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Hepatitis B virus (HBV) genotypes/subgenotypes and their related mutations in the HBV genome have been
reported to be associated with hepatocellular carcinoma (HCC). To determine the HCC-associated mutations
of the HBV genome in the entire X, core promoter, and precore/core regions, a cross-sectional control study was
conducted comparing 80 Japanese patients infected with HBV C2 and suffering from HCC with 80 age-, sex-,
and hepatitis B e antigen (HBeAg) status-matched patients without HCC (non-HCC group). Each HBeAg-
positive group (31 with HCC; 29 without HCC) and HBeAg-negative group (49 with HCC; 51 without HCC) was
also matched with respect to age and sex. The C1479, T1485, H1499, A1613, T1653, V1753, T1762/A1764, and
A1896 mutations were frequent in this population. The prevalences of the T1653 mutation in the box « region
and the V1753 and T1762/A1764 mutations in the basal core promoter region were significantly higher in the
HCC group than in the non-HCC group (56% versus 30%, 50% versus 24%, and 91% versus 73% [P = 0.0013,
P = 0.0010, and P = 0.0035, respectively]). The platelet count was significantly lower for the HCC group than
for the non-HCC group (10.7 x 10* = 5.1 x 10? versus 17.3 x 10* + 5.1 x 10* platelets/mm” [P < 0.0001]).
Regardless of HBeAg status, the prevalence of the T1653 mutation was higher in the HCC group (52% versus
24% [P = 0.036] for HBeAg-positive patients and 59% versus 33% [P = 0.029] for HBeAg-negative patients).
In the multivariate analysis, the presence of T1653, the presence of V1753, and a platelet count of <10 X
10*/mm> were independent predictive factors for HCC (odds ratios [95% confidence intervals], 4.37 [1.53 to
12.48], 7.98 [2.54 to 25.10], and 24.39 {8.11 to 73.33], respectively). Regardless of HBeAg status, the T1653

mutation increases the risk of HCC in Japanese patients with HBV/C2,

Hepatocellular carcinoma (HCC) is the fifth most frequent
cancer and the third leading cause of cancer-related death in
the world, with an estimated prevalence of >500,000 cases
worldwide per year (36). It is accepted that hepatitis B virus
(HBV) has carcinogenic potential in humans. HBV has been
classified into eight major genotypes (A to H) by using the
complete nucleotide sequence of the viral genome (34). HBV
genotypes have distinct geographical distributions and corre-
late with the severity of liver disease (17, 18). Genotypes B and
C are prevalent in Asia, and genotype C causes more-serious
liver disease than genotype B (5, 35). There are two subtypes
(subgenotypes) of genotype B with distinct geographical dis-
tributions, provisionally designated Ba (“a” stands for Asia)
and Bj (“j” stands for Japan) (43), and clinical differences
between patients infected with HBV/Ba and HBV/B] are be-
coming clear (1, 42). Recently, a phylogenetic analysis revealed
two major groups within genotype C: one for strains from
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Southeast Asia, including Vietnam, Myanmar, Thailand, and
Hong Kong (named HBV/C1), and another for strains from
(Far) East Asia, including Japan and China (named HBV/C2)
(6, 12, 47). Chan et al. (6) designated the two subgenotypes
HBV/Cs, for Southeast Asia, and HBV/Ce, for (Far) East
Asia; they not only have different geographic distributions
but also different nucleotide sequences in the precore region
(6, 47).

Several mutations in the HBV genome have been reported
to occur during the course of persistent viral infection, and
there has been increasing evidence of an association between
molecular alteration and the development of HCC in patients
with HBV infection. Mutations in the basal core promoter
(BCP) region at nucleotides (nt) 1762 and 1764 (T1762/A1764)
and in the precore region at nt 1896 (A1896) are associated
with HBV e antigen (HBeAg) seroconversion and persistent
viral replication. It is noteworthy that both BCP and precore
mutations are often found in patients with advanced liver dis-
ease (e.g., HCC) (2, 3, 16, 19, 23, 25, 38). The T1762/A1764
mutations alter HBeAg production at the transcriptional
level, and the A1896 mutation in the precore region termi-
nates the translation of precursor protein, abrogates HBeAg
production, and results in seroconversion. The T1653 mu-
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TABLE 1. Positions and sequences of primers used for PCR
amplification and sequencing

Nucleotide sequence Positions

Name (' to 3" (n) Polarity
HBx1360F TACACCTCCTTYCCATGGCTGCT  1360-1383  Sense
HB7R-2 CCTGAGTGCTGTATGGTGAGG 2062-2072  Antisense
HB6R AACAGACCAATTTATGCCTA 1803-1784  Antisense
HB7F-2 CATGGAGACCACCGTGAACGC 1607-1627  Sense

tation in the box « region has been reported to increase the
risk of HCC in HBeAg-negative patients infected with
HBV/C (14, 44). As well, specific mutations in the enhancer
IT/core promoter of HBV were differently associated with
HCC in the context of HBeAg status among HBV/C1/Cs
and HBV/C2/Ce carriers (46). There have been many stud-
ies involving viral mutations associated with clinical fea-
tures, but most previous studies have either ignored age, sex,
HBeAg status, and HBV genotype/subgenotype or have ex-
amined relatively short regions.

Here we performed a cross-sectional control study of 160
age-, sex-, and HBeAg status-matched Japanese patients in-
fected with HBV/C2 to determine the HCC-associated muta-
tions of the HBV genome in the entire X, core promoter, and
precore plus core regions.

MATERIALS AND METHODS

Serum samples. A total of 160 serum samples were obtained from chronic
HBV C2/Ce carriers who visited the Nagoya City University Hospital, Musashino
Red Cross Hospital, or National Hospital Organization Nagasaki Medical Cen-
ter in Japan. Of these, 140 samples were newly obtained and 20 samples were
previously used (14). The study protocol conformed to the 1975 Declaration of
Helsinki and was approved by the ethics committees of the institutions listed
above, and informed consent was obtained from each carrier. None of the
patients had a history of hepatitis C virus coinfection. In Japan, because a main
transmission route of HBV is vertical, the duration of HBsAg carriage of all or

X
(1374-1838)

Enhancer II
(1636-1744)

J. CLIN. MICROBIOL.

most patients would correspond with their age. Hassan et al. reported that heavy
alcoho! consumption (>80 g ethanol per day) contributes to the majority of HCC
cases (10). Heavy drinking is less prevalent in Japan; 3 of 80 patients with HCC
are heavy alcohol drinkers, and 2 of 80 patients without HCC are heavy alcohol
drinkers, indicating that no significant difference in heavy alcohol consumption
was found in this population.

Serological assays for HBV markers. HBeAg and anti-HBe were detected by
a chemiluminescent enzyme immunoassay (Lumipulse f; FUJIREBIO Inc., To-
kyo, Japan).

Amplification and sequencing of the entire X, core promoter, and precore plus
core regions. Nucleic acids were extracted from 100 pl of serum using a QlAamp
DNA blood minikit (QIAGEN Inc., Hilden, Germany). HBV genes (665 bp) of
the entire X, core promoter, precore, and core regions were amplified by PCR
with heminested primers. The first-round PCR was performed with sense primer
HBX1360F (TACACCTCCTTYCCATGGCTGCT) and antisense primer
HB7R-2. The second-round PCR was performed with two sets of sense primers
and antisense primers. One set comprised HBX1360 (sense) and Ial (antisense),
and the second set comprised HB7F-2 (sense) and HB7R-2 (antisense) (Table
1). Thereafter, the PCR products were sequenced directly with a Prism BigDye
Terminator cycle sequencing kit (Applied Biosystems) using an ABI 3100 DNA
automated sequencer (Applied Biosystems). The sequences covered the entire X
region, the enhancer I1/core promoter (Fig. 1), and the precore genes, which are
associated with HBeAg production, viral replication, and disease progression.

Case-contro!l study. According to the Gwr guidelines for diagnosis of HCC
(39), 80 patients received a diagnosis of HCC on the basis of results of abdominal
ultrasonography, angiography, computerized tomography, or magnetic reso-
nance imaging, as well as elevated serum a-fetoprotein levels (=400 ng/ml). We
did pathological examinations of 25 of 80 patients with HCC. For a case-control
study on age-, sex-, and HBeAg status-matched subjects, another 80 patients
without HCC were compared. Among the non-HCC group, 24 patients were
asymptomatic carriers and 56 had chronic hepatitis.

Statistical evaluation. Data were expressed as means * standard deviations
(SD). Statistical analyses were performed using a x* test and Fisher’s exact test
for categorical variables and Mann-Whitney’s U test or one-way analysis of
variance for continuous variables, as appropriate. In multivariate analysis, we
used 40 U of alanine aminotransferase (ALT)/liter as the cutoff. An HBV DNA
level of 5 log genome equivalents (LGE)/ml and a platetet count of 10 X
10%/mm? were assessed as cutoff values, because these were used as predictors for
disease progression (13, 21, 26-28, 30). Multivariate analysis with logistic regres-
sion was used to determine the independent factors associated with HCC. Dif-
ferences were considered significant for P values less than 0.05. The statistical
analysis software used was Stata software, version 8.0 (Stata Corp.).

