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To investigate the roles of mutations in enhancer II (Enh II) and
basal core promoter (BCP) of hepatitis B virus (HBV) in hepato-
cellular carcinoma (HCC), we determined the sequence of Enh
II/BCP in 152 HCC and 136 non-HCC patients from a high-
incidence area of East China. A longitudinal study was conducted
on 21 cases in which serial plasma samples were available before
HCC. In total, six point mutations, including T1653, V1753,
T1762, A1764, T1766 and A1768, were found to occur more fre-
quently in HCC patients. Multivariate analysis showed that the
T1653 [odds ratio (OR), 2.07; 95% confidence interval (CI),
1.114-3.845] and V1753 (OR, 3.099; 95% CI, 1.520-6.317) were
independent factors that were associated with HCC. Although
a T1762/A1764 double mutation was found in 73.0% of the
HCC patients and 66.9% of the non-HCC patients, if the com-
bined pattern with other adjacent mutations was not taken into
account, it alone showed a lower frequency in HCC patients com-
pared with non-HCC patients (19.7 versus 34.6%, P = 0.005).
Interestingly, while the OR of HCC patients with a double muta-
tion was only 0.393 (95% CI, 0.234-0.660), it increased to 1.861
(95% CI, 1.161-2.984) with a triple mutation and to 4.434 (95%
CI, 1.630-12.063) with a quadruple mutation. The longitudinal
study demonstrated that the mutations in Enh II/BCP accumu-
lated during the development of HCC. In conclusion, the T1653
and V1753 mutations were independent risk factors for HCC in
East China. The T1762/A1764 double mutation was necessary but
not sufficient to produce an association between Enh II/BCP
mutations and HCC.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer
worldwide and the third most common cause of cancer mortality
(1). Hepatitis B virus (HBV) infection causes 75-80% of the cases
of this type of cancer. Recently, several virological factors have been

Abbreviations: BCP, basal core promoter; CI, confidence interval; CP, core
promoter; Enh II, enhancer II; HBeAg, hepatitis B e antigen; HBV, hepatitis B
virus; HCC, hepatocellular carcinoma; OR, odds ratio; PCR, polymerase chain
reaction.

identified that are associated with a high risk of HCC development.
These include HBV DNA levels, HBV genotypes, pre-S deletions and
mutations in the pre-S2 start codon, core promoter (CP) and precore
regions (2).

HBYV is a partially double-stranded DNA virus with four overlap-
ping open reading frames that are under the control of four different
promoters. The CP and enhancer II (Enh II) are located in the region
that overlaps with the HBV X gene. The CP is composed of the upper
regulatory region (nt.1613-1742) and the basal core promoter (BCP,
nt.1742-1849) and directs transcription of both pregenomic messen-
ger RNA and precore messenger RNA (3). Enh II is located in
nt.1636-1741 and is composed of the boxes o (nt.1646-1668) and
B (nt.1704—1715). It stimulates the transcriptional activity of surface,
core and X gene promoters (4,5). The most common naturally occur-
ring mutations in BCP are an A to T mutation at 1762 and a G to A
mutation at 1764. The T1762/A1764 double mutation was reported to
be associated with the severity of hepatitis and the development of
HCC (6-13), although this association has not been consistently con-
firmed by others (14-16). Recently, T1766, A1768 and V1753 in BCP
and T1653 in box o of Enh II were found to occur more frequently in
HCC patients than in non-HCC patients in Asia (7,17-19). Although
the mechanisms whereby Enh II/BCP mutations lead to HCC remain
unknown, their association with the increased risk of HCC has been
confirmed by a recent meta-analysis (19).

