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Figure 6. Cell growth inhibition, induction of apoptosis, and inhibition of the mTOR pathway after metformin treatment in HCC
cells and normal hepatocytes. (A) EpCAM" cells were subjected to Western blot analysis using anti-PARP, PCNA, cyclin D1, p21, and tubulin
(loading control) antibodies. The arrow indicates the cleaved forms of PARP. (B) EpCAM" cells were subjected to Western blotting using anti-
phospho-AMPK, phospho-p70S6K, phospho-mTOR, and tubulin (loading control) antibodies.

doi:10.1371/journal.pone.0070010.g006

(Invitrogen). One thousand cells were plated onto ultra-low
attachment six-well plates (Corning, Corning, NY) for the sphere
formation assay. The number of spheres (>100 pm in diameter)
was counted on day 14 of culture. A single cell suspension derived
from original spheres was obtained for the secondary sphere
formation using a Neurocult chemical dissociation kit (StemCell
Technologies, Vancouver, BC, Canada). Paraffin-embedded
sections of spheres were subjected to hematoxylin & eosin (H&E)
staining and immunostaining with anti-EpCAM (Cell Signaling
Technology, Danvers, MA) and anti-AFP (Dako Cytomation,
Carpinteria, CA) antibodies for the pathological analysis.

Growth Curves

The proliferation of HCC cells treated with metformin was
examined using trypan blue staining after 48 and 96 hours of
culture.
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Detection of Apoptotic Cells

To detect apoptosis, cells were stained with an anti-CASP3
antibody (Chemicon, Temecula, CA), followed by Alexa-555-
conjugated goat anti-rabbit IgG (Molecular Probes). Apoptotic
cells were also evaluated by staining with Annexin V-allophyco-
cyanin (APC) (BD Biosciences, San Jose, CA) and PI using
FACSCanto (BD Biosciences).

Cell Sorting and Analysis

Single-cell suspensions were stained with an APC-conjugated
anti-EpCAM antibody (Biolegend, San Diego, CA) or APC-
conjugated anti-CD133/1 antibody (Miltenyi Biotec, Auburn,
CA). After incubation, 1 pg/ml of PI was added to climinate dead
cells. Flow cytometric cell sorting and analysis were performed

using FACSAria or FACSCanto (BD Biosciences).
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Figure 7. Inhibition of xenograft tumor growth by the administration of metformin and/or sorafenib. (A) A total of 2x10° Huh7 cells
were transplanted into NOD/SCID mice. Tumor volume was monitored weekly after the cell transplantation. *Statistically significant (p<<0.05). (B)
Representative images of recipient mice treated with metformin and/or sorafenib 6 weeks after the transplantation. (C) Hematoxylin and eosin (H&E)

staining and immunohistochemical analysis of subcutaneous tumors.
doi:10.1371/journal.pone.0070010.g007

Western Blotting

Sorted HCC cells were subjected to Western blot analysis using
anti-EpCAM (Abcam, Canbridge, UK) and anti-tubulin (Onco-
gene Science, Cambridge, MA) antibodies. Metformin-treated
cells were also subjected to Western blotting using anti-PARP (Cell

PLOS ONE | www.plosone.org

Signaling Technology), anti-PCNA (Santa Cruz Biotechnologies,
Santa Cruz, CA), anti-cyclin D1 (BD Biosciences), anti-p21 (Cell
Signaling Technology), anti-phospho-AMPK (Cell Signaling
Technology), anti-phospho-mTOR  (Ser2448, Cell Signaling
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Figure 8. Re-analysis of xenograft tumors. (A) Flow cytometric analysis of subcutaneous tumors. The percentages of positive fractions for the
indicated markers are shown as the mean values for three independent analyses. (B) Number of large spheres generated from 1,000 EpCAM" HCC
cells treated with metformin. *Statistically significant (p<<0.05). (C) Number of secondary spheres 14 days after replating. *Statistically significant

(p<<0.05).
doi:10.1371/journal.pone.0070010.g008

Technology), anti-phospho-p70 S6 Kinase (Thr389, Cell Signaling
Technology), and anti-tubulin antibodies.

Xenograft Transplantation Using NOD/SCID Mice

In the metformin and/or sorafenib treatment model, a total of
2x10° Huh?7 cells were transplanted into the subcutaneous space
of the backs of NOD/SCID mice. Metformin (250 mg/Kg, by
intraperitoneal injection) and sorafenib (10 mg/Kg, by gavage)
were administered daily. Tumor formation and growth were
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observed weekly. To analyze subcutaneous tumors, small pieces of
tumors were put in DMEM containing 5 mg/ml collagenase type
II (Roche) and digested. The cell suspension was centrifuged on
Ficoll (IBL, Gunma, Japan) to remove dead cells and debris.
Harvested cells were subjected to flow cytometric analyses and
sphere formation assays. Subcutaneous tumors were also subjected
to H&E staining and immunohistochemical staining with an and-
EpCAM antibody (Cell Signaling Technology), anti-CASP3
antibody (Chemicon), and anti-Ki67 antibody (DAKO, Carpin-
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teria, CA). These experiments were performed in accordance with
the institutional guidelines for the use of laboratory animals.

Statistical Analysis

Data are presented as the mean = SEM. Significant differences
between 2 groups were analyzed using the Mann-Whitney U test.
P values less than 0.05 were considered significant.
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Abstract

Previous studies have revealed the association between SNPs located on human leukocyte antigen (HLA) class 1l genes,
including HLA-DP and HLA-DQ, and chronic hepatitis B virus (HBV) infection, mainly in Asian populations. HLA-DP alleles or
haplotypes associated with chronic HBV infection or disease progression have not been fully identified in Asian populations.
We performed trans-ethnic association analyses of HLA-DPA1, HLA-DPBT alleles and haplotypes with hepatitis B virus
infection and disease progression among Asian populations comprising Japanese, Korean, Hong Kong, and Thai subjects. To
assess the association between HLA-DP and chronic HBV infection and disease progression, we conducted high-resolution
(4-digit) HLA-DPAT and HLA-DPB1 genotyping in a total of 3,167 samples, including HBV patients, HBV-resolved individuals
and healthy controls. Trans-ethnic association analyses among Asian populations identified a new risk allele HLA-DPB1*09:01
(P=1.36x10"% OR=1.97; 95% Cl, 1.50-2.59) and a new protective allele DPB7*02:01 (P=5.22x10"% OR=0.68; 95% Cl,
0.58-0.81) to chronic HBV infection, in addition to the previously reported alleles. Moreover, DPB1*02:01 was also associated
with a decreased risk of disease progression in chronic HBV patients among Asian populations (P=1.55%10"7; OR=0.50;
95% Cl, 0.39-0.65). Trans-ethnic association analyses identified Asian-specific associations of HLA-DP alleles and haplotypes
with HBV infection or disease progression. The present findings will serve as a base for future functional studies of HLA-DP
molecules in order to understand the pathogenesis of HBV infection and the development of hepatocellular carcinoma.
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Introduction

Hepatitis B virus (HBV) infection is a major global health
problem, resulting in 0.5-1.0 million deaths per year [1]. The
prevalence of chronic HBV infection varies. About 75% of the
chronic carriers in the world live in Southeast Asia and East Pacific
[2]. Due to the introduction of vaccination programs, the
prevalence of HBV infection in many countries has gradually
been decreasing with consequent decreases in HBV-related
hepatocellular carcinoma (HCC) [3]. Although some HBV
carriers spontaneously eliminate the virus, about 10-15% of
carriers develop liver cirrhosis (LC), liver failure and HCC [4].
Moreover, the progression of liver disease was revealed to be
associated with the presence of several distinct mutations in HBV
infections [5]. Genetic variations in 7474 and HLA-DQ genes
were recently identified as host genetic factors in a large-scale
genome-wide association study (GWAS) for HBV-related HCC in
China [6].

