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IFN-y and LPS than the MoDCs from the healthy controls.
The simplest reason for this finding would be that such a
difference occurs owing to a difference in receptor
expressions on DCs. However, this is unlikely, because our
previous work showed that TLR4 transcripts in immature
MoDCs did not differ between patients with chronic hep-
atitis C and healthy controls [27]. In addition, in the present
study, flow cytometric analysis revealed that the expression
of CD119 (IEN-y receptor o chain) on MoDCs did not
differ between the two groups (data not shown). The next
possible explanation of the finding that MoDCs from
chronic hepatitis C patients expressed more functional IDO
in response to IFN-y and LPS than those from the healthy
controls is that there was an influence of other cytokines
produced from the stimulated MoDCs in an autocrine
fashion. It has been reported that a balance between Thl
and Th2 cytokines has some impact on IDO expression
[31]. Finally, the signaling pathways downstream of IFN-y
and LPS may differ between the groups. Jung et al. [32]
reported that LPS-induced IDO expression was mediated
by IFN-y-independent mechanisms, including phosphati-
dylinositol-3-kinase (PI3K) and Jun-N-terminal kinase
(JNK) pathways, in murine bone marrow-derived DCs,
while IFN-y-induced IDO expression was regulated by the
Janus kinase-signal transducer and activator of transcrip-
tion (JAK-STAT) signaling pathways. As shown in the
present study (Fig. 2a), the levels of IDO activity in
MoDCs were additively enhanced with LPS and IFN-y,
suggesting the presence of some cross-talk between these
signals. Further investigation focusing on the signaling
pathway of functional IDO induction is needed to clarify
this issue.

Numerous reports have shown that IDO is involved in
immune tolerance. As for the mechanisms underlying its
involvement, the starvation of Trp could inhibit T-cell
proliferation by way of the general control nonrepressed 2
(GCN2) kinase and eukaryotic initiation factor 2o (elF20)
pathway [35] or the mammalian target of rapamycin
(mTOR) and PI3K pathway [36]. Accumulation of Kyn
and its metabolites could exert an immune-modulating
effect. In the present study, serum Kyn levels were higher
in HCV-infected patients than in the healthy controls,
whereas Trp levels were comparable in the two groups,
suggesting that an increase of Kyn derivatives contributes
to immune modulation.

In chronic HCV infection, the mechanisms of IDO-
mediated immune tolerance remain unclear. In the present
study, we have shown that IDO-DCs are involved in the
generation of Tregs in vitro, and the specificity of this
involvement was confirmed by the effect of 1-MT. In order
to exclude the possibility that 1-MT is cytotoxic to DCs
and naive CD4+ T cells, we performed a dye exclusion test
or WST-8 assay. Even at the highest concentration of
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1-MT, the percentages of viable DCs and the proliferation
of T cells were not decreased compared with the findings at
the lower concentrations, suggesting that 1-MT was not
cytotoxic to cells (Supplementary Figure 2A,B). A possible
link between enhanced IDO activity and an increase in
Treg frequency was observed in the chronic hepatitis C
patients in this study. Thus, it is possible that IDO activity
may be partially involved in Treg induction.

Several research groups, including ours, have reported
that the frequency and the suppressor function of Tregs are
higher in chronic hepatitis C patients than in controls [10,
11]. However, the mechanisms of Treg induction or acti-
vation are still largely unknown. Various molecules in
DCs, including IL-10, transforming growth factor-beta
(TGF-p), programmed cell death 1 ligand 1 (PD-L1), and
IDO, are key differentiation molecules for Tregs in various
clinical settings. Although the level of TGF-f from DCs
was not evaluated in the present study, the levels of IL-10
production and PD-L1 expression did not differ between
the HCV-infected patients and the healthy controls
(Fig. 2b, d). In this study, the addition of 1-MT did not
completely suppress Treg induction by IDO-DCs in vitro.
Thus, it is suggested that other factors, such as IL-10, TGF-
B, and PD-L1, are also involved in Treg induction. Cyto-
toxic T-lymphocyte antigen 4 (CTLA-4), which is capable
of inducing functional IDO in DCs, has been reported as
one of the key molecules for Treg induction [37]. In the
present study, the induction of Tregs with IDO-DCs was
not altered in the presence of masking anti-CTLA-4 anti-
body (data not shown), suggesting that CTLA-4 is not
involved in this setting.

