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DISCUSSION

N JAPANESE PATIENTS, virological response to triple

therapy with telaprevir, PEG IFN and RBV was excel-
lent. We have previously reported thatin 20 patients with
chronic HCV-1b infection with high viral load who
received triple therapy for 12 weeks, HCV RNA became
undetectable in 50% at 2 weeks, 79% at 4 weeks, 88% at
G weeks, 94% at 8 weeks and 100% at 12 weeks.® This
previous study was a randomized open-label study in
which telaprevir was administrated at doses of 2250 or
1500 mg/day. Early virological response at 7 and 14 days
was similar for both telaprevir doses, suggesting that
virological response to triple therapy is not affected by
lowering the telaprevir dose. Therefore, to expand the
dataset, we retrospeciively evaluated HCV RNA response
and safety during 12 weeks of triple therapy including the
two different telaprevir doses followed by PEG IEN and
RBV foran additional 12 weeks: we analyzed 204 cases in
total. However, because of the non-random nature of
treatment allocation, there was a preponderance of
women, elderly and anemic patients in the group receiv-
ing telaprevir 1500 mg/day. Because there were many
differences in baseline characteristics between telaprevir
2250 and 1500 mg/day groups, we selected 60 patients
per group who were matched by age, sex and history of
previous IFN-based treatment. Therefore, there were
no differences in baseline characteristics between both
groups in this analysis, except for IL28B genotype.
Although we tried to match the distribution of IL28B
genotypes between both groups, this was not possible
because of the small number of cases. Therefore, we
matched the groups by the history of previous IFN-based
treatment, which we considered a similarly strong pre-
dictive factor of triple therapy. Moreover, there was a
significant difference in the initial dose of RBV between
both groups. A significant number of patients underwent
RBV dose reductionsat the beginning of treatment in the
telaprevir 1500 mg/day group because we considered
that such patients were likely to experience hemoglobin
decrements during triple therapy, but before November
2011, we could not reduce the initial dose of telaprevir
and RBV. Nine patients (15.0%) receiving telaprevir
2250 mg/day and 32 cases {53.3%) receiving 1500 mg/
day underwent RBV dose reduction at the beginning of
treatment. In other words, the group receiving telaprevir
1500 mg/day had a significantly lower initial dose of
telaprevir and RBV dose than did the group receiving
2250 mg/day (Table 2).

However, in the present study, HCV RNA became
undetectable during the 12 weeks of treatment at
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similar or higher rates in the telaprevir 1500 mg/day
group than in the 2250 mg/day group (Fig. 1). In the
IL28B TT genotype, the early virological response of the
telaprevir 1500 mg/day group was significantly higher
than that of the 2250 mg/day group. Although we
assessed baseline factors, drug adherence and drug dis-
continuation rates only in the IL28B TT genotype, there
were no significant differences between both groups,
except for lower telaprevir adherence up to 12 weeks
and a greater number of cases of PEG IFN and RBV
dose reductions at the beginning of treatment in the
telaprevir 1500 mg/day group. Therefore, the reason for
significant differences in the early virological response
between both groups is unclear. However, we consid-
ered that these results did not affect the SVR rate
because HCV RNA became undetectable in all patients
in both groups at 8 weeks after the start of wiple
therapy. In all cases, IL28B T cases and non-IT cases,
there were no significant differences in SVR rates after
triple therapy between those receiving telaprevir 2250
and 1500 mg/day (Figs 3,4). By examining the detailed
course of drug administration from 12-24 weeks
(Table 2), we found that the group receiving telaprevir
1500 mg/day had a lower discontinuation rate of
telaprevir and higher adherence to RBV and PEG IFN up
to 24 weeks in spite of the low initial RBV dose. Fur-
thermore, hemoglobin levels showed greater reductions
during triple therapy with telaprevir 2250 mg/day than
with telaprevir 1500 mg/day, and the group receiving
telaprevir 2250 mg/day had a significantly higher dis-
continuation rate of telaprevir due to anemia than did
the group receiving telaprevir 1500 mg/day (Fig. 2).
Therefore, telaprevir 1500 mg/day may be a safe option
as part of triple therapy, while maintaining PEG IFN
and RBV adherence.

Viral breakthrough or relapse can occur during
telaprevir monotherapy or telaprevir plus PEG IEN dual
therapy (without RBV) because of the development of
mutations that confer resistance to telaprevir.”**~* Fur-
thermore, in a Japanese phase III trial of triple therapy
in relapsers and non-responders who had not achieved
SVR to a previously administrated IFN-based regimen,
SVR rates inaeased as RBV adherence increased, par-
ticularly in previous non-responders.” In triple therapy
with telaprevir, PEG IFN and RBV, we consider that
telaprevir could be important for early virological
response, but it could also be important for maintain-
ing high adherence to PEG IFN and RBV, which is a
key factor for achieving SVR. We speculate that triple
therapy induding telaprevir at the reduced dose of
1500 mg/day could maintain high levels of adherence

© 2013 The Japan Sodiety of Hepatology



E170 H. Sezaki et al.

to PEG IFN and RBV, and consequently achieve high
SVR rates.

In this study, we investigated the independent predic-
tors for SVR in the multivariate analysis (Table 3). As
reported in previous studies, IL28B genotype remained
the strongest predictor of SVR.%*! The next strongest
predictive factor was sex: women had significantly lower
SVR rates than did men (Fig. 3). However, when we
investigated the SVR rates of the telaprevir 2250 mg/day
group and 1500 mg/day group, we found that there
were significant differences in SVR rates between men
and women in the telaprevir 2250 mg/day group but no
differences in the telaprevir 1500 mg/day group. In the
previous study, we reported that female sex was one of
the factors influencing decreases in hemoglobin levels
during triple therapy administrated 2250 mg/day of
initial telaprevir dose.”® In the present study, the discon-
tinuation rates of telaprevir due to anemia were signifi-
cantly higher in women in the telaprevir 2250 mg/day
gioup as compared with men (36.7% vs 3.3%,
P=0.002, data not shown), but there were no differ-
ences in the discontinuation rates of telaprevir due to
anemia between men and women in the telaprevir
1500 mg/day group (0% vs 10%, P=0.237, data not
shown). Therefore, we speculate that there were signifi-
cant differences in SVR rates between men and women
because of high telaprevir discontinuation rates owing
to anemia in women.

In conclusion, after the completion of 24 weeks of
therapy, triple therapy including telaprevir at a reduced
dose of 1500 mg/day was as effective as triple therapy
including telaprevir 2250 mg/day at suppressing HCV
RNA to undetectable levels and achieving SVR. Of note,
we found that telaprevir 1500 mg/day was associated
with lower levels of anemia and discontinuation of
telaprevir owing to anemia, and higher PEG IFN and
RBV adherence during triple therapy. These results
suggest that the telaprevir 1500 mg/day regimen is an
effective and safe alternative for the treatment of elderly
and female Japanese patients. This study is a retrospec-
tive study. Prospective randomized controlled studies
with longer follow-up periods are required to fully
assess the efficacy and safety of an initial telaprevir dose
of 1500 mg/day.
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Abstract

Background & Aims: Genome-wide association studies (GWAS) recently
indicated that polymorphisms in the human leucocyte antigen (HLA)-DP
genes were associated with risk of persistent hepatitis B virus (HBV) infection
and clearance of HBV, but the effect of HLA-DP gene polymorphisms on the
effect of antiviral therapy was unknown. We here investigated whether such
polymorphisms were associated with decreases in HBsAg levels and seroclea-
rance in patients who received long-term lamivudine (LAM) treat-
ment. Methods: Japanese patients (202) who were hepatitis B e antigen
positive at baseline, received LAM as first-line treatment, and consented to
HLA-DP genotyping (HLA-DPAI 1rs3077 and HLA-DPBI1 1s9277535) were
categorized into two cohorts, viz., a cohort who achieved virological response
without rescue therapy (cohort 1) and those who did so with rescue therapy
(cohort 2). Results: Serum HBsAg levels declined significantly between year
3 and 9 from baseline among cohort 1 patients possessing >2 A-alleles at
rs3077 and rs9277535. The percentages of such patients in cohort 1 patients
with decreases in HBsAg >0.5 log IU/ml were higher than those with <2 A-
alleles (71.8% [28/39] vs. 38.9% [23/59]; P = 0.004). However, there was no
significant difference in cumulative HBsAg seroclearance rates between
patients with >2 and those with <2 A-alleles in cohort 1. In cohort 2, HBsAg
seroclearance rates were higher in patients with >2 A-alleles than in those
with <2 A-alleles (P = 0.003). Conclusion: We found an association between
HLA-DP polymorphisms and decreases in HBsAg levels and seroclearance
among HBeAg-positive patients treated with LAM.

