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Background/Aims: Few reports have described the as-
sociation between mutations in the entire X gene of the
hepatitis B virus (HBV) and the clinical status of HBV-infected
patients. We studied the association between HBV X gene
mutations and the disease status of patients infected with
HBV genotype C. Methods: Mutations in the HBV X genes
of 194 patients were determined by direct sequencing.
The subject population consisted of patients with chronic
hepatitis (n=60), liver cirrhosis (n=65), and hepatocellular
carcinoma (HCC) (n=69). The sequencing results of these
3 groups were compared. Results: Each of the mutations
G1386M, C1485T, C1653T, T1753V, A1762T, and G1764A
was significantly associated with the patient’s clinical status.
The T1753V (p<0.001) and A1762T/G1764A (p<0.001)
mutations were found more frequently in Hepatitis B e
antigen (HBeAg)-negative than in HBeAg-positive patients.
Specific X gene mutations (G1386M, C1653T, and A1762T/
G1764A) were more prevalent in patients with liver cirrhosis
and HCC than in chronic hepatitis patients (p<0.005 for all).
In addition, the T1753V (p<0.001) and C1485T (p<0.001)
mutations were significantly more prevalent in HCC patients
than in chronic hepatitis patients. Only the prevalence of the
T1753V mutation increased as the HBV infection progressed
from liver cirrhosis to HCC (p=0.023). Conclusions: Our find-
ings show a difference in the pattern of X gene mutations
that were associated with the clinical status of patients with
chronic HBV infection. (Gut Liver 2011;5:70-76)
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INTRODUCTION

Hepatitis B virus (HBV) infection is a worldwide health con-
cern, and more than 350 million people are chronic carriers of

this virus.' HBV is the prototype member of the family Hepad-
naviridae, with a compact genome of approximately 3.2 kb ar-
ranged in a circular, partially double-stranded DNA molecule.”
The viral genome contains 4 open reading frames encoding its
own proteins with 4 promoters and 2 enhancers.’

The clinical patterns of hepatitis B are diverse, ranging from
natural recovery to acute hepatitis, chronic hepatitis, liver cir-
rhosis, and hepatocellular carcinoma (HCC). The different clini-
cal patterns are influenced by various factors that include the
natural history of HBV infection, host susceptibility, duration of
the infection, environmental factors, and viral factors.*®

Regarding viral factors, the core promoter/precore muta-
tions are known to be associated with the severity of liver dis-
ease, such as fulminant hepatitis, chronic active hepatitis, and
HCC.”™"" Specific mutations in the regions where the X gene and
enhancer II/core promoter regions overlap are especially associ-
ated with the development of HCC."*"®

The HBV X protein (HBx) is associated with hepatocarcino-
genesis through a multistep process, which includes induction
of reactive oxygen species, alteration of mitochondrial function
and physiology, and DNA damage.””" In hepatic inflamma-
tion, HBx induces many pro-inflammatory cytokines at the
transcriptional level.”®' The protease inhibitor-like structure
of HBx may also cause accumulation of toxic factors, thereby
resulting in severe hepatocellular injury.” The mutations in HBx
cause enhancement of various HBx effects.'*”’ These observa-
tions provide evidence that HBx is involved in the progression
of liver disease. However, very few reports have described the
association of X gene mutations with disease progression in
chronic HBV infection.”*” Thus, the aim of our study was to
evaluate the association of X gene mutations with the different
clinical status of patients with HBV genotype C infection.
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MATERIALS AND METHODS
1. Patients

We collected serum from 194 HBV-infected patients (chronic
hepatitis, 60; liver cirrhosis, 65; HCC, 69) who visited the out-
patient department at the Wonkwang University Hospital from
January 2005 to December 2008. The following exclusion crite-
ria were employed for the study patients: acute hepatitis B infec-
tion, history of previous antiviral therapeutic trials, hepatitis C or
D virus infection, alcohol abuse, or other causes of liver disease,
such as autoimmune hepatitis, Wilson’s disease, or hemochro-
matosis. Chronic hepatitis is defined by persistent or intermittent
elevation of alanine transaminase (ALT) levels for 6 months and
such elevations are not observed in cirrhosis and/or HCC.