HBYV is classified into eight genotypes, A—H, which can be further
segregated into subgenotypes based on a >4% (but <8%) difference
in the entire nucleotide sequence with distinct ethnic or geographic
origin (20). In Asia, genotype C is associated with an increased risk of
HCC compared with genotype B (12,14), although these findings have
not been supported by other studies (7,21). HBV subgenotypes also
seem to influence the outcome of liver diseases (22,23). Because HBV
genotype C is more prone to the T1762/A1764 mutation than geno-
type B (7,9,12), whether the association between genotype C and
increased HCC risk is genuine or merely due to the high percentage
of BCP mutations in patients with genotype C is an interesting issue.
Studies in Hong Kong populations suggest that the BCP double mu-
tant, as opposed to HBV genotype C, is the primary risk factor for
HCC (6,7). However, studies in Taiwanese populations indicate that
both genotype C and the T1762/A1764 double mutation status are
independent risk factors for the development of HCC (12). These
controversial results reflect the complex interplay between HBV gen-
otypes and BCP mutations. Thus, a predictive model for HCC that is
based on the HBV sequence should be constructed in the context of
geographic regions or ethnic groups.

China has one of the world’s highest rates of HCC (24). In some
areas, the incidence of HCC can be as high as 70-80 per 100 000
people (25). The high incidence of HCC is usually observed in the
eastern and southern coasts of China, where HBV infection has been
documented in >90% of HCC cases (26). However, the relationship
between Enh II/BCP mutations and HCC risk is largely uncharacter-
ized, especially with regard to the T1653 and V1753 mutations. Thus,
we performed a cross-sectional study of 152 HCC patients and 136 non-
HCC patients from Shanghai and Qidong (both of which are coastal
cities in East China). Furthermore, a longitudinal study was conducted
on 21 HCC cases in which plasma samples were serially obtained
before and after the occurrence of HCC. We aimed to assess the muta-
tion or mutation profiles which can serve as predictive markers for HCC
in East China, where chronic hepatitis and HCC are hyperendemic.

Materials and methods

Patients and samples

We recruited 152 HCC patients and 136 non-HCC patients with HBV infec-
tions for the cross-sectional study. Plasma samples were collected at the
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Qidong Liver Cancer Institute/Qidong Tumor Hospital (110 HCC and 100 non-
HCC cases) and at the Shanghai Dahua Hospital (42 HCC and 36 non-HCC
cases) between 1990 and 2007. Informed consent was obtained from all pa-
tients and the study protocol was approved by the local institution review
boards at Shanghai Cancer Institute, Qidong Liver Cancer Institute and Shanghai
Dahua Hospital. All of the patients were positive for hepatitis B surface antigen
and HBV DNA. The diagnoses of HCC were based on either histological find-
ings or elevated serum contents of o-fetal protein (>400 pg/l), combined with
at least one positive image on sonography, computerized tomography and/or
nuclear magnetic resonance. According to the current Chinese diagnostic crite-
rion (27), there were 125 chronic hepatitis B patients and 11 inactive carriers in
the non-HCC group. Patients with hepatitis C virus infection or cirrhosis were
excluded from the study. For the longitudinal study, 21 HCC patients who did or
did not have the Enh II/BCP mutations were obtained from a prospective cohort
that was started in 1992, which included 852 hepatitis B surface antigen-positive
individuals and 786 hepatitis B surface antigen-negative individuals residing in
Qidong, Jiangsu Province, China. The plasma samples of each individual were
collected annually. For each of the 21 cases, at least one polymerase chain
reaction (PCR)-amplifiable DNA sample was available from before the patient
was diagnosed with HCC.

Amplification of Enh II/BCP sequence

The HBV DNA was extracted from 100 pl of plasma using a QIAamp DNA
blood mini kit (QIAGEN, Hilden, Germany) or from 50 ul of plasma by boiling
in 5 pl DNA of extraction buffer (PG Biotech Co., Shenzhen, China) for
10 min. The HBV DNA sequence from nt.1261 to 1796 was amplified by semi-
nested PCR using the HB1 [5'-GCCAAGTGTTTGCTGACGC-3" (nt.1177—
1195), forward] and HBV 1796R [5'-CAATTTATGCCTACAGCCTCC-3’
(nt.1796-1776), reverse] primers as first round primers and the HBxF2 [5'-
CCGATCCATACTGCGGAACT-3' (nt.1261-1280), forward] and HBV 1796R
primers as second round primers. The amplification was carried out in a 50 pl
reaction mixture containing 5 pl of 10x buffer, 4 ul of 2.5 mM deoxyribo-
nucleoside triphosphates, 2 pl of 10 uM forward and reverse primers and 1 U
Pyrobest DNA polymerase (TaKaRa Bio, Dalian, China). The PCR products
were gel-purified and used as the templates for sequencing using the BigDye
terminator cycle-sequencing reaction kit and the Prism 3700 DNA analyzer
(Applied Biosystems, Foster City, CA). The sequences were compared using
the Clustal W program.