More than 2 billion people worldwide have been
exposed to hepatitis B virus (HBV) and about 350 mil-
lion people are chronically infected, the majority of
whom are in Asia (75%). The prevalence of HBV in
Japan is 0.8%, which is lower than that in other Asian
countries, such as Taiwan (>10%) and China (1-3).
Recently, oral nucleot(s)ide analogues (NAs) have been
used as a mainstay therapeutic strategy against chronic
hepatitis B. Such antiviral agents, including lamivudine
(LAM), entecavir (ETV), telbivudine, adefovir dipivoxil
(ADV) and tenofovir disoproxil fumarate, inhibit viral
replication. These NAs vary in both the strength and the
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rapidity with which they suppress HBV DNA (4-10).
Sustained viral suppression by NA therapy can improve
liver fibrosis and clinical outcomes of patients (11, 12).
LAM was the first NA to be approved for treating
chronic hepatitis B in Japan, followed by ADV and ETV.

Responses to antiviral treatments can be evaluated by
monitoring serum HBV DNA levels, and hepatitis B e
(HBeAg) and hepatitis B surface antigen (HBsAg) and
antibody levels. Serum HBsAg levels have been recog-
nized as one of the predictive markers of the prognosis
and effect of antiviral therapy. Some studies recently
reported the rates of HBsAg seroclearance and HBsAg
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kinetics after pegylated interferon (PegIFN) and/or NAs
therapy (13-15). These studies demonstrated that
HBsAg seroclearance is associated with HBV genotype,
baseline HBsAg levels, and the decrease in HBsAg early
during treatment. However, it remains unclear whether
host factors are associated with treatment-related
HBsAg seroclearance.

Genome-wide association studies (GWAS) have been
well applied in the field of viral hepatitis, and several
studies have reported that the human leucocyte antigen
(HLA)-DP locus, located on chromosome 6, is associ-
ated with the risk of persistent infection with HBV (16).
A few studies have reported that the HLA-DP locus is
also associated with HBV clearance (17-20). Two single
nucleotide polymorphisms (SNPs) in a region including
HLA-DPAI and HLA-DPBI are strongly associated with
persistent HBV infection (HLA-DPAI rs3077 and HLA-
DPBI 1s9277535). The minor alleles (A-alleles) of both
rs3077 and rs9277535 seem to have protective effects
against chronic hepatitis B (16). Although there have
been two reports on the association between the HLA-
DP locus and antiviral therapy for chronic hepatitis B,
further investigation of association of HLA-DP SNPs
with the effect of antiviral therapy is warranted (21, 22).

We therefore hypothesized that the minor alleles of
HLA-DPAI rs3077 and HLA-DPBI rs9277535 may have
an impact on HBsAg kinetics and seroclearance during
NA therapy.

In this study, we investigated whether polymor-
phisms in HLA-DP genes are associated with reduction
in HBsAg titres and seroclearance in chronic HBeAg-
positive hepatitis B patients who received long-term
LAM treatment and subsequently achieved favourable
sustained viral responses.

Patients & methods
Study population

Over a period of 12 years (September 1995 to Septem-
ber 2007), 949 consecutive patients, chronically mono-
infected with HBV (confirmed HBsAg positivity over a
period of at least 6 months), were treated with LAM
monotherapy at the Department of Hepatology, Toran-
omon Hospital, Metropolitan Tokyo. The indication
for antiviral therapy was abnormal ALT levels accom-
panying the increase in HBV DNA levels (over 4 log
copies/ml). However, in cases where ALT levels were
normal, patients with advanced fibrosis were also
administrated LAM. We selected 791 patients as study
subjects after we excluded all those who had been trea-
ted with LAM for <6 months, were co-infected with
hepatitis C virus, had not provided sufficient serum
samples, and/or had insufficient clinical records. No
patient was co-infected with human immunodeficiency
virus in this cohort. Of these 791 patients, 441 were
HBeAg positive and 350 were HBeAg negative at base-
line.
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HLA-DP SNPs were analysed in 253 of 441 patients
who are HBeAg positive. Ninety eight of 253 patients
achieved viral response (VR: HBV DNA <600 copies/
ml) and subsequently maintained low viral load (HBV
DNA <1 log copies/ml from nadir; cohort 1). Over time,
136 of these 253 individuals experienced an increase in
HBV DNA (>1 log copies/ml; e.g. because of virological
breakthrough [VBT]), and as a result, 133 (98%) indi-
viduals were provided with ADV treatment (10 mg)
added to LAM, as a rescue therapy. Of the 133, 104
patients achieved VR with rescue therapy and subse-
quently maintained a low viral load (HBV DNA <1 log
copies/ml from nadir; cohort 2). Thus, in total, 202
patients were enrolled in this retrospective cohort study
(Fig. 1). All of these patients are Japanese. Written
informed consent was obtained from each patient. This
study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki and was approved a
priori by the institution’s human research committee.

Clinical data collection and follow-ups

Data on patient characteristics, biochemistry, haematol-
ogy, virology, histology and previous treatments were
collected and registered in our institute’s database at the
time of patient enrolment. Prior to beginning LAM
therapy, the presence of family history of HBV infection
was surveyed in all patients. Data on the treatment dose
and duration of previous IFN therapy were collected
from our hospital’s IFN therapy database or requested
from other hospitals as necessary.

At least every 1-3 months, liver function and virolog-
ical markers of HBV infection were measured in all
patients. All serum HBsAg titres were measured from
frozen serum samples collected at 6 months, 1, 3,
5 years, and once annually for 6-10 years, and then
stored at —80°C. The time-point of HBsAg clearance
was defined by the measurement in consecutive avail-
able serum samples before HBsAg undetected. A geno-
typic analysis of drug resistance was performed in cases
of insufficient virological response or VBT, defined as
an increase in serum HBV DNA levels >1 log above the
nadir measured after the initial virological response.
Cirrhosis was diagnosed by laparoscopy, liver biopsy, or
clinical data, such as imaging modalities and portal
hypertension. The primary outcome for this study was
seroclearance and significant reduction in HBsAg. The
endpoint of the follow-up was HBsAg clearance or last
visit before March 2013.

Markers of HBV infection

Serum HBsAg titres were measured using ARCHITECT
HBsAg QT assay kits (Abbott Laboratories, Tokyo,
Japan), which have a lower limit of detection of
0.05 IU/ml and an upper limit of detection of 250 U/
ml. To expand the upper range from 250 to
125 000 IU/ml, serum samples exceeding the scale were
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| 949 consecutive patients treated by lamivudine ]

, Exclude: treatment durat ion < 6 months, HCV
co-infection, insufficient clinical records

l 791 patients enrolled !

1 484 HLA-DP SNPs typing [

1 253 patients are baseline HBeAg + I

/

HBVDNA < 600 copies/ml within 1 year
subsequently maintained VR

98 patients
(cohort 1)

wn VR, VBT w/o rescue Tx

Rescue Tx due to VBT

l—vExclude: non VR

Achieve and maintain VR

|

104 patients
(cohort 2)

Fig. 1. Schematic of study protocol. HBeAg, hepatitis B e antigen; HCV, hepatitis C virus; HLA, human leucocyte antigen; SNP, single nucle-
otide polymorphism; VBT, virological breakthrough; VR, virological response.

diluted stepwise to 1:20 and 1:500 with ARCHITECT
diluents as the product document described. HBeAg
was determined by enzyme-linked immunosorbent
assay with a commercial kit (HBeAg EIA; Institute of
Immunology, Tokyo, Japan). HBV DNA was quantified
using the Amplicor monitor assay (Roche Diagnostics,
Tokyo, Japan), which has a dynamic range over 2.6-7.6
log copies/ml, or COBAS TagMan HBV v.2.0 (Roche
Diagnostics), which has a dynamic range over 2.1-9.0
log copies/ml. A commercial kit (HBV Genotype EIA;
Institute of Immunology) was used to determine HBV
genotypes serologically by using the combination of epi-
topes expressed on the pre-S2 region product, which is
specific for each of the seven major genotypes (A-G).
YMDD mutants (rt M2041/V) were determined by poly-
merase chain reaction-based enzyme-linked mini-
sequence assay with a commercial kit (Genome Science
Laboratories, Tokyo, Japan).