The diagnosis of liver cirrhosis was based on imaging find-
ings acquired by ultrasonography, computed tomography (CT),
magnetic resonance imaging (MRI) the clinical and laboratory
findings. HCC was diagnosed by histology or a combination
of o -fetoprotein levels and imaging findings (hepatic angi-
ography, CT, or MRI). The study protocol was approved by the
Ethics Committee of our institution, and informed consent was
obtained from all the patients. All collected serum samples were
stored at -20°C until the analysis.

2. Serological assays for HBV markers and viral load

The hepatitis B markers hepatitis B surface antigen (HBsAg),
hepatitis B surface antibody (HBsAb), hepatitis B e antigen
(HBeAg), and anti-hepatitis B e antibody (HBeAb) were tested
using electrochemiluminescence assay kits (Roche, Rotkreuz,
Switzerland). The HBV viral load was assayed using the Artus
HBV LC PCR Kit (Qiagen, Hamburg, Germany), which has a de-
tection limit of 200 copies/mL.

Table 1. Clinical Characteristics of Patients in the Study

3. Extraction of HBV DNA, amplification, and sequencing of
X genes

HBV DNA was extracted from serum (200 pL) by using a
commercial kit (QJAamp DNA Blood Mini Kit; Qiagen, Hilden,
Germany) following the manufacturer’s protocol. The first round
of PCR was performed using the following primer pair: sense
primer S1 (5'-GAACCTTTGTGGCTCCTCTG-3" [nt: 1241-1260])
and antisense primer AS1 (5'-AAAAAGAGAGTAACTCCA-
CAG-3' [nt: 1935-1955]). The second nested PCR was performed
with the sense primer S1 (5'-GCAGCCGGTCTGGAGCGAAA-3’
[nt: 1301-1320]) and antisense primer AS1 (5'-ACAGCTTG-
GAGGCTTGAACA-3' [nt: 1861-1880]).

PCR products were purified on 2% agarose gel by using a
commercial kit (QIAquick Gel Extraction Kit; Qiagen, Hilden,
Germany), and residual primers and dNTPs were removed. The
purified PCR products were directly sequenced by the dideoxy
method with a BigDye(E Terminator V3.1 ready reaction cycle
sequencing kit and analyzed using an ABI PRISM 377 DNA Se-
quencer (Applied Biosystems, Foster City, CA, USA).

4. HBV genotyping

The HBV genomic sequences were multiple aligned using
CLUSTAL W/X software. The genetic distances were estimated
using Kimura’s two-parameter model, and phylogenetic trees

were constructed using the neighbor-joining method.”*®

5. Determination of nucleotide variations

The nucleotide sequences from position 1374 to 1838, located
in the region of the X gene, were examined, and the sequences
were verified in both directions. The nucleotide variations were
defined by differences in the consensus sequences. Mutations
with a frequency >10% were selected.

Clinical parameters CH (a, n=60) LC (b, n=65) HCC (¢, n=69) p-value Turky
Age, yr 35.6+14.0 51.6+10.4 55.849.9 0.000* a<h, a<c
Sex, M/F 47/13 40/25 47/22 0.125
HBeAg, (+)/(-) 55/5 26/39 31/38 0.000* a>h, a>c
HBeAD, (+)/(-) 5/55 40/25 38/31 0.000* a<b, a<c
Platelet count, x10°/mm’ 215.7+56.5 95.4+45.2 135.9+83.5 0.000* a>b, a>c, b<c
Albumin, mg/dL 4.4+0.7 3.4+0.8 3.5+0.7 0.000* a>b, a>c
Total bilirubin, mg/dL 1.1+2.3 2.1+2.6 3.1+6.3 0.042* a<c
ALT, IU/L 267.9+390.6 89.8+100.7 106.9+248.6 0.000* a>h, a>c
AST, TU/L 156.0+270.5 84.9+73.0 140.1+254.6 0.157
HBV-DNA, log,, copies/mL 7.82+1.14 6.57+1.43 6.52+1.30 0.000* a>b, a>c

Data are presented as number or mean+SD. The significance of differences (p-value) in the indicated group is shown.
CH, chronic hepatitis; LC, liver cirrhosis; HCC, hepatocelluar carcinoma; HBeAg, hepatitis B e antigen; HBeAb, hepatitis B e antibody; HBV-DNA,

hepatitis B virus-DNA.
*p<0.05.
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6. Statistical analysis

The data were analyzed using the SPSS version 11.5 statisti-
cal software package (SPSS Inc., Chicago, IL, USA). For com-
parisons of the collected data, the chi-square test, Fisher exact
test, Student’s t-test, and multivariate logistic regression analy-
sis were performed. The differences between the groups with p
values <0.05 were considered statistically significant.

