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Hepatitis C virus (HCV) genotype 1a is rare in
Japanese patients and the clinical characteris-
tics of this genotype remain unclear. The
interferon (IFN) sensitivity-determining region
(ISDR) and single-nucleotide polymorphisms
(SNPs) of interleukin-28B (IL28B) among
patients with HCV genotype 1b are associated
with IFN response, but associations among
patients with genotype 1a are largely unknown.
This study investigated the clinical characteris-
tics of genotype 1a and examined whether ge-
nomic heterogeneity of the ISDR and SNPs of
IL28B among patients with HCV genotype 1a
affects response to combination therapy with
pegylated-IFN-a2b and ribavirin. Subjects com-
prised 977 patients infected with HCV genotype
1, including 574 men and 412 women (mean
age, 55.2 + 10.6 years). HCV was genotyped by
direct sequencing of the 5’-untranslated region
and/or core regions and confirmed by direct se-
quencing of the NS5A region. HCV genotypes
1a (n =32) and 1b (n = 945) were detected.
Twenty-three (71.9%) of the 32 patients with ge-
notype 1a were patients with hemophilia who
had received imported clotting factors. Preva-
lence of genotype 1a after excluding patients
with hemophilia was thus 0.9%. Of the 23
patients with genotype 1a who completed IFN
therapy, 11 (47.8%) were defined as achieving
sustained virological response. Factors related
to sustained virological response by univariate
analysis were IL28B and ISDR. In conclusion,

© 2012 WILEY PERIODICALS, INC.

HCV genotype 1a is rare in Japan. The presence
of IL28B genotype TT, and more than two
mutations, in the ISDR are associated with a
good response to IFN therapy in patients with
HCV genotype 1a. J. Med. Virol. 84:438-
444, 2012. © 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Hepatitis C virus (HCV) is a member of the Flavi-
viridae family and causes chronic hepatitis that can
develop into cirrhosis and hepatocellular carcinoma
[Seeff, 2002]. HCV infection is a significant global
health problem, affecting 170 million individuals
worldwide. HCV can be divided into six genotypes and
several subtypes according to genomic heterogeneity
[Simmonds et al., 2005]. Each genotype shows a
unique distribution and clinical characteristics such
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as interferon (IFN) responsiveness [Ghany et al.,
2009]. HCV genotypes 1b, 2a, and 2b are the major
types encountered in Japan [Enomoto et al., 1990;
Hayashi et al., 2003]. Genotype la is common world-
wide, but is rare in Japan except among individuals
with hemophilia who have received imported clotting
factors [Fujimura et al, 1996; Otagiri et al.,, 2002;
Hayashi et al., 2003]. The prevalence and clinical
characteristics, including IFN responsiveness, of Jap-
anese patients with HCV genotype la are unclear.
HCV NS5A protein reportedly includes a domain asso-
ciated with IFN response. This domain, located in the
NS5A region of HCV genotype 1b, is closely associated
with response to IFN therapy and is known as the
IFN sensitivity-determining region (ISDR) [Enomoto
et al., 1996]. IFN acts to inhibit viral replication by
inducing double-stranded RNA-dependent protein ki-
nase (PKR). The ISDR is located at the 5 end of the
PKR-binding domain and is inhibited by PKR in vitro
[Gale et al., 1998]. ISDR heterogeneity of genotype 1b
is thus an important factor that may affect response
to IFN [Enomoto et al., 1996; Nakano et al., 1999;
Pascu et al., 2004; Hayashi et al., 2011a]. Several
studies have reported a relationship between ISDR
and IFN responsiveness among patients with HCV ge-
notype la [Hofgértner et al, 1997; Zeuzem et al.,
1997; Kumthip et al., 2011; Yahoo et al., 2011]. How-
ever, this remains controversial for genotype la, and
the utility of ISDR sequences for predicting IFN re-
sponsiveness has not been investigated for HCV geno-
type la in Japan due to the rarity of this genotype.
Both genetic heterogeneity of the HCV genome and
host genetics contribute to IFN responsiveness. Sever-
al genome-wide association studies have thus been
performed to clarify host factors associated with IFN
responsiveness, revealing that interleukin-28B
(IL28B) polymorphisms are strongly associated with
response to IFN therapy [Ge et al.,, 2009; Suppiah
et al., 2009; Tanaka et al., 2009; Thomas et al., 2009].
Combined use of the single-nucleotide polymorphisms
(SNPs) of IL28B and amino acid substitutions in the
core region and ISDR could thus improve the predic-
tion of response to IFN in patients with HCV geno-
type 1b [Akuta et al.,, 2011; Hayashi et al., 2011b;
Kurosaki et al., 2011]. However, the effects of a com-
bined evaluation of the SNPs of IL28B and amino acid
substitutions in the ISDR in patients with HCV geno-
type la on IFN response are unclear. The aim of the
present study was to determine whether genomic het-
erogeneity of the ISDR and SNPs of IL28B among
patients with HCV genotype la affect response to
combination therapy with pegylated-IFN-a2b and
ribavirin.

PATIENTS AND METHODS

A total of 977 patients (669 men, 408 women) with
chronic hepatitis C genotype 1 and high viral load
(<100 KIU/ml) who were treated at Nagoya Universi-
ty Hospital and affiliated hospitals were enrolled in
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this study. Mean age of patients was 55.1 + 12.2
years (range: 18-75 years). None of the patients had a
history of chronic alcohol abuse, autoimmune disease,
or metabolic disease. Patients with active intravenous
drug use and immigrants were excluded from this
study. The core region (aa 30-110) and ISDR (aa
2,209-2,248) of HCV were examined by direct se-
quencing. SNPs of 11.28B (rs8099917) were identified
using a real-time polymerase chain reaction (PCR)
system. Patients received subcutaneous injections of
pegylated-IFN-a2b (1.5 pg/kg) once each week along
with oral ribavirin (600 mg/day for patients <60 kg,
800 mg/day for 60-80 kg, 1,000 mg/day for >80 kg)
for 48 weeks. Patients who became negative for HCV-
RNA between 16 and 36 weeks after initiating IFN
treatment had the IFN treatment extended to
72 weeks, in accordance with Japanese guidelines
[Kumada et al.,, 2010]. HCV-RNA levels in serum
samples were examined at 12 weeks, at the end of
IFN therapy, and at 6 months after the end of treat-
ment. Serum was stored at —80°C for virological ex-
amination at pretreatment. Early virological response
was defined as HCV-negative status at 12 weeks.
Patients who were persistently negative for serum
HCV-RNA at 24 weeks after withdrawal of IFN treat-
ment were considered to show sustained virological
response. Written informed consent was obtained
from each patient, and the study protocol conformed
to the ethical guidelines of the 1975 Declaration of
Helsinki.

Virological Analysis

HCV-RNA quantitative viremia load was deter-
mined by PCR. HCV was genotyped by direct sequenc-
ing of the 5-untranslated region and/or core regions
as described previously and confirmed by direct se-
quencing of the NS5A region [Otagiri et al., 2002; Dal
Pero et al.,, 2007; Hayashi et al.,, 2011a]. Genotypes
were classified according to the nomenclature pro-
posed by Simmonds et al. [2005]. Direct sequencing of
the core and NS5A-ISDR regions was performed as
reported previously [Dal Pero et al., 2007; Hayashi
et al., 2011al. In brief, RNA was extracted from
140 pl of serum using a commercial kit (QIAamp Vi-
ral RNA Kit; Qiagen, Valencia, CA) and dissolved in
50 pl of diethylpyrocarbonate-treated water. RNA
(10 ng) was used for reverse transcription with oligos
and random hexamer primers with a commercial kit
(iScript ¢cDNA Synthesis Kit; Bio-Rad, Hercules, CA).
The HCV core region and NS5A-ISDR were amplified
by nested PCR. In brief, each 50-pl PCR reaction mix-
ture contained 100 nM of each primer, 1 ng of tem-
plate cDNA, 5 pl of GeneAmp 10x PCR buffer, 2 pl of
dNTPs, and 1.25 U of AmpliTaq Gold (Applied Biosys-
tems, Foster City, CA). Primers for the core region
were: sense, 5-GGGAGGTCTCGTAGACCGTGCAC-
CATG-3' and antisense, 5-GAGMGGKATRTACCC-
CATGAGRTCGGC-3'. Primers for the NS5A-ISDR
were: sense, 5-GCCTGGAGCCCTTGTAGTC-3' and
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TABLE 1. Clinical Characteristic of Patients With HCV

Genotype la
N =32

Age (y.0.) 36.4 + 2.2
Sex: male/female 28/4
AST (IU/L) 48.8 + 33.6
ALT (IU/L) 64.6 + 57.8
Platelet (10%/p1) 18.8 + 6.0
HCV RNA level (KIU/ml) 2607.4 + 3072.2
Source (clotting factor/BTF/unknown) 23/2/7

AST, aspartate aminotransferase; ALT, alanine aminotransferase;
HCYV, hepatitis C virus.

antisense, 5'-CTGCGTGAAGTGGTGGAATAC-3'. Am-
plification conditions consisted of 10 min at 94°C, fol-
lowed by 40 cycles of 94°C for 10 sec, 55°C for 30 sec,
and 72°C for 30 sec in a thermal cycler (GeneAmp
PCR System 9700; Applied Biosystems). The second
PCR was performed using the same reaction buffer
with the first-round PCR product as template, and the
following sets of primers: for the core region, sense
primer 5-AGACCGTGCACCATGAGCAC-3' and anti-
sense  5-TACGCCGGGGGTCAKTRGGGCCCCA-3';
and for the NS5A-ISDR, sense 5'-TGTTTCCCCCACG-
CACTAC-3' and antisense 5-TGATGGGCAGTTTT-
TGTTCTTC-3'. PCR products were separated by
electrophoresis on 2% agarose gels, stained with ethi-
dium bromide, and visualized under ultraviolet light.
PCR products were then purified and sequenced with
the second-round PCR primers using a dye terminator
sequencing kit (BigDye Terminator v1.1 Cycle Se-
quencing Kit; Applied Biosystems) and an ABI 310
DNA Sequencer (Applied Biosystems).