HLA-DP SNPs typing

SNPs in HLA-DPAl (rs3077) and HLA-DPBI
(rs9277535), located on chromosome 6, were genotyped
by TaqMan assay or Invader assay, as previously
described (16). IL28B genotype was assayed for the
rs8099917 SNP using TaqMan assay or Invader assay.

Statistical analyses

Categorical data were compared between groups using
chi-square or Fisher’s exact tests. Continuous variables
with a non-parametric distribution were analysed with
Mann—Whitney U-tests, while those with a parametric
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distribution were analysed with Student’s #-tests. Cox
regression analyses were used to assess which variables
were significantly associated with HBsAg clearance. All
baseline factors that were found to be significantly asso-
ciated with HBsAg clearance by univariate analysis were
entered into a multivariate analysis. Independent base-
line factors associated with clearance of HBsAg were cal-
culated using a stepwise Cox regression analysis.
Cumulative HBsAg clearance rates were analysed using
the Kaplan—-Meier method; differences in the resulting
curves were tested using log-rank tests. Cochran—Armit-
age trend tests were performed for the association
between HBsAg seroclearance and an increase in the
number of A-alleles. Significance was defined as
P < 0.05 for all two-tailed tests. Data analysis was per-
formed with IBM spss version 19.0 software (IBM Corp.,
Armonk, NY, USA) and Rr software version 2.13 (R
Foundation for Statistical Computing, Vienna, Austria;
www.r-project.org).

Results
Patient characteristics and clinical course

Eighteen of 202 patients successfully cleared HBsAg. Of
these, 11 belonged to cohort 1, and seven to cohort 2.
Table 1 provides a comparison of the baseline charac-
teristics between patients who were and were not able to
successfully clear HBsAg (all patients, cohort 1 and
cohort 2).

In cohort 1, baseline characteristics that were signifi-
cantly associated with HBsAg clearance included HBV
genotype and high HBV DNA levels; in cohort 2, such

Liver International (2015)
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Table 1. Baseline and demographic characteristics of patients with and without HBsAg seroclearance

LAM VR cohort (without LAM add-on rescue
rescue Tx) (cohort 1) Tx cohort (cohort 2)
HBsAg
Persistently HBsAg seroclearance Persistently HBsAg HBsAg seroclearance
Characteristics All patients (n = 202) positive (n = 87) (n=11 P positive (n = 97) (n=7) P
Baseline
*Age (y) (SD) 43(11.5) 41(11.9) 45 (12.6) 0.553 43(11.3) 44 (6.3) 0.590
Gender (male:female) 151:51 60:27 9:2 0.499 75:22 7:0 0.341
Family history of HBV infection 139 (69) 57 (66) 6 (60) 0.737 71(73) 4(57) 0.395
Previous IFN therapy 100 (49) 44(51) 9(82) 0.060 42 (43) 5(71) 0.240
Pre-existing cirrhosis 42 (21) 16 (18) 1(9) 0.685 23(24) 2(29) 0.676
HBV genotype 0.016 1.65 x 10°°
A 8(4.0) 3(3.4) 3(27) 0(0) 2(28.6)
B 9(4.5) 6(6.9) 0(0) 2(2.1) 1(14.3)
C 180 (89.1) 76 (87.4) 8(73) 92 (94.8) 4(57.1)
D 1 (0.5) 0(0) 0(0) 1(1.0) 0(0)
Unclassified/missing 4(1.9) 2(2.3) 0(0) 2(2.1) 0(0)
Baseline HBV DNA (log copies/ml) 6(6.7-8.1) 7.4 (6.4-8.0) 8.0(7.6-8.6) 0.036 7.7 (6.7-8.1) 7.9(7.2-8.0) 0.693
Baseline HBsAg level (IU/ml) 3070 (1290-10 800) 2350 (1040-6650) 5660 (773-52 500) 0.168 3370(1720-12 100) 2300 (946-66 600) 0.948
Baseline AST level (IU/L) 86 (60-174) 105 (60-244) 229 (64-1170) 0.109 77 (60-130) 88 (49-218) 0.829
Baseline ALT level (JU/L) 149 (80-337) 173 (94-441) 480 (79-1024) 0.132 125 (71-226) 106 (96-152) 0.953
Baseline total bilirubin level (mg/dl) 8(0.6-1.1) 0.8(0.6-1.3) 8(0.6-7.4) 0.409 0.8(0.5-1.1) 0.8(0.6-1.1) 0.799
*Platelet count (10%/mm?3) (SD) 16 1(5.6) 16.9 (6.4) 14 2(3.1) 0.201 15.6 (5.3) 13.3(2.9) 0.252
HLA-DPAT (rs3077) 0.949 0.001
GG 125 (61.9) 51 (58.6) 6 (54.6) 67 (69.1) 1(14.3)
GA 65(32.2) 30 (34.5) 4(36.3) 27 (27.8) 4(57.1)
AA 12 (5.9) 6(6.9) 1(8.1) 3(3.1) 2(28.6)
HLA-DPB1 (rs9277535) 0.288 0.039
GG 117 (57.9) 50 (57.5) 5 (45.4) 61(62.9) 1(14.3)
GA 71(35.2) 29(33.3) 6 (54.5) 31(32.0) 5(71.4)
AA 14 (6.9) 8(9.2) 0(0) 5(.1) 1(14.3)
Number of A-alleles >2 74 (36.6) 34(39.1) 5 (45.4) 0.750 29(29.9) 6(85.7) 7 0.006
(rs3077, rs9277535)
Treatment duration 9.0(7.3-11.2) 9.0(7.2-11.8) 6.5 (2.5-9.6) 0.084 9.4(8.0-11.2) 6.5(3.8-11.7) 0.132

Except where marked with an asterisk (*), values are expressed as the median and 25th-75th percentile (parenthetically), or number and percentage (parenthetically). Asterisks indicate data displayed
as mean values and standard deviation. Bold text indicates statistically significant P-values.
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significant characteristics included HBV genotype and
HLA-DP SNPs. Ninety-one of 98 patients in cohort 1
sustained VR (HBV DNA <600 copies/ml) during NA
treatment. Within 1 year, HBV DNA levels have
increased minimally by <1 log copies/ml from the nadir
in the other seven patients. Forty-four patients switched
from LAM to ETV (0.5 mg/day) in cohort 1 because of
favourable viral suppression. Viral suppression was sub-
sequently continued after switching from LAM to ETV
in cohort 1 patients. In cohort 2, the median duration
from the start of rescue therapy to VR was 24 weeks.

Baseline characteristics and early virological response by
HLA-DP gene polymorphisms

The genotypic distributions of rs3077 and rs9277535
genotypes were in Hardy-Weinberg equilibrium
(x*=0.671, P=0714 and y%*>=0.513, P=0774
respectively). The minor allele frequencies (MAF) of
rs3077 and rs9277535 were 0.220 and 0.245 respectively
(minor allele = A).

Table 2 shows baseline characteristics and early viro-
logical response stratified by HLA-DP gene genotype.
There were no differences in the distribution of baseline
characteristics by rs3077, rs9277535 or the number of
A-alleles at rs3077 and rs9277535. There were no differ-
ences in the early virological response (decline of HBsAg
level [>0.5 log IU/ml within 6 months], HBeAg seroc-
learance within 6 months, and undetectable HBV DNA
[<400 copies/ml at 6 months]) by HLA-DP gene poly-
morphisms. There were no differences in the distribu-
tion of baseline characteristics, and in the early
virological response by rs8099917 of IL28B gene
(Supplementary Table).

Association between HLA-DP gene polymorphisms and
HBsAg kinetics in cohort 1

HBsAg kinetics in cohort 1 is shown in Fig. 2A. Among
patients with A-alleles >2 at the HLA-DP polymor-
phisms (rs3077, rs9277535), the median HBsAg change
from baseline was —0.36 log IU/ml at 3 years, —0.49 at
5 years, —0.60 at 7 years and —0.73 at 9 years. Among
patients with the number of A-alleles <2, the median
changes were —0.06 log IU/ml at 3 years, —0.15 at
5 years, —0.23 at 7 years and —0.38 at 9 years. HLA-DP
gene polymorphisms had a significant effect on the
slopes between data collection points at 3 and 9 years.
Moreover, we subanalysed HBsAg kinetics only in
patients with HBV genotype C because about 90% of
this cohort had genotype C. The results were similar to
those of all genotypes. HLA-DP gene polymorphisms
had a significant effect on the slopes between data col-
lection points at 5 and 7 years (Fig. 2). The significant
differences in HBsAg decline were not observed accord-
ing to IL28B polymorphism.

