The encoding reactions had a final volume of 15 pl, including
0.5 Wl of multiplex PCR products, 20 mM Tris-HCI, pH 7.6,
25 mM potassium acetate, 10 mM magnesium acetate, 10 mM
DTT, 1 mM NAD, 0.1% 'Iriton X-100 (1x Taq DNA ligase
buffer) with 0.33 nM of cach probe and 5 U Taq DNA ligase
(New England BioLabs, Ipswich, MA, USA). Encoding reactions
were conducted using a TGradient or PTC-225 under the
following conditions: 95°C: for 5 min, followed by 58°C for
15 min. The reaction was stopped by holding the temperature at
10°C.

The labeling reactions had a final volume of 12 pl, including
6 wl of ligation products, 0.5 pM each labeled primer (Alexa555-
cED-1 and Alexa647-cED-2), 2.5 nM cach D1 primer (D1_i),
50 mM KCI, 2 mM M gz"‘, 0.1 mM DTT, 0.2 mM cach dNTP
(N=A, G, (), 0.1 mM ["H]-dT'TP, 0.25 mg/ml activated salmon
sperm DNA (1x Ev Tag Buffer) and 0.05 U of Ex Tag"™
polymerase (TaKaRa, Shiga, Japan). Labeling reactions were
conducted using a TGradient or PTC-225 under the following
conditions: first held at 95°C for 1 min, followed by 30 cycles of
95°Ci for 30 s, 55°C for 6 min and 72°C for 30 s. The reaction
was stopped by holding the temperature at 10°C. Total running
times for labeling using TGradient and PTC-225 were 3 h 49 min
48 s and 4 h 8 min 48 s, respectively.

In the detection step, a hybridization mixture was prepared by
mixing 6.25 ul of labeling products with 8.75 pl of hybridization
buffer containing 0.5x SSC, 0.1% SDS, 15% formamide, 1 mM
EDTA and 3.125 finol of hybridization control (Alexa355-tabeled
DI_100 and Alexa647-labeled DI1_100). The hybridization
control was prepared for ensuring the hybridization step. Ten
microliters of hybridization mixture was applied to each block on
the universal DNA chip. Hybridization was carried out for 30 min
at 37°C in a hybridization oven (ThermoStat plus; Eppendort,
Ham, Germany). After hybridization, glass slides were washed in
washing buffer (0.1x SSC, 0.1% SDS) by shaking at 60 rpm for
3 min. Glass slides were consccutively washed in distilled water by
shaking at 60 rpm for I min and then dried up by centrifugation
at 500x g for 1 min. Hybridizadon images were scanned at
photomultiplier voltages of 400 V for Alexa555 and 480 V for
Alexa647 using a commercially available DNA chip scanner and
fluorescence image analysis was performed using commercially
available softwarc {GenePix 40008 unit and GenePix Pro 4.1
software package; Molecular Devices, Sunnyvale, CA, USA).

Labeling with Kapa 2GFast HotStart DNA polymerase

The labeling reactions with Kapa 2GFast HotStart DNA
polymerase had a final volume of 12 pl, including 6 pl of ligation
products, 0.5 pM cach labcled primer (Alexa555-cED-1 and
Alexa647-cED-2), 2.5 nM cach D1 primer (D1_1), 1.5x KAPA2G
Buffer (including 2.25 mM Mg*"), an additional 2.25 mM Mg**
(final concentration of Mg**: 4.5 mM), 0.2 mM dNTPs and 0.4 U
of Kapa 2GFast HotStart DNA polymcrase. Labeling reactions
were conducted using a TGradient or PTC-225 under the
following conditions: first held at 95°C for 1 min, followed by 30
cycles of 95°C for 15's, 35°C for 120 s and 72°C for 5 5. The
reaction was stopped by holding the temperature at 10°C. The
total running times for labeling using T'Gradient and PTC-225
were 1 h 29 min 48 s and 1 h 48 min 34 s, respectively.

Results

Singleplex PCR using 192 pairs of locus-specific primers

Singleplex PCR was conducted under the same reaction
condition with multiplex PCR using 25 ng of genomic DNA to
ensure target amplicon detection and to confirm the emergence of
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extra bands (unexpected amplicons). Singleplex PCR with 192
pairs of locus-specific primers revealed that most of the primer
pairs are able to achieve sensitive detection (concentration of
target amplicon =5 nM) and specific amplification without extra
bands {concentration of unexpected amplicons <2 nM) except for
14 pairs of primers; low sensitivity (<5 nM) for 5 pairs of primers
(61, 99, 102, 189 and 191) and low specificity with extra bands
(=2 nM) for 9 pairs of primers (40, 56, 62, 70, 91, 106, 149, 173
and 174} (Figure 2 and Table S2). Five pairs among the 9 low-
specific primer pairs with extra bands (62, 70, 149, 173 and 174)
resulted from heteroduplex formation of target amplicons during
polyacrylamide gel clectrophoresis. Despite the presence of extra
bands, the remaining 4 pairs of low-specific primers had a target
amplicon with a detectable concentration =5 nM.

Validation of efficacy of 192-plex PCR by 96-plex
genotyping with the DigiTag2 assay

The DigiTag? assay enables the simultancous analysis of 96
target SNPs in: (1) multiplex PCR with locus-specific primers to
amplify target genomic regions including target SNPs; (2) multiple
oligonucleotide  ligation assay with locus-specific probes to
determine the genotype of cach SNP; and (3) hybridization to
the universal DNA chip tethered with probe sequences identical to
DI_i (23-mer) (Figure 1) [10]. The validity of 192-plex PCR was
assessed with 96 individual DNAs (population control samples) by
comparing two sets of 96-plex genotype calls acquired from 96-
plex PCR with those from 192-plex PCR (Table 1).

Conversion rate shows the proportion of successfully genotyped
SNPs with fewer than 3 undetected samples after excluding low-
quality genotyping data, which had more than 5 undetected SNPs
in a total of 96 SNPs. However, the composition of failed SNPs in
genotyping was not identical, and the conversion rate showed no
differences between 192-plex PCR and 96-plex PCR. For the st
sct of 96 SNPs, 7 SNPs among 10 failed SNPs were matched
between 192-plex PCR and 96-plex PCR, and for the 2nd set, 8
SNPs among the 9 failed SNPs were matched. The average call
rate for successfully genotyped SNPs was over 99.79% for both sets
of 96-plex genotyping, even if 192-plex PCR products were
adopted for target preparation. Reproducibility was determined by
independent genotyping with 96 individuals twice. As a consc-
quence, four discordant genotype calls were observed in the
duplicated genotyping data. Concordance of genotype calls
between 192-plex PGR and 96-plex PCR was determined using
6,290 genotype calls for the 1st set and 7,884 genotype calls for the
2nd set. Consequenty, 14,171 out of 14,174 genotype calls were
matched by comparison with 83 SNPs for the 1st set and 86 SNPs
for the 2nd set. In total, 3 discordant genotype calls were observed
(Figure 3).

Short-acting multiplex PCR by use of Kapa 2GFast
HotStart DNA polymerase

Kapa 2GFast HotStart DNA polymcrase was employed to
perform multiplex PCR with the locus-specific primers for target
preparation in genotyping with the DigiTag? assay. To optimize
reaction conditions with Kapa 2GFast HotStart DNA polymerase,
singleplex PCR was conducted using 25 ng of genomic DNA with
three randomly chosen pairs of locus-specific primers. The
designed amplicon sizes for the three pairs of primers were
501 bp, 671 bp and 492 bp. We performed singleplex PCR using
a two-step protocol (denature and extension steps) with varied
extension periods (15's, 30's, 60 s and 120 s) and with varied
Mg™ concentrations (3.0 mM and 4.5 mM) (Figure 4). The most
sensitive detection and highest levels of amplification for the three
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Figure 2. Electropherogram of singleplex PCR products with 192 pairs of locus-specific primers. The designed amplicon size is depicted
below each lane.

doi:10.1371/journal.pone.0029967.g002

pairs of primers were obscrved with 120 s for the extension period 2GFast HotStart DNA polymerasc instead of Ex Tag polymerase.
and 4.5 mM for the Mg®" concentration. The total running time When the DigiTag2 assay was conducted with Kapa 2GFast
for multplex PCR with locus-specific primers was less than HotStart DNA polymerase for multiplex PCR and labeling step,
2 hours, which is about 3 h 30 min shorter than the previous the total running time of the assay was about 7 hours, which is
protocol (scc MATERIALS AND METHODS). about 6 hours shorter than the previously used protocol in
The total running time of the DigiTag? assay was markedly combination with QIAGEN Multiplex PCR Kit for multiplex
reduced when the labeling step was also conducted using Kapa PCR and Ex Tag polymerase for the labeling step.
@ PLoS ONE | www.plosone.org 4 January 2012 | Volume 7 | Issue 1 | e29967
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Table 1. Validation of efficacy of 192-plex PCR by 96-plex genotyping.