Genotyping Analysis

Detection of SNPs for IL28B (rs8099917) was con-
ducted using a real-time PCR system. In brief, geno-
mic DNA was extracted from 150 pl of whole blood
with a commercial kit (QL[Aamp DNA Blood mini Kit;
Qiagen) and dissolved in 50 pl of diethylpyrocarbon-
ate-treated water. DNA (10 ng) was used for PCR and
genotyping of IL28B SNP (rs8099917) was performed
by TagMan allelic discrimination (ABI-Prism 7300
SDS software; Applied Biosystems) with TagMan SNP
Genotyping Assays provided by Applied Biosystems
(C__11710096_10).

Hayashi et al.
Statistical Analysis

Data are expressed as mean =+ standard deviation
(SD). The paired ¢-test was used to analyze differences
in variables. A value of P < 0.05 was considered sta-
tistically significant. Statview 5.0 software (SAS Insti-
tute, Cary, NC) was used for all analyses.

RESULTS

Thirty-two of the 977 patients (3.3%) were infected
by genotype la. Clinical characteristics of patients
with genotype la are summarized in Table I. Twenty-
three cases involved patients with hemophilia who
had received imported clotting factors. The prevalence
of genotype la after excluding patients with hemo-
philia was 0.9%. A comparison of clinical characteris-
tics according to hemophilia status is shown in
Table II. No significant differences were apparent
among the two groups. Differences in clinical charac-
teristics between genotypes la and 1b are shown in
Table III. Males were more frequent among patients
with genotype la (87.5%) than among those with
genotype 1b (57.2%), as the majority of patients with
genotype 1la were young male patients with hemophil-
ia. Sequence alignments of the core region at codons
71 and 90 showed arginine and cysteine, respectively,
in all patients. The HCV core region of genotype la
was thus well-conserved, with no significant muta-
tions at codons 71 or 90. This is not similar to previ-
ous findings for genotype 1b [Akuta et al., 2005, 2011;
Hayashi et al., 2011a,b; Kurosaki et al., 2011]. Align-
ment of the amino acid sequence for NS5A-ISDR is
shown in Figure 1. The sequence of the HCV-1 strain
was defined as the consensus sequence of genotype
la, and the number of mutations to the chosen con-
sensus sequence in ISDR was used to analyze the
ISDR system. Sequences of the HCV-1 strain and
HCV-1 strain with only one amino acid substitution
were defined as wild-type, while ISDR sequences with
more than two amino acid substitutions were defined
as mutant-type. Twenty-seven strains were defined as
wild-type and 5 strains were defined as mutant-type.
11.28B genotypes could be obtained for 25 patients,
and IL28B alleles were TT (n = 14) and TG (n = 11).
Twenty-three patients received pegylated-IFN-a2b
plus ribavirin therapy. Twenty patients were treated
for 48 weeks, and 1 patient was treated for 72 weeks.
Two patients were withdrawn at 24 weeks due to a

TABLE II. Clinical Characteristic According to Hemophilia

Patients with hemophilia (N = 23) Patients without hemophilia (N = 9) P-value
Age (y.0.) 37.1+92 37.1 +£16.3 0.9966
Sex: male/female 22/1 6/3 0.0572
AST (IU/L) 51.2 + 34.8 41.9 + 30.9 0.5072
ALT (IU/L) 68.2 + 55.8 54.0 + 66.1 0.5566
Platelet (10%u]) 18.4 + 6.8 19.8 + 3.0 0.5602
HCV levels (KIU/ml) 2599.6 + 3108.0 2630.0 + 3176.5 0.9812

AST, aspartate aminotransferase; ALT, alanine aminotransferase; HCV, hepatitis C virus.
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TABLE III. Clinical Characteristic According to Genotypes

Genotype 1la (N = 32) Genotype 1b (N = 945) P-value
Age (y.0.) 36.4 £ 2.2 55.9 + 11.6 0.0001
Sex: male/female 28/4 546/408 0.0004
Patients with hemophilia 23 4 0.0001
AST (IU/L) 48.8 + 33.6 59.9 + 45.0 0.1745
ALT (IU/L) 64.6 + 57.8 64.6 + 57.8 0.9894
Platelet (10%/ul) 18.8 &+ 6.0 17.2 £ 6.0 0.0918
HCV levels (KIU/ml) 2607.4 + 3072.2 2011.5 + 1453.8 0.0642

AST, aspartate aminotransferase; ALT, alanine aminotransferase; PLT, platelet count; HCV, hepatitis C virus.

lack of response to IFN therapy. Frequency of early
virological response, characterized by undetectable
HCV at 12 weeks, was 30.4% (7/23). Virological
response rate at the end of treatment was 47.8% (11/
23). Finally, 11 of 23 patients (47.8%) achieved sus-
tained virological response. Clinical characteristics
were compared between patients who achieved sus-
tained virological response and patients who did not
(Table IV), revealing significant differences in two
factors on univariate analysis: IL28B and ISDR.

DISCUSSION

The present study investigated 977 patients with
genotype 1 using direct sequencing of core and NS5A
regions, revealing that genotype la is rare (3.3%) in

12 PSLEATCTTHHDSPDADLIEINLLWEQEMGEN ITRVESEN
1z PRLEATCTANHDSPDAELIEANLIREOEHMCGNITRVESEN

Wild type

Mutant type

Fig. 1. Alignment of the amino acid sequence for the NS5A-ISDR.
In the sequence alignment, dashes indicate amino acids identical to
consensus sequence HCV1. Sequences of the HCV1 strain and HCV1
strains with one-nucleotide substitutions were defined as wild-type
ISDR, and all other strains were defined as mutant-type ISDR.
ISDR, interferon sensitivity-determining region.

Japan. Of the 33 patients with genotype 1la, 23
(71.9%) were patients with hemophilia, confirming
that the majority of cases with genotype la involve
patients with hemophilia who have received imported
clotting factors, as previously reported [Fujimura
et al., 1996; Otagiri et al., 2002; Hayashi et al., 2003].
Analysis after excluding patients with hemophilia
revealed the prevalence of genotype la in Japan was
0.9% (9/954). Recently, the distributions of HBV geno-
types have been changing in Japan due to interna-
tional exchange [Hayashi et al., 2007; Matsuura et al.,
2009]. However, prevalences of HCV genotypes have
remained stable because of the different modes of
infection involved. The present study revealed that 11
(47.8%) of 23 patients achieved sustained virological
response. The IFN responsiveness of HCV genotype
la in Japanese patients was reported in 1999 from
Okinawa, a far southern island in Japan [Sakugawa
et al., 1997]. That study reported that the rate of sus-
tained virological response tended to be higher in
patients with genotype 1a than in those with genotype
1b, but no significant differences were identified be-
cause of the small number of patients with genotype
la. Low virological response rates in both genotypes
la and 1b were confirmed in the present Japanese
patients, as in Caucasian patients [Manns et al.,
2001; McHutchison et al., 2009]. No significant differ-
ences in sustained virological response rate were seen
between genotypes la and 1b. Discriminating between
genotypes la and 1b thus seems to have little clinical
relevance in terms of IFN responsiveness. Viral fac-
tors associated with sustained virological response, in-
cluding HCV genotype, have been studied most
frequently studied and mutations in the core and
NS5A regions of HCV genotype 1b have been associat-
ed with response to IFN therapy [Akuta et al., 2005,
2010, 2011; Okanoue et al., 2009; Nakagawa et al.,,
2010; Toyoda et al., 2010; Hayashi et al., 2011a;
Hayes et al.,, 2011; Kumthip et al., 2011; Kurosaki
et al., 2011]. These viral factors could improve predic-
tion of sustained virological response for genotype 1la,
as in 1b. Amino acid substitutions at positions 70 and
91 of the HCV core region in genotype 1b have been
related to IFN responsiveness, liver steatosis, hepatic
oxidative stress, insulin resistance, and carcinogene-
sis [Akuta et al., 2005, 2007, 2009; Tachi et al., 2010].
These substitutions may have substantial impacts on
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TABLE IV. Univariate Analysis: Factors Predictive of Sustained Virologic Response
Factors Sustained virologic response (n = 11) Non-sustained virologic response (n = 12) P-value
Age (y.0.) 37.9 + 10.9 39.8 +£11.3 0.6958
Gender: male/female 10/1 10/2 0.9999
ALT (QU/L) 78.2 + 50.8 62.6 + 68.1 0.5435
AST (IU/L) 51.4.4 +29.2 48.8 + 404 0.8616
PLT (x10%mm?) 19.0 £ 5.4 19.3 + 5.7 0.8870
HCV RNA level (KIU/ml) 1323.1 + 1077.3 2567.0 + 2940.8 0.2481
ISDR: wild/mutant 7/4 12/0 0.0373
1L28B:TT/TG 9/1 4/8 0.0115