We categorized the slopes of HBsAg kinetics from
baseline to last visit into three groups as follows: no
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decline, <0.5 log IU/ml decrease or increase, slow
decline, 0.5-0.99 log IU/ml decrease, and rapid decline,
over 1 log IU/ml decline. The percentages of patients in
which the number of A-alleles at the HLA-DP polymor-
phisms >2 were 30.8% (12/39) in the rapid decline
group, 41.0% (16/39) in the slow decline group, and
28.2% (11/39) in the no decline group (Fig. 2C). The
percentages of patients with <2 A-alleles were 22.0%
(13/59) in the rapid decline group, 16.9% (10/59) in the
slow decline group, and 61.0% (36/59) in the no decline
group (Fig. 2C). There were significant differences in
the HBsAg decline patterns according to HLA-DP poly-
morphisms (P = 0.004). The results were similar in
HBV genotype C subpopulation. There were significant
differences in the HBsAg decline patterns according to
HLA-DP polymorphisms as shown in Fig. 2D
(P = 0.001).

Association between HLA-DP gene polymorphisms and
HBsAg kinetics in cohort 2

Because the timing of VBT in cohort 2 patients varied, it
was difficult to analyse the kinetics of changes in HBsAg
levels. Therefore, we examined HBsAg kinetics after the
achievement of VR by rescue therapy (Fig. 3A). Among
patients with A-alleles >2, the median HBsAg change
from VR with rescue therapy was —0.15 log IU/ml at
1 year, —0.31 at 3 years, —0.53 at 5 years and —0.63 at
7 years, and among patients with A-alleles <2, the med-
ian changes were —0.08 log IU/ml at 1 year, —0.21 at
3 years, —0.37 at 5 years and —0.43 at 7 years. HLA-DP
gene polymorphisms had a significant effect on the
slopes of VR between 1 and 5 years. Although the ten-
dency of HBsAg change was observed in HBV genotype
C subpopulation, HLA-DP gene polymorphisms had
only a marginally significant effect on the slopes of VR
(Fig. 3B). The significant differences in HBsAg decline
were not observed according to IL28B polymorphism.
The percentages of VR patients with A-alleles >2 with
>1 log IU/ml declines in HBsAg levels were significantly
higher than those with <2 A-alleles (Fig. 3C). Moreover,
the results were similar in genotype C subpopulation
(Fig. 3D).

We evaluated whether ALT flare-up before starting
ADV, HBeAg loss before starting ADV, and HBsAg lev-
els at the start of ADV affected subsequent HBsAg
seroclearance in cohort 2 because the phenomenon in
which virological response and breakthrough by LAM
resistance resulted might affect clinical courses. Median
peek ALT levels before ADV were 234 TU/L (interquar-
tile range, IQR: 23-385) in patients with HBsAg seroc-
learance, and 132 IU/L (IQR: 62-308) with persistent
HBsAg positivity. There was no significant difference in
peek ALT levels before ADV (P = 0.851). Thirty-one
patients (29.8%) achieved HBeAg loss during LAM
monotherapy before ADV added-on LAM. Four of
31 patients (12.9%) with HBeAg loss, and 3 of 73
patients (4.1%) without HBeAg loss achieved HBsAg

Liver International (2015)
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Table 2. Baseline, demographic and on-treatment characteristics according to HLA-DP genotypes

1$3077 MAF = 0.220 150277535 MAF = 0.245 Number of A-alleles
Characteristics GG(n=125 GA(n=65 AA(MNn=12) P GG(n=117) GA(nh=71) AA(n=14) P <2(n=128) >2(n=74) P
Baseline
*Age (year) (SD) 44(12.0) 41(10.8) 43(8.2) 0.309 44(12.1) 42 (10.7) 42 (10.0) 0.536 44 (11.8) 42 (10.8) 0.304
Gender (male:female) 88:37 53:12 10:2 0.191 81:36 58:13 12:2 0.101 91:37 60:14 0.132
Family history of HBV 79 (69) 38 (68) 7(70) 0.807 80 (68) 48 (68) 10(71) 0.973 86 (67) 52 (70) 0.636
infection
Previous IFN therapy 55 (44) 37 (57) 8(67) 0.113 51 (44) 39 (55) 10(71) 0.076 57 (45) 43 (58) 0.080
Pre-existing cirrhosis 25 (20) 13 (20) 4(33) 0.564 23 (20) 16 (23) 321 0.898 26 (20) 16 (22) 0.858
HBV genotype 0.772 0.673 0.767
A 4(3.2) 3(4.6) 1(8.3) 2(1.7) 5(7.0) 1(7.1) 4(3.1) 4(5.4)
B 5(4.0) 3(4.6) 1(8.3) 4(3.4) 4(5.6) 1(7.1) 5(3.9) 4(5.4)
C 113 (90.4) 58(89.2) 9(75) 107 (91.4) 61 (86.0) 12(85.7) 116 (90.6) 64 (86.5)
D 1(0.8) 0(0) 0(0) 1(0.9) 0(0) 0(0) 1(0.8) 0
unclassified/missing 2(1.6) 1(1.7) 1(8.3) 3(.7) 1(1.4) 0(0) 2(1.6) 2(2.7)
Baseline HBV DNA 7.6 7.5 7.1 0.892 7.6 7.7 6.8 0.082 7.6 7.5 0.862
* (log copies/ml) (6.7-8.0) (6.8-8.1) (5.9-8.6) (6.7-8.1) (6.8-8.2) (5.7-7.8) (6.7-8.1) (6.7-8.0)
Baseline HBsAg 3180 2910 2420 0.582 3110 3070 1690 0.792 3120 2930 0.455
level (IU/ml) (1350-12 600) (1270-5700) (1010-10 700) (1170-12 300) (1790-7250) (1200-10 500) (1300-12 700) (1280-6030)
Baseline AST level (JU/L) 83 100 82 0.343 85 88 97 0.637 84 93 0.178
(58-166) (63-228) (62-575) (57-168) (64-218) (58-214) (58-165) (63-235)
Baseline ALT level (IUL) 137 188 138 0.367 145 151 150 0.679 142 173 0.209
(76-268) (84-375) (91-861) (71-297) (82-371) (72-462) (77-263) (86-380)
Baseline total bilirubin 0.8 0.8 0.8 0.567 0.8 0.8 0.8 0.769 0.8 0.8 0.229
level (mg/dl) 0.6-1.1) (0.6-1.2) (0.7-1.6) (0.6-1.1) (0.6-1.2) (0.6-1.2) (0.6-1.1) (0.6-1.3)
*Platelet count 16.3 (5.5) 16.1(6.3) 14.5(4.1) 0.535 16.4 (5.6) 15.9(6.1) 15.0(3.8) 0.551 15.7 (6.0) 16.4 (5.5) 0.190
(10%mm?) (SD)
Early treatment response
Decline of HBsAg level 26 (21) 19 (29) 3(25) 0.447 24(21) 24 (28) S 321 0.375 26 (20) 22 (30) 0.170
(>0.5 log IU/ml within
6 months)
HBeAg positive—»clearance 41 (33) 19 (29) 6 (50) 0.389  40(34) 20 (28) 6(43) 0.477  42(33) 24 (32) 1.000
within 6 months
Undetectable HBY DNA 74 (59) 43 (66) 9(75) 0.439 72 (62) 43 (58) 11(79) 0.464 76 (59) 50 (68) 0.287
(<400 copies/ml) at
6 months