In conclusion, we have demonstrated that systemic IDO
activity is enhanced in chronic hepatitis C patients, and this
activity is influenced by histological activity and fibrosis.
DCs express functional IDO in response to inflammatory
stimuli and, presumably, induce Tregs. Targeting IDO with
its specific inhibitor 1-MT could serve as a potential
modality to improve the immune response to HCV.
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Abstract

Background This study was conducted to evaluate Japa-
nese treatment guidelines for patients with chronic hepatitis
C virus (HCV) infection and normal alanine aminotrans-
ferase (N-ALT) levels from the viewpoint of the incidence
of hepatocellular carcinoma (HCC).

Methods Four groups of patients with chronic HCV
infection treated with pegylated interferon (Peg-IFN) plus
ribavirin, and classified according to the N-ALT guide-
lines, were examined for HCC incidence: group A (n =
353), ALT <30 IU/L and platelet (PLT) >15 x 10*/mm?;
group B (n = 123), ALT <30 IU/L and PLT <15 x 10
mm?; group C (n = 233), 30 < ALT < 40 IU/L and PLT
>15 x 10*/mm?; and group D (n = 100), 30 < ALT <
40 IU/L and PLT <15 x 10*mm>. The mean observation
period was 36.2 £ 16.5 months
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Results In groups A and C, the HCC incidence was low
even in patients with non-response (NR) (cumulative rates
at 3 years, 0.0 and 2.9 %, respectively). In groups B and D,
14.5 and 5.3 % of NR patients had developed HCC at
3 years, but none of the patients with sustained virologic
response (SVR) or relapse had developed HCC. In group B,
no patients with mild fibrosis developed HCC irrespective
of the antiviral effect of the treatment. Among patients with
PLT <15 x 10*mm® (group B plus group D), the HCC
incidence was significantly lower in patients with SVR
and relapse than in NR patients (p < 0.001, p = 0.021,
respectively).

Conclusion These results suggest that N-ALT patients
with PLT <15 x 10%mm? could be candidates for early
antiviral therapy.
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Introduction

Continuous hepatitis C virus (HCV) infection causes liver
inflammation and can lead to liver fibrosis, which may
progress to cirrhosis and hepatocellular carcinoma (HCC)
[1-4]. Because HCV carriers with persistent normal ala-
nine aminotransferase (PNALT) levels have minimal liver
inflammation and the progression of liver fibrosis in such
patients is slow, they are generally considered to be at low
risk for carcinogenesis [5-7]. Moreover, patients with
PNALT had not been considered as candidates for antiviral
therapy in the era of interferon (IFN) monotherapy because
of reports of ALT flare-up owing to antiviral therapy in
some cases (47-67 %) [8-10].

However, in recent years, the antiviral efficacy of
pegylated IFN (Peg-IFN) plus ribavirin combination ther-
apy for patients with chronic HCV infection has been
reported to be equivalent for patients with normal alanine
aminotransferase (N-ALT) levels and those with elevated
ALT levels [11-15]. In addition, for patients with PNALT,
there have been fewer cases of ALT flare-up caused by
Peg-IFN plus ribavirin combination therapy than with IFN
monotherapy [12, 15]. Thus, patients with chronic HCV
infection and N-ALT have come to be treated with Peg-
IFN plus ribavirin combination therapy.

Treatment guidelines for patients with chronic HCV
infection and N-ALT levels have been prepared by a
Japanese group conducting “Research on Hepatitis” sup-
ported by Health and Labour Sciences Research Grants
from the Japanese Government. In these guidelines, HCV
carriers with N-ALT (<40 IU/L) are categorized into four
groups according to their ALT levels (<30 or >31 IU/L)
and platelet (PLT) counts (=15 or <I5 x 10%mm?).
Briefly, the therapeutic strategies are as follows: patients
with ALT levels of more than 31 IU/L are candidates for
antiviral treatment, but observation is recommended for
patients with ALT levels of <30 IU/L. However, the goal
of antiviral treatment is to improve the long-term pro-
gnosis, including inhibition of HCC. Therefore, the indi-
cation of antiviral therapy for patients with chronic HCV
infection and N-ALT should be decided based on whether
or not Peg-IFN plus ribavirin combination therapy can
suppress the cumulative rate of HCC incidence and
improve prognosis. It is thus very important to examine
the effect of inhibition of HCC induced by antiviral
therapy in patients with chronic HCV infection and
N-ALT.
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In the present study, we evaluated the treatment guide-
lines for patients with chronic HCV infection and N-ALT
from the viewpoint of HCC inhibition by analyzing the
differences in the cumulative rates of HCC incidence
among the above four groups. The treatment guidelines
also recommend that if patients with ALT <30 IU/L and
PLT <15 x 10*mm® have moderate to severe liver fibro-
sis (F2-4), they should receive antiviral therapy. We also
evaluated the effect of Peg-IFN plus ribavirin on HCC
incidence according to the degree of fibrosis in this group.