Basi preC-mRNA
asic
core promoter (ﬁ“14-)|_|_r
PgRNA
(1644-1666) (1702-1713) (1751-1769)
1653 _ l|753 17?2/1l764
AAGGTCTTACATAAGACGACTCT CATACTTCAAGA GATTAGGTTAAAGGTCTTT
+ v v
T A\’ TA
X protein KVLHKRTL 1 RLKV F
¥ v v 3
Y N/S/T M 1
aa%4 aal27 aal30 aal3l

FIG. 1. C1653T, T1753V (where V stands for “not T”), and A1762T/G1764A muiations in the X region, including the enhancer Il/core

promoter region.
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TABLE 2. Clinical and virologic characteristics of patients infected with HBV subgenotype C2/Ce who were
matched for age, sex, and HBeAg status

Value for group

Variable P
Non-HCC (n = 80) HCC (n = 80)
Mean age (yr) = SD 54 =8 558 Matched
No. (%) of male patients 67 (84) 68 (85) Matched
No. (%) of HBeAg-positive patients 29 (36) 31 (39) Matched
ALT level (mean Ulliter + SD) 66 = 99 85 =133 0.31
HBV DNA level (mean LGE/ml = SD) 5717 5714 0.84
Mean platelet count (10*/mm?) = SD 173 =51 10.7 5.1 <0.0001
No. (%) of patients with a mutation in the X region
T1479C (T to P at aa 36) 39 (49) 45 (56) 043
C1485T (P to S at aa 38) 18 (22) 22(28) 0.58
G1499H 57(7) 46 (58) 0.10
G1613A 25(31) 32 (40) 0.32
C1653T (in box o) 24 (30) 45 (56) 0.0013
T1753V (in the core promoter) 19 (24) 40 (50) 0.0010
A1762T/G1764A (in the core promoter) 58 (73) 73 (91) 0.0035
No. (%) of patients with the G1896A mutation in the 41 (51) 43 (54) 0.8743

precore region

Nucleotide sequence accession numbers. The sequences reported in this paper
have been deposited in the GenBank/DDBIJ/EMBL databases (accession num-
bers AB307808 to AB307967).

RESULTS

When we examined HBV DNA sequences in the entire X
region as well as the enhancer Il/core promoter and precore
regions, C1479, T1485, H1499, A1613, T1653, V1753, T1762/
A1764, and A1896 mutations were frequent in our population.
Table 2 compares ALT levels, HBV DNA levels, and platelet
counts, as well as mutations in the X region, box a (enhancer
I1), the core promoter (Fig. 1), and the precore region, among
80 patients with HCC (HCC group) and 80 patients without
HCC (non-HCC group), matched for age, sex, and HBeAg
status, in a case-control study. The platelet count was signifi-

cantly lower for the HCC group than for the non-HCC group
(107 X 10* £ 5.1 X 10* versus 17.3 X 10* = 5.1 x 10°
platelets/rmm?® P < 0.0001). The frequencies of the T1653
mutation in the box « region and the V1753 and T1762/A1764
mutations in the BCP region were significantly higher for the
HCC group than for the non-HCC group (56% versus 30%,
50% versus 24%, and 91% versus 73%; P = 0.0013, P = 0.0010,
and P = 0.0035, respectively). No other significant mutations
were observed in this study. Table 3 compares ALT levels and
HBYV DNA levels, as well as mutations in the X region, box «
(enhancer II), the core promoter, and the precore region,
among 60 HBeAg-positive patients (29 non-HCC and 31
HCC) matched for age and sex in a case-control study. Among
HBeAg-positive patients, the platelet count was significantly
lower for the HCC group than for the non-HCC group (10.6 X

TABLE 3. Clinical and virologic characteristics of patients infected with HBV subgenotype C2/Ce who were
matched for age and were positive for HBeAg

Value for HBeAg-positive group

Variable P
Non-HCC (n = 29) HCC (n = 31)
Mean age (yr) = SD 538 53+7 Matched
No. (%) of male patients 21 (72) 23 (74) Matched
No. (%) of HBeAg-positive patients 29 (100) 31 (100) Matched
ALT level (mean Ulliter = SD) 99 + 128 98 = 190 0.98
HBV DNA level (mean LGE/ml + SD) 68+ 14 64+1.0 0.20
Mean platelet count (10*/mm®) = SD 13.5+53 10.6 * 6.0 0.0062
No. (%) of patients with a mutation in the X region
T1479C (T to P at aa 36) 13 (45) 14 (45) >0.9999
C1485T (P to S at aa 38) 6(21) 5(16) 0.74
G1499H 25 (86) 20 (65) 0.075
G1613A 8(28) 11 (35) 0.59
C1653T (in box o) 7(24) 16 (52) 0.036
T1753V (in the core promoter) 5(17) 10 (32) 0.24
A1762T/G1764A (in the core promoter) 23 (79) 29 (94) 0.14
No. (%) of patients with the G1896A mutation in the 6(21) 9(51) 0.56

precore region

ICa>
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TABLE 4. Clinical and virologic characteristics of patients infected with HBV subgenotype C2/Ce who were
matched for age and were HBeAg negative

Value for HBeAg-negative group

Variable P
Non-HCC (n = 51) HCC (n = 49)
Mean age (yr) = SD 54+9 55x4 " Matched
No. (%) of male patients 44 (86) 47 (88) Matched
No. (%) of HBeAg-positive patients 0(0) 0(0) Matched
ALT level (mean Ulliter = SD) 47 + 73 76 =79 0.048
HBV DNA level (mean LGE/ml = SD) 51=15 52+14 0.67
Mean platelet count (10%/mm?®) = SD 19 =35 11 =45 <(0.0001
No. (%) of patients with a mutation in the X region
T1479C (T to P at aa 36) 26 (51) 31 (63) 0.23
C1485T (P to S at aa 38) 12 (24) 17 (35) 0.27
G1499H 32(63) 26 (53) 0.42
G1613A 17 (33) 21 (43) 0.41
C1653T (in box a) 17 (33) 29 (59) 0.016
T1753V (in the core promoter) 14 (27) 30 (61) 0.0012
A1762T/G1764A (in the core promoter) 35 (69) 44 (90) <0.0001
No. (%) of patients with the G1896A mutation in the 35 (69) 34 (69) >0.9999

precore region

10* = 6.0 X 10 versus 13.5 X 10* = 5.3 X 10* platelets/mm?>;
P = 0.0062). The frequency of the T1653 mutation in the box
a region was significantly higher for the HCC group than for
the non-HCC group (52% versus 24%; P = 0.036) (Table 3).
Among 100 HBeAg-negative patients (51 non-HCC and 49
HCC) matched for age and sex in a case-control study, the
platelet count was significantly lower for the HCC group than
for the non-HCC group (11 X 10* = 4.5 X 10% versus 19 X 10* =
3.5 x 10 platelets/mm?; P < 0.0001), and the frequencies of
the T1653 mutation in the box « region and the V1753 and
T1762/A1764 mutations in the BCP region were significantly
higher for the HCC group than for the non-HCC group (59%
versus 33%, 61% versus 27%, and 90% versus 69%; P = 0.016,
P = 0.0012, and P < 0.0001, respectively) (Table 4).

In the multivariate analysis among all 160 patients, the pres-
ence of T1653, the presence of V1753, and a platelet count of
=10 X 10%*/mm?® were independent predictive factors for HCC
(odds ratios [95% confidence intervals], 4.37 [1.53 to 12.48],
798 [2.54 to 25.10], and 4.39 {8.11 to 73.33], respectively)
(Table 5). The presence of H1499 was identified as a significant
negative factor for HCC (odds ratio, 0.243 [95% confidence
interval, 0.078 to 0.76]).

DISCUSSION

Many studies have reported that the clinical course of
chronic HBV infection may be modified by several specific
HBV mutations (7, 11, 25, 49), although the significance of
such specific mutations in patients with chronic hepatitis B
remains controversial. Since the viral mutations might be in-
fluenced by age, sex, HBeAg status, and HBV genotype/sub-
genotype, in this study we investigated sequences bearing the
entire X region as well as enhancer II, BCP, and precore/core
regions in order to find the specific mutations associated with
HCC by comparing matched control groups (HCC versus non-
HCC).