192-plex PCR 96-plex PCR

Call rate 99.84% (7,728/7,740 genotype) 99.81% (6,695/6,708 genotype)

concordance 99.98% (6,289/6,290 genotype)

74/8,091 genotype)

99.79% (8,161/8,178 genotype)

concordance 99.97% (7,882/7,884 genotype)

doi:10.1371/journal.pone.0029967.1001

Table 2 summarizes the quality parameters (conversion rate, sct, 5 SNPs in a total of 9 failed SNPs were matched when 192-
call rate, reproducibility and concordance) when genotyping was plex PCR was conducted and 4 SNPs in a total of 8 failed SNPs
conducted with 192-plex PCR or 96-plex PCR by use of Kapa were matched when 96-plex PCR was conducted. The average
2GFast HotStart DNA polymerase. The conversion rate was call rate for successfully genotyped SNPs was over 99.76% for both
slightly decreased when multiplex PCR was conducted in 192-plex sets of 96-plex genotyping, even if 192-plex PCR products were
form. However, the conversion rates were better than those adopted for target preparation. The reproducibility was 100% for
observed when multiplex PCR was conducted with the QIAGEN the 2nd set; however, three discordant genotype calls were
Multiplex PCR Kit. The composition of failed SNPs in genotyping observed for the lst set. With regard to the concordance of
was not consistent for the Ist set of 96 SNPs, in which 4 SNPs were genotype calls between 96-plex PCR and 192-plex PCR, only one
matched between 192-plex PCR and 96-plex PCR. For the 2nd discordant genotype call was obscrved in the comparison for the
set, a total of 8 failed SNPs in the 96-plex PCR were completely Ist set, and no discordant genotype calls were observed in the 2nd
matched to those in the 192-plex PCR. When the composition of set.
failed SNPs were compared between Kapa 2GFast HotStart DNA Table 3 shows the concordance rate in comparison with the

polymerase and QIAGEN Multiplex PCR Kit, the Ist sct had 5 genotype calls by the use of Kapa 2GFast HotStart DNA
matched SNPs in a total of 8 failed SNPs for 192-plex PCR, and 4 polymerase or QIAGEN Multiplex PCR Kit for multiplex PCR.
matched SNPs in 5 failed SNPs for 96-plex PCR. From the 2nd For the Lst sct, there were 4 discordant genotype calls with 96-plex
PCR and 8 discordant genotype calls with 192-plex PCR. For the
2nd sct of 96 SNPs, there was one discordant genotype call in
genotyping with 96-plex PCR and 192-plex PCR.

96-plex PCR 192-plex PCR

3000 3000 . .
Discussion
SNP87 < " e , . :
QLo T/T Ln / C/T I'he locus specific primers sufficiently worked in a multiplex
(1st set) 24 2§ form under the same reaction conditions without any optimization
= = ol
b oot o processes, cither 96-plex PCR or 192-plex PCR. We also found
;\Tl | Tnm Allel Tm that either 96-plex PCR or 192-plex PCR could be accomplished
ele ele within two hours through the use of Kapa 2GFast HotStart DNA
2000 200 polymerase. The total running time of the DigiTag? assay was
G/C shortened by 6 hours over the original 13-hour long protocol using
(@] / (@) . ' ST ‘ 18
SNP115 o Y Py et Kapa 2GFast HotStart DNA polymerase for both multiplex PCR
(2nd set) K] o B and the labeling step. The quality parameters (conversion rate, call
< /,/"'ﬁ < G/G rate, reproducibility and concordance) observed in genotyping
_L’*% “ma:&_g% with the new protocol were the same as those observed in the
Allele G Allele G original protocol using QIAGEN Multiplex PCR Kit for multiplex
PCR and Ex Tag polymerasc for the labeling step. The DigiTag?
g poty g Ste] Bl dg
a0 3090 assay worked with a conversion rate of over 93.2% (179 / 192
< < SNPs), average call rate of over 99.80% (16,789/16,823
SNP185 % C/A % c/c genotypes) and reproducibility of over 99.99% (16,135/16,136
(2nd set) = = ) genotypes) using 96-plex PCR under the new protocol. The
e W’wm composition of successfully genotyped SNPs was different when

5360 %605 the genotype calls were acquired using the different polymerases
Allele C Allele C {(Kapa 2GFast HotStart DNA polymerase and QIAGEN Multi-
plex PCR Kit), which would result from a varying amplification

Figure 3. Scatter plots for three SNPs with 3 discordant . 40 o inlex PCR. We also found that 192-plex PCR with

genotypes. Scatter plots in genotyping with 192-plex PCR and 96-

plex PCR are depicted side-by-side. The genotypes of discordant locus-specific primers worked in 96-plex genotyping with the
samples are indicated in the scatter plots by arrows. DigiTag? assay, giving the same quality paramecter data as those
doi:10.1371/journal.pone.0029967.g003 observed in genotyping with 96-plex PCR. However, the
@ PLoS ONE | www.plosone.org - 5 January 2012 | Volume 7 | Issue 1 | 29967
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‘Figure 4. Electropherogram of singleplex PCR products using Kapa 2GFast HotStart DNA polymerase. Singleplex PCR was performed
with varied extension periods (15 s, 30 s, 60 s and 120 s) and with varied Mg?* concentrations (3.0 mM and 4.5 mM) using three pairs of locus-
specific primers. The designed amplicon size is depicted below each lane.

doi:10.1371/journal.pone.0029967.g004

composition of successfully genotyped SNPs was not consistent
between 192-plex PCR and 96-plex PCR, which may be
cxplained by changing the interactions between primer pairs in
192-plex PCR and in 96-plex PCR. The composition of successful
SNPs was not consistent when using different polymerases or
multiplex systems in the multiplex PCR, which casts some shadows
on the reliability of the assay. Regardless of the existing shadows,
indeed, 96-plex and 192-plex PCR work with a high conversion
rate in genotyping over 93.2%. To clear the existing shadows, it is
necessary to continuously accumulate genotyping data.

In this study, fifteen discordant genotype calls were in total
observed in the comparison of genotype calls with: 1) duplicated
genotyping data; ii) genotyping data by use of 192-plex PCR and

96-plex PCR; and iii) genotyping data with different types of

polymerases (Table $3). Table S3 shows the genotype calls
acquired 8 times under different conditions. All fifteen discordant
genotype calls were analyzed with direct sequencing, of which 13
genotype calls were determined. In 8 of 15 discordant genotype

calls, the genotype calls were completely different depending on
the type of polymerase. The genotype calls acquired using Kapa
2GFast HotStart DNA polymecrase were 100% concordant (6 of 6)
with those acquired by direct sequencing. This suggests that SNP
allelic bias in PCR amplification rcadily occurred with the
QIAGEN Multiplex PCR Kit; however, the error rate in
genotyping was only 0.04% (6 out of 14,886 genotypes). The
remaining 7 discordant genotype calls were randomly observed in
1 out of 8 different conditions. This shows that the random error
rates were almost equal in the genotype data acquired with both
types of polymerases (4 out of 62,227 genotypes for QIAGEN
Multiplex PCR Kit and 3 out of 66,008 genotypes for Kapa
2GFast HotStart DNA polymerase).

Among the five low-sensitivity primer pairs found on singleplex
PCR (61, 99, 102, 189 and 191), no amplicons were detected by
primer pair 189 and low concentrations (<5 nM) of amplicon
were detected by the 4 other primer pairs (Table S2). Therefore,
the SNP189 failed in genotyping, independently of the type of

Table 2. Validation of efficacy of 192-plex and 96-plex PCR with Kapa 2GFast HotStart DNA polymerase.