Patients and methods

This retrospective study was conducted by Osaka Univer-
sity and institutions participating in the Osaka Liver
Forum. Among patients with chronic HCV infection who
had received Peg-IFN plus ribavirin combination therapy
from December 2004 to December 2009, four groups of
patients, classified according to the N-ALT guidelines, who
had not suffered from HCC, were examined for their HCC
incidence: group A (n = 353), ALT <30 IU/L and PLT
>15 x 10*/mm?>; group B (n = 123), ALT <30 IU/L and
PLT <15 x 10%mm? group C (n = 233), 30 < ALT
<40 IU/L and PLT >15 x 10%mm? and group D
(n = 100), 30 < ALT <40 IU/L and PLT <15 x 10%
mm°. The Kaplan-Meier method was used to examine the
cumulative rates of HCC incidence in the four groups.
Excluded from this study were patients who developed
HCC within 12 months from the start of Peg-IFN plus
ribavirin combination thérapy, patients with co-infection
with hepatitis B or human immunodeficiency virus,
patients with drug-induced or alcoholic liver disorders, and
patients with autoimmune hepatitis. The protocol was
performed after obtaining informed consent from each
patient before treatment in accordance with the ethical
guidelines of the Declaration of Helsinki amended in 2008.
This study was approved by the Institutional Review Board
and registered in the Universal Hospital Medical Infor-
mation Network (UMIN) Clinical Trials Registry (UMIN
unique trial number, C000000197).

Treatment protocol

All patients received Peg-IFN alpha-2b (PEGINTRON;
Merck & Co., Whitehouse Station, NJ, USA) plus ribavirin
(REBETOL; MSD) for the duration of the study. Peg-IFN
alpha-2b was given subcutaneously once weekly at a dos-
age of 60-150 pg/kg based on body weight (body weight
3545 kg, 60 pg; 46-60 kg, 80 pg; 61-75 kg, 100 pg;
76-90 kg, 120 pg; 91-120 kg, 150 pg) and ribavirin was
given orally twice a day at a total dose of 600-1000 mg/
day based on body weight (body weight <60 kg, 600 mg;
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60-80 kg, 800 mg; >80 kg, 1000 mg), according to the
standard treatment protocol for Japanese patients. Dose
modification according to the intensity of the hematologi-
cal adverse effects followed, as a rule, the manufacturer’s
drug information. The dose of Peg-IFN alpha-2b was
reduced to 50 % of the assigned dose if the white blood cell
(WBC) count declined to <1500/mm?, the neutrophil count
declined to <750/mm>, or the PLT count declined to
<8 x 10*/mm°, and was discontinued if the WBC count
declined to <1000/mm?>, the neutrophil count declined to
<500/mm°>, or the PLT count declined to <5 x 10*mm>.
Ribavirin was also reduced, from 1000 to 600 mg, or 800
to 600 mg, or 600 to 400 mg, if the hemoglobin (Hb) level
decreased to <10 g/dL, and was discontinued if the Hb
level decreased to <8.5 g/dL. Both Peg-IFN alpha-2b and
ribavirin had to be discontinued if there was a need to
discontinue one of the drugs. During this therapy, no
medicine containing iron or hematopoetic growth factors,
such as erythropoietin alpha, or granulocyte—macrophage
colony-stimulating factor, was administered. The serum
HCV RNA levels were qualitatively analyzed using the
COBAS AMPLICOR HCV Test, version 2.0 (lower limit
of detection 50 IU/mL; Roche Diagnostics, Branchburg,
NJ, USA), and the COBAS AMPLICOR HCV MONITOR
test, version 2.0 (detection range 6-5000 KIU/ml). In the
patients with HCV genotype 1, as a rule, treatment duration
was 48 weeks, but the patients with detectable HCV RNA
(>50 IU/mL) at week 12 and undetectable HCV RNA
(<50 IU/mL) at week 24 were treated for 72 weeks.
Patients with HCV genotype 2 were treated for 24 weeks.

Definition of virologic response

A sustained virologic response (SVR) was defined as
undetectable HCV RNA at the end of treatment and at
24 weeks after completion of treatment. A relapse was
defined as undetectable HCV RNA at the end of treatment
but detectable HCV RNA at 24 weeks after completion of
treatment. A non-response (NR) was defined as detectable
HCV RNA at the end of treatment.

Histological evaluation

Liver biopsy was performed immediately before initiation
of the Peg-IFN plus ribavirin combination therapy. Liver
biopsy specimens were scored using the METAVIR sys-
tem, and the grade of activity and stage of fibrosis were
evaluated [16].