Except where marked with an asterisk (¥), values are expressed as the median and 25th—75th percentile (parenthetically), or number and percentage (parenthetically). Asterisks indicate data displayed
as mean values and standard deviation. MAF; minor allele frequency. Bold text indicates statistically significant P-values.
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Fig. 2. (A) Median change in HBsAg level from baseline in patients with HLA-DP gene alleles (cohort 1; all patients). The asterisk (*) indicates
a statistical significance of P < 0.01, and (**) indicates P < 0.05 as determined by the Mann-Whitney U-test. (B) Median change in HBsAg
level from baseline in patients with HLA-DP gene alleles (cohort 1; HBV genotype C only). The asterisk (*) indicates a statistical significance
of P < 0.01, and (**) indicates P < 0.05 as determined by the Mann-Whitney U-test. (C) Patterns of decrease in HBsAg in all cohort 1
patients with the number of A-alleles in rs3077 and rs9277535. No decline is defined as <0.5 log decrease or increase, slow decline as 0.5-
0.99 log decline, and rapid decline as >1.0 log decline. (D) Patterns of decrease in HBsAg only in HBV genotype C cohort 1 patients with the
number of A-alleles in rs3077 and rs9277535. No decline is defined as <0.5 log decrease or increase, slow decline as 0.5-0.99 log decline,

and rapid decline as >1.0 log decline.

seroclearance after ADV added-on LAM. However,
there was no significant difference in HBsAg seroclea-
rance among patients with or without HBeAg loss
(P = 0.192) before ADV because the number of patients
with HBsAg seroclearance was small. There was also no
significant difference in cumulative HBsAg seroclea-
rance rates among patients with or without HBeAg
loss (P = 0.166). Median HBsAg levels at the start of
ADV were 1310 IU/ml (IQR: 6.64-44 200) in patients
with HBsAg seroclearance, and 5850 IU/L (IQR:

1296

2160-16 500) with persistent HBsAg positivity. There
was no significant difference in HBsAg levels at the start
of ADV (P = 0.400). Median peek ALT levels before
ADV were 132 IU/L (IQR: 66-259) in patients with
A-alleles <2, and 138 TU/L (IQR: 51-457) with A-alleles
>2. Median HBsAg levels at the start of ADV were
5730 ITU/ml (IQR: 2490-18 000) in patients with
A-alleles <2, and 5450 IU/L (IQR: 1320-12 000) with
A-alleles >2. There were no significant differences in
peek ALT levels before ADV and HBsAg levels at the
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Fig. 3. (A) Median change in HBsAg level from VR in patients with HLA-DP gene alleles (cohort 2). The asterisk (*) indicates a statistical sig-
nificance of P < 0.05 as determined by the Mann-Whitney U-test. VR, virological response. (B) Median change in HBsAg level from VR in
patients with HLA-DP gene alleles (cohort 2; HBV genotype C only). The asterisk (**) indicates a marginal significance of P < 0.10 as deter-
mined by the Mann-Whitney U-test. VR, virological response. (C) Decreases of >1 log U/ml of HBsAg levels over time in all cohort 2 patients
with the number of A-alleles in rs3077 and rs9277535. (D) Decreases of >1 log U/ml of HBsAg levels over time only in HBV genotype C
cohort 2 patients with the number of A-alleles in rs3077 and rs9277535.

start of ADV according to the number of A-alleles
(ALT; P = 0.625, HBsAg; P = 0.320).

Association between HLA-DP polymorphism and HBsAg
seroclearance

We performed a detailed analysis of the association
between HLA-DP gene polymorphisms and HBsAg

Liver International (2015)
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seroclearance in patients treated with LAM. Cumulative
HBsAg clearance rates from baseline in cohort 1 patients

* were as follows: 2.6% at 3y, 5.3% at 5y, and 14.4% at 7
y in patients with A-alleles >2; 1.7% at 3y, 5.5% at 5y,
7.4% at 7 y, and 12.4% at 9 y in patients with <2 A-
alleles (Fig. 3A). There was no significant difference in
HBsAg seroclearance rates between these two patient
groups.
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Cumulative HBsAg clearance rates from the achieve-
ment of VR with rescue therapy in cohort 2 patients
were as follows: 2.9% at 1y, 14.3% at 3 y, and 17.6% at
5y in patients with A-alleles >2; 0% at 3 y and 1.7% at 5
y for patients with <2 A-alleles (Fig. 3B). HBsAg seroc-
learance rates from VR were significantly higher in
cohort 2 patients with =2 A-alleles than in those with
fewer A-alleles.

Multivariate Cox regression analysis identified four
significant baseline characteristics related to HBsAg
clearance: previous IFN therapy, infection with HBV
genotype A, high total bilirubin levels and A-alleles >2
in the combined cohort (Table 3; model 1). However,
in subanalysis among patients with genotype C, A-alleles
>2 was not significantly associated with HBsAg clear-
ance (Table 3; model 2). It seems to be that the reason
is because the rates of HBsAg seroclearance was rela-
tively low in genotype C subpopulation (Table 1).
IL28B polymorphism was not associated with HBsAg
seroclearance.

Number of A-alleles at rs3077 and rs9277535 and HBsAg
seroclearance

We performed a detailed analysis of the association
between the number of A-alleles and HBsAg clearance.
Figure 4C shows the percentage of HBsAg seroclearance
over time in all patients (cohort 1 -+ 2), stratified by the
number of A-alleles. The percentage of HBsAg seroclea-
rance over time was positively correlated with the num-
ber of A-alleles (P for trend = 0.009).

Discussion

We found that HLA-DP gene polymorphisms are associ-
ated with HBsAg kinetics in HBeAg-positive chronic
hepatitis B patients who began treatment with LAM and
continued with long-term NA therapy. HLA-DP gene
polymorphisms were significantly associated with
HBsAg seroclearance, and particularly in patients who
received add-on rescue therapy. HBsAg kinetics and
seroclearance during NA therapy were positively
affected by a higher number (>2) of A-alleles, i.e. the
minor alleles at rs3077 and rs9277535.

Kamatani et al. first reported the association between
the HLA-DP locus and chronic HBV infection, after
GWAS in Japanese and Thai samples (16). Similar
results have been reported in Chinese, Korean, German
and other Japanese populations (17, 19, 20, 23, 24). The
HLA-DP locus appears to be associated with natural
HBV clearance. Kamatani et al. identified that two
SNPs, viz., rs3077 and rs9277535, from a region includ-
ing HLA-DPAI and HLA-DPBI, were strongly associ-
ated with chronic hepatitis B (16). Therefore, we here
analysed the association between these two SNPs and
HBsAg kinetics and seroclearance during NA therapy.
Previous studies showed that the minor alleles (A) of
rs3077 and rs9277535 protected against chronic HBV
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infection. We could also demonstrate that HBsAg levels
decreased faster in patients with than those without A-
alleles, as we had hypothesized. Although the reason for
this finding is unclear, O’Brien et al. reported that the
expression of HLA-DPAI and HLA-DPBI mRNA in
normal human liver tissue increased in healthy donors
with the presence of the minor allele of rs3077 and
1s9277535 (18). They also showed that the order of
expression levels of HLA-DPAI and HLA-DPBI was
AA > AG > GG in both rs3077 and rs9277535, while
the odds ratio for chronic HBV infection followed the
opposite order. These findings support our finding that
a larger number of A-alleles at rs3077 and 1rs9277535
were associated with a higher percentage of HBsAg se-
roclearance in patients receiving long-term NA therapy,
as shown in Fig. 4C. Greater expression of HLA-DPAI
and HLA-DPBI may facilitate HBsAg level decrease and
seroclearance during NA therapy. Furthermore, previ-
ous studies reported that genetic variants in the antigen-
binding region of HLA-DQ were also associated with
persistent HBV infection (19, 23). Future studies should
investigate the association between the combination of
genetic variants at the HLA-DP and HLA-DQ loci and
HBsAg kinetics.

In this study, besides the HLA-DP polymorphisms,
HBsAg seroclearance was likely to occur in patients who
had HBV genotype A, high bilirubin levels at baseline,
and had previously undergone IFN therapy (Table 3). It
has previously been reported that HBV genotype A is
associated with HBsAg seroclearance during NA therapy
(15, 25, 26). High ALT flares sometimes result in biliru-
bin flares and high virological responses have been
reported in response to robust IFN therapy-induced
ALT flares (27, 28). Moreover, Wursthorn et al. indi-
cated that both antiviral potential of NAs and antiviral
T-cell reactivity are associated with HBsAg clearance in
response to telbivudine treatment (25). Although the
treatment duration and timing of previous IFN were
not associated with HBsAg seroclearance during LAM
treatment as described in our previous paper (15), these
results imply that both direct antiviral potential and
host immune response are needed to achieve HBsAg
seroclearance.