192-plex PCR

Call rate

concordance

Call rate

concordance

99.84% (8,259/8,272 genotype)

99.91% (8,171/8,178 genotype)

100% (8,161/8,161 genotype)

96-plex PCR

99.76% (8,443/8,463 genotype)

99.83% (8,346/8,360 genotype)

doi:10.1371/journal.pone.0029967.t002

@ PLoS ONE | www.plosone.org

96

January 2012 | Volume 7 | Issue 1 | 29967



Table 3. Concordance of genotype calls between Kapa
2GFast HotStart DNA polymerase and QIAGEN Multiplex PCR
Kit.

Kapa 2G

QIAGEN

192-plex PCR 99.89% (7,441/7,449 genotype)

192-plex PCR

99.99% (7,700/7,701 genotype)

doi:10.1371/journal.pone.0029967.t003

polymerase and multiplicity in multiplex PCR {192-plex or 96-
plex). However, the SNP191, which was amplificd by primer pair
191, was successfully genotyped only when the QIAGEN
Multiplex PCR Kit was uscd for the multiplex PCR. The
concentration of amplicon amplified by primer pair 99 was the
samc as the 2.8 nM observed with the amplicon amplified by
primer pair 191. SNP99, which was amplificd by primer pair 99,
was successfully genotyped independently of polymerase type and
multiplicity in multiplex PCR (192-plex or 96-plex). These results
suggest that the sensitivity in genotyping with Kapa 2GFast
HotStart DNA polymerase was lower than the previously used
protocol with QIAGEN Multiplex PCR Kit. These results would
be explained by a biased amplification with the shortened protocol
using Kapa 2GFast HotStart DNA polymerase, which tends to
lead to a conscquent biased genotyping. However, the investigated
number of primer pairs would not be sufficient to decide the
sensitivity in genotyping; therefore, it is necessary to continuously
accumulate genotyping data. As the investigated number of primer
pairs was only 192 (384 primers) in this study, melting temperature
of each primer and the number of potential amplicons predicted
by the MFE primer software were strongly associated with low
sensitivity and low specificity in an amplification, respectively
(multiple  regression  analysis, P=1.26x107% and P=
1.52x107%" respectively).
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Through the use of Kapa 2GFast HotStart DNA polymerase,
the genotype calls for 96 SNPs can be acquired in about 7 hours
by the DigiTag2 assay. The genotyping platform with high
conversion rate plays an important role for the replication studies
to identify the disease associated genes from candidate loci found
in the GWAS {(genome-wide association study). The DigiTag?
assay with an improved protocol will be an efficient platform for
screening an intermediate number of SNPs (tens to hundreds of
sites) in the replication studics. Because of limitations in the
variation of DNA coded numbers {DCNs), 192-plex genotyping is
not available for the current DigiTag?2 assay. However, 192-plex
PCR can save genomic DNA samples and time for target
preparation.  Morcover, 192-plex PGR is also available for
direct-sequencing and other PCR-based assays to amplify the
target regions from genomic DNA.
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Abstract

Background There have only been a few prospective
studies investigating risk factors associated with the
development of hepatocellular carcinoma (HCC) among
chronic hepatitis B patients all over the world, and no study
has been conducted in Japanese population.

Methods A population-based cohort consisting of 19393
subjects (middle aged or older) with over 13 years' follow-
up was investigated in Japan.

Results Ot 19393 subjects, 479 had hepatitis B virus
(HBV) mono-infection (2.5%). During the 245923 person-
years’ follow-up (average follow-up period 12.7 years), 13
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cases of newly diagnosed HCC were documented in the
HBV mono-infected group. Several factors at bascline
(male, smoking. alanine aminotransferase, the positivity of
HBe antigen and HB core-related antigen, the proportion of
HBV DNA = 5 log copies/mL, T1753V mutation, and
A1762T/G1764A double mutation) were significantly
associated with HCC among HBV mono-infected subjects.
Multivariate-adjusted Cox hazard model showed that
A1762T/G1764A (hazard ratio 7.05 [95% confidence
interval (CI) 1.03-48.12, P = 0.046]) was the only inde-
pendent risk factor for the development of HCC. Kaplan—
Meier method also showed that the probability of HCC
occurrence-free was significantly lower in HBV mono-
infected subjects with A1762T/G1764A double mutation
than those without these mutations.

Conclusion  HBV mono-infected subjects with A1762T/
(G1764A double mutation could be at high risk of HCC
development during the natural course of HBV infection.

Keywords Hepatitis B virus - Hepatocellular carcinoma -
Risk factor - Japan

Introduction

Hepatitis B virus (HBV) infection is one of the mostcommon
viral infections among humans and chronic hepatitis B
(CHB) infection affects 350-400 million people worldwide
[1]. Furthermore, CHB infection is the most serious etiology
of hepatocellular carcinoma (HCC) in Asia [2], and the
second most in Japan [3]. In fact, it was reported that indi-
viduals who happened to have HBV chronic infections have
higher risk of developing HCC than uninfected ones [2].
Hence, it is very important to identify the risk factors asso-
ciated with the development of HCC among CHB patients.
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The mechanisms of oncogenesis of HBV remain
obscure, but several factors have been identified to be
associated with a high risk of developing of HCC among
CHB patients. In regard to virological factors, hepatitis B e
antigen (HBeAg) positivity, high serum HBV DNA levels,
HBV genotype (genotype C more than genotype B), pre-
core mutations (G1896A), and core promoter mutations
(A1762T/G1764A) have been reported [4-11]. In addition,
other risk factors such as host factors (male, increasing age)
[12] or disease factors (alanine aminotransferase (ALT)
levels, cirrhosis) [12, 13] have been mentioned. Among
these factors, A1762T/G1764A double mutation has been
thought to be the most convincing factor associated with the
development of HCC among CHB patients [9, 10, 14-16].
But most of these risk factors were identified by cross-
sectional or case-cohort studies with relatively limited
numbers of study population, and it has been unclear which
factor is the most important in developing HCC. A pro-
spective study for the development of HCC associated with
HBYV infection is required to solve these problems, but there
have been only a few prospective studies about this from
Asia [17-19].

In the present report, we describe results of the first
large-scale population-based cohort study carried out in
Japan to identify the risk factors for the development of
HCC among HBV mono-infected Japanese patients.

Methods
Study population and baseline survey

The Japan Public Health Center-based Prospective Study
(JPHC Study) was launched in 1993-1994 in the Cohort II
among registered Japanese inhabitants aged 40-69 years at
the time of the baseline survey in 6 prefectural public
health center areas. Details of the study design have been
described elsewhere [20, 21]. A part of one public health
center area was excluded since its study population was
defined differently to the others. Initially, we defined a
population-based cohort of 68975 subjects after exclusion
of ineligible subjects.

At baseline, a self-administered questionnaire survey on
various lifestyle factors was conducted (response rate 82%).
Blood was also provided voluntarily by 39% of the
respondents during health checkup provided by the respec-
tive local government. Clinical laboratory examinations
such as ALT and y-glutamyl transpeptidase (y-GTP) were
carried out on these samples by using commercial assays.

For the present analysis, we restricted subjects to those
who responded to the questionnaire and for whom blood
samples were available. We further excluded those with a
history of HCC and those with missing data on HBV and
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hepatitis C virus (HCV) infection status. Finally, a total of
19393 individuals were included in the present analysis.

Subjects were checked for hepatitis B surface antigen
(HBsAg) and antibody to hepatitis C virus (anti-HCV).
Patients with HBsAg alone were classified into the HBV
mono-infected group. All anti-HCV positive subjects were
excluded from the study to eliminate the confounding
effect of HCV infection on the HCC occurrence.

A baseline self-administered questionnaire survey on
several lifestyle factors (body mass index (BMI), alcohol
intake, and smoking) was conducted. Alcohol intake
exceeding 80 g/day was defined as excessive.

Follow-up and identification of HCC

Enrolled subjects were followed from the baseline survey
for average 12.7 years (until 31 December 2006). Resi-
dence status and survival were confirmed through the res-
idential registry. Residence and death registration are
required in Japan by law and the registries are believed to
be complete. Inspection of the resident registry is legally
sanctioned by resident registration law.