AST, aspartate aminotransferase; ALT, alanine aminotransferase; PLT, platelet count; HCV, hepatitis C virus; ISDR, interferon sensitivity-

determining region; IL28B, interleukin 28B.

the pathogenesis of HCV genotype la infection. How-
ever, the HCV core region of genotype la is well-con-
served and no significant mutations were seen in the
core region, which is associated with IFN responsive-
ness. Several reports have also found that the HCV
core region, including positions 70 and 91, of HCV
genotype la is highly conserved [Alestig et al., 2011;
Kumthip et al., 2011]. Mutations in the core region of
genotype la would be rare, so this region might be
unsuitable for routine clinical use, unlike in genotype
1b. However, the number of patients in this study was
small, and large studies including from other coun-
tries are needed to clarify these issues. The ISDR in
the NS5A region of HCV genotype 1b is closely associ-
ated with response to IFN therapy. ISDR mutations
of genotype 1b are well known to be more important
in predicting sustained virological response in
Japanese patients than European patients [Hofgért-
ner et al., 1997; Zeuzem et al., 1997; Nakano et al.,
1999; Pascu et al., 2004; Hayashi et al., 2011a]. Euro-
pean studies have failed to detect the specific amino
acid substitutions in ISDR of genotype la associated
with IFN responsiveness [Hofgértner et al., 1997,
Zeuzem et al., 1997]. In this study, sustained virologi-
cal response was achieved in 36.8% of patients with
wild-type ISDR and 100% of patients with mutant-
type (P = 0.0373). The present analysis showed a
close relationship between ISDR of genotype la and
sustained virological response, as in genotype 1b.
Recent investigations in Thailand and Iran have
failed to identify the usefulness of ISDR for HCV ge-
notype la in predicting sustained virological response
[Kumthip et al., 2011; Yahoo et al., 2011]. The high
virological response rate and low prevalence of
patients with mutations in the ISDR do not favor the
use of ISDR analysis in predicting IFN responsiveness
[Herion and Hoofnagle, 1997; Yokozaki et al., 2011].
Rates of sustained virological response among these
studies were much higher than those in the present
study (68.4% and 75% vs. 47.8%). The mean number
of mutations in patients who achieved sustained viro-
logical response in the studies by Kumthip et al.
[2011] and Yahoo et al. [2011], and the present group
were 1.4, 1.4, and 1.6, respectively. Differences in sus-
tained virological response and the number of muta-
tions to the ISDR might underpin this discrepancy in
the evaluation of ISDR. Although the sample size in

J. Med. Virol. DOI 10.1002/jmv

the present study was small, the results indicate that
ISDR represents a strong indicator of progression to
sustained virological response for patients with HCV
genotype la. Amino acid substitutions in the ISDR of
genotype la thus also play an important role in pre-
dicting sustained virological response in Japanese
patients compared to patients from other countries.
IL.28B polymorphisms such as host genetics, as well
as mutations in the HCV genome, contribute to IFN
treatment outcomes. Rates of sustained virological re-
sponse in patients in this study with TT and TG were
69.2% and 11.1%, respectively. The TG allele of the
IL28B genotype was significantly associated with poor
response to IFN therapy (P = 0.0115). SNPs of IL28B
would regulate the expression of IFN-stimulated
genes and affect IFN responsiveness. IL28B and
ISDR thus exert independent effects on IFN respon-
siveness and both host and viral factors impacting
IFN responsiveness would improve the prediction of
sustained virological response. Several studies have
thus reported that both the SNP of IL28B and muta-
tions in the ISDR were associated with sustained viro-
logical response in patients with HCV genotype 1b
[Akuta et al., 2011; Hayashi et al., 2011b; Kurosaki
et al., 2011]. In the present study of HCV genotype
la, among the 9 patients who had simultaneously the
TG allele for IL28B and wild-type ISDR, only 1
achieved sustained virological response (11.1%). The
best-sustained virological response was achieved in
patients with mutant-type ISDR and the T allele
(100%). The combination of SNPs for IL28B and
mutations in ISDR may thus predict response to IFN
therapy in patients with HCV genotype 1la as well as
genotype 1b. Given the small sample size in this in-
vestigation, larger cohorts are needed to confirm the
present results. Furthermore, infection with genotype
la in Japanese patients is rare, making large-scale
studies difficult to perform.

In conclusion, the prevalence of HCV genotype la is
rare in Japan and the majority of cases involve
patients with hemophilia. The TG genotype of IL28B
is associated with poor response, while mutant-type
ISDR is associated with good response to combination
therapy with pegylated-IFN-a2b and ribavirin in
patients with HCV genotype 1a. Combined use of both
I1.28B and ISDR could improve the prediction of IFN
response.
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Summary

Hepatitis B e antlgen HBeAg) seroconversion is an 1mportant hallmark in the natural course of
chronic hepatitis B. This study was de&gned to predict early HBeAg seroconversion within 1 year,
by not only biochemical and virological markers, but also pathological parameters in patients with
chronic hepauns B.- ‘

In a retrospective cohort study, 234 patlents with HBeAg were reviewed for demographic, biochem-
ical, virological and pathological data at the time of liver biopsy. Then, the patients who accom-
plishyeyd"HBe'A‘g seroconversion within 1 year thereafter were compared with those who did not, for
sorting out factors predictive of early HBeAg seroconversion.

Early HBeAg seroconversion occurred in 58 (24.8%) patients. In univariate analysis, factors pre-
dictive of early HBeAg seroconversion were: alanine aminotransferase (ALT) (p=0.002), IP-10
(p=0.029), HBsAg (p=0.003), HBeAg (p<0.001), HBV DNA (p=0.001), HBcrAg (p=0.001), core-
promoter mutations (p=0.040), fibrosis (p=0.033) and lobular inflammation (p=0.002). In multi-
variate analysis, only serum HBeAg levels <100 Paul Ehrlich Institute (PEI) U/ml and grades of lob-
ular inflammation >2 were independent factors for early HBeAg seroconversion (odds ratio 8.430
[95% confidence interval 4.173-17.032], p<0.001; and 4.330 {2.009-9.331], p<0.001; respectively).

HBeAg levels < 100 PEIU/ml combined with grades of lobular inflammation >2 are useful for pre-
dicting early HBeAg seroconversion. In patients without liver biopsies, high ALT levels (>200 IU/L)
can substitute for lobular inflammation (grades »2).
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BACKGROUND

Worldwide, an estimated 350 million people are infected with
hepatitis B virus (HBV) persistently [1,2]. HBV infection is
a major global concern, because up to 40% of patients can
develop grave complications, such as decompensated cir-
rhosis and hepatocellular carcinoma (HCC) [3]. In the nat-
ural course of chronic hepatitis B, HBeAg seroconversion,
defined by the loss of HBeAg and development of the cor-
responding antibody (anti-HBe), is an important hallmark,
because it is highly correlated with a favorable long-term out-
come. Seroconversion is usually followed by sustained sup-
pression of HBV DNA, normalization of alanine aminotrans-
ferase (ALT) levels, and clinical remission accompanied by
ameliorated necro-inflammatory activities in the liver [4-6].

To date, 2 number of factors have been found to predis-
pose patients to spontaneous HBeAg seroconversion [7-19].
However, few studies have evaluated pathological factors for
predicting early HBeAg seroconversion. In a small series of
patients from Spain, the Knodell’s index of histological ac-
tivity was one of the independent predictors of early HBeAg
seroconversion [14]. Recently, novel markers of the replica-
tion of HBV were introduced, such as levels of HBsAg, HBeAg
and HBcrAg (HBV core-related antigen), which can replace
HBV DNA levels. These serological markers of HBV replica-
tion have been evaluated for sensitive and reliable predic-
tion of early HBeAg seroconversion [20-23]. In the present
study, an attempt was made to select factors predictive of
early HBeAg seroconversion, from among many biochemi-
cal, virological and pathological parameters, based on the
data of 234 HBeAg-positive patients with chronic hepatitis B.

MATERIAL AND METHODS

Patients and study design _

This is a retrospective cohort smdy with use of stored sera
and liver biopsy specimens from patients with chronic hepa-
titis B who were taken care of in the Hepatology Department,
Nagasaki Medical Center,japah during 1991 through 2005.