There were several limitations to our study. First,
because LAM has a high potential for drug resistant
mutations, many patients receiving LAM had experi-
enced VBT and required rescue therapy (add-on ADV).
Consequently, the study population available for this
study had to be divided into a VR without rescue ther-
apy cohort (cohort 1) and a LAM add-on rescue therapy
cohort (cohort 2) to ensure a uniform treatment
response, resulting in small cohort sizes. Second,
because HLA-DP SNP analysis could not be conducted
in all patients received LAM, there may have been a
selection bias. However, the allele frequencies of rs3077
in HLA-DPAI and rs9277535 in HLA-DPBI in this
study were similar to those observed in previous studies.
Third, we were not able to collect immunological data
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Table 3. Baseline factors associated with HBsAg clearance, as determined by univariate and multivariate analysis (cohort 1 + 2)

Univariate

HBsAg clearance

Multivariate (Model 1)

Multivariate (Model 2)

HBsAg clearance

HBsAg clearance

Variable rate ratio (95% Cl) P rate ratio (95% Cl) P rate ratio (95% Cl) P
Age (per year) 1.01 (0.97-1.06) 0.493

Gender (F) 0.41(0.09-1.78) 0.234

Family history of HBV infection 0.61(0.23-1.61) 0.318

Previous IFN therapy 3.47 (1.14-10.5) 0.028 3.14 (1.02-9.65) 0.045 5.51(1.13-26.8) 0.035
Pre-existing cirrhosis 0.91(0.60-1.38) 0.645

HBV genotype (A) 16.0 (5.63-45.4) 1.88 x 1077 21.6 (7.05-66.3) 7.63 x 1078

HBV DNA (per log copies/ml) 1.47 (0.92-2.34) 0.104

HBsAg (per log IU/ml) 1.71(0.86-3.38) 0.123

AST (per IU/L) 1.001 (1.000-1.002) 0.018

ALT (per IUL) 1.001 (1.000-1.001) 0.044

Total bilirubin (per mg/dl) 1.21(1.03-1.43) 0.018 1.23 (1.02-1.48) 0.029 1.30 (1.05-1.61) 0.015
Platelet count (per 1.0 x 10%mm?3) 0.93(0.84-1.02) 0.132

rs3077 (non-GG) 2.69 (1.04-6.93) 0.041

rs9277535 (non-GG) 2.78 (1.04-7.42) 0.041

Number of A-alleles among rs3077 2.81(1.09-7.25) 0.033 2.88 (1.09-7.58) 0.044

and rs9277535 (=2)

IL28B rs8099917 (non-TT) 0.31(0.04-2.36) 0.313

Treatment group 1.35(0.84-2.17) 0.213

(without rescue Tx)

Bold text indicates statistically significant P-values; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBsAg, hepatitis B virus surface antigen; HBV, hepatitis B virus; Cl, confidence inter-

val; IFN, interferon; Tx, treatment.

Model 1; including all patients. Model 2; including only patients with genotype C.
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Fig. 4. (A) Kaplan-Meier life table showing cumulative HBsAg clearance rates by the number of A-alleles in rs3077 and rs9277535
(cohort 1). (B) Kaplan-Meier life table showing cumulative HBsAg clearance rates after achievement of VR with rescue therapy by the
number of A-alleles (cohort 2). (C) Percentage of HBsAg seroclearance over time in all patients with the number of A-alleles in rs3077
and rs9277535.
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on our subjects. Fourth, we could not find association
between the HLA-DP polymorphisms and HBsAg kinet-
ics and seroclearance in HBeAg-negative patients receiv-
ing long-term LAM in our institute (data not shown).
The reason for the results in HBeAg-negative patients
remains unclear, but may be necessary to repeat this
analysis in a larger population. Finally, our results
should be validated by further studies investigating a
large study population receiving long-term ETV or ten-
ofovir with high antiviral potency and a high genetic
barrier.

In our study, we observed an association between
HLA-DP polymorphisms and declines in HBsAg levels
and seroclearance among HBeAg-positive patients trea-
ted with LAM and who subsequently achieved favour-
able VR. HBsAg levels declined faster in patients with
two or more A-alleles (minor alleles) at rs3077 and
rs9277535, than those with fewer A-alleles. Although
HLA-DP polymorphisms may not markedly affect the
decision of the treatment choice, it will be helpful to
identify the mechanism of HBsAg seroclearance among
HBV-infected patients in future. Moreover, future stud-
ies should validate these findings in high antiviral treat-
ment regimens among large cohorts of patients with
chronic hepatitis B.

Acknowledgements

We are grateful to Prof. Chayama and his staff at Hiro-
shima University for help with HLA-DP SNP genotyp-
ing.

Financial Support: This research was partly supported
by grants from the Ministry of Health, Labour and
Welfare of Japan.

Conflict of interest: These authors disclose the follow-
ing: Dr. Kumada reports having received investigator,
lecture, and consulting fees from Bristol-Myers Squibb,
Dainippon Sumitomo Pharma Co., MSD KK, and Toray
Co. Dr. Ikeda reports having received investigator, lec-
ture, and consulting fees from Dainippon Sumitomo
Pharma Co. The rest of the authors do not have any
disclosures to report.

References

1. Lee WM. Hepatitis B virus infection. N Engl ] Med 1997;
337: 1733-45.

2. Lai CL, Ratziu V, Yuen MF, Poynard T. Viral hepatitis B.
Lancet 2003; 362: 2089-94.

3. Merican I, Guan R, Amarapuka D, et al. Chronic hepatitis
B virus infection in Asian countries. | Gastroenterol Hepa-
tol 2000; 15: 1356-61.

4. Chang TT, Gish RG, de Man R, et al. A comparison of
entecavir and lamivudine for HBeAg-positive chronic hep-
atitis B. N Engl ] Med 2006; 354: 1001-10.

5. Dienstag JL, Schiff ER, Wright TL, et al. Lamivudine as
initial treatment for chronic hepatitis B in the United
States. N Engl ] Med 1999; 341: 1256-63.

Liver International (2015)
© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Association between HLA-DP SNPs and hepatitis B surface antigen kinetics

6. Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, et al. Ade-
fovir dipivoxil for the treatment of hepatitis B e antigen-
negative chronic hepatitis B. N Engl | Med 2003; 348:
800-7.

7. Lai CL, Gane E, Liaw YF, et al. Telbivudine versus lamivu-
dine in patients with chronic hepatitis B. N Engl ] Med
2007; 357: 2576-88.

8. Lai CL, Shouval D, Lok AS, et al. Entecavir versus lamivu-
dine for patients with HBeAg-negative chronic hepatitis B.
N Engl ] Med 2006; 354: 1011-20.

9. Marcellin P, Chang TT, Lim SG, et al. Adefovir dipivoxil
for the treatment of hepatitis B e antigen-positive chronic
hepatitis B. N Engl ] Med 2003; 348: 808-16.

10. Marcellin P, Heathcote EJ, Buti M, et al. Tenofovir diso-
proxil fumarate versus adefovir dipivoxil for chronic hepa-
titis B. N Engl ] Med 2008; 359: 2442-55.

11. Di Marco V, Marzano A, Lampertico P, et al. Clinical out-
come of HBeAg-negative chronic hepatitis B in relation to
virological response to lamivudine. Hepatology 2004; 40:
883-91.

12. Marcellin P, Gane E, Buti M, et al. Regression of cirrhosis
during treatment with tenofovir disoproxil fumarate for
chronic hepatitis B: a 5-year open-label follow-up study.
Lancet 2013; 381: 468-75.

13. Buster EH, Flink HJ, Cakaloglu Y, et al. Sustained HBeAg
and HBsAg loss after long-term follow-up of HBeAg-posi-
tive patients treated with peginterferon alpha-2b. Gastro-
enterology 2008; 135: 459—67.

14. Buster EH, Flink HJ, Simsek H, et al. Early HBeAg loss
during peginterferon alpha-2b therapy predicts HBsAg
loss: results of a long-term follow-up study in chronic
hepatitis B patients. Am J Gastroenterol 2009; 104:
2449-57.

15. Hosaka T, Suzuki F, Kobayashi M, et al. Clearance of hep-
atitis B surface antigen during long-term nucleot(s)ide
analog treatment in chronic hepatitis B: results from a
nine-year longitudinal study. J Gastroenterol 2013; 48:
930-41.

16. Kamatani Y, Wattanapokayakit S, Ochi H, et al. A gen-
ome-wide association study identifies variants in the HLA-
DP locus associated with chronic hepatitis B in Asians.
Nat Genet 2009; 41: 591-5.