The most significant result in this study was that the pres-
ence of T1653 and the presence of V1753 were independent

|

I
(\]

predictive factors for HCC in the multivariate analyses. The
T1653 mutation was first found in fulminant hepatitis patients
(15, 33, 48) and in cases of chronic hepatitis with acute exac-
erbation (32). Some studies reported that the T1653 or V1753
mutation was associated with HCC (14, 44-46). Poussin et al.
also reported that the T1653 mutation was found in HCC
(tumor) lesions from two patients, but interestingly, wild-type
1653 was found in nontumor lesions from the same patients
(37). T1653 is located in box a, which is a strong activation
element of both enhancer II and the core promoter (50), and
the a box elements (nt 1646 to 1668) individually stimulate
promoter activity more than 100-fold (50). The T1653 muta-
tion converts the box « binding site for C/EBP and related
factors (29, 50) into the perfect palindromic sequence 1648-T
CTTATATAAGA, which might enhance binding affinity and
enhancer II/core promoter activity. Hence, the T1653 mutation
could influence HBeAg production and viral replication
through BCP activity. Although a number of studies have re-
ported the role of the BCP mutations in viral features, the
exact mechanism of HCC development still remains unclear,
particularly with respect to the effect of the mutation in the X
protein. In this study, the T1762/A1764 mutations were fre-
quent in both the non-HCC and HCC groups. The T1762/
A1764 mutations had been found to be highly frequent in older
HBV/C carriers (=50 years) regardless of clinical status (14);
however, these results do not contradict the possibility that
T1762/A1764 is associated with hepatocarcinogenesis, because
the poor prognosis of HBV/C compared to HBV/B (Ba and Bj)
correlates with the high prevalence of T1762/A1764 (16). Study
of a prospective cohort of 1,638 high-risk individuals in Qidong
(China) showed that T1762/A1764 mutation was detected in 8
of the 15 HCC cases (53.3%) before HCC development (20),
suggesting that the T1762/A1764 double mutation indicates a
high potential risk for hepatocarcinogenesis. The T1653 or
V1753 mutation, in addition to the T1762/A1764 mutations,
may be one of the promoters of HCC development.

Several functional analyses had been already reported;
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TABLE 5. Multivariate analysis of variables with independent
predictive value for HCC among a group of 160 patients
with HBV infection

Factor OR (95% CIy PP
Age
<55 1 NS
=55 1.37 (0.53-3.53)
Sex
Female 1 NS
Male 0.55 (0.15-2.02)
HBeAg
Negative 1 NS
Positive 122 (0.324.73)

ALT (U/liter)

<40 1 NS
=40 1.98 (0.74-5.33)
HBYV DNA level (LGE/ml)
<5 1 NS
=5 0.35 (0.10-1.24)
Platelet count/mm?®
>10 x 10* 1 <0.0001
=10 x 10* 24.39 (8.11-73.33)
Mutation in the X region
T1479C mutation
Absence 1 NS
Presence 2.24 (0.83-6.07)
C1485T mutation
Absence 1 NS
Presence 0.89 (0.29-2.72)
G1499H mutation
Absence 1 0.015
Presence 0.243 (0.078-0.76)
G1613A mutation
Absence 1 NS
Presence 0.48 (0.17-1.40)
C1653T mutation
Absence 1 0.0059
Presence 4.37 (1.53-12.48)
T1753V mutation
Absence 1 0.0004
Presence 7.98 (2.54-25.10)
A1762T/G1764A mutation
Absence 1 NS
Presence 2.93 (0.73-11.87)
G1896A mutation in the
precore region
Absence 1 NS
Presence 0.68 (0.22-2.07)

4 OR, odds ratio; CI, confidence interval.
» NS, not significant.

Giinther et al. (9) analyzed T1653, C1753, T1762, and A1764
mutations (genotype Dj; accession number AF(43594) in the
context of an in vitro study involving wild-type HBV, and they
reported that precore mRNA and HBeAg secretion were re-
duced, but the amount of progeny virus DNA in the cells and
in the culture medium increased only marginally (if at all), as
determined by Southern blot analysis. Lin et al. (24) analyzed
HBV replicative efficiency in vitro. HBV isolated from HCC
lesions included T1653, V1753, T1762, A1764, and A1896 mu-

o
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tations (genotype C2; accession number AF182804). An HBV
isolate from the same patient’s serum 4 years before HCC
diagnosis included T1762, A1764, and A1896 mutations (ge-
notype C2; AF182802). The clone from HCC showed higher
replicative efficiency than the clone before HCC development
(AF182802) by Southern blot analysis. However, considering
that the mutant type includes not only T1653, C1753, T1762,
and A1764 mutations but also other mutations, it is possible
that some other mutation influenced the results in the earlier
study. Further functional analyses of HBV/C strains with the
T1653 mutation are needed in vitro and in vivo.

HBEX, the nonstructural regulatory protein of HBV, has been
strongly associated with the development of liver cancer in
some HBx-transgenic mouse strains or with increased progres-
sion to liver cancer in other toxin-exposed HBx-transgenic
mouse strains (reviewed in reference 4). Many functions have
been ascribed to HBx, but the precise molecular mechanism(s)
responsible for its activities, and how these activities affect viral
replication and possibly liver cell transformation, remains
poorly defined. The T1653 mutation resulted in a histidine-to-
tyrosine amino acid substitution at codon 94 of the X protein,
which is the center of the immunodominant antigenic domain
of amino acids (aa) 85 to 110 mapped by Stemler et al. (41).
Sirma et al. (40) reported that wild-type HBx inhibited the
clonal outgrowth of cells and induced apoptosis but that
the mutants (same sample as in reference 37), which include
the T1653 mutation derived from HCC, did not. Indeed, codon
94 (nt 1653 to 1655) is within the function domain of the X
protein, which has been reported to play a central role in
transactivation (22). Cong et al. (8) also reported that one of
the activation domain of X (aa 90 to 122) is required for
binding to XAP3 (protein kinase C-binding protein). Protein
kinase C is a large family of phospholipid-dependent kinases
involved in cell growth, differentiation, and carcinogenesis. It is
of interest whether the T1653 mutation affects the protein-
protein interactions between the X protein and XAP3. The
V1753 mutation and the T1762/A1764 double mutation re-
sulted in an isoleucine-to-asparagine/serine/threonine substitu-
tion at codon 127, a lysine-to-methionine substitution at codon
130, and a valine-to-isoleucine substitution at codon 131, re-
spectively. These amino acid changes in the X region may also
affect the function of the X protein. The occurrence of multiple
mutations may represent a strategy of HBV to escape immune
surveillance and thus contribute to the process of multiple
steps in hepatocarcinogenesis.

With regard to other X amino acid substitutions that might
be associated with HCC, Yeh et al. reported that a serine-to-
alanine amino acid substitution at codon 31 (a T-to-G muta-
tion at nt 1464) was more frequent in an HCC group thanin a
chronic hepatitis group (49), but the substitution at codon 31
was found for only two HCC patients (and for no patients in
the non-HCC group) in the present study. The discrepancy
might depend on different HBV genotypes/subgenotypes be-
tween Japan and Taiwan. Very recently, Muroyama et al. re-
ported that a serine-to-alanine amino acid substitution at
codon 38 (a C-to-T mutation at nt 1485) was more frequent in
an HCC group than in a chronic hepatitis group (31). Indeed,
the T1485 mutation was frequent in this study, but no signifi-
cant difference between the HCC and non-HCC groups was
observed. On the other hand, the H1499 mutation was a sig-
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nificant negative factor in the multivariate analysis, even
though it was not significant in the univariate analysis. The
H1499 mutation does not result in an amino acid substitution
in the X protein, and a previous report by Takahashi et al.
showed that the frequency of the H1499 mutation was 73%
among 40 HCC patients (44). The frequency was similar to that
of the non-HCC group (71%) in this study; thus, the clinical
significance of the H1499 mutation remains unclear.

Finally, among HBeAg-positive patients, the T1653 and
T1762/A1764 mutations or the V1753 and T1762/A1764 mu-
tations were frequent in the HCC group (sensitivity, 69%;
specificity, 72%). Also among HBe-negative patients, the
T1653 and T1762/A1764 mutations or the V1753 and T1762/
A1764 mutations were frequent in the HCC group (sensitivity,
67%; specificity, 81%). Hence, we would predict the groups at
high risk for HCC by the combination of enhancer Il/core
promoter mutations with X amino acid substitutions as well as
by HBV genotypes/subgenotypes. Further prospective studies
in countries where HBV genotype C is endemic are required to
confirm whether the accumulation of these mutations causes
liver disease progression.
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Patients with inherited bleeding disorders who received clotting factor concentrates before 1987
have high rates of hepatitis C virus (HCV) or HCV/human immunodeficiency virus (HIV) infection.
To determine whether the persistent nature of HIV affects the genetic diversity of HCV by less
selective pressure through the immunosuppression of HIV/HCV-coinfected patients, both the
change of genetic diversity and selective pressure were examined in the HCV envelope genes
(E1 and E2) of 325 genotype 1a subclones from eight HIV-positive and five HIV-negative patients
with two time points (more than 6 years apart). To infer the genetic diversity of HCV in each
patient, we used two approaches. One method was to estimate the difference of total evolutionary
distances in the phylogenetic tree between the two time points, and another was to estimate the
changes of genetic diversity along the time based on the coalescence theory. The two results
indicate that the HIV-positive group has significantly more diverse population structure than the
HIV-negative group. A comparative analysis of the synonymous and non-synonymous
substitutions found that the HIV-positive group was subject to less selective pressure than the
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HIV-negative group. In conclusion, HIV-positive patients would have a more diversified HCV
population than HIV-negative patients due to less selective pressure from the immune system.