The clinical database was reviewed to identify consecutive pa-
tients who underwent liver biopsies and had been followed
for longer than 1 year. The inclusion criteria were presence
of hepatitis B surface antigen (HBsAg) for 6 months or lon-
ger, positivity for HBeAg at the time of liver biopsy, and lack
of antiviral treatments before receiving liver biopsies. The ex-
clusion criteria were co-infection with hepatitis C virus (HCV)
or human immunodeficiency virus type-1, serological mark-
ers suggestive of autoimmune disease, daily intake of alcohol
>b0 g, recent exposure to hepatotoxic drugs, and no stored
sera available. They were followed every 3 months or more fre-
quently, if indicated clinically, and their serum samples were
monitored for liver biochemistry and serologic markers of HBV
infection, including HBsAg, HBeAg, anti-HBe, HBV DNA and
HBcrAg. Serum samples had been stored at —20°C until use.

Antiviral therapy was commenced immediately in the pa-
tients with: (1) significant fibrosis/ cirrhosis detected by liv-
er biopsy; and (2) evidence of decompensation, such as as-
cites, varices and hepatic encephalopathy.

To identify predictors of early HBeAg seroconversion, clini-
cal, biological, virological and pathological data at the time

of liver biopsy were compared between patients who did and
who did not achieve early HBeAg seroconversion, within 1
year after receiving liver biopsies, by univariate and multi-
variate analyses. Further, patients were stratified by indepen-
dent factors for HBeAg seroconversion, and the cumulative
incidence of HBeAg seroconversion was compared between
groups using the Kaplan-Meier method. The study protocol
complied with the Good Clinical Practice Guidelines and
the 1975 Declaration of Helsinki, and was approved by the
review board of the institution. Each patient gave a written
informed consent before participating in this study.

Routine laboratory tests for HBV markers

Quantitative measurements of HBsAg and HBeAg were car-
ried out using commercial enzyme-linked immunosorbent as-
say (ELISA) kits in the ARCHITECT ANALYSER i2000 (Abbott
Japan Co., Ltd., Tokyo, Japan) in accordance with the man-
ufactures’ instructions in Nagasaki Medical Center. The sen-
sitivity of HBsAg assay ranged from 0.05 to 250 TU/ml. Sera
with HBsAg >250 TU/ml were serially diluted 100-fold so as
to include them within the dynamic range. HBeAg was quan-
uﬁed by a two-step immunoassay with use of chemilumines-
cence microparticles. Briefly, undiluted samples were mixed
with paramagnetic beads coated with anti-HBe. After a wash-
ing step, conjugate and reactants were added for exciting emis-

-sion of the light that is proportional to the concentration of

HBeAg. The result was expressed by the ratio of relative light
unit (RLU) of the sample to the cut-off RLU (S/CO). Samples
with S/CO values >1.0 were regarded positive for HBeAg. Then,
serial dilutions of the reference standard of PE HBeAg (Paul-
Ehrhch Instltute Langen, Germany) were used to define the
linear range of the assay and create a reference curve for lin-
ear regression. The linear range was 0.024-100 PEIU/ml. A

- standard curve was produced, and linear regression was used
"-to convert assay results into appropriate units (PEIU/ml). For

samples that fell outside the linear range of the assay, the as-
say was performed on serial dilutions to ensure the linearity.

HBV DNA and HBcrAg

HBV DNA was determined by the COBAS Taqman HBV
test (Roche Diagnostics K K., Tokyo, Japan). Values under
or over the detection range were recorded as 2.1 or 9.1 log
copies/ml. HBcrAg was measured by the CLEIA HBcrAg
assay kit (Fujirebio, Inc., Tokyo, Japan) in a fully automat-
ed analyzer (Lumipulse system, Fujirebio, Inc.). Values un-
der or over the detection range were recorded as 3.0 or
7.0 log copies/ml. Assays for HBV DNA and HBcrAg were
performed in a commercial clinical laboratory (SRL, Inc.,
Tokyo, Japan). Sera with values over the detection range
were diluted to include them within the dynamic range.

Interferon-inducible protein 10 (IP-10)

IP-10 was quantified by the Invitrogen Human IP-10 ELISA
(Invitrogen Corporation, Carlsbad, CA, USA) according to
the manufacturer’s protocol in Nagasaki Medical Center.
HBYV genotyping

HBYV DNA was extracted from serum (100 pl) with use of the

SMITEST EX R&D extraction kit (MBL Co., Ltd., Nagoya,
Japan). It was amplified for determination of genotypes by
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Table 1. Histological evaluation of liver biopsy specimens.

(A) Fibrosis staging
Stage Fibrosis
0 None
1 Enlarged, fibrotic portal tracts
2 Periportal or portal-portal septa but intact architecture
3 Fibrosis with architectural distortion without obvious cirrhosis
4 Probable or definite cirrhosis
(B) Inflammation grading -
Grade Portal/periportal activity Lk lobular inflammation
Piecemeal necrosis Lymphocyte aggregation ' h
0 None or minimal None ~ None '
1 Inflammation only < 1/3in portal triad Inflammation alone
2 Mild 13-2/3in portal areas Focal necrosis or acidphil bodies
3 Moderate >2/3inportal areas . Severe focal cell damages
4 Severe Entire portal triad » Damage with bridging necrosis

the SMITEST HBV Genotyping Kit (MBL Co., Ltd.) based

on hybridization with type-specific probes immobilized on
a solid-phase support [24]. o

Precore stop codon (G1896A) and core promoter
(A1762T/G1764A) mutations

A1896 mutation in the precore (PreC) région was detected

by the enzyme-linked minisequence assay (SMITEST HBV -

PreC ELMA, Roche Diagnostics, Tokyo, Japan), and muta-
tions in the core promoter (CP).region for T1762/A1764
by the enzyme-linked specific probe assay (SMITEST HBV
Core Promoter Mutation Detection Kit, Roche Diagnostics
K.K.). The results were recorded as “the wild-type” and “mu-
tant types” dominantly expressed by HBV isolates [25].

Histological examination

Liver biopsy was taken by fine-needle aspiration (16G so-
nopsy) guided by ultrasonography. Biopsy specimens were
fixed in 10% neutral formalin, cut at 3- to 4-pm thickness,
and stained with Hematoxyline-Eosin and Azan-Mallory, as
well as for silver to visualize reticuline fibers. Tissue sections
were examined independently by two senior liver pathol-
ogists. For each biopsy specimen, a protocol was filled out
for grading necro-inflammation and staging fibrosis by the
criteria of Desmet et al. [26] and Scheuer [27] (Table 1).
As for the portal activity, not only piecemeal necrosis, but
also lymphocytic aggregation was categorized into 5 (0-4)
grades in the respective area involved.

Statistical analysis

Continuous variables were compared between groups by the
Mann-Whitney U test, and categorical variables by * and
Fisher’s exact tests. The cumulative incidence of HBeAg
seroconversion was calculated using the Kaplan-Meier

method, and the difference was evaluated by the logrank
test. Multiple logistic regression analysis was performed to
identify independent factors in significant association with
early HBeAg seroconversion. A p value <0.05 was consid-
ered significant. Statistical analyses were performed using
the SPSS version 17.0 software package (SPSS Inc., Chicago,
IL, USA).

RESULTS

Baseline characteristics of patients

Among the 673 patients with HBsAg who had received liv-
er biopsies in our hospital during 1991 through 2005, 234
(34.8%) patients who met the inclusion criteria were en-
rolled in this study. Demographic and laboratory character-
istics at the time of liver biopsy are listed in Table 2. They
had a median age of 37 years (range: 12-74), and 161 (69%)
were men. Of them, 231 (99%) were infected with HBV
of genotype C. The median serum ALT level at the base-
line was 141 IU/1 (range: 13-2644 IU/1), and the median
duration of follow-up was 86.5 months (range: 12.0-213.0
months). During the follow-up, 91 (39%) received antivi-
ral treatment, with interferon (IFN) or lamividine, or the
combination thereof.

Comparison of clinical features between patients with
and without early HBeAg seroconversion

Early HBeAg seroconversion, within 1 year after receiving liv-
er biopsies, was achieved by 58 of the 234 (24.8%) patients.
In univariate analysis, factors predictive of early HBeAg se-
roconversion were: ALT (p=0.002), IP-10 (p=0.029), HBsAg
(p=0.003), HBeAg (p<0.001), HBV DNA (p=0.001), HBcrAg
(p<0.001), CP mutations (p=0.040), fibrosis (p=0.033) and
lobular inflammation (p=0.002). Other factors including age,
albumin, platelets, AFP, PreC mutation, cell infiltration and
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Table 2. Baseline characteristics of patients.