17. Guo X, Zhang Y, Li J, et al. Strong influence of human
leukocyte antigen (HLA)-DP gene variants on develop-
ment of persistent chronic hepatitis B virus carriers in the
Han Chinese population. Hepatology 2011; 53: 422-8.

18. O’Brien TR, Kohaar I, Pfeiffer RM, et al. Risk alleles for
chronic hepatitis B are associated with decreased mRNA
expression of HLA-DPA1 and HLA-DPB1 in normal
human liver. Genes Immun 2011; 12: 428-33.

19. Hu L, Zhai X, Liu J, et al. Genetic variants in human leu-
kocyte antigen/DP-DQ influence both hepatitis B virus
clearance and hepatocellular carcinoma development.
Hepatology 2012; 55: 1426-31.

20. Nishida N, Sawai H, Matsuura K, er al. Genome-wide
association study confirming association of HLA-DP with
protection against chronic hepatitis B and viral clearance
in Japanese and Korean. PLoS ONE 2012; 7: €39175.

21. Tseng TC, Yu ML, Liu CJ, et al. Effect of host and viral
factors on hepatitis B e antigen-positive chronic hepatitis
B patients receiving pegylated interferon-alpha-2a therapy.
Antivir Ther 2011; 16: 629-37.

1301

- 349 -



Association between HLA-DP SNPs and hepatitis B surface antigen kinetics

22.

23.

24,

25.

26.

Seto WK, Wong DK, Fung J, et al. Reduction of hepa-
titis B surface antigen levels and HBsAg seroclearance
in chronic hepatitis B patients receiving 10 years of
nucleoside analogue therapy. Hepatology 2013; 58:
923-31.

Mbarek H, Ochi H, Urabe Y, et al. A genome-wide associ-
ation study of chronic hepatitis B identified novel risk
locus in a Japanese population. Hum Mol Genet 2011; 20:
3884-92.

Vermehren J, Lotsch J, Susser S, et al. A common HLA-
DPAL1 variant is associated with hepatitis B virus infection
but fails to distinguish active from inactive Caucasian car-
riers. PLoS ONE 2012; 7: €32605.

Wursthorn K, Jung M, Riva A, et al. Kinetics of hepatitis
B surface antigen decline during 3 years of telbivudine
treatment in hepatitis B e antigen-positive patients. Hepa-
tology 2010; 52: 1611-20.

Heathcote EJ, Marcellin P, Buti M, et al. Three-year effi-
cacy and safety of tenofovir disoproxil fumarate treatment

1302

- 350 -

27.

28.

Hosaka et al.

for chronic hepatitis B. Gastroenterology 2011; 140:
132-43. .

Nair S, Perrillo RP. Serum alanine aminotransferase flares
during interferon treatment of chronic hepatitis B: is sus-
tained clearance of HBV DNA dependent on levels of pre-
treatment viremia? Hepatology 2001; 34: 1021-6.

Flink HJ, Sprengers D, Hansen BE, et al. Flares in chronic
hepatitis B patients induced by the host or the virus? Rela-
tion to treatment response during Peg-interferon {alpha}-
2b therapy. Gut 2005; 54: 1604-9.

Supporting information

Additional Supporting Information may be found in the
online version of this article:

ch

Table S1. Baseline, demographic and on-treatment
aracteristics according to IL28B genotypes

Liver International (2015)
© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



BT (L 25 MF 2014 Vol29 No7
O HEAFAANELZ T —

HCV Wt %€ D i S ¥

5 HCV BERBRRICHITHRBEX

FUHIC

L Tl S - S F 8 F 2R EEEK
W T L0 EEGORRFICLEL S L O
ERTHoTWAIENS, KR LETLY;, i
WEICFIZ SN TnwaE, ZIICCRFRY A
WA (HCV) PEHET L, 422 YT
DI 2 EORBECREREODHKHARE LTI
RITZENHLNIE>TETWE, JT7 A4
WAFIZ LD 7 AV AREREET D EIRH{LAY
WwETH I L, genotype 3® DY £V ATHR
WLDSHE R Z L &h s, INHORBRE
DOFEEIIE T A NWRELI ) RIELD L,
A IWAZDHDODOEBEMENDOERERIES
BbhoTWnbLDEEZLNTWS,

IHNEFCHILOBMEZHBEL LT 2L
%, DNA BHOMERRE (F/7 37 X) %
BHEOHBENENT (FusF 32 2) 2rhb
NTE7Z LaLads, EBROMBANTIEE

Key words : HCV, A %37 2,

Cellular Metabolome during Hepatitis C Virus Infection

FHGE  ZEmt™ ARH EOR™
A B BH REee

AFAZ ALY AL NIV TOEFHE
HENZ—FLewI e bEw, 20T, KH#
EYIERRBICE > DD, HERTO
TALPBRE LR TV EW I B H . e
WoORENEN (XZROIJRA) MEHSN

TWh, KETIE., A¥K03I 7 Ao
L e T, HCV &g FMHIZ 5 2 2 28

FEE|Z X HCV &% Huh?
MY LAz, HCV O EDEAFHET L H
*MR5D -8, core 75 NS2 £ TREFMIZ
W 2 Milakk & NS3 225 NS5B £ TH 58
T34 74 5L 7)) 3 riilatky B

DWW TR 72w,

00 Hov mappETREABICSR D
e

RS, BLICHEREEHAICEI DN
EENTVD, ERIE, ZVva—2AZFHL
TIANF—THDLATPREAETLEE DI,
FEAEDATP A2 b A 7 T YRR

el s, o F— (U, IREICE. A

Hideki AizakiMami Matsuda

Akira Fujimoto,” Takaji Wakita

*E NS RAET AT 7 A VW AT (T162-8640 WRTERFI i <71 1-23-1)

38 (810 EORH AN Vol.29 No.7 2014

- 3561 -

0911-601X/14/ JCOPY



L OMEAL) YRR LIS R AL T A, &
HIZ, MEERIZE C DR G IARE~ORTEA L
Bk ES L HEHEHSTHD, —4,
P A T X BRE IR RIS K % )
T O— VYL NI — AR ST 58T
hHb.

HCV AU 5 2 D ISV T,
Wiz - WAL AWV ORHTH S, FRERDTT
D, HAVIIHEHEHET DL L),
Y 5 MEPBES AL TS, HCVee! %
W S A 7RO I 7 A2 {To72L 25,
B B oo v M #ES @ glucose 6-phosphate
(G6P), fructose 6-phosphate (F6P), fruc-
tose-1,6-biphosphate (FB'P). phosphoenol-
pyruvic acid (PEP), pyruvic acid A |24
MLTWi, 7aE—%—7 vt A Tk, B
£ O EEFE Td % phosphoenolpyruvate car-
boxylase (PEPCK) 71— % — G iz
FL7Z s oZ{kid core-NS2 58141 Ha bk
TLRO LN, BEROHEEBELETH S glu-
cokinase (GK), phosphofructokinase (PFK),
pyruvate kinase (PK) > mRNA (& #hifm) #
g DA EE 3 Td A pyruvate carboxylase
(PBC), PEPCK, FBPase, G6Pase (&7 f#
&R L7z,
phenylalanine, tryptophan, tyrosine 7z &® 7%
MEET I BRISIZEA oo b oo,
a2 M & 115 aspartic acid, glutamine,
glutamic acid, glycine, proline, serine,
threonine % & DFEEMET I / BEOEKT 2580
5, core-NS2 FEBUMfabk TH kR ThH - 72,
UEDERERDS, HCV AR TIIRBERDTTE
THL0LEZ LN, ZO%E{bi HCV k&
FHEIC L Ao REtEARIE S 7.