INTRODUCTION

Increased rates of progression to end-stage liver disease,
mortality and reduced treatment response rates have been
well documented in haemophiliac and other groups of
chronic hepatitis C virus (HCV) carriers with human
immunodeficiency virus (HIV) coinfection (Bica et al,
2001; Goedert et al., 2002; Braitstein et al., 2004). Although
the mechanism of liver disease progression in HIV-infected
patients remains unclear, one of the important roles is
assigned to immunosuppression (Goedert et al., 2002).

The estimated HCV virion half-life time was, on average,
2.7 h with pre-treatment production and clearance of 10"
virions per day (Neumann et al., 1998). Such a high rate of
HCV replication, combined with lack of an error correc-
tion mechanism, results in the development of genetically
diverse clones in a patient. The genetic diversity of HCV
has provided critical insights into short-term outcomes,
including early spontaneous viral clearance (Farci et al,
2000), interferon-associated viral clearance (Farci et al.,

The GenBank/EMBL/DDBJ accession numbers for the sequences
reported in this study are AB245555-AB245873.

2002; Pawlotsky et al., 1999) and HCV emergence follow-
ing liver transplantation (Lyra et al.,, 2002). To infer the
genetic diversity of HCV in a patient, we applied two
approaches. One method simply assumed that the genetic
diversity of HCV is of different divergence of synonymous
distance between two time points. The other method
applied to coalescent analysis of genetic diversity along the
time, assuming that the genetic diversity of HCV represents
a heterogeneous viral population in a given carrier. To
evaluate the influence on the HCV evolution exerted by the
immunosuppression during persistent HIV coinfection, we
examined a cohort of HCV carriers, comparing the HIV-
positive and -negative groups.

Determination of the antigen-recognition regions associ-
ated with HCV-specific immune positive selection is
important for understanding selective pressures underlying
the evolution of HCV as well as putative therapeutic
targets. In this study, we evaluated the genetic diversity of
HCV and determined genomic regions associated with
positive selection by comparative analysis of selective forces
between HIV-positive and -negative groups in a cohort of
haemophilia patients followed for more than 6 years.
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METHODS

Selection of patients. The patients enrolled in the present study
were a subset of a well-characterized cohort of 166 patients with
haemophilia who had received non-heated plasma-derived coagula-
tion products before 1987 and had been observed regularly since 1995
at Ogikubo hospital (Tokyo, Japan). Plasma samples from patients
with known HCV and HIV serological status were stored at —80 °C.
Of these patients, 57 were positive and 109 were negative for anti-
HIV. After exclusion of HCV-RNA-negative and interferon-treated
patients, and those with a mixture or shift in HCV subtypes during
the follow-up, 13 HCV-1a-RNA-positive patients (eight HIV-positive
and five HIV-negative patients) were selected at random for this
study. The study protocol conformed to the 1975 Declaration of
Helsinki and was approved by the Ethics Committees of each
institution. Every patient gave written informed consent to participate
in the virological research.

Laboratory tests. Laboratory evaluation included complete blood
cell count and serum transaminases [alanine aminotransferase (ALT)].
CD4™* cell counts were examined by fluorescence-activated cell sorting
at SRL Inc. (Tokyo, Japan). Serum HCV-RNA levels and HIV-RNA
levels were measured by a commercial PCR assay (Amplicor HIV-1
Monitor and Amplicore HCV monitor; Roche Diagnostics). The
detection limits of PCR for HCV-RNA and HIV-RNA were
500 IU ml™' [0.5 kilo international unit (KIU) ml~'] and
50 copies ml™}, respectively.

HCV-RNA isolation and amplification from the core, E1 and E2
regions. Nucleic acids were extracted from serum samples using a
SepaGene RV-R Nucleic Acid Extracting kit (Sanko Junyaku) in
accordance with the manufacturer’s protocol. Viral RNA was reverse-
transcribed to ¢cDNA using SuperScript II RNase H™ Reverse Tran-
scriptase (Invitrogen) and random hexamer primer (Takara Shuzo) as
described previously (Ohno et al.,, 1997).

Partial core, E1 and E2 fragments were amplified by using PCR with
primers as described previously (Tanaka et al, 2002). To reduce the
number of artificial substitutions arising during PCR, Platinum Pfx
DNA Polymerase (Invitrogen) with a very high fidelity was used.

Cloning and sequencing of cDNA. The amplified products were
ligated into pCR-Blunt II-TOPO Vector and used to transform
DH5-« high-efficiency competent cells according to the manufac-
turer’s protocol (Invitrogen). The plasmid DNA was purified using
the QIAprep Spin Miniprep kit (Qiagen) and the presence of the
inserts confirmed by digestion with EcoRI. Sequencing was performed
on more than 10 clones per patient at the baseline (1995-1997) and
the end point (2002-2003). All clones were sequenced with Prism Big
Dye (Applied Biosystems) in an ABI 3100 DNA automated sequencer.

Construction of phylogenetic trees. Nucleotide sequences of
HCV were aligned by using the program cLusTaL_X and molecular
evolutionary analyses were conducted using Molecular Evolutionary
Genetic Analysis software (MEGA version 3.0; Kumar et al, 2001). The
MEGA algorithms were used to calculate the mean Tamura-Nei pairwise
distance for all clones as well as a matrix of Tamura—Nei pairwise
distances for each patient. To confirm the reliability of the phylogenetic
tree, bootstrap resampling tests were performed 1000 times.

Genetic diversity of HCV over a time course. Two approaches
were used to infer the genetic diversity of HCV in each patient. In the
first approach, total evolutionary distances among a heterogeneous
viral population were compared between the baseline and end point
for each patient in the phylogenetic tree. The phylogenetic tree of
genetic diversity was constructed by using the maximum-likelihood
(ML) method and the ancestral sequence was inferred at every node

using the ML method (Yang et al., 1995). As the evolutionary distance
in each branch, the number of synonymous substitutions per synony-
mous site (synonymous distance) was estimated by the modified
Nei—Gojobori method. Total synonymous distances were assumed to
represent the genetic diversity of a heterogeneous viral population in
each patient.

The other approach is the coalescence theory based on estimation of
the genetic diversity. A consensus sequence based on the sequences of
all HCV clones isolated from each patient was used as an outgroup to
locate the position of the root in each phylogenetic tree. The topology
of the phylogenetic tree was estimated by the neighbour-joining
method (pHYLP). Based on the topology, we constructed the
phylogenetic tree and inferred the evolutionary rate by the ML method
under the premise of the molecular clock (TipDate) (Rambaut, 2000).
Based on the trees and the evolutionary rates estimated by TipDate, the
coalescent analysis of genetic diversity was conducted for each patient
using the Genie v3.5 software (Pybus et al, 2001; Pybus & Rambaut,
2002). In brief, time ¢ was transformed to year using the HCV molecular
evolutionary rate, assuming the sample-collection time to be the
present. Function N(#) (effective numbers of HCV infections through
time) was estimated by the ML method to infer the genetic diversity of
HCV (Pybus & Rambaut, 2002). Although there are several models to
infer N(t), the best-fit model was different among patients. Therefore,
we chose a simplified model in which the genetic diversity was assumed
to be exponentially increased over time (expansion model).

Identification of positively selective regions. Positively selected
regions were identified using the modified method of Suzuki &
Gojobori (2001). In brief, a phylogenetic tree of sequences from HCV
clones was reconstructed in each patient by the ML method. The
ancestral sequence was inferred at every node in the phylogenetic tree
using the ML method (Yang et al, 1995). Then, synonymous and
non-synonymous substitutions throughout the phylogenetic tree were
estimated in each branch for each codon site. Here, to see the
differences in selective pressure for HCV between the HIV-positive
and -negative groups, we independently summed the total numbers of
synonymous (N;) and non-synonymous (N,) substitutions occurring
at each codon site of the HCV clones from either eight patients
infected with HIV or five patients without HIV infection. The mean
numbers of synonymous (C,) and non-synonymous (C,) sites were
calculated for each codon site by the modified Nei-Gojobori method.
The genetic distance of synonymous (ds) and non-synonymous (dy)
was calculated as NJ/C; and N,,/C,, respectively. Although the ratio
dn/ds is usually used for estimating selective pressure, we used
(dn+0.5)/(ds+0.5) ratio instead in the present study, because no
synonymous substitution was found in several codon sites. The ratio
was calculated along with the sequence by the sliding-window
analysis. Each window size consisted of three codons.