The occurrence of HCC was determined by notification
from the participating hospitals in the study areas and by
data linkage with population-based cancer registries. Death
certificates were used as a supplementary information
source to confirm the cause of death. The site of origin and
histological type were coded by using the International
Classification of Diseases for Oncology, 3rd edn. (ICD-0-3;
C€22.0) [22]. Through this procedure, a total of 110 newly
diagnosed HCC cases were identified among the 19393
subjects during the follow-up period.

Serological analysis

HBsAg. anti-HBs, and anti-HCV in sera were determined by
commercial enzyme immunoassay (Axcysm, Abbott Japan,
Tokyo, Japan; or Lumipulse forte, Fujirebio, Tokyo, Japan).
HBV core-related antigen (HBcrAg), which correlates with
HBV DNA in serum, was measured in serum, using a
chemiluminescence enzyme immunoassay (CLEIA) as
described previously (detection limit 1.0 kU/mL) [23]. In
brief, HBcrAg comprises HBcAg and HBeAg, which share
the first 149 amino acids encoded by the core gene. Using the
specific enzyme immunoassay within the common region,
this assay is able to detect HBcAg and HBeAg even in anti-
HBe or anti-HBe antibody-positive specimens [23].

Quantification of serum HBV DNA
HBV DNA parts spanning the S gene [nt 427-606] were

amplified by real-time detection polymerase chain reaction
(RTD-PCR) using the previously described protocol [24],
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with slight modification [25]. The detection limit of this
assay was 100 copies/mL.

Sequenéing of HBV genome

To investigate HBV genotypes and specific mutations,
nucleic acids were extracted from serum samples (100 uL)
using the QIAamp DNA extraction kit (Qiagen, Hilden,
Germany) and subjected to polymerase chain reaction (PCR)
for amplifying genomic areas bearing enhancer Il/core pro-
moter/pre-core regions [nt 1628-2364], as described previ-
ously [26]. Amplicons were sequenced directly with use of
the ABI Prism Big Dye ver. 3.0 kit in the AMI 3100 DNA
automated sequencer (Applied Biosystems, Foster City, CA,
USA). All sequences were analyzed in both forward and
backward directions. HBV genotypes were determined by
molecular evolutionary analysis. Reference sequences were
retrieved from the DDBJ/EMBL/GenBank database and
aligned by CLUSTAL X, and then genetic distances were
estimated with the 6-parameter method in the Hepatitis Virus
Database (http://s2as02.genes.nig.ac.jp/) [27]. Based on
obtained distances, phylogenetic trees were constructed by
the neighbor-joining (NJ) method with the mid-point rooting
option. To confirm the reliability of the phylogenetic trees,
bootstrap resampling tests were performed 1000 times.

Statistical analysis

Person-years of follow-up from the date of baseline survey
were calculated until the date of diagnosis of HCC, date of
death, relocation from the public health center area, or 31
December 2006, whichever occurred first.

Statistical differences were evaluated by Mann-Whitney
U test, Fisher’s exact probability test, and y* test, where
appropriate. Differences were considered to be statistically
significant at P < 0.05. Multivariate-adjusted Cox hazard
model were utilized to sort out independent risk factors for
the development of HCC among HBV mono-infected
subjects. In addition, Kaplan-Meier method and log-rank
test were used to compare the probability of HCC occur-
rence-free between HBV mono-infected subjects with and
without this independent factor. STATA Software ver. 8.0
(Stata-Corp LP, College Station, TX, USA) was employed
for all analyses.

Results

Baseline characteristics in HBV mono-infected subjects
with and without HCC

Of 19393 subjects, 479 had HBV mono-infection (2.5%),
1051 had HCV mono-infection (5.4%), and 20 (0.1%) had

co-infection of both HBV and HCV. During the 245923
person-years’ follow-up (average follow-up period
12.7 years), a total of 110 cases of newly diagnosed HCC
(73 men and 37 women) were documented. Of these, 13
subjects had HBV mono-infection (11 men and 2 women),
78 had HCV mono-infection, 2 had co-infection, and 17
had neither HBV nor HCV. The summary of the population
studied is shown in Fig. 1.

The characteristics of these HBV mono-infected sub-
jects with and without HCC are shown in Table 1. The
proportion of male was significantly higher in the HCC
group (11/13 (85%) vs. 209/466 (45%), P < 0.005). As to
lifestyles, the proportion of smoking was significantly
higher in the HCC group (7/13 (54%) vs. 92/466 (20%);
P < 0.005), but there were no significant differences in
BMI and alcohol intake.

In regard to virological factors, the positivity of HBeAg
and HBcrAg was significantly higher in the HCC group
(3/13 (23%) vs. 14/466 (3%); P < 0.001, and 7/13 (54%)
vs. 99/466 (21%), P < 0.005, respectively). Furthermore,
both serum HBcrAg and HBV DNA levels were signifi-
cantly higher in the HCC group (Table 1). The proportion
of patients with HBV DNA > 5 log copies/mL, which was
reported as a risk factor of HCC development, was also
significantly higher in the HCC group (6/13 (46%) vs.
39/466 (8%), P < 0.001). The proportion of HBV genotype
C2/Ce tended to be higher in the HCC group, but there was
no significant difference. As to HBV specific mutations,
T1753V mutation and A1762T/G1764A double mutation
was significantly more frequent in the HCC group (6/13
(46%) vs. 78/421 (19%); P < 0.05, and 11/13 (87%) vs.
142/421 (34%), P < 0.001, respectively) (Table 1). Figure 2

68975 subjects
Enrolled in JPHC Study Cohort I

T

| Available questionnaire,

Exclude subjects ; bload sample
with pre-existing HCC - and health check-up data
o —
with missing data

[ 19393 sbjects ]

Screening
HBsAg and anti-HCV

Follow up for HCC occurrence
{Average follow-up period: 12.7 yr}

479
HBV mono-infected

subjects

Include
13 HCC subjects

Fig. 1 The summary of the populalion in this study. Of 479 HBV
mono-infected subjects, 13 had HCC
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Table 1 Characteristics of

HBV mono-infected subjects f;IICS lg;()mp EIOEH%%C) group P value
with and without HCC ' —
Age (years) 588 £63 551 £ 85 NS
Male L1 (85%) 209 (45%) <0.005
BMI 223+£29 234 +£30 NS
Alcohol 0 36 (8%) NS
Smoking 7 (54%) 92 (20%) <0.005
ALT (IUL) 44.7 4 30.0 23.8 £ 204 <0.001
7-GTP (1U/L) 317 £ 162 232 £ 252 NS
HBeAg positive 3 (23%) 14 (3%) <0.001
HBerAg (kU/mL) 39276 + 121639 6486 £ 47987 <0.05
HBcrAg positive 7 (54%) 99 (21%) <0.005
HBV DNA (log copies/mL)" 6.1 4.1 <0.001
HBV DNA > § log copies/mL 6 (46%) 39 (%) <0.001
Genotype B1/Bj 4 (31%) 264 (57%) NS (0.0637)
Genotype C2/Ce 9 (69%) 202 (43%.) NS (0.0637)
Cl1653T 6 (46%) 116/421 (28%) NS
TI753 Vv 6 (46%%) 78421 (19%) <0.05
o AL762TIG1T764A L (87%) 142/421 (34%) <0.001
NS not significant
) G1890A 11 (87%) 3487421 (834) NS
* Median value
Fig. 2 The proportion of HBV Genotype B1/Bj ) Genotype C2/Ce
specific mutations between 105’/5’” 100"
HAC'C :mel non-HCC group when %0 B HCC (=) 90 - 8 HCC (n=9)
divided into each HBV 80 % nen-HCC (n=251) i non-HCC (n=170)
cenotype (B1/Bj or C2/Ce). In 70
the HBV genotype C2/Ce. anly 60 -
A1TO2TIG1764A double 50
mutation was significantly 40
higher in HCC group (P « 0.05) 28 j
10
0 A - -
C1653T T1753V At782T G1898A C1653T T1753v A1762T G1896A
G1784A G1764A

shows the proportion of HBV specific mutations between
HCC and non-HCC group when divided into each HBV
genotype (B1/Bj or C2/Ce). Only A1762T/G1764A double
mutation was significantly higher in HCC group than non-
HCC with genotype C2/Ce (P < 0.05).