RESULTS

1. Baseline clinical characteristics, nucleotide variability,
and mutational patterns of HBV X gene according to the
clinical status

The subject population consisted of patients who had the fol-
lowing 3 diseases: chronic hepatitis (n=60), liver cirrhosis (n=65),
and HCC (n=69). All patients were infected with HBV genotype C.
Table 1 shows serum HBV DNA concentrations, age, sex, liver
function, and HBeAg serostatus in the study population. Chronic
hepatitis patients showed a younger age, higher albumin, higher
ALT, higher platelet count, higher HBV DNA, higher HBeAg
positive rate, and lower HBeAb positive rate than liver cirrhosis
and HCC patients. However, liver cirrhosis patients and HCC pa-
tients were not significantly different from each other except in
the platelet count.

All subjects (n=194) showed 10 mutations with a frequency
>10%. Six of the ten mutations were associated with the clini-
cal status of patients with chronic hepatitis B infection. The
following mutations were observed: G1386M, C1485T, C1653T,
T1753V, A1762T, and G1764A (Fig. 1).

The mutations A1762T and G1764A were frequently ob-
served together. The frequency of the double mutation A1762T/
G1764A was 148/194 (76.3%). The double mutation was ob-

served in 148 out of 158 patients (93.7%) with either A1762T
or G1764A mutations. The A1762T mutation alone (without
G1764A) was observed in 2 patients, and single G1764A muta-
tions were observed in 8 patients. The double mutation was
considered to be a mutational pattern.

The frequency of 3 mutational patterns (G1386M, C1653T,
and A1762T/G1764A) in patients with liver cirrhosis was signif-
icantly higher than that in patients with chronic hepatitis (35.4%
vs 13.3%, p=0.004; 30.8% vs 13.3%, p=0.019; 81.5% vs 53.3 O,
p=0.001; respectively).

The frequency of 5 mutational patterns (G1386M, C1485T,
C1653T, T1753V, and A1762T/G1764A) in patients with HCC
was significantly higher than that in patients with chronic
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Fig. 1. The difference and frequencies of 5 mutational patterns
(G1386M, C1485T, C1653T, T1753V, and A1762T/G1764A) according
to the clinical status of each.

CH, chronic hepatitis; LC, liver cirrhosis; HCC, hepatocellular carci-
noma.

Table 2. Mutational Patterns of the HBV X Gene according to Clinical Status

Mutation type Total (n=194) CH (n=60) LC (n=65) HCC (n=69)
G1386M* 57 (29.4) 8 (13.3) 23 (35.4) 26 (37.7)
C1479D 44 (22.7) 6 (26.7) 14 (21.5) 14 (20.3)
C1485T" 47 (24.2) 9 (15.0) 17 (26.2) 21 (30.4)
A1499B 48 (24.7) 11 (18.3) 14 (21.5) 23 (33.3)
A1574B 26 (13.4) 0(16.2) 7 (10.8) 9 (13.0)
G1613A 75 (38.7) 25 (41.7) 24 (36.9) 26 (37.7)
C1631T 26 (13.4) 0(16.7) 8 (12.3) 8 (11.6)
C1653T" 56 (29.0) 8 (13.3) 20 (30.8) 28 (41.2)
T1753V° 31 (16.0) 3 (5.0) 8 (12.3) 20 (29.0)
A1762T/G1764A" 148 (76.3) 32 (53.3) 53 (81.5) 63 (91.5)

Data are presented as number (%).