HCC surveillance

Ultrasonography or computed tomography (CT) was car-
ried out before the initiation of the Peg-IFN plus ribavirin

combination therapy and every 3-6 months during the
follow-up period. New space-occupying lesions detected or
suspected at the time of ultrasonography were further
examined by CT or hepatic angiography. HCC was diag-
nosed by the presence of typical hypervascular character-
istics on angiography, in addition to the findings from CT.
If no typical image of HCC was observed, fine-needle aspi-
ration biopsy was carried out, with the patient’s consent, or the
patient was carefully followed until a diagnosis was possible
with a definite observation by CT or angiography.

End point

The observation period was defined as the period from the
start of Peg-IFN plus ribavirin combination therapy.
Patients who developed HCC and patients whose treat-
ments were switched to other types of IFN therapy were
defined as censored cases at that point in time.

Statistical analysis

Baseline data for various demographic, biochemical, and
virologic characteristics of the patients were expressed as
means & SD. To analyze differences between baseline data
among the four groups, analysis of variance or the y* test was
performed. The Kaplan—Meier method was used to calculate
the cumulative incidence of HCC. The prognostic relevance
of clinical variables and HCC incidence was evaluated by
univariate analysis with the log-rank test. A value of p < 0.05
(two-tailed) was considered to indicate significance. The
statistical software used for this analysis was IBM SPSS for
Windows v. 19.0.0 (SPSS, Armonk, NY, USA).

Results

Baseline characteristics of patients categorized
by the treatment guidelines

The baseline clinical features of the patients are shown in
Table 1. There were significant differences in age; sex;
body mass index (BMI); HCV genotype; past history of
IFN therapy; grade and stage of liver histology; WBC,
neutrophil, and PLT counts; Hb levels; and virologic
response among the four groups. The mean ages of the
patients in groups B and D were significantly higher than
those of the patients in groups A and C. The proportion of
males was lowest in group A (26 %) and highest in group
C (41 %). The proportion of patients with progression of
liver fibrosis (F3-4) diagnosed by the METAVIR score
was 7.8 % among all patients tested and highest in group D
(22.5 %). In groups B and D, peripheral blood cell counts
(WBC, neutrophils, Hb, PLT) were significantly lower and the
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Table 1 Baseline characteristics of the patients with chronic HCV infection and normal ALT levels

Group A Group B Group C Group D p value

ALT <30 IU/L ALT <30 IU/L 30 < ALT <40 IU/L. 30 < ALT < 40 IU/L

PLT count >15 x  PLT count <15 x  PLT count >15 x PLT count <15 x

10%/mm?® 10*/mm?* 10*/mm? 10*/mm?®
Number of patients 353 123 233 100
Age (years) 556 £ 11.3 60.3 £ 84 54.6 £ 11.8 60.7 £ 8.6 <0.001
Sex: male/female 95/258 44/79 95/138 35/65 0.005
BMI (kg/m?) 22.6 + 3.3 22.1 £ 3.0 232 +34 223+ 26 0.029
HCV genotype: 1/2 203/144 86/35 180/52 81/16 <0.001
HCV RNA (KIU/mL), mean + SD 2333 + 1664 2276 + 1478 2261 £ 1599 2354 + 1644 0.998
Past IFN therapy: naive/experienced®  266/81 79/41 173/52 63/33 0.018
Histology®: activity: AO/A1/A2/A3 32/179/48/1 6/64/23/0 20/105/36/1 0/46/24/1 0.026
Fibrosis: FO/F1/F2/F3/F4 41/169/40/9/1 4/49/29/7/5 16/107/31/7/1 0/34/21/13/3 <0.001
White blood cell count (/mm®) 5543 + 1606 4405 £ 1211 5601 + 1638 4677 + 1337 <0.001
Neutrophil count (/mm?>) 3008 + 1213 2332 + 948 2999 + 1243 2578 £ 1026 <0.001
Hemoglobin (g/dL) 133 £13 133+ 14 139 + 1.4 133+ 1.3 <0.001
Platelet count (x 10%/mm®) 21.1 £4.7 122 £ 2.1 213+ 438 12.1 £ 22 <0.001
ALT (IU/L) 228 £52 235+£54 354 +29 358 +29 <0.001
Virologic response: SVR/relapse/NR ~ 218/82/53 59/32/32 133/51/49 44/26/30 0.005

BMI body mass index, ALT alanine aminotransferase, HCV hepatitis C virus, /FN interferon, SVR sustained virologic response, NR non-response,
PLT platelet

# Virologic response to previous treatment was unknown for 22 patients
® Fibrosis stages are evaluated on a scale of 0-4 and activity grades are evaluated on a scale of 0-3 according to the METAVIR histological

score. Fibrosis data were not available for 222 patients. Activity data were not available for 223 patients

numbers of patients with progression of liver fibrosis were
significantly higher than in groups A and C. The mean dura-
tion of the observation period was 36.2 £ 16.5 months.