Factors independently associated with the development
of HCC in HBV mono-infected subjects

To identify the independent risk factors associated with the
development of HCC, the following factors were evaluated
by using multivariate-adjusted Cox hazard model among
HBYV mono-infected subjects: age, gender, BMI, alcohol
intake, smoking, ALT, y-GTP, HBeAg positivity, HBcrAg
positivity, HBV DNA > 5 log copies/mL, genotype
(C2/Ce or not), and HBV specific mutations (C1653 V,
T1753 V, A1762T/G1764A and G1896A). As a result,
only A1762T/G1764A double mutation (hazard ratio 7.05

2 Springer

[95% CI 1.03—48.12, P = 0.046]) was an independent risk
fuctor for the development of HCC among HBV mono-
infected subjects (Table 2).

Kaplan-Meier method also showed that the probability
of HCC occurrence-free was lower in HBV mono-infected
subjects with A1762T/G1764A double mutation than
without these mutations (log-rank: P = 0.0001) (Fig. 3).

Discussion

This is the first large-scale prospective population-based
cohort study to identify the risk factors for HCC develop-
ment among Japanese CHB patients on the basis of the
prospective cohort study. To date, several cross-sectional
or case-cohort studies identified factors associated with a
high risk of developing of HCC among CHB patients;
however, [ew prospective studies were carried out on this
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Table 2 Independent risk factors associated with HCC among HBV
mono-infected subjects by multivariate-adjusted Cox hazard model

Hazard 95% confidence P value

ratio interval

Factors

Age (years)

<57% 1

>57 1.42
Gender

Female

Male 2.38
BMI

<23° 1

223 0.60 0.15-2.31
Alcohol

Absent ]

Present - -

0.38-5.35 0.603

0.38-15.04 0.357

0.454

Smoking

Absent |

Present 2.84
ALT (JU/L)

<|8* I

=18 0.36
+-GTP (IU/L)

<l6" |

=16 4.41
HBeAg

Negative 1

Positive 1.15
HBcrAg

Negative 1

Positive 3.68
HBV DNA

<5 log copics/mL 1

0.63-12.76 0.172

0.71-27.26 0.110

0.10-13.74 0.913

0.48-28.27

>35 log copies/mL 3.66 0.56-23.94
Genotype

Non-Ce I

Ce 0.67
Mutations

C1653T

Absent

0.678

{

Present 2.05 0.52-8.09 0.308
T1753V

Absent I

Present 1.18
AL762T/GIT64A

Absent

Present 7.05
GI896A -

Absent |

Present 2.69

0.26-5 44 0.830

1.03-48.12

0.046

0.40-18.27 0.312

* Median value

subject [17-19]. Fang et al. first reported that in men aged
over 30 years, A1762T/G1764A double mutation was an
etiological risk factor of HCC after 36 months of follow-up
in a prospective study [17]. No large-scale population
based cohort study in Japan was carried out to identify the
risk factors for the development of HCC and analyze the
clinical impact of HBV mono-infection and/or the other
risk factors on the incidence of HCC among CHB patients
in Japan. To address this issue, we elucidated the risk
factors for HCC development among Japanese patients in
this cohort study.

Most of the subjects enrolled in this cohort study were
considered as healthy individuals and the proportion of
HBV mono-infected subjects among themn (2.5%) nearly
corresponds to the estimated HBsAg prevalence in middle-
aged or older population in Japan (about 1.5%) [28]. During
the follow-up period of about 13 years, 2.7% of HBV
mono-infected subjects in this cohort developed HCC. In
univariate analysis, the following factors were significantly
associated with the development of HCC: male, smoking,
high ALT, HBeAg positivity, high levels of serum HBcrAg
(the positivity of serum HBcrAg), high levels of serum
HBV DNA (the proportion of HBV DNA > 5 log copies/
mL), T1753V mutation, and A1762T/G1764A double
mutation. In multivariate-adjusted Cox hazard model,
however, only A1762T/G1764A double mutation remained
as an independent risk factor for the development of HCC
among HBV mono-infected subjects, and this was also
confirmed by further survival time analysts.

However, note that there were some limitations in this
study: (1) As a result of the relatively small number of
HBV-infected subjects (479), the statistical power might be
not so strong. (2) Most of the HBV mono-infected subjects
in this study had no medical therapy for HBV infection at
entry because they seemed to be healthy HBV carriers, but
the use of antiviral therapy was unknown during the fol-
low-up period. (3) The analyses such as lifestyle, clinical
data, and HBV specific mutations were based on only one
time-point at entry, so the changes of these factors during
the follow-up could not be assessed. To confirm our resuits
strictly, further investigations to eliminate these limitations
seem 10 be necessary.

It has been previously reported by a number of studies
that A1762T/G1764A double mutation was associated with
the development of HCC [4-11]. However, these results
were cross-sectional or case-control studies and their
observation required confirmation in prospective popula-
tion-based study. Several mechanisms of hepatocarcino-
genesis have been hypothesized in the context of the
A1762T/G1764A double mutation: enhancement of HBV
virulence by increasing the host immune response [29, 30],
increasing viral replication [31-33], or altering the coding
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Fig. 3 Kuplan-Meier survival o 8.
curve for the probability of &3 -
HCC occurrence in HBV mono- @
infected subjects with and §
without A1762T/G1764A £
double mutation. The g
probability of HCC occurrence- o 3
free was lower in HBV mono- 8 <
infected subjects with A1762T/ T
G1764A double mutation than )
without this mutation (log-rank: _‘E
P = 0.0001) 3
g g
& Q A ¥ ¥ ¥ T i H ¥ ¥ i ¥ i ¥
0 5 10 15
Time (yrs)
Number of Patients at risk
A1762T/G1764A (=) 281 277 270 261 252 247 238 222
A1762T/G1764A (+) 153 152 148 142 138 131 127 114
AT762TIGIT64A (+) —— A1762T/G1764A ()
region for the X antigen |9, 34]. In this prospective cohort  Appendix
study, the A1762T/G1764A double mutation was the only
independent risk factor of HCC development that is con-  Members of the Japan Public Health Center-based

sistent with the results of Fang’s prospective study in
Guangxi [17], and others [18, 19].

High serum HBV DNA levels (=10* copies/mL) have
been reported to be associated with the development of
HCC [18, 35-37]. We also measured serum HBV DNA
levels and confirmed that the level of serum HBV DNA
was significantly higher in the HCC group. Furthermore,
the proportion of serum HBV DNA > 5 log copies/mL was
also significantly higher in the HCC group. HBcrAg levels
in serum were closely correlated with serum HBV DNA
levels in HBV patients without antiviral therapy [23].
However, as the majority of the HBV mono-infected sub-
jects enrolled in this study seemed to be inactive carriers,
the overall levels of both serum HBV DNA and serum
HBcrAg were low. This might have affected the result of
the multivariate analysis.

In several studies, stronger association between HBV
genotype C and HCC was reported in comparison with
HBV genotype B [38-40). This might be due to higher
frequency of A1762T/G1764A double mutation in the
genotype C [41, 42]. In our cohort study there was no
association between HBV genotype C2/Ce and the devel-
opment of HCC in spite of the involvement of A1762T/
G1764A double mutation (Table 1; Fig. 2).

In conclusion, the risk factors associated with the
development of HCC were identified among Japanese
HBYV carriers in this prospective population-based cohort
study. Only Al762T/G1764A double mutation in
HBV BCP/X region could be associated with HCC
development.
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Background & Aims: Although the evolution of viral quasi-spe-
cies may be related to the pathological status of disease, little is
known about this phenomenon in hepatitis B, particularly with
respect to hepatitis B e antigen (HBeAg) seroconversion.
Methods: Nucleotide sequences of the hepatitis B virus (HBV) X/
precore/core region was analyzed at five time-points in four
groups of chronic hepatitis B patients, interferon-induced sero-
converters (IS, N = 9), interferon non-responders (IN, N = 9), spon-
taneous seroconverters (SS, N=09), and non-seroconverters (SN,
N =9) followed during 60 months on an average. Only patients
with genotype C were studied.