HBYV genotyping

The HBV genotypes were determined by comparing the sequence of the X gene
to standard sequences from the GenBank database. The phylogenetic tree was
constructed using MEGA4.1 software.

Quantification of HBV DNA

The HBV DNA copies in plasma samples were quantified by real-time
PCR using a commercial kit (PG Biotech Co., Shenzhen, China) according
to the manufacturer’s instructions. The detection limit of the kit was
5.0 x 107 copies/ml.

Statistical analysis

The statistical analyses were performed using the chi-square test or the Fisher’s
exact test for categorical variables. The Student’s 7-test and nonparametric test
were used for continuous variables where they were appropriate. Multivariate
analyses with logistic regression were used to determine the independent fac-
tors that correlated with HCC. All of the tests were two tailed, and a P value
of <0.05 was considered to be statistically significant. SPSS (SPSS, Chicago, IL)
version 12.0 was used for statistical analysis.

Results

Demographics

The demographic data of the 152 HCC patients and 136 non-HCC
patients are listed in Table I. There were no differences in age or male
to female ratio between the HCC and non-HCC groups (47.9 = 11.9
years versus 45.6 + 11.4 years, P = 0.155 for age; 130:22 versus
122:14, P = 0.284 for male to female ratio). The patients with
HCC had significantly higher Hepatitis B e antigen (HBeAg) positiv-
ity and fewer copies of HBV DNA than the control patients (P <
0.001). Genotype C was the major type of HBV, accounting for 86.8%
of HCC cases and 90.4% of non-HCC cases. There was no difference
in genotype distribution between the HCC and non-HCC groups (P >
0.05). All of the genotype C strains isolated from Qidong and Shang-
hai were of the subgenotype C2, and all of the genotype B strains were
of the subgenotype B2.
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Table I. Clinical and virological characteristics of HCC and non-HCC
patients

Characteristic HCC Non-HCC P value
(n =152) (n = 136)
Age, mean + SD 479 +11.9 456+ 11.4 Matched
Sex, male (%) 130 (85.5) 122 (89.7) Matched
ALT (U/L), mean + SD 59.9 +29.5 70.4 £ 66.2 0.075
HBeAg positive (%) 49 (32.2) 28 (20.6) 0.026
HBYV DNA (log copies/ml), 37+1.0 44+1.0 <0.001
mean = SD
Genotype (%)
B 17 (11.2) 9 (6.6) 0.177
C 132 (86.8) 123 (90.4) 0.338
Others 3 (2.0) 4(2.9) 0.595
Mutation in box o
T1653 (%) 53 (34.9) 34 (25.0) 0.069
Mutations in basal core
promoter (%)
V (not T) 1753 43 (28.3) 20 (14.7) 0.005
T1762 114 (75.0) 92 (67.6) 0.167
Al1764 131 (86.2) 110 (80.9) 0.224
T1762/A1764 111 (73.0) 91 (66.9) 0.258
T1766 29 (19.1) 19 (14.0) 0.246
A1768 21 (13.8) 11 (8.1) 0.123

ALT, alanine aminotransferase.