With regard to the gencs associated with susceptibility to
chronic HBV infection, HLA-DP and HILA-DQ genes were
identified by GWAS in Japanese and Thai populations in 2009
[7] and 2011 [8], respectively. In addition, our previous GWAS
confirmed and identified the association of SNP markers located
on HLA-DPAI (rs3077) and HLA-DPBI (rs9277535) genes with
susceptibility to chronic hepatitis B (CHB) and HBV clearance in
Japanese and Korean subjects[9]. The significant associations of
HIA-DP with CHB and HBV clearance have mainly been
detected in Asian populations, such as Japanese [8,9], Thai [7],
Chinese [10-12], and Korean [9]. In 2012, the association
between HLA-DPAI gene SNPs and persistent HBV infection was
replicated in a Germany non-Asian population for the first time;
however, this showed no association with HBV infection [13].
These results seem to be explained by the fact that allele
frequencies of both 1s3077 (0.155, 0.587 and 0.743 for C allele,
on HapMap CEU, JPT, and YRI) and rs9277535 (0.261, 0.558
and 0.103 for G allele, on HapMap CEU, JPT, and YRI) are
markedly different between populations. Moreover, the previous
study showed that HBsAg seropositivity rates were higher in
Thailand and China (5-12%) than in North America and Europe
(0.2-0.5%) [2]. These results suggest that comparative analyses of
HILA-DP alleles and haplotypes in Asian populations would clarify
key host factors of the susceptible and protective HLA-DP alleles
and haplotypes for CHB and HBV clearance. Here, we performed
trans-cthnic analyses of HLA-DP alleles and haplotypes in Asian
populations comprising Japanese, Korean, Hong Kong and Thai
individuals. The findings from this study will serve as a base for
future functional studies of HLA-DP molecules.

Results

Characteristics of studied subjects

The characteristics of a total of 3,167 samples, including
Japanese, Korean, Hong Kong and Thai subjects, are shown in
Table 1. Each population included three groups of HBV patients,
resolved individuals and healthy controls. The clinical definitions
of HBV patients and resolved individuals are summarized in
Materials and Methods. Some of the Japanese and all of the
Korean samples overlapped with the subjects in our previous study
[9,14].

PLOS ONE | www.plosone.org

We performed genotyping for HLA-DPAI and HLA-DPBI in all
3,167 samples, and a total of 2,895 samples were successfully
genotyped. The characteristics of successfully genotyped samples
are shown in Table S1.

Association of HLA-DPA1 and HLA-DPB1 alleles in Asian

populations

As for a general Asian population, including 464 Japanese, 140
Korean, 156 Hong Kong, and 122 Thai subjects, five HLA-DPAI
alleles and twenty-four HLA-DPBI alleles were observed (Table
S2). The frequencies of HLA-DPAI and HLA-DPBI alleles were
similar between Japanese and Korean subjects. On the other
hand, the number of alleles with frequencies of 1-2% was larger in
Hong Kong and Thai populations, despite the small sample size.
Although the frequencies of HLA-DP alleles varied in Asian
populations, HLA-DPB1*05:01 was the most prevalent with over
30% in all populations.

The associations of HLA-DPAI and HLA-DPBI alleles with
chronic HBV infection (i.e., comparison between HBV patients
and healthy controls) are shown in Table S2. To avoid false
positives caused by multiple testing, the significance levels were
corrected based on the numbers of HLA-DPAI and HLA-DPBI

Table 1. Number of individuals in this study.

Korean Hong Kong Thai

Population

Japanese

HBV patients

CH 147 175 187 198

Gender (M/F) 338/151 239/42
Re ed Lo Py

f(min o

59.7 43.1 40.0

e e
Gender (WF)  173/162 6145 M7
o R
Méé/n age (y) 3’(9.0**’ 33;7 N 262
(minmax) (2364 (159 (1660
Gender (M/F)  370/97 6773 877103

Abbreviation: IC, Inactive Carrier; CH, Chronic Hepatitis; AE, Acute Exacerbation;
LC, Liver Cirrhosis; HCC, Hepatocellular Carcinoma.

* Resolved individuals were HBsAg negative and HBcAb positive.

** 419 of 467 healthy controls were de-identified, without information on age.
doi:10.1371/journal.pone.0086449.t001

February 2014 | Volume 9 | Issue 2 | 86449

-200 -



alleles in the focal population. Briefly, the significance level was set
at 0.05/(# of observed alleles at each locus) in each population
(see Materials and Methods). With regard to high-risk alleles of
HILA-DPAI, the most prevalent allele HLA-DPAI%02:02 was
significantly associated with susceptibility to HBV infection in
Japanese (P=3.45x10"% OR=1.39; 95% CI, 1.16-1.68) and
Korean subjects (P = 2.66x107>; OR =1.89; 95% CI, 1.39-2.58),
whereas this association was not observed in Hong Kong or Thai
subjects. The association of HLA-DPAI*02:01 with susceptibility to
HBYV infection was significant only in Japanese (P=2.61 x1077;
OR=1.88; 95% CI, 1.46-2.41). The significant association of
HLA-DPAI*01:03 with protection against HBV infection was
commonly observed among four Asian populations (Table S2).
The pooled OR and 95% CI were 0.51 and 0.41-0.63,
respectively in a meta-analysis (P =3.15x107'%) (Fig. S1A).

As shown in Table S2, HLA-DPBI shows higher degree of
polymorphism than HLA-DPAI. The most common allele in Asian
populations, HLA-DPBI*05:01, was significantly associated with
HBV susceptibility in both Japanese and Korean subjects.
Although HLA-DPBI*05:01 showed no significant association in
the Hong Kong and Thai populations, the same direction of
association (i.e., HBV susceptibility) was observed. Meta-analysis
of the four populations revealed a significant association between
HIA-DPBI*05:01 and susceptibility to HBV infection
(P=151x10"* OR=1.45; 95% CI, 1.19-1.75) (Fig. S1B). The
frequency of HLA-DPBI1*09:01 was significantly elevated in
Japanese HBV patients (15.7%) as compared with healthy controls
(8.7%) (P=3.70x107°% OR =1.94; 95% CI, 1.45-2.62), and this
association was most significant (i.e., the smallest P value) in the
Japanese population. Because of lower allele frequencies of HLA-
DPBI*09:01 or lack of statistical power in the other populations,
no significant associations were observed. A common allele in Thai
subjects, HLA-DPBI*13:01, was significantly associated with
susceptibility to HBV infection (P=2.49x10™* OR =2.17; 95%
CI, 1.40-3.47) with the same direction of associations in Japanese
and Hong Kong (OR =1.52 and 1.40, respectively).

HILA-DPB1%*04:02 was identified as the most protective allele for
HBYV infection in Japanese (P= 1.59%1077; OR =0.37; 95% CI,
0.24-0.55) and Korean subjects (P=1.27x107"; OR =0.19; 95%
CI, 0.10-0.38). Both HLA-DPBI*02:01 and HLA-DPBI*04:01
were also significantly associated with protection in the Japanese
population, and the former was significantly associated with
protection in Hong Kong subjects (P=9.17x 107% OR=0.49;
95% CI, 0.32-0.76). This common allele among four Asian
populations, HLA-DPBI*02:01, showed a significant association
with protection against HBV infection (P=5.22x1075;
OR =0.68; 95% CI, 0.58-0.81) in a meta-analysis (Fig. S1B).