Results: Analysis of 1800 nucleotide sequences showed that
there was no statistical difference between the nucleotide genetic
distances of seroconverters (IS and SS; 6.9 x 10~ substitutions
(st)/site and 6.7 x 107> st/site, respectively) and those of
non-seroconverters (IN and SN; 5.3 x 10~ st/site and 3.8 x 107>
st/site, respectively) before seroconversion. Compared to non-
seroconverters (IN and SN; 5.1 x 1073 st/site and 5.9 x 1073 st/site,
respectively), the sequence diversity of seroconverters (IS and
SS; 10.9 x 107 st/site and 9.9 x 10~ st/site, respectively) was
significantly higher after seroconversion (p <0.05), and was
higher in seroconverters after seroconversion than before sero-
conversion (p <0.05), while this changed very little in non-sero-
converters during the observation period. Phylogenetic trees
showed greater complexity in secoconverters than non-serocon-
verters. Parsimony-based estimation of the direction of sequence
change between descendants and ancestors before HBeAg sero-
conversion, revealed higher frequencies of transversional A to T
substitution in seroconverters (0.06 vs. 0.02, p=0.0036) that
coincided with the dynamics of quasi-species possessing
A1762T mutation.
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Conclusions: The distinctly greater viral diversity in HBeAg sero-
converters after seroconversion could be related to escape
mutants resulting from stronger selection pressure.

© 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatitis B virus (HBV) is a major human pathogen which can
cause severe hepatic disease, including chronic hepatitis, cirrho-
sis (LC), and hepatoceliular carcinoma (HCC). Quasi-species com-
prises a complex and dynamic distribution of non-identical but
related genomes [1]. The evolution of viral quasi-species has been
reported as important in the pathogenesis of RNA viruses such as
hepatitis C virus [2-6] and human immunodeficiency virus [7-
10}, but little is known about HBV. HBV is a hepatotropic, non-
cytopathic DNA virus replicated by an error-prone polymerase
through an RNA intermediate. Because of this feature, the replica-
tion of HBV lacks fidelity. This results in a complex distributions
of genomes with naturally-acquired mutations or mutations
selected by either antiviral therapy or the immune response of
the host. HBV quasi-species have not been subjected to detailed
investigation, especially in the context of hepatitis B e antigen
(HBeAg) seroconversion (SC), an immunologically mediated
event. Whether there is a causal relationship between HBV sero-
conversion and HBV quasi-species remains unclear. HBV-related
disease is known to be mediated both virologically and immuno-
logically. Several studies have depicted the dynamic evolution of
HBV quasi-species during lamivudine resistance or multiple drug
resistance. This highlights the importance of HBV molecular evo-
lution in revealing the mechanism of drug resistance [11,12].
HBV-specific cytotoxic T-cells play a significant role in the control
of replication of HBV, which has been well documented in the lit-
erature [13-16].

Precore/core protein is the target of immunologically medi-
ated HBeAg seroconversion. When the precore/core gene in HBV
DNA is transcribed and translated, HBeAg is produced and
secreted into the circulation [17,18]. But the synthesis and secre-
tion of HBeAg are aborted by the emergence of a point mutation
from G to A at nucleotide (nt)1896 (G1896A). Convincing lines of
evidence have indicated a close association between HBeAg/anti-
HBe seroconversion and the emergence of precore and core pro-
moter mutations [19,20].
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The purpose of this study was to elucidate the evolution of
HBV quasi-species during HBeAg seroconversion. The results
might help us to better understand the pathogenic mechanisms
of HBV. We selected patients with well-characterized clinical
phenotypes and compared their viral diversity based on the
nucleotide sequences of the X/precore/core region. Precore and
core promoter mutations were also investigated in detail before
and after HBeAg seroconversion.

Materials and methods

Patients

Sera from 36 chronic hepatitis B patients with well-characterized clinical follow-
up for >5 years were selected from a chronic hepatitis B database (77 serocon-
verters and 67 non-seroconverters) at Chiba University Hospital. Only patients
with genotype C (subtype C2) were studied to ensure that differences found in
viral evolution were not due to genotypic variation. Nine patients in each group
were selected randomly if they fulfilled the following criteria and had sufficiently
long follow-up. The index group comprised patients with documented HBeAg
seroconversion (spontaneous seroconverters, SS), with serum at the following
time-points relative to HBeAg seroconversion: time-point | (-25.2 + 6.2/months),
time-point I (~11.6 £ 2.7/months), time-point Il (1 £ 2.3/months), time-point IV
(12,5 £3.3/months), and time-point V (25 3.6 months). Untreated control
patients included those who were followed for a similar period of time and were
persistently HBeAg positive (non-seroconverters, SN), and they were matched for
average age of seroconversion and time-point intervals of the SS group. A second
index group of patients with interferon (IFN)-induced HBeAg seroconversion (IFN
seroconverters, IS), with serum at the following time-points relative to HBeAg
seroconversion: time-point | (~24.3 +3.1/months), time-point 1I (-~11.2+1.9/
months), time-point 1l (1 £ 1.2/months), time-point IV (12.7 + 1.7/months), and
time-point V (25.4 £ 2.2/months). Control patients were persistently HBeAg-posi-
tive despite IFN therapy (IFN non-responders, IN). Controls were matched for the
average age of seroconversion, sex and time-point intervals of the IS group.

HBeAg seroconversion was defined as the loss of HBeAg and the development
of anti-HBe. The serial serum samples in this study were taken at five time-points
for each patient, as described above. This study was approved by the Ethics Com-
mittee of Chiba University Hospital.

Serological examination

HBsAg, HBeAg and anti-HBe were determined by enzyme-linked immunosorbent
assay (ELISA; Abbott Laboratory, Chicago, IL). HBV genotype was determined from
the patients’ sera by ELISA (HBV genotype EIA; Tokushu-Meneki Laboratory,
Tokyo, Japan), based on the method described by Usuda et al. [21]. Serum HBV
DNA levels were monitored using the Roche Amplicor Monitor test (Roche
Diagnostics, Tokyo, Japan), which has a lower detection limit of 2.6 log;o copies/ml,
at each time-point.

Cloning and sequencing

Total DNA was extracted from 200 pl of each serum sample using QIAamp DNA
blood mini kits (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions and eluted in 200 pl distilled water. Because HBeAg seroconversion
is associated with a decrease in HBV DNA levels, nested PCR was performed for
all the samples. The primers for the first round of PCR were 5'-TCG CAT GGA
GAC CAC CGT GA-3' (sense, nt1604-1623) and 5'-ATA GCT TGC CTG AGT GC-3
(antisense, nt 2076-2060). The primers for the second round of PCR were
5'-CAT AAG AGG ACT CTT GGA CT-3 (sense, nt 1653-1672) and 5-GGA AAG
AAG TCA GAA GGC-3' (antisense, nt 1974-1957).

Amplification was performed with 2 pl of DNA template (extracted DNA from
serum samples for the first round PCR and the first round PCR products for the
second round PCR) in 50 pl reaction under the following conditions: an initial
2 min of denaturation at 94 °C and 36 cycles of 94 °C denaturation for 1 min,
annealing at either 54 °C or 52 °C for 1 min, in the first and second round respec-
tively, and 72 °C extension for 1 min. The last cycle was followed by a final exten-
sion at 72 °C for 10 min. A 473-base pairs fragment (nt 1604-2076) containing
the X/precore/core region was amplified.

PCR reactions were followed by cloning using TOPO® TA cloning kits (Invitro-
gen, Carlsbad, CA). All PCR products were purified with QIAquick PCR Purification
Kit (Qiagen, Hilden, Germany), then cloned into the TOPO vector, and transformed
into Escherichia coli. At least 15 clones per one cloning for samples from PCR reac-
tions proceeded subsequent to the electrophoretic size separation on 1.2% aga-
rose gel. Ten positive clones per cloning for samples from each PCR reaction
were sequenced using BigDye® Terminator and a 3730xI DNA Analyzer (Applied
Biosystems, Foster City, CA). The cloning PCR and sequencing primers were M13-
forward, 5'-GTA AAA CGA CGG CCA GT-3', and M13-reverse, 5'-GGA AAC AGC TAT
GAC CAT G-3".

Sequence analysis

The DNAPARS program from PHYLIP v3.65 package, implemented in Simmonic
Sequence Editor version 1.5 [22], was used for sequence analysis, To evaluate
quasi-species-based evolution of HBV strains in chronic patients, sequences of
clones (N=10) isolated at each time-point (N=5) from individual patients
(N =36) were subjected to alignment and used to generate one parsimonious
ancestral sequence. Maximum nucleotide composition distances were evaluated
pair-wise between the ancestral sequence and the sequences of each of the 10
clones with a mean value estimated for each patient at a given time-point (MEGA
version 4 {23]). All patients were categorized into four groups with respect to
seroconversion status and the mean distance value for each group was calculated
for each time-point.