Aantiviral efficacy of Peg-IFN plus ribavirin
combination therapy

In genotype 1 patients, the rates of SVR, relapse, and NR
were 50.7, 25.1, and 24.1 %, respectively, in group A;
39.5, 24.4, and 36.0 % in group B; 52.2, 23.9, and 23.9 %
in group C; and 39.5, 25.1, and 352 % in group D.
Although there was no significant difference in the treat-
ment effect among the four groups, the SVR rate was
significantly higher in groups A and C than that in groups B
and D (groups A and C: SVR 51.4 %, relapse 24.5 %, NR
24.0 %; groups B and D: SVR 39.5 %, relapse 25.1 %, NR
35.2 %, p = 0.012). In genotype 2 patients, the rates of
SVR, relapse, and NR were 77.8, 20.1, and 2.1 %,
respectively, in group A; 65.7, 31.4, and 2.9 % in group B;
75.0,15.4, and 9.6 % in group C; and 62.5,31.3, and 6.3 %
in group D. Although there was no significant difference in
the treatment effect among the four groups, the SVR rate
tended to be higher in groups A and C than that in groups B
and D (groups A and C: SVR 77.0 %, relapse 18.9 %, NR
4.1 %; groups B and D: SVR 64.7 %, relapse 31.4 %, NR
8.9 %, p = 0.152).
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Cumulative rate of HCC incidence according
to the treatment effect of Peg-IFN plus ribavirin
combination therapy

Eleven patients developed HCC during the observation
period, and all were infected with HCV genotype 1. Fig-
ure | shows the cumulative rates of HCC incidence
according to the treatment effect in the four groups.

In group A, no patients developed HCC during the
3 years of observation, regardless of the effect of Peg-IFN
plus ribavirin combination therapy. Moreover, among those
with SVR and relapse, no patients developed HCC during
the 3-year observation period, while in NR patients the
cumulative rate of HCC incidence at 5 years was 4.0 %.
No significant difference in HCC incidence was found
among the patients with SVR, relapse, and NR (p = 0.071)
(Fig. 1a). In group C, no significant difference in HCC
incidence was found among the patients with SVR, relapse,
and NR (cumulative rates of HCC at 3 years, 2.2, 0.0, and
2.9 %, respectively; at 5 years, 3.7, 0.0, and 2.9 %,
respectively, p = 0.631) (Fig. lc). In group B, a margin-
ally significant difference was found in HCC incidence
among patients with SVR, relapse, and NR (p = 0.054),
and patients with SVR had a significantly lower rate of
HCC incidence than that of patients with NR (SVR vs.
relapse, p = 0.346, SVR vs. NR, p = 0.013, relapse vs.
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Fig. 1 Cumulative rates of hepatocellular carcinoma (HCC) inci-
dence in groups A, B, C, and D, categorized according to the
treatment effect of pegylated interferon (Peg-IFN) plus ribavirin
combination therapy. a Group A (patients with alanine aminotrans-
ferase [ALT] level <30 IU/L and platelet [PLT] count >15 x 10%
mm?), b group B (patients with ALT <30 IU/L and PLT <15 x 10%

NR, p = 0.250). Of the NR patients, 14.5 % had developed
HCC at 3 years, while none of the SVR or relapse patients
had developed HCC at 3 years (Fig. 1b). In group D, there
was a significant difference in HCC incidence among
patients with SVR, relapse, and NR (p = 0.006), and
patients with SVR or relapse had a significantly lower rate
of HCC incidence than patients with NR (SVR vs. NR,
p = 0.012, relapse vs. NR, p = 0.047). In the NR patients,
5.3 % had developed HCC at 3 years and 25.0 % had
developed HCC at 5 years, but none of the SVR or relapse
patients had developed HCC at 3 years (Fig. 1d).
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mm?®), ¢ group C (patients with 30 < ALT < 40 IU/L and PLT
>15 x 10%mm?®), d group D (patients with 30 < ALT < 40 IU/L
and PLT < 15 x 10%mm>). Blue line patients with sustained viro-
logic response (SVR), green line patients with relapse, red line
patients with non-response (NVR)