Relationship between Enh 1I/BCP mutations and HCC

As listed in Table I, six point mutations in the HBV Enh II/BCP
region occurred more frequently in HCC patients, although univar-
iate analysis showed no statistically significant difference in five of
them. The V1753 mutation was the only mutation in the Enh II/BCP
region that was present at a significantly higher rate in HCC patients
than in non-HCC patients (28.3 versus 14.7%, P = 0.005). Most of
the V1753 mutations had a T-to-C transition at 1753; in four cases,
there were V1753 T-to-A or T-to-G transversions. The T1762/
A1764 double mutation was highly prevalent and was present in
70.1% of all of the study subjects. However, there was no correlation
between the T1762/A1764 double mutation and clinical manifesta-
tions (73.0% in HCC and 66.9% in non-HCC, P > 0.05). In box o,
the T1653 mutation was present at a higher frequency in HCC
patients compared with non-HCC patients (34.9 versus 25.0%,
P = 0.069). Multivariate analysis indicated that the T1653 (OR,
2.07; 95% CI, 1.114-3.845; P = 0.021) and V1753 (OR, 3.099;
95% CI, 1.520-6.317; P = 0.002) mutations were independent fac-
tors that were associated with HCC (Table II).

Complex mutations in the Enh II/BCP region increased the risk of
HCC

We previously showed that combined mutations in BCP were asso-
ciated with the development of HCC (17). In this study, the cumu-
lative effects of Enh II and BCP mutations, including the T1653 and
V1753 mutations, on HCC were explored. Double or triple muta-
tions were highly prevalent and were found in 30.2 and 44.8% of the
study subjects, respectively. Quadruple mutations were relatively
rare and only occurred in 9.4% of the patients. Quintuple or sextuple
mutations were not found in any cases. The different patterns of CP
mutations are presented in Table III. Surprisingly, without the ad-
ditional adjacent mutation, the T1762/A1764 double mutation alone
was present at a lower frequency in HCC patients compared with
non-HCC patients (19.7 versus 34.6%, P = 0.005). On the contrary,
the triple and quadruple mutations were more frequent in the HCC
group than in the non-HCC group (52.0 versus 36.8%, P = 0.01 for
triple mutations and 14.5 versus 3.7%, P = 0.002 for quadruple
mutations). The OR of HCC with double, triple or quadruple muta-
tions were 0.393 (95% CI, 0.234-0.660), 1.861 (95% CI, 1.161-
2.984) and 4.434 (95% CI, 1.630-12.063), respectively. These data



Table II. Multivariate analysis of variables with independent predictive
values for HCC

Factor OR (95% CI) P value
Age®

<46 1

>46 1.173 (0.678-2.032) NS
Sex

Female 1

Male 0.898 (0.392-2.054) NS
HBeAg

Negative 1

Positive 2.565(1.360—4.837) 0.004
HBV DNA (log copies/ml)*

<4.0 1

>4.0 0.273 (0.155-0.482) < 0.001
HBYV genotype

B 1

C 0.611 (0.297-1.257) NS
T1653 mutation

Absence 1

Presence 2.07 (1.114-3.845) 0.021
V (not T)1753 mutation

Absence 1

Presence 3.099 (1.520-6.317) 0.002
T1762/A1764 mutation

Absence 1

Presence 1.475 (0.694-3.135) NS
T1766 mutation

Absence 1

Presence 1.622 (0.610-4.314) NS
A1768 mutation

Absence 1

Presence 1.691 (0.615-4.653) NS

NS, not significant.
“Two groups were divided by each median value.

indicate that the number of mutations in Enh II/BCP may be a useful
predictive factor for HCC.

Longitudinal observation of Enh II/BCP mutations during HCC
development

We used serial plasma samples that were collected from the prospec-
tive cohorts in Qidong to assess the evolution of the Enh II/BCP
sequence during the progression of liver disease. Twenty-one cases
that harbored either zero, triple or quadruple mutations at the time of
HCC diagnosis were included in the longitudinal study. The plasma
samples that were collected 2—-3 or 5-6 years before HCC diagnosis
were retrieved and tested for mutations in Enh II/BCP. There was no
sequence information for three cases (487, 405 and 124) at 5-6 years
pre-HCC because the plasma samples were not present before the
cohort was started. With the progression of liver disease, all of the
patients (except patients 049 and 655) showed a gradual accumulation
of mutations in Enh II/BCP (Table 1V). Patients 049 and 655 did not
exhibit any mutations with disease progression. Reverse mutation did
occur but only in three cases (405, 527 and 960) at nt.1762 or 1766.
Interestingly, the total number of Enh II/BCP mutations never de-
creased in these three cases due to new mutation events in neighboring
mutation hot spots.