Features Total (n=234)
Demographic data
Age (years) 37(12-74)
Men (%) 161(69)
Biolochemical markers
Albumin (g/d) 4.1(2.5-5.0)
Platelets (x10%/mm?) 179 (43-338)
ALT (U1 141 (13-2644)
AFP (ng/mi) 7(0-1863)
[P-10 (ng/ml) 214 (66-3253)
Virological markers
HBV genotypes: A/B/C (%) 1/2/231(0/1/99)
HBsAg (IU/ml) 8039 (2-261647)
HBeAg (PEIU/ml) 2453 (0.01-3179.7)
HBV DNA (log copies/ml) 7.7 (3.6-8.9)
HBcrAg (log U/ml) 7.8(5.4-9.2)
PCmutations: wild/mix/ 132/100/2 (56/43/1)

mutant (%)

CP mutations: wild/mix/
mutant/others (%)

55/50/126/3 (24/21/54/1)

Pathological features

Fibrosis stages:
0/1/2/3/4 (%)

15/73/54/38/54 (7/31/23/16/ 23)

Lymphocytic aggregatlon
0/1/2/3/4 (%) -

6/65/107/45/11 (2/28/46/19/5)

Plecemea|~necr05|s:
0/1/2/3/4 (%)

59/52/57/58/8 (25/22/24/25/4)

Lobular inflammation:
0/1/2/3/4 (%)

4/91/104/32/3 (2/39/44/14/1)

Antiviral treatments

Within 1 year of biopsy (%)

91(39)

Antiviral agents:
1/2/3/4% (%)

44/33/13/1 (49/36/14/1)

Duration of follow up (months)

86.5(12.0-213.0)

Qualitative variables are expressed in the number with percentage

in parentheses, and quantitative variables are expressed in the
median with range in parentheses. ALT — alanine aminotransferase;
AFP - alpha-fetoprotein; IP-10 — the interferon-gamma inducible
protein-10; HBV — hepatitis B virus; HBsAg — hepatitis B surface
antigen; HBeAg — hepatitis B e antigen; HBcrAg — hepatitis B virus
core-related antigen; PC — precore; CP — core promoter. * 1, Interferon

alpha; 2, lamivudine; 3, lamivudine plus interferon-alpha; 4, entecavir.

piecemeal necrosis in the liver, as well as treatments with-
in 1 year after the entry and type of antiviral agents, were
notassociated with early HBeAg seroconversion (Table 3).

Evaluation of HBV markers for predicting early HBeAg
seroconversion

HBV markers were compared for sensitivity and specificity in
predicting early HBeAg seroconversion by the receiver op-
erating characteristic analysis (Figure 1). HBeAg at the time
of liver blopsy was the best predictor of early HBeAg sero-
conversion, with the widest area under the curve of 0.750; it
was larger than those of HBcrAg (0.708), "HBV DNA (0.650)
and HBsAg (0.630). Hence, HBeAg was selected as the best
HBV marker predictive of early seroconversion. Based on
the receiver operating charactensuc curve, HBeAg titers
were dichotomized by 100 PEIU/ml in the immunoassay.

Independent predictors for early HBeAg seroconversion

A multivariate logistic regression analysis was performed
to select independent predictors of early HBeAg serocon-
version from among variables significant in the univariate
analysis (Table 4). Of all factors, including histological char-
acteristics, HBeAg <100 PEIU/ml and grades >2 lobular in-
flammation remained as independent factors predictive of
early HBeAg seroconversion (Table 4A). Of factors exclu-
sive of histological parameters, HBeAg <100 PEIU/ml and
ALT >200 IU/ml remained as independent factors for ear-
ly HBeAg seroconversion (Table 4B).

Combinations of two independent factors for predicting
early HBeAg seroconversion

Two-combinations of independent factors were evaluated
for the performance in predicting early HBeAg seroconver-
sion. The patients who had two predictors in combination,
HBeAg <100 PEIU/ml and grades >2 lobular inflammation,
achieved early HBeAg seroconversion in the highest fre-
quency at 66.0% (31/47). In a remarkable contrast, mere-
ly 6.9% (4/58) of the patients without either of these pre-
dictors achieved early HBeAg seroconversion (Figure 2A).

Likewise, early seroconversion was achieved by 18 of the 30
(60.0%) patients with the other combination of indepen-
dent factors, exclusive of pathological parameters, HBeAg
<100 PEIU/ml and ALT >200 IU/1. By contrast, only 6 of
the 99 (6.1%) patients without either of them achieved ear-
ly HBeAg seroconversion (Figure 2B).

Sensitivity, specificity, positive predictive value and nega-
tive predictive value of predicting early HBeAg seroconver-
sion are: 74.5% (31/58), 90.9% (160/176), 66.0% (31/47)
and 85.6% (160/187), respectively, for the combination of
HBeAg <100 PEIU/ml and grades >2 lobular inflamma-
tion; and 31.0% (18/58), 93.2% (164/176), 60.0% (18/30)
and 80.4% (164/204), respectively, for the combination of
HBeAg <100 PEIU/ml and ALT >200 IU/1.

Long-term clinical outcomes
Besides the 58 patients with early HBeAg seroconversion, an

additional 97 patients achieved HBeAg seroconversion dur-
ing a median follow-up period of 86.5 months. Cumulative
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Table 3. Univariate analysis of risk factors for early HBeAg seroconversion.

Early HBeAg seroconversion

Variables Achieved Not achieved pvalue
(n=58) (n=176)
Demographic data
Age (years) 36 (17-69) 37(12-74) - 0.303
Men (%) n 120068 072
Biolochemical markers i
Albumin (g/dI) 41(2.8-48) 41025-50) 0877
Platelets (x10Y/mm?) 171(43-291) 186(57-338) 0.487
ALT(U/) 227 (18-2072) o 21(13-2644) 0.002
AFP (ng/ml) 12(1-1863) © 6(0-683) 0.070
IP-10 (ng/ml) 259(77-1743) 204 (66-3253) 0.029
Virological markers
HBV genotypes A/B/C (%) 0/0/58 (0/0/100) 12173 (11/98) 1
HBsAg (IU/ml) 5127 (8-261647) 9033 (2-128511) 0.003
HBeAg (PEIU/ml) - 209(0.01-1985.0) 377.1(0.01-3179.7) <0.001
HBV DNA (log copies/ml) O 7237-8)) 7.8(3.6-8.9) 0.001
HBcrAg (log U/ml) 720579 8.0(54-9.1) <0.001
PCmutations: wild/mix/mutant (%) 26/31/1(45/53/2) 106/69/1(60/39/1) 0.075
(P mutations: wild/mix/mutant/others (%) 8/9/40/1 (14/15/69/2) 47/41/86/2 (27/23/49/1) 0.040
Pathological features k i '
Fibrosis stage: 0/1/2/3/4 (%) (%g?%g) 2;/36 51//23‘;3//12://2431) 0.033
Lymphocyti; aggregation: Q/ 1/2/3/4 (%) (gﬂ ;%ggg) ég?ﬁgﬁgg) 0.087
Piecemeal necrosis: 0/1/2/3/4 (%) (172/}221/};/}393//23) égﬁgggggg) 0.068
Lobular inflammation: 0/1/2/3/4 (%) el oo 0.002
Antiviral treatments within 1 year after biopsy (%) 28 (48) 63 (36) 0.091
Antiviral agents: 1/2/3/4* (%) 18/5/5/0 (64/18/18/0) 26/28/8/1 (41/4413/2) 0.051

Qualitative variables are expressed by the number of patients with percentage in parentheses, and quantitative variables are expressed by the
median with range in parentheses. ALT — alanine aminotransferase; AFP — alpha-fetoprotein; IP-10 — the interferon-gamma inducible protein-10;
HBV — hepatitis B virus; HBsAg — hepatitis B surface antigen; HBeAg — hepatitis B e antigen; HBcrAg — hepatitis B virus core-related antigen;

PC— precore; CP ~ core promoter. * 1, Interferon alpha; 2, lamivudine; 3, lamivudine plus interferon-alpha; 4, entecavir.

rates of HBeAg seroconversion at 1, 3, 5, 7 and 10 years were
24.8%, 50.1%, 66.3%, 71.3% and 73.1%, respectively, dur-
ing the follow-up >10 years after liver biopsies (Figure 3).
Of note, HCC developed in 18 of the 234 (7.7%) patients
during the follow-up.