The frequencies of associated HLA-DP alleles in a comparison of
HBYV patients with healthy controls (Table S2) or with HBV-
resolved individuals (Table S3) were similar in all four Asian
populations. In the Japanese population, the associations of
susceptible and protective HLA-DPBI alleles to chronic HBV
infection seem weaker in the comparison of HBV patients with
HBV-resolved individuals than in the comparison of HBV patients
with healthy controls. Moreover, the results of association analyses
showed no difference in the comparison of HBV patients with
HBV-resolved individuals, including or excluding HCV positive
individuals (Table S3). In contrast, the association became
stronger in the comparison of HBV patients with HBV-resolved
individuals among the Korean subjects. The protective allele HLA-
DPB]*04:01 was also identified to have a strong association with
HBYV clearance in Hong Kong subjects (T'able S3). Moreover, in
Hong Kong subjects, the HLA-DPBI*05:01 associated with the
risk for HBV infection showed lower frequency in HBV-resolved
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Table 2. Association of number of DPB1*02:01 alleles (i.e., 0, 1
or 2) with disease progression in CHB patients assessed by
multivariate logistic regression analysis adjusted for age and
sex.

P value OR (95% ClI)

Population

0.087782 0.58 (0.31-1.08)

*Population was adjusted using dummy variables.
doi:10.1371/journal.pone.0086449.t002

individuals (42.9%) than in the healthy controls (48.1%), which
accounts for a strong association in the comparison of HBV
patients  with HBV-resolved individuals (P =6.24x107%,
OR =1.64; 95% CI, 1.14-2.36). Although the number of samples
was insufficient, HLA-DP*100:01 showed a significant association
with protection against HBV infection in the Hong Kong
population (P =3.05x107% OR =0.03; 95% CI, 0.0007-0.20).

As for disease progression in CHB patients among Asian
populations, a protective effect of HLA-DPBI1*02:01 on disease
progression was observed in the Japanese (P=4.26x1077
OR=045; 95% CI, 0.30-0.67) and Korean populations
(P=8.74x10"% OR=047; 95% CI, 0.29-0.75) (Table S4).
Multivariate logistic regression analysis adjusted for age and sex
revealed that the number of DPB1*02:01 alleles (i.e., 0, 1, or 2) was
significantly associated with disease progression in CHB patients in
Japanese (P= 1.77x10™% OR=047; 95% CI, 0.32-0.70)
(Table 2). Moreover, protective effects of DPB1*02:01 on disease
progression in Asian populations (P=1.55x1077; OR=0.50;
95% CI, 0.39-0.65) were detected in a multivariate logistic
regression analysis adjusted for age, gender, and population
(Table 2).

Associations of DPAT-DPB1 haplotypes in Asian
populations

The estimated frequencies of HLA DPAI-DPBI haplotypes are
shown in Table S5. The most frequent haplotype among the four
Asian populations was DPAI*02:02-DPB1*05:01. The number of
haplotypes with low frequencies of 1-2% was 10 in both Japanese
and Korean subjects, whereas more haplotypes appeared with
frequencies of 1-2% in Hong Kong and Thai subjects. The
associations of DPAI-DPBI haplotypes with HBV infection are
shown in Table S5. In the Japanese population, DPA1*02:01-
DPBI*09:01 showed the most significant association with suscep-
tibility to HBV infection (P=3.38x107% OR =1.95; 95% CI,
1.46-2.64). The most common haplotype in the four Asian
populations, DPAI*02:02-DPB1*05:01, was found to be signifi-
cantly associated with susceptibility to HBV infection in the
Japanese and Korean subjects (P=7.40x10"% OR=1.37; 95%
CI, 1.14-1.66 for Japanese, and P =4.50 % 107% OR =2.02; 95%
CI, 1.48-2.78 for Korean). In the Thai subjects, HLA-DPB1*13:01
was the most significant risk allele for HBV infection (Table S2);
however, no significant associations were found for the three
different haplotypes bearing HLA-DPBI*13:01: DPAI*02:01-
DPBI*13:01, DPAI%*02:02-DPB1*13:01, and DPAI*04:01-
DPBI*13:01,indicating that the association of HLA-DPBI1*13:01
with susceptibility to HBV infection did not result from a specific
DPA1-DPBI haplotype or combination with a specific DPAI allele.
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In the Japanese population, both haplotypes DPAI*01:03-
DPB1%04:01 and DPAI1*01:03-DPBI1%04:02 showed significant
associations with  protecdon  against HBV  infection
(P=1.17x10"% OR=0.32; 95% CI, 0.18-056 for
DPAI1*01:03-DPBI*04:01 and P=1.95x10"7; OR=0.37; 95%
Cl, 0.24-0.55 for DPAI*01:03-DPB1%04:02). In the Korean
subjects, a significant association of DPAI*01:03-DPBI1*04:02
was also demonstrated; however, no association was observed for
DPAI*01:03-DPB1*04:01. Because the observed number of each
haplotype was small, none of the other haplotypes showed a
significant association with protection against HBV infection.

In order to identify trans-ethnic DPAI-DPB1 haplotypes
associated with HBV infection, a meta-analysis was performed.
A meta-analysis  further revealed that the DPAI*01:03-
DPBI1*02:01 haplotype was significantly associated with protection
against HBV infection (P = 1.45x107% OR = 0.69; 95% CI, 0.58—
0.82) (Fig. S1C).

Discussion

Among 2.2 billion individuals worldwide who are infected with
HBV, 15% of these are chronic carriers. Of chronic carriers, 10—
15% develops LG, liver failure and HCC, and the remaining
individuals eventually achieve a state of nonreplicative infection,
resulting in HBsAg negative and anti-HBc positive, i.c. HBV-
resolved individuals. To identify host genetic factors associated
with HBV-related discase progression may lead HBV patients to
discriminate individuals who need treatment.

The HLA-DPAI and HLA-DPBI genes were identified as host
genetic factors significantly associated with CHB infection, mainly
in Asian populations [7-12], and not in European populations
[13]. In the previous association analyses of HLA-DPBI alleles with
HBYV infection, one risk allele HLA-DPB1*05:01 (OR =1.52; 95%
CI, 1.31-1.76), and two protective alleles, HLA-DPBI*04:01
(OR=0.53; 95% CI, 0.34-0.80) and HLA-DPBI*04:02
(OR=0.47; 95% CI, 0.34-.64), were identified in the Japanese
population [7]. In this study, we further identified a new risk allele
HLA-DPBI1*09:01 (OR=1.94; 95% CI, 1.45-2.62) for HBV
infection and a new protective allele HILA-DPBI1*02:01
(OR=0.71; 95% CI, 0.56-0.89) in the Japanese population, in
addition to the previously reported alleles (Table S2) [7]. The
discrepancy in the association of HLA-DPBI1*09:01 allele with risk
for HBV infection in a previous study [7] results from the elevated
frequency of HLA-DPBI1*09:01 in the controls (12.2%), which is
higher than our controls (8.7%). In this study, healthy subjects
were recruited as controls. In contrast, individuals that were
registered in BioBank Japan as subjects with diseases other than
CHB were recruited as controls in the previous study [7], which
may have included patients with diseases with which HILA-
DPBI*09:01 is associated. Although no significant association of
HILA-DPBI*09:01 with risk for HBV infection was observed in the
Korean subjects, HLA-DPBI1*09:01 appears to have a susceptible
effect on HBV infection, as it showed the same direction of
association. When the association analyses in Japanese and
Korean subjects were combined in meta-analysis, the association
was statistically significant (P=1.36x107% OR=1.97; 95% CI,
1.50-2.59). Thus, HLA-DPBI*09:01 may be a Northeast Asian-
specific allele associated with risk for HBV infection.