The T1762, A1764 and T1653 mutations were detected in the
plasma samples that were collected 5-6 years before the diagnosis
of HCC. However, the V1753, T1766 and A1768 mutations appeared
at 2-3 years before HCC diagnosis. The V1753, T1766 and A1768
mutations occurred after T1762, A1764 or T1653. These data indicate
that mutations in Enh II/BCP not only accumulate but also that they
accumulate in a certain order: T1762/A1764 mutations appear first,
followed by the T1653 mutation and finally, the V1753, T1766 or
A1768 mutations, at which point, the patients enter a stage of high
risk for HCC development.

Temporal acquisition of sequential mutations in BCP

Discussion

In this study, we investigated the potential association of mutations in
the Enh II/BCP region of the HBV with the development of HCC in
patients in East China who are primarily infected with the HBV
genotype C2. To our knowledge, this is the largest investigation from
mainland China that focuses on the effects of both individual and
combined mutations in Enh II/BCP on HCC prognosis. Our results
showed that although several mutations, including T1762/A1764,
were present at higher frequencies in HCC patients than in non-
HCC patients, only the V1753 mutation showed a statistically signif-
icant difference (P = 0.005) and only the T1653 mutation exhibited
a borderline difference (P = 0.069) by univariate analysis. Multivar-
iate analysis confirmed that the presences of T1653 and V1753 muta-
tions were independent factors that were associated with HCC (OR,
2.07; 95% CI, 1.114-3.845 and OR, 3.099; 95% CI, 1.520-6.317),
whereas the T1762/A1764 double mutation was not an independent
predictor of HCC.

The clinical implications of the T1653 and V1753 mutations were
initially reported in Japanese patients who were infected with geno-
type C. Takahashi er al. (18) showed that the frequencies of T1653
and/or V1753 mutations were strikingly increased in chronic hepatitis
patients (18%) compared with liver cirrhosis and/or HCC patients
(82%) in cases where HBeAg was detectable. The higher frequency
of T1653 in HCC patients was subsequently confirmed by other in-
vestigators in eastern Asia (7,11,28). However, the association be-
tween V1753 and HCC was not consistent, according to the data
from populations in Japan, Hong Kong and Korea (7,28,29). Com-
pared with the hot spot T1762/A1764 double mutation, the effects of
the T1653 and V1753 mutations on the progression of liver disease
are less well defined. Thus far, there have only been two studies from
mainland China that implicated T1653 and V1753 mutations in HCC
development. However, these findings were hampered by small sam-
ple sizes. Wang et al. (30) compared the sequences from 47 HCC
patients and 132 patients with chronic hepatitis from Guangdong
province in southern China and found that both the T1653 and
V1753 mutations were independent predictive markers for HCC
(P < 0.001). In a study carried out in the same area, Yuan et al.
(31) reported that the frequency of the V1753 mutation was increased
in eight HCC patients compared with that in 28 patients with chronic
hepatitis (62.5 versus 28.6%, respectively). The present case—control
study confirmed the observation that the less common T1653 and
V1753 mutations, either independently or in combination with the
T1762/A1764 double mutation, may serve as predictive factors for
HCC.