RESULTS

Comparison of clinical characteristics between
HCV patients with and without HIV infection

When we compared clinical data between HCV patients
with HIV (HIV-positive group) and without HIV (HIV-
negative group), there were no significant differences of
mean age, sex, putative duration of HCV infection or mean
peak ALT levels (116 vs 146) (Table 1). Changes of ALT
levels also were not different between these two groups.
Mean peaks of HCV-RNA levels in the HIV-positive group
(23004668 KIU ml ™), however, were significantly higher
than those in the HIV-negative group (936+423, P=
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Table 1. Clinical characteristics among HCV patients in this study

All patients are male. HCV genotype of all patients is 1a. LC, Liver cirrhosis; ALT, alanine aminotransferase; NT, not tested; +, positive; —, negative.

ID Age Putative LC HIV AIDS HIV-RNA CD4 at HCV-RNA (KIU ml™") ALT (U™
date of HCV (copies ml™) baseline
infection @™ Range Peak Increase Range Increase

X2 x2
NT211 29 1982 - + + 130 000 20 130-2100 2100 yes 20-156 yes
GM248 39 1986 - + - 23 000 110 290-1200 1200 yes 34-96 yes
0T33 34 1982 - + - 2300 286 170-2000 2000 yes 40-43 no
HH127 33 1980-1982 - + = 22 000 270 330-3200 3200 yes 27-168 yes
TA92 32 1984 - + 98 000 271 1300-2900 2900 yes 29-34 no
KY48 31 1980-1983 - + - 55 000 242 730-2700 2700 yes 66-213 yes
NK112 28 1982 + + + 100 000 27 23002600 2600 yes 16-28 no
YY321 27 1987 - + + 95 000 35 1200-1700 1700 no 181-186 yes
KK202 19 1987 - - - NT NT 310-1600 1600 yes 2141 no
KN201 45 1982 + - - NT NT 300-710 710 no 38-98 no
TS246 20 1984 - - - NT NT 230-1000 1000 yes 27-37 no
SH265 20 1985 - - - NT NT 340-470 470 no 130470 yes
ST251 26 1984 - - - NT NT 590-900 900 no 38-83 yes

0.0019), which is consistent with previous reports (Eyster
et al., 1994). Additionally, seven of eight patients in the
HIV group had HCV-RNA elevation more than twice
during follow-up, whereas only two patients in the HIV-
negative group had HCV-RNA elevation.

For the eight HCV patients in the HIV-positive group, HIV-
RNA and CD4 are shown in Table 1. Three of the patients had
already developed AIDS and had very low CD4 counts (20,
27, 35 ul™"), and the remaining five patients with HIV also
had relatively low CD4 levels (110-286) at the baseline (1995—
1997) before initiating highly active anti-retroviral therapy
(HAART). Thereby, all HIV-infected patients studied were
considered to be in an immunity-suppressed condition. Four
patients with a CD4 count less than 200, induding the three
AIDS patients, received anti-HIV treatments.

Long-term intra-host diversity of HCV evaluated
on distinct genomic regions

It has been shown previously that the genetic diversity of
HCV changes in an oscillatory manner during the natural
course of the infection (Devereux et al., 1997). Taking into
account that the genetic diversity of HCV analysed at a
single time point might not accurately reflect the dynamic
profile of the population over time, we have examined 26
serum samples collected from 13 patients at two distinct
time points with intervals of at least 6 years (68 years). At
least 11 HCV clones were isolated from a single patient at
the baseline (1995-1997) and at the end point (2002—-2003)
of the follow-up. Overall, 325 HCV clones were thus
isolated and analysed. All of them belonged to genotype 1a.
Phylogenetic relation of the HCV clones isolated from all
patients is shown in Fig. 1. Assuming that HCV is
composed of a heterogeneous viral population, which is
evolving throughout time in a given host (carrier), we

aimed to estimate the size and heterogeneity of the
population. Two different methods were used to attain
this aim.

First, we directly compared the genetic diversity of a
heterogeneous viral population between the two time
points. To do that, we estimated totals (for all patients in
each of the two groups) of intra-host synonymous dis-
tances at each of the two time points. This estimation was
done independently in both El and E2 genomic regions
(Fig. 2). The increased difference from the baseline to the
end point between the HIV-positive and HIV-negative
groups was tested by the regression analysis, and the
genetic diversity of the HIV-positive group is significantly
higher than that of the HIV-negative group (P=0.043).

Second, the coalescent analysis of genetic diversity of HCV
was conducted for each patient. Further, mean curves of
the effective numbers of HCV infections were compared
between HIV-positive and -negative groups (Fig. 3).
Although the estimated mean number was Iinitially
relatively lower in the HIV-positive group, the rapid change
to exponential growth, was observed several years after HIV
infection in this group, whereas in the HIV-negative group,
the effective number was gradually increasing throughout
the period of time. The difference of exponential growth is
significant (P=0.04). Hence, the result obtained by either
method indicated the HIV-positive group to have higher
genetic diversity of the heterogeneous viral population than
the HIV-negative group, suggesting that this was due to the
exposure of HIV infection.

Putative positively selective regions in the E1 and
E2 regions

Since the higher genetic diversity of HCV was observed in
HIV-positive patients, we further examined genetic evi-
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Fig. 1. A phylogenetic tree of E1 and E2 regions of the 325 HCV
clones isolated from 13 patients. The significant phylogenetic
cluster was observed in each of the eight HIV-positive (HIV +) and
five HIV-negative (HIV-) patients. Numbers at nodes indicate
bootstrap values of 1000 replications.

dence of the selective immune pressure in both groups.
Selective immune pressure was estimated in each, E1 and
E2, gene. Some differences were observed between the
HIV-positive and -negative groups (Table 2, Fig. 4).
Immune epitopes (11 aa segments in the El and 5 aa
segments in the E2 region) that were observed only in the
HIV-negative group might have relatively weak antigeni-
city. Some of the segments were previously recognized as
HCV-specific potential immunogenic targets such as

2 04
D
g .
E 0.3 y
n.g . ° ]
Bﬁ c
.

g .
] S
$§ o2 ° . * 3 H
T 5 a o ‘ o ]
®

o .
ég . .

s ° o

) 01} . L o ° » H
g g 3] [
>
w 2
E I " n s
i

fA IN
S Q?\ Q:\k QS\\ 0\\\ $ 03‘\4\ $\

Fig. 2. Total synonymous distances of the phylogenetic tree of
each time point. y-axis indicates total synonymous distance of the
phylogenetic tree constructed by the sequences isolated at each
time point. x-axis indicates two time points [baseline and end point
(End))] and two groups [HIV-positive (HIV +) and -negative (HIV-)].
Each dot represents a patient.

cytotoxic T lymphocyte (CTL) epitopes (URL: http://
hev.lanl.gov/content/immuno/tables/ct]_summary.html),
indicating that the positively selected segments estimated in
the present study are associated with the immune response.
On the other hand, positively selected segments around the
hypervariable region (HVRI1) regardless of HIV infection
should have strong antigenic epitopes, suggesting little
influence of the HIV coinfection on the natural immune
selection targeting this region.

DISCUSSION

A previous meta-analysis showed a significantly elevated
relative risk of severe liver disease in patients coinfected

100 000
z
2
}g 10 000
:
;S 1000 Ave
— HIV=
£ 100
E]
-]
% 10
b
] . N \ . .
0 5 10 15 20 25

Time (years)

Fig. 3. The mean effective numbers of HCV infections in HIV-
positive (HIV+) and -negative (HIV=) groups over the years from
the baseline. Two lines indicate the dynamics of the mean effective
numbers of HCV infections (y-axis) estimated in the E2 region and
the bars indicate standard deviations. x-axis indicates number of
years from the end point.
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Table 2. Putative positively selective regions

Unknown epitopes identified only in the HIV-negative group are shown in bold.

Region PS value* HCV with HIV HCV without HIV

El PS>1.0 366-368 192-195, 203-205, 212-215,
223-229, 234-237,  245-247
255-257, 295-299, 346-349
353-358, 359-361

E2 PS>1.0 383412, 414418, 434438 382-410, 418-420, 432436,
443-446, 463465, 480482
486488 496-500

*PS (positive selection)=(dy+0.5)/(ds+0.5).

with HIV and HCV (Braitstein et al, 2004; Graham et al.,
2001). Another cohort study of HIV/HCV-coinfected
patients also indicated association of low CD4 cell count,
alcohol consumption rate and age at HIV/HCV coinfection
with acceleration of the liver fibrosis (Benhamou et al., 1999).
The increased HCV replication in the HIV/HCV-coinfected
patients would induce an intermediate immune response
that is large enough to induce hepatic cell destruction and
fibrosis but not enough to eradicate the virus from its
reservoirs (Lai et al., 2003; Poynard et al, 2003).