Moreover, a significant association of HLA-DPBI1*15:0] with
risk of HBV infection (OR=2.17; 95% CI, 1.40-3.47) was
identified in the Thai subjects. However, the frequency of HLA-
DPBI1*13:01 in Thai healthy controls (11.5% in the present study)
reportedly varies, ranging from 15.4% to 29.5%, due to the
population diversity [15-17]. Therefore, a replication analysis is
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required to confirm the association of HLA-DPBI*13:0] with
HBV infection in the Thai subjects. There were four other
marginally associated HLA-DPBI alleles with low allele frequencies
below 5% in HBV patients and healthy controls, including HLA-
DPBI1%28:01, -DPB1*31:01, -DPB1*100:01, and -DPBI1*105:01, in
the Hong Kong and Thai subjects. Because these infrequent alleles
may have resulted from false positive associations, the association
needs to be validated in a large number of subjects.

HLA-DPBI%02:01 showed a significant association with protec-
tion against HBV infection in both Japanese and Hong Kong
populations (Table S2); however, the HLA-DPBI1*02:01 allele was
not associated with HBV infection in the previous study [7].
Although HILA-DPBI1*02:0] showed no association in either
Korean or Thai populations, a significant association of HLA-
DPBI*02:01 with protection against HBV infection among four
Asian populations was detected in meta-analysis (P=5.22x107%;
OR =0.68; 95% CI, 0.58-0.81) (Fig. S1B). We therefore conclude
that the present finding is not a false positive.

A recent report showed that HLA-DPBI*02:01:02, *02:02,
*03:01:01, *04:01:01, *05:01, *09:01, and *14:01 were signifi-
cantly associated with response to booster HB vaccination in
Taiwan neonatally vaccinated adolescents [18]. The HLA4-
DPBI1%02:01:02, *02:02, *05:01:01, *04:01:01, and *14:0] were
significantly more frequent in recipients whose post-booster titers
of antibodies against HBV surface antigen (anti-HBs) were
detectable, on the other hand, HLA-DPBI*05:01 and *09:01 were
significantly more frequent in recipients who were undetectable.
Moreover, the HLA-DPBI1*05:01 and *09:01 significantly increase
the likelihoods of undetectable pre-booster anti-HBs titers. These
results seem consistent with our findings, in which HILA-
DPBI#*05:01 and *09:01 are associated with susceptibility to
chronic hepatitis B infection.

We also identified a protective effect of HLA-DPBI*02:01 allele
on discase progression in Asian populations. Previous studies
identified the association of HLA class II genes including HLA-DQ,
and HLA-DR with development of HBV related hepatocellular
carcinoma in the Chinese population [6,19,20]. In this study using
Japanese and Korean samples, we identified significant associa-
tions between HLA-DPBI1*02:01 and disease progression in CHB
patients (P=4.26x107° OR=0.45; 95% CI, 0.30-0.67, for
Japanese and P=8.74x10""% OR =0.47; 95% CI, 0.29-0.75 for
Korean) (Table S4). Although the association of HLA-DPBI1*02:01
with disease progression was weaker after adjustment for age and
gender in Korean subjects (P=2.54x10"% OR =0.55; 95% CI,
0.33-0.93), the same direction of association was observed (i.c.
protective effect on disease progression) (Table 2). The protective
effects of HLA-DPBI*02:01 on disease progression showed a
significant association after adjustment for age and gender in the
Japanese population (P=1.77x10"% OR=0.47; 95% CI, 0.32—
0.70); moreover, a significant association between HILA4-
DPBI*02:01 was observed among four Asian populations, under
which population was adjusted by using dummy variables in a
multivariate  logistic ~ regression  analysis  (P=1.55x107";
OR=0.50; 95% CI, 0.39-0.65) (Table 2).

The HLA-DPAI and HLA-DPBI belong to the HLA class II
alpha and beta chain paralogues, which make a heterodimer
consisting of an alpha and a beta chain on the surface of antigen
presenting cells. This HLA class II molecule plays a central role in
the immune system by presenting peptides derived from extracel-
lular - proteins. We identified two susceptible haplotypes
(DPA1*02:02-DPB1*05:01 and DPAI*02:01-DPB1*09:0]) and
three  protective haplotypes (DPAI1*01:03-DPB1*04:01,
DPAI*01:03-DPBI1%04:02, and HLA-DPA1*01:03-DPB1*02:01) to
chronic hepatitis B infection, which may result in different binding
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affinities between HLA-DP subtypes and extracellular antigens.
Although functional analyses of HLA-DP subtypes to identify
HBV-related peptides are not fully completed, identification of
susceptible and protective haplotypes as host genetic factors would
lead us to understand the pathogenesis of HBV infection including
viral factors.

In summary, we identified a new risk allele HLA-DPBI1*09:01,
which was specifically observed in Northeast Asian populations,
Japanese and Korean. Moreover, a new protective allele HL4-
DPB1#02:01 was identified among four Asian populations:
Japanese, Korean, Hong Kong and Thai. The protective allele
HILA-DPBI*02:01 was associated with both chronic HBV infection
and disease progression in chronic HBV patients. Identification of
a total of five alleles, including two risk alleles (DPBI*09:01 and
DPBI1*05:01) and three protective alleles (DPBI*04:01,
DFPB1*04:02 and DPBI1%*02:01), would enable HBV-infected
individuals to be classified into groups according to the treatment
requirements. Moreover, the risk and protective alleles for HBV
infection and disease progression, identified in this study by means
of trans-ethnic association analyses, would be key host factors to
recognize HBV-derived antigen peptides. The present results may
lead to subsequent functional studies into HLA-DP molecules and
viral factors in order to understand the pathogenesis of HBV
infection and development of hepatocellular carcinoma.

Materials and Methods

Ethics Statement

All study protocols conform to the relevant ethical guidelines, as
reflected in the a priorr approval by the ethics committee of
National Center for Global Health and Medicine, and by the
ethics committees of all participating universities and hospitals,
including The University of Tokyo, Japanese Red Cross Kanto-
Koshinetsu Block Blood Center, The University of Hong Kong,
Chulalongkorn University, Yonsei University College of Medicine,
Nagoya City University Graduate School of Medical Sciences,
Musashino Red Cross Hospital, Tokyo Medical and Dental
University, Teine Keijinkai Hospital, Hokkaido University Grad-
uate School of Medicine, Kurume University School of Medicine,
Okayama University Graduate School of Medicine, Yamaguchi
University Graduate School of Medicine, Tottori University,
Kyoto Prefectural University of Medicine, Osaka City University
Graduate School of Medicine, Nagoya Daini Red Cross Hospital,
Ehime University Graduate School of Medicine, Kanazawa
University Graduate School of Medicine, National Hospital
Organization Osaka National Hospital, Iwate Medical University,
Kawasaki Medical College, Shinshu University School of Medi-
cine, Saitama Medical University, Kitasato University School of
Medicine, Saga Medical School, and University of Tsukuba.