The differences in genetic distance among clinical groups and time-points,
and diversity at each time-point, were analyzed using ANOVA (analysis of vari-
ance). Student's t-test was also performed to determine the average of genetic
diversities in non-seroconverters. All graphical data are presented as
means + standard deviation (SD). Results were considered statistically significant
at p<0.05. The statistical analysis was performed with SPSS (2004; SPSS Inc.,
Tokyo, Japan).

Construction of phylogenetic trees

To examine the evolution of the viral sequence and whether this evolution was
elicited by quasi-species or mutagenesis, phylogenetic trees were constructed
using the Neighbor-Joining (NJ) model with the Simmonic Sequence Editor ver-
sion 1.5, based on the genomic sequences of HBV. Moreover, to investigate viral
genetic features possibly associated with seroconversion, sequences isolated at
time-points 1 and 2 were further analyzed phylogenetically. Neighbor-Joining
trees were constructed at time-points 1 and 2 (Fig. S1 and S2, respectively) using
all groups of sequences.

Results

Baseline clinical characteristics of the patients and sequential levels
of serum ALT and HBV DNA

The clinical and laboratory characteristics of all patients are listed
in Table 1. The levels of alanine aminotransferase (ALT) and HBV
DNA over time are illustrated in Fig. 1A and B, respectively.
Serum ALT levels, a marker of hepatocyte damage, normalized
after seroconversion and, for all groups except the interferon
non-responders, were <40 IU/L at the end-point of observation.
HBV DNA loads decreased markedly in seroconverters (<3 log;o
copies/ml, p <0.0001) but changed very little in non-seroconvert-
ers. It is noteworthy that, at the second year after seroconversion,
serum HBV DNA loads increased in interferon-induced serocon-
verters compared to spontaneous seroconverters, without statis-
tical significance (p™ = 0.1087) (Fig. 1B).

Viral nucleotide sequence diversity
Viral sequence diversity, phylogenetic trees, and mutation pat-

tern based on 1800 HBV nucleotide sequences from clones of
the X/precore/core region, were analyzed among selected patients.
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Table 1. Baseline clinical features of patients.
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IFN IFN Spontaneous Spontaneous Non-
Seroconverters Non-seroconverters Seroconverters seroconverters
(1) (IN) (SS) (SN)

Male : Female

.

ALT (IU/L)

88.3+48.6

94.3+144.4

54

89.8+714 67.6+48.7

Note: The IFN-induced group (seroconverters and non-responders) was older than the spontaneous group (seroconverters and non-responders). Males were the majority in
all groups. Baseline serum HBV DNA and ALT levels are similar among the four groups. Data are shown as mean + SD.
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Fig. 1. Serum ALT and DNA levels in the four groups. The group of spontaneous
seroconverters (SS) is a solid line diamond, IFN-induced seroconverters (IS) is a
broken line square, IFN non-responders (IN) is a broken line asterisk, and non-
seroconverters controls (SN) is a solid line triangle. (A) p* = 0.0234 comparing
time-point I with time-point 1V, p® = 0.0028 comparing time-point | with time-
point V, p®=0.007 comparing time-point Il with time-point V, p°=0.0068
comparing time-point Ill with time-point V. (B) p® <0.0001 comparing serocon-
verters with non-seroconverters, p* <0.0001 comparing time-point [ with III, IV, V,
p©<0.0001 comparing time-point Il with the other time-points, p" = 0.1087 at
time-point V in seroconverters.
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Fig. 2. Viral genetic diversity in the four groups. The group of spontaneous
seroconverters (SS) is a solid line diamond, IFN-induced seroconverters (IS) is a
broken line square, IFN non-responders (IN) is a broken line asterisk and non-
seroconverters controls (SN) is a solid line triangle. p®<0.0001 comparing
seroconverters with non-seroconverters at time-point IV, p®=0.0301 comparing
seroconverters with non-seroconverters at time-point V, p®=00013 and
p® =0.0025 comparing I and Il with time-point IV in seroconverters. p®=0.0121
and p"=0.021 comparing time-points | and Il with V in seroconverters.

Striking differences in nucleotide sequence diversity were
revealed between seroconverters and non-seroconverters before
and after seroconversion (Fig. 2). The nucleotide sequence diver-
sity of seroconverters was similar to that of non-seroconverters
before seroconversion. Analysis of genetic distance showed that
the viral sequence diversity of seroconverters was significantly
greater than that of non-seroconverters after seroconversion
(Fig. 2, p® <0.0001 at time-point IV, p® = 0.0301 at time-point V)
and was greater in seroconverters after seroconversion than
before (Fig. 2, p©=0.0013 and pP=0.0025), while almost no
changes were observed in non-seroconverters during the obser-
vation period.

It is noteworthy that, in interferon-induced seroconverters at
the last time-point of observation, the nucleotide sequence diver-
sity was less, although this increased clearly at the first year after
seroconversion. This tendency of reversed change at the last two
time-points was also seen in HBV DNA loads (Fig. 1B), namely,
increase or decrease of the genetic diversity accompanied by
decrease or increase of the viral load in interferon-induced sero-
converters. On the other hand, the nucleotide sequence diversity
increased continuously in spontaneous seroconverters, accornpa-
nied by a concurrent decrease of viral loads (Fig. 1B) during the
follow-up period. Amino acid sequence diversity had an almost
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Fig. 3. Representative Neighbor-Joining phylogenetic trees of HBV sequences for each clinical group showing complex trees in seroconverters. HBV X/precore/core
sequences from time-points I (purple filled triangle), I (blue filled inverted triangle), Il (green filled square), IV (red filled diamond) and V (sky blue filled diamond) serum
samples are analyzed phylogenetically and their positions are displayed on the trees. A sequence retrieved from the time-point [ (red dot) of each group as outgroup in the
trees, respectively. Scale bar represents 0.002% genetic variation. Seroconversion patients (IS, SS) show relatively complex branching patterns, forming clusters over time.
With the pressure of seroconversion, the genetic diversity increased. In contrast, patients without seroconversion (IN, SN) were simply branching patterns and the genetic

diversity in these patients changed very little over time.

identical pattern to that of DNA nucleotide sequence diversity
(data not shown).

Construction of phylogenetic trees

Phylogenetic trees were complex for secoconverters and compar-
atively simple for non-seroconverters. In seroconverters (IS and
SS), the arrangement and branch lengths of the trees were consis-
tently more complex and longer than those for non-seroconvert-
ers. The genetic diversity was great after seroconversion in
seroconverters (IS and SS) and less in non-seroconverters (IN
and SN) (Fig. 3).

To investigate viral genetic features possibly associated with
seroconversion, sequences isolated at time-points 1 and 2 (before
seroconversion) were further analyzed phylogenetically. Trees
were reconstructed using Neighbor-Joining, ML (data not
shown), and PAML methods (data not shown). In general, no
clusters were seen to be supported by robust bootstrap values
for any group or particular patient quasi-species. This indicates
that the region of the HBV genome studied does not contain pat-
terns of variability sufficient for robust phylogenetic relation
reconstruction. However, variability of branch lengths in the tree
indicated that seroconversion patient groups exhibit greater
diversity of the quasi-species compared to patients without sero-
conversion. This is in agreement with the genetic distance plot
(Fig. 2), showing greater deviation from the mean values
observed in patients with seroconversion. The IN group exhibited
least deviation on the distance plot (Fig. 2) and shortest branch
lengths on the trees (Fig. 3).
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Interclonal differences of the quasi-species

To investigate whether a particular mutation pattern of evolution
of the quasi-species is associated with seroconversion, we further
analyzed the sequence changes in all patients at time-points 1
and 2, corresponding to the time before seroconversion. Parsi-
mony-based ancestral sequences were generated using the Sim-
monic Sequence Editor. Aligned sequences of time-points 1 and
2 from a single patient were used as the input. Frequencies of
changes in 12 types of mutations, including 4 transitions (CT,
TC, AG, and GA) and 8 transversions (AT, TA, AC, CA, CG, GC,
GT, and TG) were evaluated between generated descendants
and ancestral sequences for each clone of the patient. Statistical
t-test comparison of mean values of nucleotide changes between
seroconversion and non-seroconversion groups is summarized in
Table 2 and Supplementary Table 1.