In the present study, the genetic diversity of HCV was
higher in the HIV-positive group compared with the HIV-
negative group, which could be associated with either or
both higher rate of HCV replication and HIV-associated
immunosuppression, leading to less selective pressure on
HCV in the HIV-positive group. The increased HCV
replication by immune dysregulation in the HIV/HCV-
coinfected patients might damage liver cells through
apoptosis and other means such as cytokine disruption as
reported previously (Puoti et al., 2001). Although several

HVR1

HIV-

384

Fig. 4. Comparative histograms of the E1 and E2 regions of the HCV clones from HIV-positive (HIV+) and -negative (HIV-)
patients. y-axis indicates (dy+0.5)/(ds+0.5) ratio, columns exceeding value 1.0 represent the putative positively selective
regions. Regions outside of any known CTL epitopes are indicated by asterisks and probably indicate unknown epitopes. x-axis
indicates the schematic position in the HCV genes: C, core; HVR1, hypervarable region.
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studies showed that HCV diversity decreases with the
degree of HIV-related immunosuppression (Babik &
Holodniy, 2003; Mao et al., 2001; Martell et al., 1992;
Qin et al., 2005; Roque-Afonso et al., 2002; Toyoda et al.,
1997), this might be associated with the different
parameters assessed for the genetic diversity; the conclu-
sions in most previous studies were made by analysing total
numbers of HCV clones and overall genetic distances at the
amino acid level.

To assess the discrepancy with our results by coalescence-
based estimation, we further examined the role of HCV-
targeted immune pressure. The HCV nucleotide substitu-
tion pattern was compared between subjects with intact
immune system versus those with HIV-associated immuno-
supression using a recently designed approach. Previous
reports had used the mean of pairwise synonymous and
non-synonymous distances within isolates (Ray et al., 2000;
Blackard et al., 2004). Since most isolates do not have an
independent evolutionary process, the mean may not re-
present overall genetic diversity of the heterogeneous viral
population. To examine the non-redundant evolutionary
process, recent methods have inferred the evolutionary
process throughout the phylogenetic tree (Sheridan et al,
2004; Suzuki & Gojobori, 2001; Hanada et al., 2006). In the
present study, we have applied a new approach to examine
selection of HCV affected by HIV. The approach supported
the theory that the diversified population of HIV-positive
patients is due to less selective pressure and allows
identification of specific regions indicating the presence
of positive selection in HIV-negative patients compared
with HIV-positive patients with immunosuppression.
Although these positively selective segments, which were
observed only in the HIV-negative group, might have
relatively weak antigenicity, most of them were located
inside potential immunogenic targets and others might be
somewhat new antigen-recognition regions associated with
HCV-specific immune responses. Interestingly, no influ-
ence by HIV coinfection was observed in the HVR1, which
contains sequence-specific immunological B-cell epitopes
that induce the production of antibodies restricted to the
specific viral isolate (Kato et al, 1993), indicating that the
positively selected segments regardless of HIV infection
should have strong antigenic epitopes. Taken together, our
findings indicate that defenceless HCV clones that are
extinct in usual conditions can survive in HIV-positive
patients because of less immune pressure leading to HIV
infection. Consequently, the genetic diversity of HCV will
be greater in HIV-positive patients. In fact, the diversity of
both synonymous and non-synonymous substitutions was
larger in HIV-positive patients than HIV-negative patients
(data not shown).

One limitation of the present study is the general lack of
functional immunological data. In this study, HCV-specific
CD4 ELISPOT responses were not detected in all subjects
and CD8 cell counts were not measured. Therefore, we
chose to use HIV load and CD4 cell counts as surrogate
markers of immune suppression. Further investigations of

HCV diversity in conjunction with HCV-specific cellular
responses will be required when more-sensitive immuno-
logical assays are available. Another potential limitation of
the study is that only two time points were sampled for
each individual. However, as we inferred the evolutionary
process based on the phylogenetic tree constructed using
the number of clones that were isolated through the long
period of follow-up (more than 6 years), we believe that the
genetic diversity of the heterogeneous viral population may
represent an actual evolutionary process.

In conclusion, HIV-positive patients have more diversified
HCV populations than HIV-negative patients, possibly
because of reduction of selective pressure from the immune
system. The positively selective regions determined in this
study might be antigen-recognition regions associated with
HCV-specific immune responses.
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Risk for hepatocellular carcinoma with respect to
hepatitis B virus genotypes B/C, specific mutations
of enhancer ll/core promoter/precore regions and

HBV DNA levels

M-F Yuen,' Y Tanaka,? N Shinkai,?2 R T Poon,® D Yiu-Kuen But,' D Y-T Fong,* J Fung,’
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ABSTRACT

Background/aim: To examine the risks for hepatocellular
carcinoma {HCC) with respect to hepatitis B virus {HBV)
genotypes, specific viral mutations (MT), serum HBY DNA
levels, and cirrhosis.

Methods: HBV genotypes, 1653/1753/core promoter
(CP)/precore MT and HBV DNA levels were determined in
248 HBV patients with HCC and 248 HBV contrals.
Results: Genotype C, CP-MT, T1653, HBV DNA levels =4
logqo copies/ml and cirrhosis had a higher risk for HCC
compared to patients with genotype B (p = 0.001, OR
1.9), CP wild-type {WT) (p<<0.001, OR 4.1), C1653
(p=0.028, OR 2.4}, HBV DNA <4 logyq copies/ml
(p=0.003, OR 2.1} and without cirrhosis (p<<0.001, OR
4.0) respectively. Multivariate analysis showed that CP-
MT, 71653, HBV DNA =4 log;, copies/ml and cirrhosis
were independent factors for HCC (all p<0.05). A
receiver operating characteristics curve showed no cut-off
HBV DNA level associated with minimal chance of HCC.
Patients with CP-MT and cirrhosis had a 22.2-fold
increased risk of HCC compared to patients with CP-WT
and without cirrhosis. Patients with CP-MT and HBV DNA
levels =4 log,y copies/ml had a 7.2-fold increased risk of
HCC compared to patients with CP-WT and HBV DNA
levels <4 logy, copies/mi. Patients with CP-MT and
T1653 had a 9.9-fold increased risk of HCC compared to
patients with wild-type for both regions.

Conclusions: CP-MT, T1653, HBV DNA levels =4 logsg
copies/mi and cirrhosis are independent factars for
development of HCC. The risks increased substantially in
patients having these factors in combination.

Hepatocellular carcinoma (HCC) is a disease of
global concern, occurring in over 20% of the 400
million people with chronic hepatitis B infection
(CHB). While the exact mechanisms of hepatocar-
cinogenesis with CHB infection remain elusive,
several virological factors have been identified to be
possibly associated with a higher risk of develop-
ment of HCC. These include hepatitis B virus load
(HBV DNA) levels, HBV genotypes, core promoter
and precore mutations. These factors are also
associated with the development of cirrhosis and
its complications.’ ?

The majority of the published studies examining
HBV genotypes compare genotypes B and C in
relation to the disease profile of CHB because these
are the two main genotypes prevailing in Asia, a
region contributing around 75% of the world’s
population of CHB. However, while some studies
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suggest genotype C has a higher risk of develop-
ment of HCC*® this observation is not substan-
tiated by others.>® One large study conducted in
Taiwan shows that genotype B is more commonly
found in patients with HCC developed at a young
age.’ In the Caucasian and Indian populations,
genotype D is associated with a greater risk for
HCC than genotype A.

Concerning the common naturally occurring
mutations at the precore (G1896A) and core
promoter (A1762T and G1764A) regions, some
studies show that patients with precore mutants
have more aggressive disease including reactivation
of CHB and fulminating course of the disease,”"
These observations have not been substantiated in
other studies partly because the predominant
genotypes are different between Asia and Europe/
USA.?® For core promoter mutations, some
studies report a higher risk of development of
HCC in patients with core promoter mutations
compared to those with wild-type? 7 'S Again,
this has not been confirmed by other studies.® 7 In
addition to these two common mutations, two
other mutations, C to T at 1653 in the enhancer 11
region and T to C/A/G (V) at 1753 in the core
promoter region, have recently been found to be
associated with the development of HCC."**

The uncertainty as to whether these virological
factors are genuine risk factors for the development
of HCC may be due to several reasons. Most of the
studies only have a limited number of patients.
These studies often examine only specific virologi-
cal factors; for example, genotypes without con-
sidering the possible confounding effect of other
parameters, such as viral mutations and HBV DNA
levels. Indeed the associations between genotype B
with precore mutations and genotype C with core
promoter mutations have been shown to be
confounding factors®® Whether there are any
additive or synergistic effects on the risks of HCC
development with different combinations of geno-
types/precore/core promoter and mutations in the
enhancer II region and HBV DNA levels have not
been studied. Finally, the risks for development of
HCC of these factors in the setting of cirrhosis
have not been examined.

Therefore we sought to examine the risks of
HBV DNA levels, HBV genotypes, core promoter/
precore/T1653/V1753 mutations and cirrhosis
individually and in combination for the develop-
ment of HCC in a large population study.