Written informed consent was obtained from cach patient who
participated in this study and all samples were anonymized. For
Japanese healthy controls, 419 individuals were de-identified with
information about gender, and all were recruited after obtaining
verbal informed consent in Tokyo prior to 1990. For the 419
Japanese healthy individuals, written informed consent was not
obtained because the blood sampling was conducted before the
“Ethical Guidelines for Human Genome and Genetic Sequencing
Research” were established in Japan. Under the condition that
DNA sample is permanently de-linked from the individual, this
study was approved by the Research Ethics Committee of
National Center for Global Health and Medicine.

PLOS ONE | www.plosone.org

HLA-DP Associations with HBV-Related Diseases

Characteristics of studied subjects

All of the 3,167 genomic DNA samples were collected from
individuals with HBV, HBV-resolved individuals (HBsAg-negative
and anti-HBc-positive) and healthy controls at 26 multi-center
hospitals throughout Japan, Korea, Hong Kong, and Thailand
(Table 1). In a total of 1,291 Japanese and 586 Korean samples,
1,191 Japanese individuals and all 586 Korean individuals were
included in our previous study [9]. With regard to additional
Japanese individuals, we collected samples from 48 healthy
controls at Kohnodai Hospital, and 52 HBV patients at Okayama
University Hospital and Ehime University Hospital, including 26
individuals with LC and 26 individuals with HCC. A total of 661
Hong Kong samples and 629 Thai samples were collected at
Queen Mary Hospital and Chulalongkorn University, respectively.

HBV status was measured based on serological results for
HBsAg and anti-HBc with a fully automated chemiluminescent
enzyme immunoassay system (Abbott ARCHITECT; Abbott
Japan, Tokyo, Japan, or LUMIPULSE f or G1200; Fujirebio,
Inc., Tokyo, Japan). For clinical staging, inactive carrier (IC) state
was defined by the presence of HBsAg with normal ALT levels
over 1 year (examined at least four times at 3-month intervals) and
without evidence of liver cirrhosis. Chronic hepatitis (CH) was
defined by elevated ALT levels (>1.5 times the upper limit of
normal [35 IU/L]) persisting over 6 months (by at least 3
bimonthly tests). Acute exacerbation (AE) of chronic hepatitis B
was defined as an elevation of ALT to more than 10 times the
upper limit of normal (ULN, 58 IU/L) and bilirubin to at least
three times ULN (15 pmol/L). LC was diagnosed principally by
ultrasonography (coarse liver architecture, nodular liver surface,
blunt liver edges and hypersplenism), platelet counts<<100,000/
cm®, or a combination thereof. Histological confirmation by fine-
needle biopsy of the liver was performed as required. HCC was
diagnosed by ultrasonography, computerized tomography, mag-
netic resonance imaging, angiography, tumor biopsy or a
combination thereof.

The Japanese control samples from HBV-resolved subjects
(HBsAg-negative and anti-HBc-positive) at Nagoya City Univer-
sity-affiliated healthcare center were used by comprehensive
agreement (anonymization in a de-identified manner) in this
study. Some of the unrelated and anonymized Japanese healthy
controls were purchased from the Japan Health Science Research
Resources Bank (Osaka, Japan). One microgram of purified
genomic DNA was dissolved in 100 pl of TE buffer (pH 8.0)
(Wako, Osaka, Japan), followed by storage at —20°C until use.

Genotyping of HLA-DPAT and HLA-DPB1 alleles

High resolution (4-digit) genotyping of HLA-DPAI and -DPBI
alleles was performed for HBV patients, resolved individuals, and
healthy controls in Japan, Korea, Hong Kong, and Thailand.
LABType SSO HLA DPA1/DPBI kit (One Lambda, CA) and a
Luminex Multi-Analyte Profiling system (xMAP; Luminex, Austin,
TX) were used for genotyping, in according with the manufac-
turer’s protocol. Because of the small quantity of genomic DNA in
some Korean samples, we performed whole genome amplification
for a total of 486 samples using GenomiPhi v2 DNA Amplification
kit (GE Healthcare Life Sciences, UK), in accordance with the
manufacturer’s instruction.

A total of 2,895 samples were successfully genotyped and
characteristics of these samples are summarized in Table SI.

Statistical analysis

Fisher’s exact test in two-by-two cross tables was used to
examine the associations between HLA-DP allele and chronic
HBV infection or discase progression in chronic HBV patients,
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using statistical software R2.9. To avoid false-positive results due
to multiple testing, significance levels were adjusted based on the
number of observed alleles at each locus in each population. For
HILA-DPAI alleles, the number of observed alleles was 3 in
Japanese, 4 in Korean, 5 in Hong Kong, and 5 in Thai subjects.
Therefore, the significant levels for o were set at «=0.05/3 in
Japanese, 0 =0.05/4 in Korean, & =0.05/5 in Hong Kong, and
o.=0.05/5 in Thai subjects. In the same way, significant levels for
HLA-DPBI alleles were o.=0.05/10, 0.05/11, 0.05/12, and 0.05/
16, respectively. Multivariate logistic regression analysis adjusted
for age and sex (used as independent variables) was applied to
assess associations between the number of DPBI*02:01 alleles (i.e.,
0, 1, or 2) and disease progression in CHB patients. To examine
the effect of DPBI*02:01 allele on disease progression in all
populations, population was further adjusted by using three
dummy variables (i.e., (cl, ¢2, ¢3)=(0, 0, 0) for Japanese, (1, 0, 0)
for Korean, (0, 1, 0) for Hong Kong, and (0, 0, 1) for Thai) in a
multivariate logistic regression analysis. We obtained the following
regression  cquation:  logit(p) = —3.905+0.083*age+(—0.929)*-
sex+(—0.684)*DPBI*02:01+1.814%c1+(—0.478)*c2+0.782*c3. Sig-
nificance levels in the analysis of disease progression in CHB
patients were set as o= 0.05/10 in Japanese, «=0.05/11 in
Korean, «=0.05/15 in Hong Kong, and «=0.05/15 in Thai
subjects. The phase of each individual (i.e., a combination of two
DPAI-DPBI haplotypes) was estimated using PHASE software
[21], assuming samples are selected randomly from a general
population. In comparison of the estimated DPA1-DPBI haplotype
frequencies, significant levels were set as a=0.05/14 in Japanese,
0.=0.05/17 in Korean, o= 0.05/17 in Hong Kong, and &.=0.05/
18 in Thai subjects. Meta-analysis was performed using the
DerSimonian-Laird method (random-effects model) in order to
calculate pooled OR and its 95% confidence interval (95% CI).
We applicd meta-analysis for alleles with frequency>1% in all
four Asian populations. The significance levels in meta-analysis
were adjusted by the total number of statistical tests; o= 0.05/20
for DPA1 alleles, 0.=0.05/57 for DPBI alleles, and o= 0.05/74 for
DPAI-DPBI haplotypes.