Figure 4A compares cumulative HBeAg seroconversion
rates stratified by HBeAg titers and grades of lobular

inflammation. The patients, who had the combination of
HBeAg <100 PEIU/ml and lobular inflammation grades >2,
gained an HBeAg seroconversion rate higher than those
having 3 other combinations. Likewise, cumulative HBeAg
seroconversion rates stratified by HBeAg titers and ALT lev-
els are compared in Figure 4B. HBeAg seroconversion rate
of the patients, who had the combination of HBeAg <100
PEIU/ml and ALT >200 IU/1, was higher than those with 3
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in a certain time limit, perhaps 1 year. In the present study, the
majority of patients (99% of the 234 examined) were infected
other combinations, with definitive (p=0.003 and p<0.001) with HBV-of genotype C. Patients with persistent HBV infec-
or marginal (p=0.061) significance. tion in Japan are infected with HBV of either genotype B or C,
with an increasing gradient of C toward the south [29,30]. All

DiscussioN
10 o s .
HBeAg seroconversion is important as a clinical target in the
management of chronic hepatitis B. In the absence of ther-
0.8 apeutic interventions, HBeAg seroconversion occurs spon-
. taneously at a rate of 0.8-15% per year [28]. To date, many
£ = 06~ factors have been found in association with HBeAg sero-
Z 2 conversion, including older age, high ALT levels, genotype
& g 04 B (compared with C), the Knodell’s index of histologic ac-
z wv U
2 "~ Area under the curve (95% () tivities, the amount of HBV core anUgen in:the liver, high
£ & e HBeAG 0.750 (0.676~0.824) serum AFP levels, increased immunoglobulin-M anti-HBc
z 0.2 —— HBarAg 0.708 (0.634-0.782) titers, increased serum B-microglobuli ‘ncentratmns, en-
- /- o :EZAD%A&SS(S (S%i%;%g)m hanced expression of HIA- -antigens on the membrane of he-
g 0.0~ = . . s - . ; patocytes, non-vertical transmission odes, low HBV DNA
¢ 0.0 0.2 0.4 0.6 0.8 1.0 levels, and high serum levels of IL-lO as well asIL-12 [7-19].
E 1 Specificity <
f It would be clmlcally useful to predlct early HBeAg serocon-
= Figure 1. Receiver operating characteristic curves for evaluation of version, because antiviral treatments can be withheld in the pa-
s the power of predicting early HBeAg seroconversion. tients in whom HBeAg disappears and anti-HBe develops with-

<

Table 4. Multivariate analysis for the risk of early HBeAg seroconversion.

Hstribution pro

Variables o : Odds ratio 95%conﬁdence interval pvalue

iy

i

(A) Al factors mcludmg hlstologlcal characteristics

on

W HBeAg (<100 PEIU/ml) o 840 4IB-17.0% <0.001
Lobular inflammation (>2) R B3 2.009-9.331 <0.001
, (B) Factors exdlusive of hisiological cﬁaracteristics

HBeAg (<T00PEU/m) ' 137 3.703-14.497 <0.001
- AT(200IA) 3o 15626127 il

]
)

HBeAg — hepatitis B e antigen; ALT - alanine aminotransferase.

B

= HBeAg titers combined with grades of lobular inflammation
o 100 HBeAg titers combined with ALT levels
s g p<0.001 (chi-squared test) 100
i s 80— g p<0.001 (chi-squared test)
E g 66.0% 5 80—
& g 60 — o )
£ g £ w0 £0.0%
I “ e
S g 40.7%
- £ 243% £ 0
g S 20— 15.2% £ Z
. g 6.9% . S 0

. & 6.1%
. (n=58) (n=92) (n=37) (n=47) 0 I
= HBeAg (n=99) (n=51) (n=54) (n=30)
= (PEID/mL) 2100 2100 <100 <100 HBeAg
v Lobular (PEIU/mL) =100 2100 <100 <100
= inflammation <2 22 <2 >2 ALT (U/L) <200 2200 <200 2200
= (grade)

Figure 2. Probability of early HBeAg seroconversion. (A) The rate of early HBeAg seroconversion assessed by HBeAg titers and grades of lobular
inflammation. (B) The rate of early HBeAg seroconversion assessed by HBeAqg titers and ALT levels.
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Figure 3. Cumulative rates of HBeAg seroconversion in the 234
patients during 10 years. Cumulative rates of HBeAg
seroconversion at 1, 3, 5,7 and 10 years were 24.8%, 50.1%,
66.3%, 71.3% and 73.1%, respectively, during the follow-up.

the 234 patients had received liver biopsies before they were
started to be followed for HBeAg seroconversion. The pres-
ent study is unique in that, not only serological variables, but
also histological parameters were evaluated for the association
with early HBeAg seroconversion within 1 year. By univariate

analysis, many factors that have been reported in association

with HBeAg seroconversion predicted early HBeAg serocon-
version. Among them, only HBeAg (<100 PEIU/ml) and lob-
ular inflammation (grades >2) remained as independent fac-
tors for early HBeAg seroconversion by multivariate analysis.

Previous clinical studies have indicated that serial monitoring
of HBsAg, HBeAg and HBV DNA levels during antiviral treat-
ments is useful for predicting HBeAg seroconversion [20-23].
Although the determination of HBV DNA in sera remains as
an important tool for monitoring outcomes of patients with

chronic hepatitis B, it is technically challenging, costly, and
subject to inconsistency. Hence, three serological markers of
HBV replication, HBsAg, HBeAg and HBcrAg, were quan-
titated for evaluating the performance in predicting early
HBeAg seroconversion, in comparison with HBV DNA levels.
In the receiver operating characteristic analysis, HBeAg lev-
els performed the best amongst these four replication mark-
ers, with an area under curve wider than those of the other
three. Since the quantitation of HBeAg is relatively easy, fast,

and inexpensive, HBeAg would be quahﬁed as a sensitive and
practical predictor of early HBeAg ser jersion. [20—23]

The histological actmty has been repor ed'to predlct ear-
ly HBeAg seroconversion'in previous studies [14,31].

Therefore, pathologlcal parameters: mcludmg the stage
of fibrosis, as well as grades of portal inflammation, piece-
meal necrosis and Iobular inflammation, were evaluated in
this study. By multivariate analysis, lobular inflammation of
grades »2, represented by focal necrosis or acidophil bod-
ies, was identified as an independent factor for early sero-
conversion. Hence, portal inflammation without necrosis
would not be enough, but instead, severe lobular inflamma-
tion may be requlred for predicting early seroconversion.

Many previous studies have identified a variety of factors as-
sociated with HBeAg seroconversion [7-19], but a combi-

~ nation of serum markers of HBV with pathological param-

eters was evaluated rarely. Therefore, the combination of
HBeAg <100 PEIU/ml and grades >2 lobular inflammation
was evaluated for the predictability of early HBeAg serocon-
version, Patients with neither HBeAg <100 PEIU/ml nor
grades 22 lobular inflammation had a minimal chance for
early HBeAg seroconversion (6.9% [4/58]), whereas a high
proportion of patients with both of these predictors did ac-

~complish early seroconversion (66.0% [31/47]) (Figure 2A).

Thus, the combination of histologic activity and serum HBV
marker would be very useful for predicting early HBeAg se-
roconversion, and serve in decision making whether or not

A :
HBeAg seroconversion in patients stratified by HBeAg tibers and lobular inflammation
= 100 Group A1
g
g 8
=
g o . §_rqupA3 ......
2 1 Pl Group A4
= © S Tigedg low  Low m%h High
E] Lob.Int. High low High  Low
b 401 Group A1|Group A2} Group A3|Group A4]
% GroupAt| ~ [ 0.008 |<0.001 |<0.001
o 204 GroupA2| 0.008 | - 0.029
£ Goup 3| <001| 0177 | - | 088
E Group A4| <0.001] 0.029 | 0298 | -
s - e T
6 1 2 3 4 5 6 7 8 9 10
Group Patients at risk Follow-up (years)
A1 47 16 14 10 8 5 3 2 1 1 1
A2 37028 19 B3 1M 7 5 4 4 2 1
A3 92 78 57 46 34 31 23 19 7 13 12
A 58 54 4 32 26 18 14 4 14 13 N

B
HBeAg seroconversion in patients stratified by HBeAg tibers and ALT levels
§ 1001 Group B1
2 8 Group B2
qé 0 Group B3
g | g s Gioup B4 707
g 60 P A
=
< Low low  High  High
@ 40 P AT High low High Low
s “ Group B1|Group B2|Group B3| Group B4
% o ’qg GroupB1] - 0.061 | 0.003 |<0.001
T 204 S5 [Gowe? 0061 | -~ 020 [<omm
£ = & [GroupB3| 0003 | 0247 | - |oom
E o S [eroup 84} <0001 <0001 | 0025 | -
0 1 2 3 4 5 6 7 8 9 10
Group Patients at risk Follow-up {years)
B1 30 12 10 6 4 3 3 2 1 0 0
B2 54 32 B 17 15 9 5 4 4 3 2
B3 513 29 22 15 13 10 9 8 8 8
B4 99 93 69 56 45 39 31 24 23 18 15

Figure 4. Cumulative rates of HBeAg seroconversion in four groups of patients. (A) Cumulative rates of HBeAg seroconversion stratified by HBeAg
titers and grades of lobular inflammation. (B) Cumulative rates of HBeAg seroconversion stratified by HBeAg titers and ALT fevels, HBeAg
titers were dichotomized into low (<100 PEIU/mI) or high (=100 PEIU/mI); lobular inflammation grades into low (<2) or high (=2); and

ALT levels into low (<200 [U/1) or high (=200 1U/1).
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to commence antiviral treatments in HBeAg-positive patients
with chronic hepatitis B. Although some patients received
antiviral treatments, they would not have influenced the
evaluation to any serious extent. Within the first 1 year of
follow-up, antiviral treatments were given comparably fre-
quently to patients with and without early HBeAg serocon-
version (48% vs. 36%, p=0.091). In addition, HBeAg sero-
conversion is achieved by at most 12-27% of patients who
had received antiviral treatments during the first year [28].