In the analysis of the differences in the cumulative rates of
HCC incidence in the patients with 30 < ALT < 40 IU/L
(group C plus group D), the p value for a significant difference
was 0.059 among the patients with SVR, relapse, and NR
(Fig. 2). In the analysis of the differences in the cumulative
rates of HCC incidence among the patients with PLT counts of
less than 15 x 10%/mm’® (group B plus group D), there was a
significant difference in HCC incidence among patients with
SVR, relapse, and NR (p < 0.001), and patients with SVR or
relapse had a significantly lower rate of HCC incidence than
patients with NR (cumulative rates of HCC incidence at
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Fig. 2 Cumulative rates of HCC incidence according to ALT levels.
Cumulative rates of HCC incidence in patients with ALT levels of
30 < ALT < 40 IU/L (group C plus group D). Blue line patients with
sustained virologic response, green line patients with relapse, red line
patients with non-response

3 years, 0.0,0.0,and 9.3 %, respectively;at5 years,0.0,11.1,
and 20.8 %, respectively; SVR vs. NR, p < 0.001, relapse vs.
NR, p = 0.021) (Fig. 3).

Cumulative rate of HCC incidence in group B
according to the stage of liver fibrosis

Based on the pattern of the Japanese treatment guidelines,
we categorized the patients in group B into two groups
according to the stage of liver fibrosis (FO-1 or F2-4) and
compared the cumulative rates of HCC incidence. Patients
with no fibrosis or mild fibrosis (FO-1) showed no HCC
development regardless of the virologic response (SVR,
relapse, or NR). Of note, in those with moderate to severe
fibrosis (F2-4) in group B, there was no significant difference
in HCC incidence among patients with SVR, relapse, and NR
(p = 0.174), although SVR patients tended have a lower rate
of HCC incidence than NR patients (SVR vs. relapse,
p=10414, SVR vs. NR, p=0.071, relapse vs. NR,
p = 0.383). No patient in the SVR or relapse groups devel-
oped HCC, while the cumulative rate of HCC incidence at
3 years for the NR group was 25.0 % (Fig. 4).

Discussion

Patients with chronic HCV infection and N-ALT have been
reported to show the possibility of ALT flare-up during the
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Fig. 3 Cumulative rates of HCC incidence according to PLT counts.
Cumulative rates of HCC incidence in patients with PLT counts of
<15 x 10*mm® (group B plus group D). Blue line patients with
sustained virologic response, green line patients with relapse, red line
patients with non-response

natural course of the disease (22-27 %) [17, 18] and to
develop moderate to severe progression of liver fibrosis
(5-30 %) [18-21]. However, very low cumulative inci-
dences of HCC have been reported among patients with
average ALT integration values less than or equal to 20 TU/
L (5-year, 0.0 %, 10-year, 3.6 %) [22]. Therefore, it
remains controversial whether HCV eradication by antivi-
ral therapy can reduce the incidence of HCC in patients
with chronic HCV infection and N-ALT [23-26].

The definition of N-ALT remains unclear because its
cutoff value is still under consideration [22, 27, 28]. In
Japan, treatment guidelines for patients with chronic HCV
infection and N-ALT define N-ALT as serum ALT levels
of <40 U/L, and the therapeutic strategy is decided after
categorizing patients into four groups according to ALT
levels and PLT counts. However, the indication of antiviral
therapy should be based on whether or not HCC incidence
can be suppressed by the antiviral therapy. Therefore, we
examined the treatment guidelines from the viewpoint of
inhibiting HCC in patients with chronic HCV infection and
N-ALT.

In the present study, the antiviral efficacy of Peg-IFN
plus ribavirin combination therapy for patients with
chronic HCV infection and N-ALT was almost equivalent
to the efficacy in those with elevated ALT levels, as pre-
viously reported [11-15]. The SVR rate was significantly
higher in groups A and C than in groups B and D for
patients with genotype 1, and the same tendency was found
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Fig. 4 Cumulative rates of HCC incidence in group B patients
(ALT <30 IU/L and PLT <15 x 10¥mm® with moderate to
severe liver fibrosis (F2-4), according to the treatment effect of
Peg-IFN plus ribavirin combination therapy. Blue line patients with
sustained virologic response, green line patients with relapse, red line
patients with non-response

for those with genotype 2. The reason for this was con-
sidered to be that groups B and D included many patients
with moderate to severe liver fibrosis (F3-4, 17.0 %),
which can lead to a lower SVR rate [23, 29, 30].

The present study revealed the cumulative rates of HCC
incidence according to the treatment effect in the four
groups. In group D, the cumulative rate of HCC incidence
in the SVR and relapse patients was significantly lower
than that for the NR patients. This result supports the
recommendation by the treatment guidelines that patients
in group D be managed in the same way as patients with
chronic hepatitis C (CH-C) and elevated ALT levels.