Supporting Information

Figure S1 Comparison of odds ratios in association
analyses for HLA-DP with chronic HBV infection among
four Asian populations: (A) HLA-DPAI alleles; (B) HLA-
DPBI alleles; and (C) HLA DPA1-DPBI haplotypes. Meta-
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T, HBe #15 © Bz 4L, HBe #ifk @ B i
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Z o, HEL RSB TH 5

AT, ALT IE% HBe Mk Bik#% o iye
PHAICOE, BREOMEERL, RBHEC
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I. ALT IE®E HBe ARG IEE
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1. EEhds

)% &

MBHcEBR e, 29D R, GFEO £ 11
EALT ESEHRNIC 301U/ LT o % 5
9% HBV BG4 9L G20 7. #0iledr o,
ALT 2330 1U/I LT o T, HBs HLE &
HB 2 7 BIE AR (HBer F1R) o [ 2
FHECH o7 8T Bl R E LT,

2) MEEE, BEsE

HBs #i5, # &0, HBer JUE o5 8 41 %
R E LR HBY v —2— & ALTEZ# &,
FEM PRI DA M2 S L 7z,

HBs $15, HBe $1J8, HBe #i{kt: CLIA
(chemiluminescent immunoassay) ¥, HBcr i
i3 CLEIA (chemiluminescent enzyme im-
munoassay) ¥, HBV DNA &3 real time PCR
{polymerase chain reaction) ¥ ¢llE L7 %
7z, HBV genotype %1%, EIA (enzyme im-
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munoassay) %, H 5\, PCR-invader i&,
HBV precore 2 2 2 ELMA {enzyme linked
mini-sequence assay) 7%, HBV core promoter

75812 ELSPA (enzyme linked specific probe

assay) it & D HIE L A,
3) REOHE
%% ARURRE, A, VRS ROENT R

5, BIEIE, 5w, FHEEOHEELSE
MEL 7. Zs OFFRCH & i S TFHRED
PR R i oiEfE MBI RaL] &L,
BRI T 200 EHEL 2,

1) HBs HiE/HBer HFEIL L5 HBV LAILD

A
B9 B AR OEE 7 v 7R
B2 R BRI & e ke B
Licd ve—7 xa RREOHEMEICET 507
F1Pclk, gy ra ZgEdqbifEy V22
LR 7z b DIEEE 2012]) AR L =", 2 odk
#Tlk, HBs#E & HBer YR RT, 217
BBz LT 0/1/2 B A 2 &@EL
TODEFEEEHEEEE U, KT
IDA T ETA A LSV N

5) WRESADER

87 BRI, Sk 32 4, 2otk 55 1, Fim
VoA g 53 % (23~T77 %), WAL, 1Bk
AR L 22 4, 18R 22 52 4, FFZE 13 BT
BB R O HEAE T 14 (16, 1%) 12389
7o, #EEP o HBs UL 2 Bl HBV ge-
notype (3, A#I 2, BEI26H, CRBEHC
Bt CHIESRE LH), ALTEIU/D Dk
{1 18(7~30), HBs HUi (log IU/mi} % 2. 57

~1.00~4, 64), HBcr 15 Uog U/md) iE 3.0
KW (<08.0~6.1), HBV DNA #& (log copies/
mi)iZ 3. 4R T ~6.7) TH -7, HEHIHM
13, P71 EPRIE T 4R TH o,
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2. AR - E{bFRFE

1) HBY LNADSTE

BRB L7z &k 91, 240 ALT #4330 1U/1
LUF ol ¢, HBs $LlE & HB o 7 BEMHI R
(HBcr #1J8), OBV DNA E2E L 7 87l
HBs $1J8, HBer #5, HBV DNA 8O0 %
R (E .

SgRER O HBs HUR (log IU/mD i, 1.9 R
WEAS36.8%, 1.9~2.92%23.0%, 2.9%LL LD
40. 2% T %H - 7z, HBer HUR (log U/mi) T,
T0% RS 3. 0 ki & KME T, 4.0 BLLEOREH
359 10% ¢ - 7. HBV DNA & (log copies/
mi) i3, 3.0 3R5E 36. 9%, 4. 0 k77 & 65.6%
THDh, —HICE ALT IEFETH 6.0 L Lo
RER b 58 7z,

hEe—h— LR & OBETI, uTTnd,
g bR LB IE T AHEEICH S, HBs ¥
}%g%ﬁﬂ%%#%%ﬁMK—%@Eﬁ%@ﬁ

Lkmwﬁﬁ@ﬁmbﬁwww 50 1%

.L)UL% A, HBV DNA &9 b0 LD S
AV B A A 2 3R 7,

2) HBV DNA B & ALT EOREM

SEERio ALT {5 & HBV DNA & = OB
PR D - 7, ALT % IEHHGRAAN TS L
TG, EE ERO 50%TH 5 16 TU/L B
T (low normal ALT) @ fE# 28 #1, 16 1U/1
3L b (high normal ALT) O¥EMIZ 539 CdH -

#i# @ HBV DNA & (log copies/m/) &,

%ﬂé 3,14, K417, 4.0 BLEoEME 55
(17.9%) TH - 7298, HBH T, 27, 3.72,
6.65, 25%1(43.1%) &, ALT IEHEHD 2%
TH HBV LRI EDNS M2 /2,

HRBV DNA # & ALT HOBE % FUMNC A
% &, HBV DNA BOoimi, fﬁﬁf(“‘viﬁ’(ﬁ

PLEMEETHEVWSTYRL, aikhe
[EAEE I T 2 Mm% 3807, HBVDNA B

EALT B AHB 23RO 72 01 30 /R & 4018
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2,980 1
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207% |\ )
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5.0 ", (p<0.01, r=0.38)
4.0 e L8 .

3.0 DA s e SR

2.0 +
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69.0%
<HBY DNAE;>0 OBLE (log copies/mi)
5.0BA L3 4o, g-g . g
8.1% 3.0k 20 i W
6.9% 4.0 Atspe M
4.0 I 3.0 - "*-“ 3 T
23.0% ' 2.0 . "he
\\ [1)8 (p<’0 01, r=0.38)
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3.08 Lk
28.7%
1 HBs #i/5, HBer $ii, HBV DNA @ L ~OVI0An & EEEHHEE

DIEBC, MEBREIE, FhEh,
THo7z,

0. 56,

DNA E2EfICIEfE s 2 0,

HIET LTz (X 2),
3) HALER, 7AIINAZHRES
SRl 5 87 #ih,

b DML

L7256,
A o E R % 2 L 7208,

RO (EFRD.

4) HBs iE/HBer IR OFHEE& X I 7EIR
HBs #IF & UBer il E A a2 74LL, BREA

201%Tlx, HBV DNA ENEHETH
ALT 18 & DMHBYIFE <, 50 ALK 12 HBV
ALT i & DOFHES

HBs #UH, HBcr fifE ]
EW T, [IME ALT 628 30 (1U/D) BLF,

BV DNA &% 4. 0(log copies/m/) A | 2 i
P IERNE 57 BT H o oDy, BB O 1 AR
T/l 35 I cdh - 7.
I DEEAMERENE, LD 52 #1 & L
HIERFO ALT f, HBV DNA Ei
FDUE T, S,

HBs #iEB{E{E, HBcr HIFEOMEHE, ofm

0.54  a7#%0/1/2/3/4 &5 BT - BA, &
DEEERGIX 61, 0/49. 6/50.5/40. 8/44. 1(5%),
HBV DNA & @ F ¥ fE i3 2.90/3.94/3. 19/
3.97/4.93 (log copies/ml) TH-tz. A a3 7k
EHCEE, OBV DNA B0 MHEE 2 2
7z,

3. HFRELORE
1) HBs#i/E/HBer MEDHERT &
FrseEs)

P T TSR 2 RE O - ERIE 14 BT
& 73, HBs filE/HBer MR DREA a7
BIOFREGNL, AR a7 0/1/2T, #hZFh,
5 I (17.2%)/5 #1 (29.4%)/4 # (23.5%) T
Hofe, AATHNIB IV 4 OREGID & DI
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50 T TR
ol I-Mm"»»-‘--

HBV DNAE (log copies/ml)

8 9 (log copies/ml)