An interesting novel finding from this study is that, without the
complement of other mutations in Enh II/BCP, the T1762/A1764
double mutation itself was less frequent in HCC patients than it was
in non-HCC patients (19.7 versus 34.6%, P = 0.005). In contrast to
other analyses, our study stratified the Enh II/BCP mutations into
a T1762/A1764 alone group and a T1762/A1764 combination group,
thus allowing us to demonstrate that the T1762/A1764 double muta-
tion indeed occurred less frequently in HCC patients than it did in
non-HCC patients. This does not mean that the mutations at the nu-
cleotide positions 1762 and 1764 had the inhibitory effects on HCC. If
all of the complex mutation types were taken into account, the overall
frequency of mutations at nt.1762 and 1764 was even slightly higher
in the HCC group compared with the non-HCC group (73.0 versus
66.9%, P = 0.258, Table I). The low frequency (19.7%) of the T1762/
A1764 double mutation in the HCC group was due to the fact that
more HCC cases harbored triple (52.0%) or quadruple (14.5%) muta-
tions on the basis of T1762/A1764. In contrast, the non-HCC group
only displayed triple and quadruple mutation rates of 36.8 and 3.7,
respectively. These results led us to speculate that the oncogenicity of
the T1762/A1764 double mutation itself might not be sufficient to
initiate malignancy. However, when one or more mutations were
added on top of the double mutation, the risk of HCC significantly
increased. The cross-sectional study revealed that while the OR of
HCC patients that had double mutations (including T1762/A1764 and
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Table III. Mutation patterns of Enh II/BCP in HCC and non-HCC patients

Type Pattern Total HCC Non-HCC P value OR
(n =1288),n (%) (n=152),n (%) (n=136),n (%) (95% CI)
T1653 V1753 T1762 Al764 T1766 A1768
Wild type - — - — - - 37 (12.8) 17 (11.2) 20 (14.7) NS
Single mutation 8(2.8) 2(1.3) 6 (4.4) NS
+ — - — — - 6(2.1) 1(0.7) 53.7)
- - + - - - 1(0.3) 0(0) 1(0.7)
- - - + - - 1(0.3) 1(0.7) 0(0)
Double mutations 87 (30.2) 32 (21.1) 55 (40.4) 0.000  0.393
(0.234-0.660)
- - + + - - 77 (26.7) 30 (19.7) 47 (34.6)
- - - + + - 10 (3.5) 2(1.3) 8(5.9)
Triple mutations 129 (44.8) 79 (52.0) 50 (36.8) 0.01 1.861
(1.161-2.984)
+ - + + - - 55 (19.1) 31 (20.4) 24 (17.6)
- + + + - - 47 (16.3) 30 (19.7) 17 (12.5)
+ - - + + - 7(2.4) 5(33) 2(L5)
- + - + + - 1(0.3) 0(0) 1(0.7)
- - + + + - 2 (0.7) 2(1.3) 0 (0)
- - + + - + 4(14) 3(2.0) 1(0.7)
- - - + + + 13 (4.5) 8(5.3) 537
Quadruple mutations 27 (9.4) 22 (14.5) 53.7) 0.002 4434
(1.630-12.063)
+ + + + - - 8(2.8) 8(5.3) 0 (0)
+ - + + + - 3(1.0) 320 0 (0)
- + + + + - 1(0.3) 1(0.7) 0(0)
+ - + + - + 3(1.0) 1 (0.7 2 (1.5)
- + + + - + 1(0.3) 1(0.7) 0 (0)
+ - + - + + 1(0.3) 1 (0.7 0 (0)
- + + - + + 2 (0.7%) 2 (1.3%) 0 (0%)
+ - - + + + 4 (1.4) 320 1(0.7)
- + - + + + 3(1.0) 1(0.7 2 (1.5)
- - + + + + 1(0.3) 1(0.7) 0 (0)

NS, not significant.

A1764/T1766) was only 0.393 (95% CI, 0.234-0.660), it increased to
1.861 (95% CI, 1.161-2.984) with triple mutations and to 4.434 (95%
CI, 1.630-12.063) with quadruple mutations. These data are consis-
tent with previous reports that showed that the addition of the T1653
mutation to the existing T1762/A1764 double mutation could signif-
icantly increase the risk of HCC (28,29). The cumulative effect of
viral mutations on HCC development has also been observed in HBV
that contains complex mutations in the pre-S and BCP sequences (32).