In group B patients, the treatment guidelines recom-
mend antiviral therapy for those who have moderate to
severe liver fibrosis (F2—4). In our present study, patients
with no fibrosis to mild fibrosis (FO-1) did not develop
HCC, and in the patients with moderate to severe fibrosis
(F2—4), the cumulative rate of HCC incidence tended to be
lower in the SVR group than that in the NR group
(p = 0.071). These results also indicate the appropriateness
of the Japanese treatment guidelines. However, further
study is needed because of the small number of cases
studied here.

It appears that group A patients have time to wait for
therapy with the next generation of direct antiviral agents
(DAAs), such as Peg-IFN plus ribavirin plus a second-
generation protease inhibitor, because none of the patients

had developed HCC at 3 years. Even in group C, for which
the treatment guidelines recommend antiviral therapy,
there was no significant difference in the cumulative rate of
HCC incidence among the SVR, relapse, and NR patients,
with the incidence being below 5 % at 3 years. Accord-
ingly, patients with PLT counts of more than 15 x 10%
mm® (groups A or C) have time to wait until the next
generation of DAAs becomes available, because patients
with PLT counts of more than 15 x 10%mm? have a low
3-year carcinogenesis rate.

The Japanese treatment guidelines recommend antiviral
therapy for patients with 30 < ALT < 40 IU/L levels.
However, in the present study, in the patients with
30 < ALT < 40 IU/L levels, the p value for a significant
difference in the cumulative rate of HCC incidence among
the patients with SVR, relapse, and NR was 0.059. This
result indicates that the patients with 30 < ALT < 40 IU/L
levels have the potential to be candidates for antiviral
therapy, and further study is needed to clarify this. How-
ever, these patients may not be candidates for immediate
antiviral therapy because the cumulative rates of HCC
incidence at 3 years in the patients with SVR, relapse, and
NR were low (cumulative rates of HCC at 3 years: 1.6, 0.0,
and 3.7 %). On the other hand, as mentioned above, in the
patients with PLT counts of <15 x 104/mm3, the cumu-
lative rate of HCC incidence was significantly lower in the
SVR and relapse patients than that in the NR patients
(cumulative rates of HCC at 3 years: 0.0, 0.0, and 9.3 %; at
5 years: 0.0, 11.1, and 20.8 %; p < 0.001). This result
suggests that patients with PLT counts of <15 x 10*/mm’>
may be candidates for antiviral therapy.

A limitation of this study was that the incidence of HCC
was not compared between a treatment group and a non-
treatment group. This study showed the suppressive effect
of antiviral therapy on HCC incidence by comparing
patients according to the treatment’s antiviral effect. Peg-
IFN plus ribavirin combination therapy has become
acceptable for patients with chronic HCV infection and
N-ALT levels. However, if there were no difference in
HCC incidence between patients with SVR and non-SVR
in the group receiving Peg-IFN plus ribavirin combination
therapy, it would not be necessary for patients with chronic
HCYV infection and N-ALT to receive this therapy. In this
study, we compared the incidence of HCC according to the
treatment effect in HCV-infected patients with N-ALT
levels categorized by the Japanese treatment guidelines.
Indeed, although our results did not demonstrate that
N-ALT patients should be treated, they indicated that it
could be appropriate to treat N-ALT patients, because the
incidence of HCC in these patients with SVR was sup-
pressed compared with that in the NR patients.

In conclusion, in patients with N-ALT and PLT counts
of <15 x 10%mm>® who received Peg-IFN plus ribavirin
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combination therapy, the cumulative rate of HCC inci-
dence was significantly lower in those with SVR or relapse
than in those with NR. Therefore, HCV-infected patients
with N-ALT and PLT counts of <15 x 10*mm? could be
candidates for early antiviral therapy for the purpose of
reducing the risk of developing HCC.
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Abstract