Analysis of sequence changes indicated a higher frequency of
transversional A to T in spontaneous seroconverters (SS vs.
SN =0.06 vs. 0.02, p=0.04) and IFN-induced seroconverters (IS
vs, IN=0.05 vs. 0.01, p=0.05) and A to C changes in IFN-induced
seroconverters (IS vs. IN = 0.025 vs. 0.006, p = 0.04) before sero-
conversion. Comparison of seroconversion groups (SS and IS)
indicated a higher frequency of transversional A to T mutation
pattern (p = 0.003, Table 2) and the trend of G to A mutation is
higher in seroconversion groups (SS and IS) (Table 2). Subse-
quently, alignments of the clones were generated. Visual inspec-
tion of the alignments indicated variation in the ratio of A1762T
mutation in clones isolated from each patient at time-points 1
and 2 (Fig. 4). In contrast to non-seroconverters, seroconverters
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Table 2. t-test comparison of mean values of nucleotide changes between
seroconversion and non-seroconversion groups.

Non-seroconversion 1]
(n=18)

Seroconversion
(n=18)

TC 0.156706 0.201328 0.155252

GA 0.196722

0.124511 0.073433

TA 0.049372 0.045417 0.778612

GC 0.018167 0.014894 0.748267

TG 0.041783 0.035528 0.731324

A>T
T = A
T=——T

Ratio of mutation pattern at 1762 (%)

SC Non-SC

Fig. 4. The evolution of the core promoter mutation (A1762T) between
seroconversion and control groups from time-point I to II. SC indicates
seroconversion and non-SC, non-seroconversion. Alignment of the clones was
carried out and the frequency of A1762T mutation in clones isolated from each
patient at time-points 1 and 2 was determined. Subsequently, the evolutionary
ratio of mutation from time-point I to Il was calculated.

showed a higher frequency of A to T mutation pattern in the core
promoter region from time-point I to IL

Core promoter (A1762T/G1764A) and precore (G1896A) mutations

Given that the core promoter/precore mutations influenced virus
replication and HBeAg seroconversion, we analyzed the sequen-
tial change of core promoter (A1762T/G1764A)/precore (G1896A)
mutations over time (Table 3). After seroconversion, patients
with more than 50% precore mutant clone had higher HBV DNA
loads than those with less than 50% of precore mutant clone
(precore wild type) virus at time-point V [5.4+1.3 (n=5) vs.
3.8+ 1.1(n=13), p=0.0185] and 8 patients with a HBV DNA load
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less than 4.0 log,o copies/ml had all precore wild-type virus at
time-point V (Table 3). Clinical progress of these patients was
investigated over 10 years as median (range 1-20 years) after
HBeAg seroconversion. HCC developed in 3 of 5 patients with pre-
core mutant virus, compared to 1 of 13 patients with precore
wild-type virus at time-point V (p=0.017). On the other hand,
3 patients with ASC had all precore wild-type virus at time-point
V (Table 3).

Discussion

In this study, analysis of 1800 nucleotide sequences from 36 HBV
carriers showed that the viral diversity of seroconverters (IS and
SS) after seroconversion was significantly greater than that of
non-seroconverters (IN and SN) (Fig. 2, p <0.05) and was higher
after seroconversion than before, in the seroconverters (Fig. 2,
p <0.05). Phylogenetic analysis also generated complex trees for
seroconverters and relatively simple trees for non-seroconverters.
Analysis on interclonal differences in the quasi-specie showed a
higher frequency of transversional A to T mutation pattern in
seroconverters that coincided with the A1762T core promoter
mutation. These findings suggested that HBeAg seroconversion
involves dynamic shifts of the serum HBV quasi-species.

Osiowy et al. [24] examined viral quasi-species in eight
HBeAg-negative patients at two time-points 25 years apart and
obtained the evolutionary rate. Their results suggested that HBV
diversity may be generated more rapidly than those estimated
previously [25-29]. The higher evolutionary rate may be related
to the seroconversion event driving quasi-specie complexity and
diversification [24]. Our phylogenetic study showed that viral
quasi-species populations appear to be replaced by new popula-
tions arising from a different clade after seroconversion.

Increased immune responses are accompanied by the reduc-
tion of viral loads and stronger immune pressure induces the
selection of escape mutations, which leads to greater viral diver-
sity [30]. According to this scenario, in our study, non-serocon-
verters have a high viral load and low quasi-species diversity
and they obviously have a weak immune response.

Lim et al. [31] reported that viral genetic diversity in genotype
B CHB patients was 2.4-fold greater in HBeAg seroconverters
(spontaneous or IFN-induced) than in non-seroconverters before
seroconversion. In this study of genotype C CHB patients, the
nucleotide genetic distance was 1.49-fold greater in seroconvert-
ers (IS and SS) than in non-seroconverters before seroconversion
but there was no statistical difference. This discrepancy might be
due to the smaller region for analysis of genetic distance in our
study than that of Lim et al. Another interpretation is that the
host’s immune response to the selection of mutant virus might
differ between genotype B and genotype C. The natural course
of CHB and the response to treatment could be affected by HBV
genotype and there are some lines of evidence that indicate that
the prevalence rates of precore and core promoter mutations vary
among patients infected with HBV strains of different genotypes
[32-34].

T-test comparison of mean values of nucleotide changes
(Table 2) and linear logistic regression univariate analysis of
mutations associated with seroconversion between seroconvert-
ers and non-seroconverters (data not shown) indicated a varia-
tion in the AT mutation pattern in the former (p=0.003 and
p =0.006, respectively). This coincided with differences in the
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Table 3. Core promoter and precore mutations in seroconverters (IS and SS).

Patients CP (MA1762T/G1764A)

(percent)

PC (ntG1896A)
(percent)

DNA Loads
(log+o copies/ml)

Histological
diagnosis

| i \ |

182 100 100 100 90

90 7.6 7.2 7.6 HCC

1S4 90 100 10 0

CHB

1S6 70 90 90 20

90 57 4.1 4.5 HCC

IS8 80 100 60 0

60 4.0 4.5 CHB

S81 0 60 0 80

80 7.6 4.2 54 HCC

883 100 90 60 10

0 6.5 43 28 ASC

S87 80 100 100 0

0 7.6 28 286 ASC

SS9 0 80 20 0

SS11 100 100 100 0

0 7.6 4.0 26 CHB

0 6.1 6.3 3.8 CHB

IS: interferon induced seroconverter; SS: spontaneous seroconverter; ASC: asymptomatic carriers; CHB: chronic hepatitis B; LC: cirrhosis; HCC: hepatocellular carcinoma.

ratio of T1762A quasi-species between seroconverters and non-
seroconverters, indicating that it might be a marker preceding
seroconversion in HBV/genotype C-infected patients as reported
previously [35-37].

HBeAg seroconversion is an incomplete marker of immune
control, although most patients experience some clinical benefit
from it [38,39]. Previous studies have shown that the average rate
of spontaneous HBeAg seroconversion in patients with chronic
hepatitis B is about 10% per year [40,41]. HBeAg seroconversion
associated with incomplete viral suppression may result in the
emergence of the precore mutant and attendant chronic sequelae.
Mutations in the precore and core promoter regions of the HBV
genome have been reported in many HBeAg-negative CHB
patients. Longitudinal studies found that the A1896 mutation
emerges or is selected around the time of HBeAg seroconversion,
and high precore mutant ratios have been associated with persis-
tent hepatitis after anti-HBe seroconversion [42]. Patients who
continued to have high HBV DNA titres after HBe seroconversion
had a lower genetic heterogeneity but more often had the precore
mutant.

The limitations of this study were, the small size of study
group, only 10 clones per sample, and a small region for analysis
of genetic distance. In addition, the X/precore/core region is a
highly conserved region, investigation of another region of the
HBV genome, such as the polymerase, might help us to better
understand the evolution of quasi-species of HBV.

In conclusion, the distinctly greater viral diversity after sero-
conversion in HBeAg seroconverters could be related to increased
HBV-specific T-cell responses and escape mutants which arise
from selective pressure caused by host immune activity. Long-
term follow-up is required to determine whether hepatitis B viral
diversity decreases or remains at a high level. Further study will

be needed to elucidate the relationship between seroconversion
and viral quasi-species in relation to antiviral therapy.
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