The biological impact of the T1762/A1764 double mutation on the
life cycle of HBV has been extensively studied. It was generally
believed that the T1762/A1764 double mutation could enhance the
replication of the viral genome and reduce HBeAg expression (33,34).
However, in a recent study, the T1762/A1764 double mutation was
not shown to exert an appreciable effect on the replication capacity of
the virus, although mutations at positions 1766/1768, 1762/1764/1766
and 1753/1762/1764 exhibited increased replication phenotypes (35).
In another independent study, a V1753/T1762/A1764/T1766 muta-
tion was shown to confer a significantly higher rate of viral replication
and lower HBeAg expression than the T1762/A1764 mutation alone
(36). Thus, CP mutations, in addition to those at positions 1762 and
1764, might have major impacts on viral DNA replication and HBeAg
expression. How altered viral replication potentials and HBeAg levels
modify the oncogenic properties of HBV is poorly understood. In-
deed, unlike the data gathered from cell transfection studies, patients
who were infected with triple or quadruple mutant viruses showed
a lower viremia level in their blood (data not shown). Similar results
were reported previously by Parekh er al. (36). It is well established
that the level of viremia declines over the course of HBV infection,
especially during the period of cirrhosis and HCC. Whether this is
attributable to the accumulation of Enh II/BCP mutations is an inter-
esting issue. Because Enh II/BCP overlaps with the HBV X gene, and
the T1653, V1753, T1762, A1764 and A1768 mutations are missense
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mutations that result in amino acid changes in HBx (H94Y, I1127T/N/S,
K130M, V1311 and F132Y), one cannot rule out the possibility that
HBYV mutations enhance hepatocarcinogenesis via altered HBx func-
tion. HBx is a non-structural protein that has pleiotropic functions in
regulating cell death, cell proliferation and transformation. We found
that the T1762/A1764/A1768 triple mutation abrogates (~50%) the
colony-inhibitory activity of wild-type HBx (17). Taken together, our
data indicate that the accumulation of mutations in Enh II/BCP is likely
to have pathological significance and is not an epiphenomenon.

HBYV genotypes have been shown to influence the mutation rate of
the T1762/A1764 mutation. Patients who were infected with genotype
C are more likely to develop the BCP double mutation than those who
are infected with genotype B (7,9,12). In the present study, >90% of
the patients were infected with genotype C2. Thus, even in non-HCC
patients, the T1762/A1764 double mutation rate was as high as 66.9%.
Although HCC patients showed a slightly higher incidence of the dou-
ble mutation (73.0%), there was no statistically significant difference
between the groups (P = 0.258). The T1762/A1764 double mutation
seemed to have more significant clinical implications in genotype B-
infected patients than it did in genotype C-infected patients. Chen et al.
(32) reported that the T1762/A1764 mutation was significantly associ-
ated with a higher risk of HCC in patients who were infected with
genotype B (OR, 3.22; 95% CI, 1.53-6.79; P = 0.002), whereas it
was not an independent risk factor in genotype C-infected patients.
This genotype-dependent association was also observed by Yuen
et al. (6). In the present study, the double mutation had a tendency to
be associated with HCC in genotype B-infected patients. In 17 HCC
patients who were infected with genotype B virus, 6 (35.3%) contained
the T1762/A1764 mutation, whereas in non-HCC patients with geno-
type B infection, only one (11.1%, P = 0.357) had these mutations
(data not shown). The limited number of genotype B cases in this study
may obscure the real effect of the double mutation on HCC. It is worth



Table IV. Longitudinal observation of HBV Enh II/BCP mutations in
patients with HCC