Although liver biopsy is essential for defining the stage of
disease progression, it has some limitations, in that it is in-
vasive and accompanies the risk of complications. By multi-
variate analysis, exclusive of pathological factors, ALT >200
IU/1 remained as an independent factor (Table 4). ALT
>200 (IU/1), corresponding to 5 x the upper limit of normal
[ULN], coincided with the cut-off point recognized by the
receiver operating characteristic curve (data not shown). In
previous studies, also, ALT levels >5 x ULN were predictive
of early HBeAg seroconversion [19,32-33]. Present results
are in line with these observations, and point to the capa-
bility of ALT >200 IU/1 to replace lobular inflammation of
grades »2 in the patients in whom liver biopsy is not feasible.

CONCLUSIONS

The results of this study indicate that the combination of low
HBeAg titers and high grades of lobular inflammation is clin-
ically useful for predicting early HBeAg seroconversion in pa:
tients with chronic hepatitis B. When and if liver biopsy is not
to be performed, ALT can substitute for lobular inflamma-
tion. The combination of low HBeAg titers, with either high
grades of lobular inflammation or elevated ALT levels, predict-
ed not only early, but also long-term HBeAg seroconversion.
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GENETIC POLYMORPHISM-DISEASE ASSOCIATION
HLA-DP gene polymorphisms and hepatitis B infection

in the Japanese population

KIYOSHI MIGITA, SEIGO ABIRU, MASASHI OHTANI, YUKA JIUCHI, YUMI MAEDA, SUNG KWAN BAE, SHIGEMUNE BEKKI,
SATORU HASHIMOTO, KAKHARMAN YESMEMBETOV, SHINYA NAGAOKA, MINORU NAKAMURA, ATSUMASA KOMORI,
TATSUKI ICHIKAWA, KAZUHIKO NAKAO, HIROSHI YATSUHASHI, HIROMI ISHIBASHI, and MICHIO YASUNAMI

OMURA AND NAGASAKI, JAPAN

he mechanisms underlying the different outcomes of hepatitis B virus

(HBYV) infection are not fully understood.! Kamatani et al® identified an

association of the single nucleotide polymorphisms (SNPs) human leuko-
cyte antigen (HLA)-DPAI (rs3077) and HLA-DPBI (1s9277535) with chronic
HBYV infection in a genome-wide association study (GWAS). Additional studies
confirmed that rs3077 and rs9277535 were associated with chronic HBV infec-
tion in the Han-Chinese population and strengthened the findings from previous
GWAS.>¢ Furthermore, Hu et al’ reported that SNPs in HLA-DP (£s3077 and
1r$9277535) were associated with both HBV clearance and hepatocellular carci-
noma (HCC) development. To investigate the association of these HLA-DP var-
iants with the disease progression of HBV infection, we genotyped the 2 SNPs
(rs3077 and rs9277535) in different clinical stages of liver disease in Japanese
HBYV carriers.

CLINICAL SUMMARY

A total of 241 HBV carriers (positive for hepatitis B surface antigen) who
visited the clinics for liver diseases at the Nagasaki University Hospital or Na-
gasaki Medical Center between 1999 and 2007 were enrolled. As controls, 143
healthy Japanese volunteers (56 men and 87 women aged 16-63 years, with
a mean age of 31.3 & 8.9 years) without any history of liver disease were en-
rolled. All patients did not have any other types of liver diseases, such as chronic
hepatitis C, alcoholic liver disease, autoimmune liver disease, or metabolic liver
disease. The study protocol was approved by the Ethics Committees of National
Nagasaki Medical Center, and informed consent was obtained from each indi-
vidual, Of the 241 HBV carriers, 69 were considered to be asymptomatic car-
riers on the basis of sustained normalization of the serum alanine
aminotransferase (ALT) levels together with seropositivity for anti-hepatitis
Be antigen throughout the study. On the other hand, 172 of the 241 HBV carriers
were considered to have chronic liver disease, such as chronic hepatitis (57), cir-
rhosis (65), or HCC (50) manifested by elevated ALT levels and by clinical or
histologic findings on examination of liver tissue during the follow-up period.
Of the 50 patients with HCC, 6 (12%) were found to have chronic hepatitis
and 44 (88%) had cirrhosis. All patients were regularly followed with measure-
ments of serum ALT and HBV markers, such as hepatitis B surface antigen, hep-
atitis Be antigen, anti-hepatitis Be antibody, and HBV-DNA. A total of 79
patients had undergone liver biopsy during the study to assess the degree of liver
fibrosis. However, liver biopsy was not performed in patients who had apparent
biochemical, endoscopic, and ultrasound features of liver cancer. Tumor
markers such as alpha-fetoprotein and des-y-carboxy-prothrombin were mea-
sured with ultrasonography of the liver every 6 months to detect HCC in an early
stage. The diagnosis of HCC was made by several imaging modalities in all
patients and confirmed histologically by sonography-guided fine-needle tumor
biopsy specimens. The genotype of 1s3077 (HLA-DPAT) and rs9277535 (HLA-
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DPBI) was determined by direct sequencing. The apolipoprotein B mRNA-
editing enzyme catalytic peptide 3G (APOBEC3G H186R) genotyping was per-
formed on the basis of the report by An et al.®

The frequencies of the 2 SNPs of HLA-DPA] (1s3077) and HLA-DPBI
(rs9277535) are listed in Table I. There was a significant difference in the fre-
quencies between these 2 SNPs between Japanese HBV carriers and healthy
subjects, as described previously.3 We divided HBV carriers into 2 groups:
a nonadvanced group (asymptomatic carriers or chronic hepatitis, n = 115)
and an advanced group (liver cirrhosis or HCC, n = 126). The frequencies of
CC (rs3077) or GG (rs9277535) genotypes were higher in the advanced group
compared with those in the nonadvanced group; however, the difference was
not significant (Table I). Next, we stratified the HBV carriers for the presence
or absence of the APOBEC3G HI86R variant and examined the effects of
HLA-DP polymorphisms on the progression of HBV-related liver disease.
Both C and G alleles of rs3077 and rs9277535 significantly increased the risk
for advanced liver disease in HBV carriers lacking the HI186R variant (Table I1).

A 2-stage GWAS identified SNPs including rs3077 and rs9277535 located in
HLA-DPAI and HLA-DPBI, which were associated with a susceptibility to
chronic HBV infection.” After the first Japanese GWAS, 5 studies replicated the
association of these 2 HLA-DP SNPs (153077 and rs9277535) and chronic HBV
infection in the Han-Chinese population.”” Among these studies, an association
between HBV-related HCC and rs9277535 or rs3077 was demonstrated.” In this
study, we examined whether these 2 SNPs (rs3077 and rs9277535) in HLA-DP
genes were associated with the disease progression and susceptibility to HBV in-
fection in a Japanese population. As demonstrated previously, we reconfirmed that
153077 and rs9277535 in the HLA-DPA ] and HLA-DPBI genes were significantly
associated with HBV infection. Although some differences in the frequencies of
153077 and rs9277535 genotypes between HBV carriers with advanced liver dis-
ease (liver cirrhosis and HCC) and those without advanced liver disease were ob-
served, these differences were not statistically significant.

Recent evidence suggests that APOBEC3G inhibits HBV production by inter-
fering with HBV replication through hypermutation of the majority of the HBV
genome.® Because of the APOBEC3G gene’s ability to regulate HBV replication,
mutations of the gene may cause a deleterious variation that may affect the out-
come of HBV infection. Among the SNPs identified in the APOBEC3G gene,
H186R variant was strongly associated with a decline in CD4™ T-cell numbers
and accelerated progression to acquired immune deficiency syndrome—defining
conditions in human immunodeficiency virus-infected individuals.”'® Viral
disease outcome is influenced by host variability in immune response genes
and genes that control viral replication or mutation rate.!' APOBEC3G coding
region variant might influence the progression of HBV infection by inducing
the replication of HBV.'? Therefore, genetic diversity of immune response genes,
such as HLA, and genes that control viral replication, such as APOBEC3G, could
contribute to the variability in outcome of HBV infection. To minimize the effects
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Table |. Association between HLA-DP polymorphisms (rs3077, rs9277535) and HBV infection
Healthy Advanced Nonadvanced
HBV carrier subjects HBV carrier HBV carrier
OR OR
SNPID n =241 (%) n = 143 (%) Pvalue* (95% Ch n =115 (%) n = 126 (%) Pvalue® 95% CI)
rs3077
C/C 148 (61.4) 47 (32.9) 77 (67.0) 71(56.3
(o72) 79(32.8) 72 (50.3) 33(28.7) 46 (36.5)
T 14 (6.8) 24 (16.8) 5(4.3) 9(7.1)
C allele (allele 375 (77.8) 166 (68.0) <0.0001 2.533 (1.843-3.483) 187 (81.3) 188 (74.6) 0.077 1.480
frequencies) (0.957-2.290)
rs9277535
G/G 143 (59.3) 45 (31.5) 73 (63.5) 70 (55.6)
NG 82 (34.0) 72 (50.3) 36 (31.3) 46 (36.5)
ANA 16 (6.6) 26 (18.2) 6(5.2) 10(7.9)
G allele (allele 368 (76.3) 162 (56.6) <0.0001 2.471 {1.804-3384) 182 (79.1) 186 (73.8) 0.170 1.345
frequencies) (0.880-2.056)

Abbreviations: Cl, confidence Interval; HBV, hepatitis B virus; OR, odds ratio; SNP, single-nucleotide polymorphism.