HBYV, hepatitis B virus; CH, chronic hepatitis; LC, liver cirrhosis; HCC, hepatocelluar carcinoma.
*CH vs LC, p=0.004; CH vs HCC, p=0.002; LC vs HCC, p=0.783; "CH vs LC, p=0.125; CH vs HCC, p=0.038; LC vs HCC, p=0.583; fCH vs LC,
p=0.019; CH vs HCC, p<0.001; LC vs HCC, p=0.212; SCH vs LG, p=0.150; CH vs HCC, p<0.001; LC vs HCC, p=0.018; " CH vs LC, p=0.001; CH vs

HCC, p<0.001; LC vs HCC, p=0.098.
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hepatitis (37.7% vs 13.3%, p=0.002; 30.4% vs 15.0%, p=0.038;
41.2% vs 13.3%, p<0.001; 29.0% vs 5.0%, p<0.001; 91.5% vs
53.3%, p<0.001; respectively). Only the T1753V mutation was
significantly more frequent in patients with HCC than in pa-
tients with liver cirrhosis (29.0% vs 12.3%, p=0.018) (Table 2).

2. Significance of the mutations in the HBV X gene accord-
ing to the clinical status

Although significant mutations were identified using uni-
variate analysis, multivariate analysis was used to determine
the association of the following mutations to the clinical sta-
tus of HBV-infected patients: 1) Liver cirrhosis patients had
more G1386M (odds ratio [OR], 4.16; 95% confidence interval
[C1], 1.57-10.95; p=0.004], C1653T (OR, 3.01; 95% CI, 1.12-
8.05; p=0.028), and A1762T/G1764A (OR, 3.46; 95% CI, 1.48-
8.11; p=0.004) mutations than chronic hepatitis patients; and
2) HCC patients had more G1386M (OR, 3.45; 95% CI, 1.21-
9.79; p=0.020), C1653T (OR, 4.39; 95% CI, 1.56-12.3; p=0.005),
T1753V (OR, 7.31; 95% CI, 1.88-28.4; p=0.004), and A1762T/
G1764A (OR, 5.38; 95% CI, 1.80-16.10; p=0.003) mutations
than the chronic hepatitis patients. In particular, T1753V muta-
tion was the only base mutation showing difference in compari-
son between HCC and liver cirrhosis patients (29.0% vs 12.3%);
OR, 2.92; 95% CI, 1.09-7.81; p=0.032; Table 3).

3. Different distribution of mutations in the HBV X gene ac-
cording to the HBeAg serostatus

To evaluate the associations between the 10 mutations (>10%
frequency) and HBeAg serostatus, the frequencies of various
mutations were compared between HBeAg-positive and HBeAg-
negative patients. The mutations T1753V (9.8% vs 24.4%,
p=0.006) and A1762T/G1764A (67.0% vs 89.0%, p<0.001) were

Table 3. Multivariate Analysis of Mutations in the HBV X Gene ac-
cording to Clinical Status

Clinical 95% CI

severity Mutation type  Odds ratio (range) p-value

CH vs LC G1386M 4.16  1.57-10.95 0.004*

C1653T 3.01 1.12-8.05 0.028*

A1762T/G1764A 346  1.48-8.11 0.004*

CH vs HCC G1386M 345 1.21-9.79 0.020*
C1485T 1.78  0.59-5.35 0.298

C1653T 439  1.56-12.3 0.005*

T1753V 731 1.88-28.4  0.004*

A1762T/G1764A 538 1.80-16.1 0.003*

LC vs HCC T1753V 292  1.09-7.81 0.032*

significantly more frequently found in HBeAg-negative than
in HBeAg-positive patients (Table 4). Interestingly, T1753V
mutation was not different between liver cirrhosis patients and
HCC patients when the patients were HBeAg-positive, and its
frequency was significantly higher in patients with HCC than
in patients with liver cirrhosis only when the patients were
HBeAg-negative (34.2% vs 12.5%, p=0.032).