2 512, isoleucine, leucine,

0 Hov mamEEREER#ICSRD
s

FREFCECB L Cid, HCV B IZPEv, o

L A7 a—)v, $tEhihl sphingosine 38 & O
sphinganine % & DA77 « > JREEHEML T
W ALAFO—LRAT 4 Y IREIET
S ERRD EEIREW L LTHSNTSE
D, EEBRO% L DR T v 7 THNLO /MK,
T IE, MR & o 2o AR B 2 U L
TW5b HCV OMGlIZ & » THER A ki &
LBoTWwaeEZOLNS, £, A74 20T
BEE IV AT O—WIZIEE T 7 b OB
THhbHIeMmn, HCV oy, #HE, RTE
BAZHIZZ>TnDHbDEEZ HNEY Y,

HCV 2 & % Mg o B 1L @ B rr & HCV
AT7BIEF P T AT 2=y oy AW
e ETHLEM IR ->TWAY, HCV T &
F1 13 BUA R O 1R %5 K f sterol regulatory
element binding protein-1 O % 1~ L T,
MR G R R O Z EFC, TRITBRGH %
AHESHTWD,. —F, I b3y P TICRE
b L7237 |ENIIRIERR O~ — & FR{L & i
L. EoOEREETIHTHD, 72,
microsomal triglyceride transfer protein % f&
TaEc700, BERLE) R&H (VLDL) 7
WA L, MBSO BRIEEE O R & ] L
TWwb., &512, HCV2SERT A4 v R »
S L w4 A 2 iR 2 &
D MR~ B HERR B D HUY 3A A % BN & &
TWah,

FEix) B8, 3L AFo—, HEiisk.
IR, I L AFO— VI AT VIR E
M, Ao FEE S L L CTHEAEEL L L
LB, A VF-R#ohLEH-TED,
HMERO ) A THOHERELEHER/ZLTW
A, e LTI ANS BRI R B HE
DU > TR HDOVEL I FITT 5.
ZORREEEOPLEHS TV S0 REH
THhb. @ik L 512 HCV RIS & 5 BFRER
{LDFERO—> L LT, VLDL G T A3
EMLTWwWA. —7, VLDL (3 HCV o &gt
PHEBESIRTBY), FELEIINSDTE

EERITLANEE Vol.29 No.7 2014 811) 39

- 352 -

SWEIOTHTHENES <oT @ sermonsi <ot [N



BRI A 720 HCV RS20 5 g o iF
AL D5 F A 1 2 XA LI2DWT, U REEIZE
H LML HCV IR, K& EHEdD
VLDL QEIEHEmL, KiLE) R&H (LDL)
DEEPETTAIELERBL, 7 ZOK
K& LT HCV EgAMifa To VLDL 78R T
& % hepatic lipase DEIRET % LM L 7.
HCV el fE ), RN T o g B35 & 5
# LT O VLDL #HEOBNNE, 714V R
EoTEHEHMBRIEHE VR 5.

HCV BERDEE T RILF—RHIC
5Z25%E

o EEIERE, R IR O B EEALI
Lo THEKT A7 F IV CoA ZRLY AREEL
XNBIEIZE-T, ATPRETEERTH
WwHh b NADH % EHE L, FFERORVI A
WEF—BEFToTWA. T/ TI/EBLRY
DEERIZEDIWEHELEET D L) &EH D
fioTwa, HCVEEMEO X ¥ Ko I 7 A
fe}7Tld, citrate, succinate, malate, aconit-
ic acid, fumarate % &£ D T EEEIFRD FE
RBEDIETL, IS0 EIIHERASE
BiilacbBE I

FODOEF Td 5 aconitase, ketoglutarate de-
hydrogenase, succinate dehydrogenase, fu-
marase 7% £ ® mRNA L XM 2 2o 72,
= 512, ATP., GTP, phosphocreatine 7% & ®

ITRILF—HERHHEDILTEBY, Tho5n%E
iz 7)) a il T g S 7.
7 T UEERIRRE T ERTE L, EEKAT

IANF—{HE3 25 ATP 243 2 FELY;
A3 by FU7THAH FIT, HCV A
g L oMl BB THE LA,

AR TOY) AFHEESEE IR TL
fo. 361, HEAEHNKERICLIBETIZ

HCV 2 7 EHRBEMRMTI b2 ¥ F1) 7HEE
TP A LN Moriyva b I 73 T &~

g0 (812) FEAIESNEE Vol. 29 No. 7 2014

" &Y, FRET

ATy PR TARIBTI rary R T7IC
BEESELTWAIEEZRABLTWEY. 2o
E9LHCVIZEABI bV FY THEETZL L
VE—EEREBET2 L6 THREMESH 5.
W2, DiIvbiUI HCV E#3IZ L 2128
7% ATP ?‘iﬁ;ﬁ"%@”ﬁft*?ﬂ/\’fﬁ. L7z
CHi A SHBEA R ELE S E 5L,
ATP 2L ZORAEEZ LK L& 5,
AT F VORI T ATP HE =T
LTw/. ATPPHEETHEE—F AL CFP
L FRET #6% %9 %, ATPREMHIE
7u—7 ATeam % W T, EMAZAD ATP
O L R(EOFEM > HIEL /2. ATeam %L 7
1J 2> RNA @ NSSA DTFHICTHAT A I &1
S ATP OB % 5T 5 &
£z, Fy MRo#EX» S EEBEEARDORLE
REBIL7:, V7)) o Y TIIEBEART
MW FRET ¥ 7 F IV A EREE 72, #’)ﬂa")h(i
L) o e o S Ee iR L
€< ~uiﬂéHCV®#/A$m‘%¢T%
HERTA2 7074 37 Z0FEE2FE L CFE
# L, creatine kinase B (CKB) # R Hi L
725 CKBid, = ANF—%LL UELT LA
B O HLIVIIEHIIVLEL T LR TO ATP
DOWAEB IV ATP LNIVOMEFICEETH S
EENTEBYN, CKBIZINSMA D&%/ L
THCVHEBEEEKIZY) 7 b— F &R, ATP
AR T A2 L THCV AR OMRFICEE
THhHbEEZOLNLT,

HOV RO EEMEERICS XD
e

HCV B34 T
phate, adenosine diphosphate, guanosine mo-

“ &, adenosine monophos-

nophosphate, guanosine diphosphate, guano-
2 ET) X7 VAFR, B
& ¥ uridine diphosphate, uridine triphos-

sine triphosphate 7

phate. cytidine monophosphate, cytidine di-

- 353 -



phosphate, cytidine triphosphate, thymidine
triphosphate, deoxycytidine triphosphate 7 &’
E) 3 YU R0 LA F I EOMRREHIE T
LTw.

HHbh(C

A KT I Y ARHTOSE, HCV O
Ly, MEBARM. TCAER. ITXL¥—EER
WITEERO L. —F, BER ERAMILE
ZICFEL T KRS S CRIF KB
DI XHBIT X 205, 1 > A1) ST
DWTIEHR T 85 HRE o7 TR, BH,
WEVH, T3V F—RBIIBRBO LTS
(OB AE LS, EVICHBEE 2 6-oTW
2L0EEZSNTEY, HCV il T
OREFRDOTEEE L LT LA R L F—1t
WMEMEL COLTEEMAH L. DL 2R
i 13 C BUAT 45 18 O 9 HE > S BERY 72 FRAR 12 >
WHEWMRFTE S,

X &
1) Wakita, T. Pietschmann, T. Kato, T. et al.:
Production of infectious hepatitis C virus in tis-

(8%}

«

sue culture from a cloned viral genome. Nat.
Med. 11 : 905, 2005

Aizaki, H., Lee, K.J., Sung, V.M., et al. : Charac-
terization of the hepatitis C virus RNA replica-
tion complex associated with lipid rafts. Virolo-
gy 324 1 450-461, 2004

Aizaki, H. Morikawa, K., Fukasawa, M., et al. :
Critical role of virion-associated cholesterol and
sphingolipid in hepatitis C virus infection. J.
Virol. 82 : 5715-5724, 2008

Moriya, K., Nakagawa, K., Santa, T., et al. : Oxi-
dative stress in the absence of inflammation in
a mouse model for hepatitis C virus-associated
hepatocarcinogenesis. Cancer Res. 61 ; 4365~
4370. 2001

Moriya, K., Yotsuyanagi, H., Shintani, Y., et al. :
Hepatitis C virus core protein induces hepatic
steatosis in transgenic mice. J. Gen. Virol. 78 .
1527-1531. 1997

Ando, T.. Imamura, H., Suzuki, R, et al. : Visual-
ization and measurement of ATP levels in liv-
ing cells replicating hepatitis C virus genome
RNA. PLoS Pathog. 8 : el002561, 2012

Hara, H., Aizaki, H., Matsuda, M., et al. : In-
volvement of creatine kinase B in hepatitis C
virus genome replication through interaction
with the viral NS4A protein. J. Virol. 83 :5137-
5147, 2009

EE L ER AR Vol 29 No.7 2014 8130 41

- 354 -

BB INTOHTMNENRE <OT & SLHEONS <OT -