Gut 2008;57:98-102. doi:10.1136/qut.2007.119859
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PATIENTS AND METHODS

Patients

A total of consecutive 248 Chinese CHB patients with HCC
were recruited from Department of Medicine and Department
of Surgery, The University of Hong Kong, Queen Mary
Hospital, Hong Kong from 2000 to 2004. All patients had the
diagnosis of HCC for the first time, during regular follow-up in
our centre (#n = 198) or in other hospitals (# = 50). Patients with
recurrent HCC were excluded from the present study. One
hundred and twenty patients had histologically proven HCC.
The remaining 128 patients had elevated o-fetoprotein (AFP)
with typical imaging features in computerised tomography and/
or magnetic resonance imaging and/or hepatic angiogram.

During the same period of recruitment of patients with HCC,
4825 CHB Chinese patients without HCC were being followed
up in the University Liver Clinic of Queen Mary Hospital, Hong
Kong. A consecutive 248 CHB patients without HCC were
recruited as controls. These control patients were matched
individually with each patient with HCC for gender, age (less
than 2 years difference) and hepatitis B e antigen (HBeAg)/
antibody to HBeAg (anti-HBe) status in a 1:1 ratio. The absence
of HCC was assured by the absence of any space occupying
lesion by ultrasonography performed on two separate occasions
1 year apart.

All patients were positive for hepatitis B surface antigen
(HBsAg) checked by radioimmunoassay (AUSRIA 1I, Abbott
Laboratories, North Chicago, IL) for at least 6 months. HBeAg/
anti-HBe was also determined by the same assay. Patients with
other concomitant diseases including hepatitis C or D virus
infection, autoimmune hepatitis, Wilson’s disease, primary
biliary cirrhosis, alcoholic liver disease and fatty liver (diagnosed
by ultrasonography) were excluded.

Liver cirrhosis is defined by the score of >2 according to the
aspartate aminotransferase (AST) to platelet ratio index (APRI)
calculated from the following formula: ([AST/upper limit of
normal]/platelet count [x10%licre]) x 100.”

Methods

Stored serum at —70°C were thawed for the determination of
the HBV DNA levels, HBV genotypes, core promoter and
precore mutations and finally the mutations at the enhancer II
region. The HBV DNA levels were measured by Cobas Amplicor
HBV Monitor test (Roche Diagnostics, Branchburg, NJ) with a
lower limit of detection of 300 copies/ml.

HBV genotypes were determined by the enzyme linked
immunosorbent assay (ELISA). The detailed methodology of the
assay was described in our previous study.” The sequence of
core promoter and precore regions including A1762T/G1764A
(core promoter mutations) and G1896A (precore mutation)
were determined by direct sequencing. The methodology was
described in our previous study.” The two recently identified
HCC-related mutations at the enhancer II and core promoter
regions namely, C to T at 1653 and T to C/A/G (V) at 1753,
were also sequenced according to the methods described in our
previous study” in 140 patients with HCC and 100 control
patients with adequate sera available for sequencing. There
were no differences in the median age (range), male to female
and HBeAg: anti-HBe ratios between these two subgroups of
140 and 100 patients [56.6 years (29-83.7) vs. 59.8 years (24.8-
81.6), p =0.13 for age; 114:26 vs. 79: 21, p =0.65 for male to
female ratio; and 40:100 vs. 23:77, p = 0.28 for HBeAg: anti-HBe
ratio).
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Statistical analysis

All statistical analyses were performed using the SPSS 14.0 for
Windows, SPSS Inc., Chicago, IL). The Mann-Whitney U test
was used to compare continuous variables between patients
with HCC and control patients. The y’ test with Yates
correction factor or Fisher’s exact test was used to compare
categorical variables between two groups. A receiver operating
characteristic (ROC) curve was used to determine whether
there is a cut-off HBV DNA which was associated with no risk
of HCC. Logistic regression was adopted to determine
independent risk factors for HCC. The adjusted odds ratios
(OR) for development of HCC of different combinations of
variables were also calculated by the logistic regression analysis
with a selected combination defined as the reference. All
estimates were accompanied by a 95% confidence interval
(CI), where appropriate and a p-value <0.05 was considered as
statistical significance.

RESULTS

Demographics ,
The demographic data for 248 patients with HCC and 248
control patients are listed in table 1. Patients with HCC had a
significantly poorer liver biochemical parameters and higher
median AFP level compared to control patients. Patients with
HCC also had a higher prevalence of liver cirrhosis compared to

control patients. The OR for patients with cirrhosis was 4.0
[95% CI, 2.8 to 5.9].

HBV genotypes

A total of 478 out of 496 (96.2%) samples had positive genotype
results from EIA test, but this test gave indeterminate results for
the remaining 18 samples (10 from patients with HCC, eight
from control patients). Of the 238 patients with HCC with
genotype results, 67 (28.2%) had genotypes B, 170 (71.4%) had
genotypes C and one (0.4%) had genotype D. Of the 240 control
patients with genotype results, 100 (41.7%) had genotypes B,
135 (56.3%) had genotype C, three (1.3%) had genotypes D and
two (0.8%) had mixed genotypes.

Comparing patients with either genotypes B or C, patients
with HCC had a higher prevalence of genotype C compared to
control patients [170/237 (71.2%) vs. 135/235 (57.4%) respec-
tively; p =0.001; OR 1.9; 95% ClI, 1.3 to 2.8].

Core promoter and precore mutations

Of all the 496 samples, direct sequencing failed to generate
results for 70 samples for core promoter region and 61 samples
for precore region.

Table 1 Demographic data for the study population
Patients with HCC :
(n = 248) Control patients (n = 248)
Sex (M:F) 199:49 199:49
Age {years} 57.5,{24.8-83.7) 57.7 {24.8-81.8)
HBeAg:anti-HBe {%) 61:187 (24.6%:75.4%) 61:187 (24.6%:75.4%)
Albumin {g/) 37 (16-59)* 43 (17-563)*
Bilirubin {pmol/) 17 (5531}t 12 (2-96)1
ALT (UN) 57 (4-1154)% 46 (9-920)%
AFP {ng/mi} 136.5 (1-1 060 000)8 5 {1-200)8
Presence of cirrhosis {%) 170 (68.5%)Y 87 (35.1%)9

*1.1.8,9p<c0.001.
Continuous variables are expressed in median (range).
ALT, alanine aminotransferase; AFF, o-fetoprotein.
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Results of core promoter mutations were successfully
obtained in 194 (78.2%) samples of patients with HCC and in
232 (93.5%) samples of control patients. Patients with HCC had
a higher prevalence of core promoter mutations compared to
patients without HCC [173/194 (89.2%) vs. 155/232 (66.8%),
respectively; p<<0.001; OR, 4.1 (95% CI, 2.4 to 6.9)).

Results of precore mutations were successfully obtained by
the direct sequencing in 198 (79.8%) samples of patients with
HCC and in 237 (95.6%) samples of patients without HCC.
There was no significant difference in the prevalence of precore
mutations between patients with and without HCC {72/198
(36.4%) vs. 106/237 (44.7%), respectively; p=0.10].

Relationship between HBV genotypes and core promoter/precore
mutations

Patients with genotype B had a higher chance of harbouring
precore mutations compared to patients with genotype C [105/
144 (72.9%) vs. 67/267 (25.1%), respectively; p<0.001; OR, 8.0;
95% CI, 5.1 to 12.7)]. Patients with genotype C had a higher
chance of harbouring core promoter mutations compared to
patients with genotype B [237/264 (89.8%) vs. 76/141 (53.9%),
respectively; p<0.001; OR, 7.5; 95% CI, 4.5 to 12.6].

HBV DNA levels

To determine whether there is an exact HBV DNA level below
which HCC is unlikely to occur, the HBV DNA levels of all the
patients with or without HCC were entered in the ROC curve
analysis (fig. 1). The ROC nearly overlapped with reference line
with the area under the curve (AUC) of 0.51 (p =0.75; 95% CI,
0.46 to 0.56) indicating that there existed no cut-off HBV DNA
level that was associated with minimal risk of HCC. Further
separate analysis of patients who had HBeAg seroconversion
(anti-HBe positive) with less fluctuation of HBV DNA levels
during the course of the disease was performed. The AUC was
only 0.56 (p =0.054; 95% CI, 0.50 to 0.62). This suboptimal
value confirmed that there was no HBV DNA level that was
associated with minimal risk of HCC even for anti-HBe-positive
patients.

Though a “safe” lower limit of HBV DNA level could not be
identified, a higher proportion of patients with HCC had high
viral load defined by HBV DNA level =4 logio copies/ml
compared to that of control patients [218/248 (87.9%) vs. 193/
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Figure 1 Receiver operating characteristics curve (ROC) of HBV DNA

levels and development of HCC (area under curve = 0.51) {(p=0.75;
95% Cl, 0.46 to 0.56).
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248 (77.8%), respectively; p=0.003; OR, 2.1; 95% CI, 1.3 to
3.4].