DISCUSSION

In contrast to several studies in which specific mutations in
the X gene or enhancer II/core promoter regions of HBV were
observed to be associated with the development of HCC, we fo-
cused our study on the association between the clinical status of
the liver disease and mutations in the entire X gene region. We
identified 6 specific mutations in the X gene that were associ-
ated with the clinical status of HBV-induced liver disease. These
mutations, G1386M, C1485T, C1653T, T1753V, and A1762T/
G1764A, result in the respective amino acid substitutions as fol-
lows: V5M/L, P38S, H94Y, 1127T/N, and K130M/V 1311 These
amino acid substitutions induce changes in HBx, thereby alter-
ing its activities in transactivation and apoptosis.”**

The most significant result in this study was the identifica-
tion of the mutation G1386M (V5M/L) as a related factor in
the progression from chronic hepatitis to liver cirrhosis or HCC.
G1386M (V5M/L) mutations were significantly more prevalent
in liver cirrhosis and HCC than in chronic hepatitis patients.
This finding is consistent with a previous study that showed
a significantly high prevalence of G1386M in patients with a
severe liver disease such as chronic hepatitis B infection.”* How-
ever, in this study, the G1386M mutation was not significantly
more prevalent in patients with HCC than in patients with liver

Table 4. Different Distributions of Mutations in the HBV X Gene ac-
cording to HBeAg Serostatu

Types of X HBeAg (+) HBeAD (+)

mutations (n=112) (n=82) p-value
G1386M 31(27.7) 26 (24.1) 0.543
C1479D 24 (21.4) 20 (24.4) 0.627
C1485T 23 (20.5) 24 (29.3) 0.161
A1499B 24 (21.4) 24 (29.3) 0.211
A1574B 17 (15.2) 9 (11.0) 0.396
G1613A 41 (36.3) 34 (41.5) 0.493
C1631T 14 (12.5) 12 (14.6) 0.666
C1653T 29 (25.9) 27 (33.3) 0.261
T1753V 11 (9.8) 20 (24.4) 0.006*
A1762T/G1764A 75 (67.0) 73 (89.0) <0.001*

The significance of differences (p-value) in the indicated group is
shown.

HBV, hepatitis B virus; CI, confidence interval; CH, chronic hepatitis;
LG, liver cirrhosis; HCC, hepatocelluar carcinoma.

*p<0.05.

Data are presented as number (%). The significance of differences (p-
value) in the indicated group is shown.

HBYV, hepatitis B virus; HBeAg, hepatitis B e antigen; HBeAb, hepati-
tis B e antibody.

*p<0.05.
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cirrhosis, and there was no difference according to the HBeAg
serostatus. In addition, in contrast to the previous study, the
G1386M mutation was not associated with the double mutation
A1762T/G1764A (not shown),” thereby suggesting that this
mutation may be a target of the host immune response against
HBx. However, the epidemiologic data for this mutation and the
study of its functional role are limited. Additional studies are
required to determine the effects of this mutation.

In this study, the prevalence of the C1485T mutation (P38S)
in HCC patients was significantly higher than that in chronic
hepatitis patients. However, C1485T mutation as a risk factor in
the progression from chronic hepatitis to HCC was eliminated
after multivariate analysis. Also the prevalence of the C1485T
mutation in liver cirrhosis was not significantly different in
chronic hepatitis patients. Taken together, the frequency of
the C1485T mutation was not significantly associated with the
HBeAg serostatus; this finding is consistent with that of a previ-
ous study.”* These findings suggest that the C1485T mutation
is not as important as other mutations in the progression from
chronic hepatitis to HCC. This finding is also consistent with a
previous experimental study in which a mutation in codon 38
did not affect the various signal transduction pathways.”’

Our previous study had reported that B1499 mutation was
significantly more frequent in the HCC group® but in this
study no difference was observed. The variation between the
two studies comes from the difference between the two study
groups. The previous study was limited to liver cirrhosis pa-
tients, and did not included chronic hepatitis patients. However
this study included chronic hepatitis and liver cirrhosis patients,
HCC patients in the previous study all had liver cirrhosis, but
HCC patients in this study have either chronic hepatitis or liver
cirrhosis. Therefore the lack of chronic hepatitis in the previous
study group has proven to cause a variation in results between
the two studies.