HBV DNAE

01 2 3 4 5 6 7
HBV DNA S
<b>
(/D)
50
3 2]
20t 29 LB s, . 30 St
20 1327 3oy (n.5.) 50t 20 Hg g (ns)
0 - - - s & o
50 50
10 801
301% 38 ) . _:'..u;«.,‘.,;‘,'.g_": & 60 30 i ot -.\.'.""- .,
10 SRR (p<0.01, r=0.56) %8 1 -’_i’;'y-'_.l B g (n.5.)
: . S i g ,
50 .
40 € 39 .
4018 34 R PR 701% 39 s
R I By i 20 1 s
10 e e Mg (p<0.01, r=0.54) 10 PR (n.s.)
1 2 3 45 6 7 8 9 01 23 456 6 7 8 9

(log copies/ml)

2 4ERB HBV DNA & & ALT {HOBEM:
a : HBV DNA B & ALT fHORE
b : AERBI 0B (ALT 443 50 IU/I £ TOH % #£R)

x1 REMHROEREER
LEALHERE | FREEH b

TEBIEL 35 52

B/% W 14/21 18/34 n.s.
it (%) 55.9%12.0 | 48.4%12.1 | <0.01
i (ASC/CH/LC) 8/20/7 14/32/6 . s.
HCC &ff 8(22.9%) | 641(11.5%) | n.s.
HBV genotype (A/B/C)* 1/8/25 1/18/33 I S
ALTIU/D) 16.6=5.2 19.1+4.5 | <0.01
Plt(x 10%/ul) 16.5£5.7 17.9+4.4 n.s.
AFP(ng/ml) 4.0+5.2 3.6+£2.6 0. s.
HBsAg(log IU/ml) 3.58=0.53 3.94+0.93 | <0.01
HBerAg(<3.0/3<) (log U/mi) 29/6 31/21 0.02
HBV DNA (log copies/m/) 2.72+0.54 | 4.08=1.08 | <0.01
Precore (wild/mutant) * 3/16 9/31 I.S.
CP Z# (wild/mutant/BEELAITF) ® 2/10/7 14/22/4 n.s.
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F2 N

DH e L T

MEEH D | BEa b

S 14 73

B/ 11/3 21/52 0.01
Al () 61.3+9.3 149.6=12.3 | <0.01
WA (ASC or CH/LC) 6/8 £8/5 0.01
HBV genotype(A or B/C)* 0/14 28/44 <0.01
ALTQU/D 16.56+3.4 | 18.4%=5.1 . s.
Plt{ < 10%/ ul) 13.0x£5.3 | 18.2=4.5 | <0.01
AFP(ng/mi) 4038 | 3.7x4.0 ns.
HBsAg(log TU/mi) 1.48+1.3712.49=1.251 0.01
HBerAg (<3, 0/3<) (log U/mb) 12/2 48/25 ns.
HBV DNA (log copies/m/) 2.88x0.70 1 3.66x1.151 0.02
Precore (wild/mutant) ™ 0/6 12/41 1. s.
CP % 58 (wild/mutant/lE LU T) 0/6/0 16/29/8 LS.

HOOEE R - SRR B <

2) FEEEROEERETF

iufffi‘”f“k g SR U v 14 0 % I8 &
w4 2 &, B O R RE BBV
genotype C, IMZMRARAE, HBs PUF{EME, HBV
DNA BHEMHE, 7 EofEmziEo - (F2).

RIRTHCITIIZE L& w2 134l 5

861, 5%) D32 D, [RIEFFROITR,
PR D S o7l Clx 52 {FJF‘P 641(11.65%),
[ Bl U B0 22 il 5 13 R 2 380
Do Fo o MNEER (V) Bl oA, 15
TIRHE, 18T7~2075, 20 Wb ek, #nF
A1, 30 R 9 (30, 09 ), 31 {4l 5 41 (16. 1%,
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I = £
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84 HBV By o [ AR ww'( 29
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HBV Ry <, HBe HUR/Hifko SC i &
O, TAINADTEENEIET LI ko
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Zﬁ< ?:Lgl}x_. (E'b’}}}%j)‘eu&“)fb /é

BT # O %, immune tol-

Yim &°

erant B, immune clearance ¥l (TBe 15 i

IRREIFA000)

(HBe FLEIETEEIERF 41 12401
ANFEMIE L, TRTDEED !rﬁ}'\wﬁifnﬁ

VAN

inactive carrier ¥, reactivation

[£3 53 E R N N R el

LTk,

—J, [FxU7] &I FEE, OBV ¥
U7, MR EYE X v U 7 (asymptomatic carri-
er), JEEEIEF v U 7
¥ 7 (healthy carrier) 72 &, BRI 1k
A Bl B G oG,

—MRECE, [EREEE S » U 7 ] L, HBY
A YA D7 T, IR AT R H /2
HefBL, WEmE, Eks 2 clHs i
R 2 HERE L A e A, £ 35 2 L%,

LU, I AL A o 5 TRl 2 i
BERA S EEn D, SRlolEcd, TALT
IEH HBe Yupp j ELTHWASE LT
By, A HPN I5%BESEENTnE, L
D30T, RN ORI, AR LR
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TIT ) EBH 5

Fh, VY EA Y POBETALT {mfﬁz%g;
TH->TH, Flhiz ALTHOZES 2R 0
BlL% <, TANAFNe—H—bE @tii
PRI i, FEP HBY v —A—D L L,
EHEEFH Oz ALT L2 (low normal
ALT, high normal ALT) %z & & &5 C Bl %
BZEL, I ARTHROATREE 2 HEH T 2 L 235

@\(

2. FEESMX YU TOESR

R 25 4 4 H, HAMESES & [B BT
HET A R 54 ('éf" THO 1 g E ik, =
DAA N TA T, RGO 2 v HBe $T
BEawmay—a /?"’"C])élff‘]“?;ii'l"#% v 7
W, THD A4V ABER ST vy drug
free DIREET, 1D LOBIEMEO 5 % 35
%F@Mﬁﬁ%?limeﬁhmﬁﬁmﬂ >
2 @ ALT fE2FfE (R B0TU/L BLT), 4o
@ HBV DNA #% 4.0 log coples/m{ AR, O
AT TIEAL EEEE N,

FefZ L, BAD X 9T, MEHRE O & C N
HRET B QBRI DS A5 & 70 2720, HHET R
IR E OB RS A O THETEAT ) N
ETHD

3. ALT EE Be HIABHESI» S D

FFEE
SE O R G e R F R R 14 61(16.1%)
RS, I, iR, B, HBV geno-

type C, M/MERMEDEIAZ R L 2248, HBV
A= L Uk if&fﬁ@’{‘f‘m%ﬁi L, HBs ¥t
J#/HBer $TlIC & 2 HBV LA, &L
%, BEAa 7’1’Kfl'§f§J’C 5{‘1.1(7’33%771r3f@§f3 Fte)
o, FBESEEE IS VR TD 2T L

BT RETHBD, WEFHEGOE LTI g
LT, HBV L LRl EENBET
H oz,
HBvﬁﬁifﬂéﬁOGDUM CELT, Yang
W, PERI, 4EES, ALT i, HBV ZA(HBe
%ﬁ,mWDNAﬁgmmW@mmzﬁEW%
FIERE, olEEzEo R a7 L/ 20T
LRV AT TFHCERTEZ I ERHELTE
h, BEILEBLDLEDND,

xF &0

ALT fE LR, HBe FikBEO ¥ v )