Sample 5-6 Years 2-3 Years HCC
before HCC before HCC

#487  SNA (02020202020 Oz 2 2 200
#405  SNA 020202 L 20 O & & 2020
#124  SNA 00000 [ 20208 4 2 J
#186 O-0-0000 000000 OeeeoO
#086 O-O-0-0-0-0 (2 2 2 2020) (2 2 2 2020)
#1839 O-O-@-@-0OO0 00600 02 2 2 2020)
#72  O-0-0@00 0208 4 SO0 02 2 o 2020
#1683  O-0O-@-@-0-0 00000 C-0-0-e-00
#2717 O-O-@-@-0OO0 0202 o 2020 -O-O-0-00
#70 OO0 00000 Ce0e00
#97 O-O0-@0-@00 00000 oz 2 2 200)
#0030 O-0O-0-@-0O0 000000 000000
#26 O-O-0e00 00000 o000 00
#71 OO0-0-@00 00600 oz 2 2 2O J
#31 O-0-0-@-00 00000 oz 2 2 2 26
#3853  @-O-@-@-0-0 [ 208 2 2020 00000
#6060 @-O-0-0-0-0 -O-0-000 [ g0z08 4 3 J
#689 @-O-@-@-0-O [ 2 2 2 20Z0) 000000
#6065 @-O-@-@-0OO0 00000 | 208 2 2O J
#49  O-O-O-0O-0O0 (02020202020) (020202020 20)
#655  O-O-0-0-00 (02020202020 02020202020

SNA, plasma sample not available; O, wild-type sequence; @, mutation;

O-O-O0-0-0O-0. 1653-1753-1762-1764-1766-1768.

noting that in Taiwan, where genotype B is the predominant type of
HBY, the T1762/A1764 double mutation has consistently been reported
to be significantly associated with HCC development (9,10,12). How-
ever, in areas where genotype C is dominant, the association between
the double mutation and HCC is still being debated (14,28,37). The
high prevalence of genotype C in our study might explain, at least in
part, the weaker association of the double mutation with HCC.

Although the association between the double mutation and HCC
was not seen in our study, this does not rule out a role for the T1762/
A1764 double mutation in the development of HCC. The results
from both the cross-sectional and longitudinal studies reveal that
the V1753, T1766 and A1768 mutations did not occur unless the
T1762 and A1764 mutations were already present. Although the
T1653 mutation could also be an early event during the course of
HBYV infection (as exhibited in the longitudinal study) the cross-
sectional study demonstrated that only 6 of 288 cases (2.1%) had
the T1653 mutation in the absence of the T1762 and/or A1764 muta-
tions. Kuang et al. (13) reported that the T1762/A1764 mutation was
detectable in patients up to 8 years before the diagnosis of HCC. In
another case—control study, a substantially increased risk of HCC
development, based on the presence of the double mutation, could
already be detected >9 years before the diagnosis of HCC (38). These
data suggest that the T1762/A1764 mutation might be an early step
during HCC development when the less common mutations are
absent.

Most of earlier studies that focused on the relationship between
BCP mutations and HCC were either cross-sectional studies that were
conducted at the time of HCC diagnosis or longitudinal studies that
used samples that were taken at the baseline of the cohort. These
studies provide little information regarding the evolution of the BCP
sequence and the cumulative effects of mutations during the long
course of HCC development. Because HBV mutations are usually

Temporal acquisition of sequential mutations in BCP

acquired during the course of chronic infection as opposed to the
initial infection, it is critical to know when or at which stage of liver
disease, the BCP mutations occurred. This study was made possible
by the availability of prospectively collected plasma samples from
Qidong, China. The serial samples that were collected before HCC
development allowed us to observe, for the first time, the temporal
order of Enh II/BCP sequence variations. Apart from the well-known
T1762/A1764 mutation, the T1653 mutation in box o of Enh II was
also detected in the plasma long before HCC development. Hence, the
T1653, T1762 and A1764 mutations may be early predictive markers
for HCC, whereas the V1753, T1766 and A1768 mutations seem to be
late or immediate markers of HCC development. These two types of
mutations may play different roles during different steps of liver
carcinogenesis.

Taken together, the T1653 and V1753 mutations were independent
risk factors for HCC in patients in East China. This study highlights
the importance of studying the cumulative effects of Enh II/BCP
mutations on HCC development. It also reveals, for the first time,
the temporal order of mutations in Enh II/BCP. A combined exami-
nation of these and other mutations might help to predict the pro-
gression of liver disease more precisely, thus helping those who are
at high-risk of HCC to benefit from early diagnoses and interventions.
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