The frequencies of the mutations C1653T (H94Y) and
A1762T/G1764A (K130M/V131]) in liver cirrhosis and HCC pa-
tients were higher than those in chronic hepatitis patients. The
amino acid change in codon 94 caused by the C1653T mutation
affects both the function and structure of HBx. C1653 in the
box-alpha corresponds to the region associated with the target
site for p53-mediated transcriptional repression and the binding
site of the related factors. Nucleotide 1653 of HBV was placed
at the center of the immunodominant antigenic domain.”® The
C1653T mutation may enhance the binding affinity of related

P75 and cause

factors and enhancer II/core promoter activity,
activation of an indolent immune response, as well as abrogates
both the antiproliferative and transactivation effects of wild-
type HBx.”® These changes may be involved in inflammatory
processes and/or hepatocarcinogenesis.

The double mutation A1762T/G1764A is well known to be
associated with disease severity, such as HCC and fulminant

hepatitis.” """ In this study, the T1762 and A1764 muta-

tions were almost in linkage disequilibrium, and their frequen-
cies were as high as in previous studies.”*”>”” Although the
frequency of the double mutation A1762T/G1764A was high
(53.3%) in patients with chronic hepatitis, the mutation rate was
significantly higher in patients with liver cirrhosis (81.5%) and
HCC (91.5%). This finding is consistent with a previous study
showing that the double mutation A1762T/G1764A is associ-
ated with more progressive forms of liver disease.** The double
mutation A1762T/G1764A has been associated with diminished
HBeAg production, enhanced host immune response, and viral
DNA replication.”* HBx including A1762T/G1764A mutant
abrogates the antiproliferative effect compared to wild-type
HBx.*' These effects may be involved in the pathogenesis of in-
flammatory processes or carcinogenesis.

In this study, the double mutation A1762T/G1764A was
closely associated with liver cirrhosis and HCC rather than
with chronic hepatitis. However, the prevalence of the pattern
of T1762/A1764 mutations were not significantly different
between cirrhosis and HCC patients. The 2 mutational patterns
have been frequently found in patients with advanced liver dis-

C.**”® Recent studies have shown

ease such as cirrhosis and HC
that these mutations would not be a predictive factor for HCC
2% thereby suggesting

that the significance of any mutation in the prediction of HCC

development in patients with cirrhosis,

development may be dependent on the differences in the fre-
quency of cirrhosis in the HCC and non-HCC groups. The mu-
tational patterns of C1653T and T1762/A1764 were associated
with the development of HCC when the frequency of patients
with cirrhosis in the HCC group was significantly higher than
that in the non-HCC group."'®

In our study, only the T1753V mutation (1127T/N) was in-
creased as the HBV infection progressed from liver cirrhosis to
HCC. T1753 mutation combined with T1762/A1764 showed en-
hanced viral replication in vitro,™ and HBV viral load is a factor
associated with developing HCC. Also the change of amino acid
by T1753V mutation may affect the function of HBx."” There-
fore the T1753V mutation may predict the development of HCC
in patients with cirrhosis.”* As this tendency was observed
only in HBeAg-negative patients but not in HBeAg-positive
ones, T1753V mutation occurred more frequently in patients
with HCC than in patients with liver cirrhosis only when the
patients were HBeAg-negative. In the previous studies, it was
demonstrated that T1753V mutations in HCC patients infected
with C1/Cs were frequently found in cases of HBeAg-positive,
whereas T1753V mutations in HCC patients infected with C2/
Ce were frequently found in cases of HBeAg-negative.'"” This is
similar to our results because HBV genotype in Korea is C2/Ce.
Therefore we suggested that the difference in the genotype is
probably responsible for the different results, but further studies
with more subjects are needed. In addition, this mutation may
alter the binding activity of the ubiquitous transcription fac-
tor Sp1 and affect the core promoter activity.”” HBx including
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T1753V mutant induced a higher increase in the transactiva-
tional activity than wild-type HBx."' These changes may con-
tribute to the multistep process of hepatocarcinogenesis.

In conclusion, we believe that the mutations G1386M,
C1485T, C1653T, T1753V, and A1762T/G1764A in the X gene
are associated with the clinical status as chronic HBV infec-
tion progresses from chronic hepatitis to cirrhosis or HCC and
from cirrhosis to HCC. Also our results showed a difference in
the pattern of X gene mutations that was associated with each
clinical status. These finding suggests that these mutations may
be useful markers for predicting the clinical course of patients
with chronic hepatitis B.
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