T, RS B IR R e & Tl e T

LMD A, RIWMNAR ALT ﬂﬁa)‘ AR
B LT, WL RS, HBY v - —d LR
W, ALT {7 E & 320 TRl L, Bl ik
9D, 7, MFREWTIE HBY LUl g
WIEEFIDY% W E R LT B Y, HBe VilsBiE
D ALT TR F O RIESE, S LTl
WS T follow DSNBTH 5

b4 ik

9] Bﬁﬁ" "), ARG, #hRsEz, fih T
FEP I ES Y X 7RO o DR
mmmM%%M%TBMR SOGIE 7T 1 U

n:}; CEV B IEE IR EBEOER & IEEER IR
PRHELRA Y —7 cu iBROE A
BT 20900 o, P 63 5 237-242, 2012
2) Yim, H.J. and Lok, A. S. F. : Natural history of
chronic hepatitis B virus infection : What we

knew in 1981 and what we know in 2005.
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3) Yang, H.I, Sherman, M, Su, J. et al. : Nomo-
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EﬂTﬂgﬂﬁ%igﬁ_;réﬁ%&]fﬁagzﬁg i

BRI D ER T4 (R ERERB O RBITE)

U oA MY OB o® 27

RBIMEE  BAUFZ, BATH ERI5- b, HBSHRBRNEE, P

U IC

BHUFZEw 4 W 2 (HBV) REREN, JRR&G
Bl RS 2 ICIFRIEY A2 8 EL Y, b
NETEIFEY 220826, 7V 72KT
B A HD TV, BARR S 046
BRIME 2 & HER U7z, KRIFBICH T 5 HBVEE
HeHHd, Tanaka b DWEIT LhiF15~65
BT H T 967,753 4 (95% CI & 806,760 ~
1,128,745), WERIZ 5 :571,2104(95 % CI -
479,267 ~663,152), &:396,543 4 (95% CI -
327,494~465,593) L RFEL 6 T3 2, L
2 LA 5 HBVIZ & % PR BE R < iT 58 0%
BRI OWTHWEZARHZRANEL, 20
R 9, AFBICBT 2 BAGTAROBER
FEBEDLI ELDPEBEDE NI R — b
TGRS 2 BERH B, ThET, Fv
7S B AIFRIERERF & LTnop
DA N, FEUHATFZERRESNT
W33 00, Zhb idcrosssectional study
HBOIEERE IR - R EDRL -
HICHREENZEZBDOBIELALETHS.

HCVRERB e By, BEBEEFY V7
(ASC) M % < 75§ 5 HBVERLIE, MK
THER %238 - 72358 O RE O HUE 2L HBs
PURBE RS, s L OEGTHRICER
NHBNEI P E, BYUIES BRTHERD
E{utizy ) (A UAAR

Z ZTCARETE, FIEFERERRL L

A= PR TINETHLMIZENTVSB

70 BRFRISOVT, BRI OHRE
b &N Lz,

| 7o7 B B BUFRERTE

Kusakabe, Mizokami 5 iZ{#R 2 & — b
W, RIS B 5 HBV B EE O
HCCHA LB# T3 Y 2 2 [HF 4R E 2
F— b TCHEHLTWBEY, ZOaFk— b,
% H# 2k — P WFRQPHCHIZE D) O —B]
T, 2E6FREMEMNIEL40~69RDSE
#19,393 A & E R 174 £ CCRAEE12.7
FENGEFF U 2RERRICE IS BDTH Y,
IR 1I0BIDIFFIEE Dz, ZDHH13
{5l 2 HBV Bl il (K 1), 78151 3 HCV HL

Hisayoshi WATANABE et al :riong-term clinical outcomes in patients with hepatitis B: natural history population-

based cohort studies
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ZENIR—MBESRE
68,9754

)

Fyir— A, 7N R

F—Fh > TVBRRE -
FEBREYT—4 '
FHAaoe0ERM| <
r 19,3934 J
Bs#iE, HCV
P OEMRE (12.746)
\ = E J/
HBVEIRR4794
(5EHREE134) )
i oh— FEBECHRS XD BIHEE)
=1 FER & IEFRIEG O LeE G 3 & 0 5 H®ED
Efin 58.8+6.3 55.1+85 NS
Bk 11 (85%) 209 (45%) <0.005
BMI 223429 23.4+3.0 NS
T — & BRI 0 36 (8%) 92 (20%) NS
U 7 (54%) <0.005
CALT QU/L) 4474300 23.8+204 <0.005
y -GTP (IG/L) 31.7+16.2 23.2+25.2 NS
HBeHt B 5% 3(23%) 14 (3%) <0.005
HBer H1F (kU/mL) 39,276 £ 121,639 6,486 + 47,987 <0.005
HBcr PR 7 (54%) : 99 (21%) <0.005
HBYV DNA (log copies/mL) 6.1 4.1 <0.005
HBV DNA = 5 log copies 6 (46%) 39 (8%) <0005
Genotype B 4 (31%) 264 (57%) NS
Genotype C 9 (69%) 202 (43%) NS
C1653T 6 (46%) 116/421 (28%) NS
T1753V 6 (46%) 78/421 (19%) <0.005
A1762T/G1764A 11 (87%) 142/421 (34%) <0.005
G1896A 11 (87%) 348/421 (83%) NS
i gusl, 24 A HBV - HCV & gufil, 17 FloEF &Kk T 5 &, B,

I AIEBIECHT H - 7=,
Ik B HFEMEHCO M, FEFENon-HCC)

400

PRl 665835 - 2013431

HBV HLj & Gy

213~

W2 =& D &

4, ALTYH, HBediEREM:, HBcrdlREEB:,
HBVDNAERHCCHIZBWTHEILEL



#2 HBV, HCVREHEURIUC X BITFFE Y — FICCHRS & b —88ZD)

HBsHiE O /HCVEHiHE O 5,744 53.504 16 1.0 (reference)
HBsHE (+) / HCVHitk O 335 2,981 15 17.1 (8.4~34.8)
HBs#il () / HCVHUE (+) 360 3,731 12 104 (49~22.1)
HBsHi (+) / HCVHitk (+) 14 133 3 115.0 (32.5~407.3)

#&3 HBsHIRBELGIOMIKE R OB CR & h —Hize)

i) 56 50 0.038
B 8 (40%) 36 (44%) >0.2
FRRZE & OF 4 (20%) 15 (18%) 1.0
ALT (1U/L) 26 35 0.057
HBYV genotype (A:B:C: "Hi) 0:2:18: 0 3:7:69: 2 >0.2
HBe HilF 3 (15%) 35 (43%) 0.02
HBs#iE (Log IU/mL) 1.7 3.3 <0.001
HBcr HiR (Log U/mL) 3.0 4.7 <0.001
HBV DNA (log copies/mL) 3.0 5.7 <0.001

core promotor — H 2 F(A1762T/G1764A) O
HE LB, - 72 (FE D).

E S Cox HfINY — FEFNMISTHFS
Y AU RF BT 5 &, core promotor
—BEEROALANMN LUEHCCY X4 HFT
B > (N — F H7.05, 95% CI1.0348.12,
P=0046). B¥H 3%k — b % H W =Core
promotor “EHZH L HCCHA Y A 7 IcE L
TRINFE TN DO HE I TE MDD,
ZOWMERAIBIC B 3 ER—-ZDHUBY
REEOHCCHAE Y A2 2R/ TD
KEERAmE 2k - bR TH B, ERD
= hEVIERRLE BLAEORREZIRX
HBVEEH F v V7 LHE ST LS, BT
WEE X BT L-Ra X ER G h
5.

HIE T HBVEREIRIC 51 3 HBV/
HCVHRRSEFIOHCC Y X 21220 TGS
H5Y. 6694 NETFH4EBHL (63,170 A
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