del6, P36S P62L,L88P, T82A,1127T, AtoT GtoA Clear G E117G
Q85H, T100L, 182 Del 186, 77 Seop 1152T, K130M,
E258K, A2728S, S335F, L209W V1301

H401R, V6124, 1L613Q,
Q648R, 665 Stop

JH4-4 E17A,G32D, V691, Q85H,
182 Del 186, A272S, H401R,
L613Q, Q648R, 665 Stop

1Del6 Clear VIS0A,
L209W,
V224A

T82A,1127T, AtoT GtoA 28Stop GtoA P5T, Y38H, L60V,
K130M, V1491, G153S,
V1301 Q177K

(JH4) could not be excluded. However, the exact mechanisms
in compensation of the lost activity of the truncated P
protein remain for future study.

Both strains have X (154 amino acids) and C (183 amino
acids) proteins of normal length. Both strains contained
double mutations at nucleotides 1762 (A—T) and 1764
(G—A) in the basal core promoter (BCP) region, which
simultaneously led to two amino acid substitutions at
amino acid positions 130 (K—M) and 131 (V—I) in the
overlapping X region. Besides these two mutations related
to the BCP double mutations, the other mutation at the
amino acid position 127 (I-T) known to be associated
with progressive forms of liver disease was also found in
the X region of both strains (Table 2).

Generally, some discrepancies between 2 HBV strains
in mutation patterns and frequencies of almost all regions
except for the X region were observed. In particular, discrepancy
in the mutation frequency of the C region was the most
clearly shown. For example, whereas only one amino acid
change was observed in the JH4-1896-G strain, six amino acid
changes were observed in the JH4-1896-A strain. The amino
acid differences between 2 HBV strains were observed in 8
(4.4%) among 183 codons in C proteins (Table 2).

HBeAg is known to be a strong immune tolergen, which
could suppress the host immune response against HBV
antigens [11]. HBV strain showing the complete loss of
HBeAg might be expected to be more prone to mutations
against host immune response than one producing HBeAg.
In fact, comparison of mutation patterns between the 2
HBYV strains of the present study showed that amino acid
sequence divergence between the 2 HBV strains was higher
in HBsAg [2.2% (5/226 amino acids)] and HBcAg [4.4%
(8/183)], eliciting a strong host immune response, than in

functional proteins, P [0.8% (5/659 amino acids)] and X
[0% (0/154 amino acids)] proteins, strongly supporting the
above notion. In particular, the fact that the highest level of
divergence between both strains was observed in the C
region having common amino acid sequences with HBeAg
suggested that HBeAg might suppress the host immune
response against HBeAg more specifically rather than
suppress the whole host immune response against HBV
antigens in a nonspecific manner.

In addition to preC mutation, some mutation patterns
suspected as a factor associated with hepatocelluar
carcinogenesis of this patient (JH4) were observed in the
present study. First, BCP double mutations, which are
known to be associated with the severance of clinical
outcome [1, 5], were observed in both strains. This result
was also in accordance with the previous result that BCP
double mutations are frequent in Korean HBV isolates,
irrespective of HBe seroconversion and disease severity
[21]. Second, the deletion of preS1 start codon leading to
the N terminally 11 amino acids deleted large S protein
characteristic of genotype D strain was observed in bota
HBYV strains. The deletion type of preS1 start codon had
also been introduced in 2 among 3 Korean HCC patients in
the previous report [18], but had been rarely detected in
genotype C strains of other countries. Third, the three
mutations (1127T, K130M, and V131I) observed in the
carboxy terminal region of the X protein known to be
associated with transactivating function [16, 17] were also
observed in both strains.

In conclusion, our data support previous results
that Korean HBV strains, belonging to genotype C2
extraordinarily, are prone to mutations and have several
characteristic mutations. It could be that the mutatiors

Table 3. Comparison of amino acid length of encoded proteins between 2 HBV strains from an HCC patient, JH4.

Polymerase Large surface Ag ~ Middle surface Ag~ Small surface Ag X Ag  Core Ag  HBeAg
Genotype C 843 400 281 226 154 183 P
JH4-1896-G 659 339 281 226 154 183 P
JH4-1896-A 659 339 281 226 154 183 N
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(BCP and preC mutations) associated with the HBeAg
defective production might contribute to the diversity of
mutations related to HBV persistence, playing an important
role in hepatocarcinogenesis in this patient.
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