*Pvalues were calculated using the chi-square test.

Table ll. Association between HLA-DP polymorphisms (1s3077, 159277535) and the outcome of HBV infection in HBV carrier

without H186R variant
Advanced HBV carrier Nonadvanced HBV
SNP ID n = 90 (%) cartier n = 108 (%) P vaiue® OR (95% CI)

13077

C/C 64 (71.1) 60 (55.6)

C/T 22 (24.4) 40 (37.0)

T 4(4.4) 8(7.4)
C allele (allele frequencies) 150 (83.3) 160 (74.1) 0.026 1.750 (1.065-2.874)
1$9277535

G/G 5 (5.6) 10(9.3)

AG 24 (26.7) 39 (36.1)

AA 61 (67.8) 59 (54.6)
G allele (gllele frequencies) 146 (81.1) 167 (72.7) 0.049 1.614 (1.000-2.604)

Abbreviations: Cl, confidence interval; HBV, hepatitis B virus; OR, odds ratio; SNP. single-nucleotide polymorphism.

*P values were culculated using the chi-square test.

of viral factors, such as APOBEC3G-mediated HBV editing, and evaluate the ef-
fect of HLA-DP more precisely, we focused on the subjects without the HI86R
variant. Because the APOBEC3G coding region variant might influence
the progression of HBV infection,'' we investigated the effect of HLA-DP poly-
morphisms on the outcome of HBV infection in HBV carriers lacking the H186R
variant.

Our results showed that HLA-DP polymorphisms were associated with the
progression of HBV infection and that this association was significant in Japa-
nese HBV carriers lacking H186R variants. Our data demonstrated that HLA-DP
polymorphisms are important in determining the susceptibility and the progres-
sion of HBV infection in the Japanese population.

One limitation of our study is the lack of information of HBV genotypes in the
patients studied. Another limitation is that the number of HBV carriers (n = 241)
is relatively small. Larger studies are needed to confirm the results of our study.

CONCLUSIONS

We confirmed that rs3077 and rs9277535 SNPs in the HLA-DP locus are as-
sociated with the susceptibility and progression of HBV infection in the Japa-
nese population. Further functional analyses are warranted to validate the
biological plausibility of these SNPs in chronic HBV infection.
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Aim: Add-on adefovir dipivoxil {ADV) therapy has been a
standard rescue treatment for patients with lamivudine
(LAMj-resistant chronic hepatitis B, but the overall benefits of
long-term add-on ADV therapy are still limited. The aim of this
study was to evaluate the long-term efficiency of add-on ADV
treatment and o explore predictive factors associated with it.

Methods: A total of 158 patients with LAM-resistant chronic
hepatitis B were included in this retrospective, multicenter,
nationwide study in Japan. After confirming LAM resistance,
ADV was added to LAM treatment. Three types of events
were considered as outcomes: virological response, hepatitis
B e antigen (HBeAg) clearance and alanine aminotransferase
(ALT) normalization. Virological response was defined as
serum hepatitis B virus (HBV) DNA levels of less than 3 log
copies/mL. Baseline factors contributing to these outcomes
were examined by univariate and multivariate analyses.

Results: The median total duration of ADV treatment was
41 months {range, 6-84}. The rate of virological response was

90.8% at 4 years of treatment; HBeAg clearance and ALT nor-
malization were achieved by 34.0% and 82.7%, respectively, at
the end of follow up. Each outcome had different predictive
factors: baseline HBV DNA and albumin level were predictive
factors for virological response, history of interferon therapy
and ALT level for HBeAg clearance, and sex and baseline
albumin level for ALT normalization.

Conclusion: Long-term add-on ADV treatment was highly
effective in LAM-resistant chronic hepatitis B patients in terms
of virological and biochemical responses. Lower HBV replica-
tion and lower albumin level at baseline led to better
outcomes.

Key words: adefovir dipivoxil, alanine aminotransferase
normalization, chronic hepatitis B, hepatitis B e antigen
clearance, lamivudine resistance, virological response
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INTRODUCTION

HRONIC HEPATITIS B (CHB) is an important
cause of morbidity and mortality worldwide.'” The
main goals of therapy in CHB patients are to prevent the
development of liver failure, due to subsequent liver
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cirrhosis, and the émergence of hepatocellular carci-
noma (HCC). All of these are likely be achieved by
suppressing hepatitis B virus (HBV) replication, which
thereby leads to remission of liver disease.”

Lamivudine (LAM) treatment has been used to
prevent the progression of CHB and the development of
HCC.? LAM is an effective and well-tolerated wreatment
for patients with CHB, but it has the major limitation
of drug-resistant mutants arising at a rate of 16-32%
during the first year of treatment and increasing by 15%
with each additional vear of treatment.*® The wide-
spread use of LAM monotherapy in CHB patients before
introduction of entecavir, which is more potent, has
progressively increased the numbers of patients with
LAM-resistant HBV mutant strains.

Adefovir dipivoxil (ADV) has been reported to be
effective in suppressing HBV replication and approved
as a standard therapy in LAM-resistant patients.”’’
However, data concerning the long-term efficacy of
ADV treatinent in LAM-resistant CHB patients: are still
limited. The aims of this study were to evaluate the
long-term efficiency of ADV add-on treatment based on
virological response (VR), hepatitis B e antigen {(HBeAg)
clearance and alanine aminotransferase (ALT) normal-
ization, and to explore the predictive factors associated
with ADV add-on treatment.

METHODS

Patients

TOTAL OF 158 patients (109 males and 49
fernales) were included in this retrospective study
from 21 medical centers of the National Hospital Orga-
nization {(NHO) in Japan. Both IBeAg positive and
negative CHB patients were considered eligible if they
had documented LAM resistance confirmed by detection
of mutations in the YMDD motif of the reverse
transcriptase gene of the virus (genotypic resistance),
elevated serumy HBV DNA levels (24 log copies/mL
andfor >1log copies/mL elevation from the LAM
on-treatment nadir) and/or elevated serum ALT levels
(>40 IU/L). Patients were excluded if they had decom-
pensated liver cirrhosis, HCC at the initiation of ADV, or
it they had co-infections (human immunodeficiency
virus, hepatitis C virus) or other concomitant liver dis-
eases such as autoimmune liver disease. Patients with no
available clinical, biochemical, serological or virological
data at baseline as well as every 6 months during treat-
ment were also excluded.
Patient records were extracted from each institutional
database. All data were labeled with their respective
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institution and pooled. In total, 20 variables were exam-
ined to evaluate the long-term responses. The following
variables were used as baseline factors: sex, HBeAg
status, liver disease, age, body mass index, duration of
LAM monotherapy, history of interferon (IFN) therapy,
serm  HBY DNA level, aspartate aminotransferase
(AST), ALT, y-glutamyl transpeptidase (y-GTP), platelet

~(PLT) counts, and total bilirubin (T-Bil), albumin (Alb),

prothrombin tme (PT) and o-fetoprotein. (AFP) levels.
All were measured at the initiation of ADV therapy. For
each variable, it was not used in the stepwise analysis if
missing data accounted for more than 10% of the cases.

The study conformed to the ethical guidelines of the
1975 Dedlaration of Helsinki. Written informed consent
was. obtained from all patients and approval of this
study was obtained from the NHO.

Statistical analysis

Three types of events were considered as outcomes: (i)
VR; (ii) HBeAg clearance; and (iii) ALT normalization.
VR was defined as serum HBV DNA levels of less than
3 log copies/mL by a quantitative real-time polymerase
chain reaction assay, and ALT normalization was
defined as a decrease in ALT levels 1o less than 31 IU/L
during the on-treatment follow-up period. Baseline
factors that could have an impact in the prediction of
VR, HBeAg clearance as well as ALT normalization were
investigated. The predictive value of several baseline
parameters for VR was evaluated using time-to-event
methods, because of the varying length of follow up.
Time-to-event analysis was carried out using Kaplan-
Meier estimates to draw cumulative incidence curves,
compared by log-rank tests, as well as using univariate
and multivariate Cox's proportional hazards models in
combination with stepwise regression analysis. Factors
contributing to HBeAg clearance and ALT normalization
during ADV add-on therapy were estimated using mul-
tivariate multiple logistic regression analysis in combi-
nation with stepwise regression analysis. A stepwise
variable selection procedure was used for variables that
were at least marginally associated with the outcomes.
Covariates included in these analyses were binomial
or continuous variables. Quartile analysis was initially
performed separately for each continuous variable to
make the decision regarding cut-off points. At first, we
divided each continuous data into quarters 1o convert
numerical values into four categorical values. Then, we
estimated whether there was a regular trend among
these four ordinal categorical data with outcome and
selected a cut-off point among the 25th, 50th and 75th
percentiles so that these variables could be appropriately
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