T1653 and V1753 mutations

Results of T1653 and V1753 were successfully obtained by the
direct sequencing in 133 (95%) out of 140 samples of patients
with HCC and in 99 out of 100 (99%) samples of control
patients. The reason for samples with no obtainable results for
these two mutations was due to the failure of generation of
sequence with good quality by direct sequencing. Patients with
HCC had a significantly higher prevalence of T1653 mutations
compared to control patients [19.5% (26/133) vs. 9.1% (9/99),
respectively; p = 0.028; OR, 2.4; 95% CI, 1.1 to 5.4]. There was
no difference in the prevalence of T1753 mutations between
patients with HCC and control patients [42.1% (56/133) wvs.
44.4% (44/99), respectively; p = 0.72].

Multivariate analysis on the risk factors for HCC

HBV genotypes, core promoter mutations, T1653 mutations,
HBV DNA levels and presence of cirrhosis were entered into the
logistic regression analysis. Core promoter mutations, T1653
mutation, HBV DNA levels =4 logo copies/ml and presence of
cirrhosis were shown to be independent factors associated with
HCC (p = 0.015, 0.044, 0.048 and 0.003, respectively). Genotype
C, identified as a significant risk factor in the univariate analysis
was not an independent risk factor for HCC.

Relationship between core promoter mutations, T1653
mutations, HBV DNA levels and cirrhosis

A higher proportion of patients with core promoter mutations
had high viral load (HBV DNA =4 log;o copies/mi) compared to
that of patients without core promoter mutations [284/328
(86.6%) vs. 71/98 (72.4%), respectively; p = 0.001; OR, 2.6; 95%
Cl, 1.4 to 4.2]. There was no difference in the prevalence of
T1653 mutation between patients with core promoter muta-
tions and wild-type [28/174 (16.1%) vs. 6/43 (14.0%), respec-
tively; p = 0.91]. Patients with core promoter mutations had a
significantly higher prevalence of cirrhosis compared to patients
with core promoter wild-type [177/328 (54.0%) vs. 39/98
(39.8%), respectively; p = 0.014; OR, 1.8; 95% CI, 1.1 to 2.8].

Adijusted risks for patients with core promoter mutations
stratified according to HBV DNA levels, 1653 mutations and
cirrhosis

Stratifying core promoter mutations, 1653 mutations, HBV
DNA levels and presence of cirrhosis to assess the combined risk
for the development of HCC resulted in 16 different groups of
patients with certain groups having fewer than five patients,
thus precluding reliable statistical analysis. Therefore separate
analyses were performed by stratifying (1) core promoter
mutations according to HBV DNA levels, (2) core promoter
mutations with or without concomitant 1653 mutations and
(3) core promoter mutations according to presence or absence of
cirrhosis. The adjusted odds ratios for the development of HCC
are shown in tables 2, 3 and 4, respectively.

DISCUSSION

To our knowledge, the present study is the largest study
examining the individual role as well as the possible interacting
effects of HBV genotypes, the two commonly occurring
mutations (core promoter and precore mutations), mutations
at the enhancer [I (T1653) and at the more upstream core
promoter region (V1753), HBV DNA levels, and liver cirrhosis
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Table 2 Adjusted odds ratios for HCC in patients with core promoter
wild-type/mutations according to the HBV DNA levels

Table 4 Adjusted odds ratios for HCC in patients with core promoter
wild-type/mutations according presence or absence of cirrhosis

Core HBV DNA Number of Odds ratio Core Number of

promoter {logso copies/ml) patients (95% CI) p Value promoter Cirrhosis patients  Odds ratio (95% Cl) p Value
Wild-type <4 2 Reference - Wildtype  No 59 Reference -
Wild-type =4 Y 1.8 (0.6 to 6.0) 033 Wildtype  Yes 39 7.5 (2.5 10 23.0) <0.001
Mutant <4 44 31{081t 106) 007 Mutant No 151 6.0 (2.3 o 15.9) <0.001
Mutant =4 426 1.2 (2410 21.4)  <0.001 Mutant Yes 1 22.2 (8.4 t0 58.4) <0.001

€l, confidence interval.

on the development of HCC. This relatively large number of
patients would allow any possible links or associations between
these factors contributing to the development of HCC to be
defined more unequivocally. One of the limitations of the
present study is that the role of deletions in the pre-S region of
HBV genome which have been recently shown to be associated
with the development of HCC has not been studied.”

An epiphenomenon observed in the present study was the
higher risk of HCC in patients with genotype C compared to
patients with genotype B (all were subgenotype B2 in our
locality according to our previous study).” This is apparently
consistent with other studies.*® However, genotype C was not
found to be an independent factor for HCC when tested in the
multivariate analysis. Core promoter mutations, T1653 muta-
tions, high HBV DNA levels and presence of cirrhosis were
independent risk factors for HCC. This is not an unusual
finding because of the strong association of genotype C with
core promoter mutations (89.8%), and genotype B with precore
mutations (72.9%). Though it is well proven that patients with
genotype B have an earlier HBeAg seroconversion,® * it appears
neither genotype B nor C has any major influential effects on
the life-time risk of HCC, a finding in concordance with other
studies.®*” We have recently shown that the earlier HBeAg
seroconversion with genotype B is related to the more intense
immunogenic stimulation during the immunoclearance phase.®
The effects exerted by HBV genotypes B and C on the disease
progression of CHB subsequent to HBeAg seroconversion
appear to be similar.

However, there are at least two documented effects
accompanying core promoter mutations on the development
of HCC. Mutations in the core promoter region result in a shift
change of the viral pregenomic secondary structure which may
enhance the viral replication.” Viral replication can also be
further enhanced by a second mechanism in which the
transcription of the pregenomic RNA will be increased through
the removal of the nuclear receptor binding site and creation of
a hepatocytes nuclear binding factor. These changes increase
the core RNA transcription with enhanced core protein, DNA
polymerase, pre-genomic RNA synthesis, but suppress the
precore RNA transcription whose normal function is to decrease
pregenomic RNA packaging.® * This is in complete concordance
with the finding of the present study and of Chauhan and

Table 3 Adjusted odds ratios for HCC in patients with core promoter
wild-type/mutations according mutations at 1653

Core Number of

promoter 1653 patients Odds ratio {95% ClI) p Value
Wild-type  Wild-type 37 Reference -
Wildtype  Mutant 6 2.7 (0.5 10 15.6) 0.27
Mutant Wild-type 146 36 (160 7.9) 0.02
Mutant Mutant 28 9.9 (3.1 to 31.5) <0.001
Cl, confidence interval.
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Cl, confidence interval.

colleagues.® HBV DNA levels were higher in patients with core
promoter mutations compared to those without core promoter
mutations.

In the present study, by setting the patients without core
promoter mutations and HBV DNA <4 logyg copies/ml as a
reference, the adjusted odds ratio for HCC for patients with
core promoter mutations at the same viraemic level was 3.1
(95% CI, 0.9 to 10.6), with a borderline p value of 0.07 (table 2).
It is possible that the higher risk of HCC in patients with core
promoter mutations may also be mediated through another
additional pathway independent of the increase in viral
replication. The possible carcinogenic mechanisms require
further in vitro studies and functional analyses to delineate.

The present study demonstrated that the risk of HCC was
substantially increased in patients harbouring core promoter
mutations and having liver cirrhosis, a 22.2-fold increase when
compared to patients with core promoter wild-type and
without cirrhosis (table 4). Similarly, patients with core
promoter mutations with high HBV DNA levels of =4 logo
copies/ml had a 7.2-fold increase risk of HCC when compared to
patients with core promoter wild-type with HBV DNA levels
<4 logyo copies/ml (table 2).

In the present study, we found that T1653 was an
independent risk factor for the development of HCC.
According to our previous studies,®* T1653 mutation is
associated with HCC in patients with genotype C. In the
present study, we further confirmed with larger number of
patients that T1653 was an independent risk factor for HCC
irrespective of HBV genotypes. 1653 is located in the box alpha
of the enhancer II region of HBV genome. The C to T mutation
at 1653 converts histidine to tyrosine at amino acid 94 of the X
protein which may explain its association with the hepatocar-
cinogenesis. According to Takahashi and colleagues, the
frequency of T1653 mutation increases with the progression
of liver disease from chronic hepatitis to cirrhosis.” It occurs
later than, and independent of, core promoter mutations in
chronic hepatitis B disease. However, when both viral mutations,
that is, core promoter and T1653 mutations, co-existed, the risk of
HCC was substantially increased to 9.9-fold when compared to
patients with wild-type at both genomic regions (table 3).

Finally, the present study showed that there was no reliable
cut-off HBV DNA level associated with low risk of HCC. This
means that maximal viral suppression to the lowest possible
HBV DNA levels should be the target for future management of
CHB disease.

In conclusion, core promoter mutations, T1653 mutations,
HBV DNA levels =4 logo copies/ml and presence of cirrhosis
were independent factors for the development of HCC. The risk
increased substantially in patients who carried these factors in
combination. Future studies should consider these factors in
conjunction with age and gender of patients to formulate the
risk of HCC in CHB patients.
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