Hepatitis B virus (HBV) infection can lead to serious liver diseases, including liver cirrhosis (LC) and hepatocellular carcinoma
(HCQ); however, about 85-90% of infected individuals become inactive carriers with sustained biochemical remission and
very low risk of LC or HCC. To identify host genetic factors contributing to HBV clearance, we conducted genome-wide
association studies (GWAS) and replication analysis using samples from HBV carriers and spontaneously HBV-resolved
Japanese and Korean individuals. Association analysis in the Japanese and Korean data identified the HLA-DPAT and HLA-
DPB1 genes With Ppee=1.89x107 "% for rs3077 and Py, =9.69 107 '° for 159277542. We also found that the HLA-DPAT and
HLA-DPB1 genes were significantly associated with protective effects against chronic hepatitis B (CHB) in Japanese, Korean
and other Asian populations, including Chinese and Thai individuals (Ppmetq =4.40x107 " for 153077 and Ppera=1.28x10""°
for rs9277542). These results suggest that the associations between the HLA-DP locus and the protective effects against
persistent HBV infection and with clearance of HBV were replicated widely in East Asian populations; however, there are no
reports of GWAS in Caucasian or African populations. Based on the GWAS in this study, there were no significant SNPs
associated with HCC development. To clarify the pathogenesis of CHB and the mechanisms of HBV clearance, further studies
are necessary, including functional analyses of the HLA-DP molecule.
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Introduction

Overall, one-third of the world’s population (2.2 billion) is
infected with hepatitis B virus (HBV), and about 15% of these
are chronic carriers. About 75% of the chronic carriers live in
the east-south Asia and east pacific area, and there are 1.3-1.5
million chronic carriers living in Japan [1]. Of chronic carriers,
10-15% develop liver cirrhosis (LC), liver failure and hepato-
cellular carcinoma (HCC), and the remaining individuals
eventually achieve a state of nonreplicative infection, resulting
in hepatitis B surface antigen (HBsAg) negative and hepatitis B
core antibody (anti-HBc) positive, i.e. HBV-resolved individuals
[2-3]. In Japan, although the major route of HBV transmission
was perinatal transmission and horizontal transmission in early
childhood, infant HBV carriers have successfully been reduced
since 1986 through a selective vaccination policy by the
Japanese government [4-7]. However, the prevalence of HBV
genotype A in acute HBV (AHB) infection has increased
markedly since 2000, reaching approximately 52% in 2008 due
to the lack of a universal HB vaccination, and around 10% of
AHB cases could be persistent infection [8-9]. Viral factors, as
well as host factors, are thought to be associated with persistent
HB infection.

In 2009, significant associations between chronic hepatitis B
(CHB) and a region including HLA-DPAI and HLA-DPBI were
identified using 786 Japanese individuals having CHB and 2,201
control individuals through a two-stage genome-wide association
study (GWAS) [10]. The same group was also subjected to a
second GWAS using a total of 2,667 Japanese persistent HBV
infection cases and 6,496 controls, which confirmed significant
associations between the HLA-DP locus and CHB, in addition to
associations with another two SNPs located in the genetic region
including the HLA-DQ gene [11]. The associations between HLA-
DP variants with HBV infection were replicated in other Asian
populations, including Thai and Han Chinese individuals [10,12—
13]. With regard to HBV clearance, the association between the
human leukocyte antigen (HLA) class II allele and clearance of
HBYV was confirmed by the candidate gene approach in African,
Caucasian and Asian populations [14-18]. However, in a previous
GWAS using samples of Japanese CHB and control individuals,
the clinical data on HBV exposure in the control individuals were
unknown, and this may have led to bias. Moreover, there have
been no reports of GWAS using samples from HBV carriers and
HBV-resolved individuals to identify host genetic factors associ-
ated with HBV clearance other than HLA class II molecules.

Here, we performed a GWAS using samples from Japanese
HBYV carriers, healthy controls and spontaneously HBV-resolved
individuals in order to confirm or identify the host genetic factors
related to CHB and viral clearance. In the subsequent replication
analysis, we validated the associated SNPs in the GWAS using two
independent sets of Japanese and Korean individuals. In our
study, healthy controls were randomly selected with clinically no
evidence of HBV exposure, therefore, HBV-resolved individuals
were prepared to clearly identify the host genetic factors related
with CHB or HBV clearance.

Results

Protective Effects Against Chronic Hepatitis B in Japanese
and Korean Individuals

In this study, we conducted a GWAS using samples from 181
Japanese HBV carriers (including asymptomatic carriers (ASC),
CHB cases, LC cases and HCC cases, based on the criteria
described in Materials and Methods) and 184 healthy controls in
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order to identify the host genetic factors related to progression of
CHB. All samples were genotyped using a genome-wide SNP
typing array (Affymetrix Genome-Wide Human SNP Array 6.0
for 900 K SNPs). Figure la shows a genome-wide view of the
single point association data based on allele frequencies using the
SNPs that met the following filtering criteria: (i) SNP call rate
=95%; (ii) minor allele frequency (MAF) =1% for HBV carriers
and healthy controls; and (iii) no deviation from Hardy-Weinberg
equilibrium (HWE) P=0.001 in healthy controls. We identified
significant associations of protective effects against CHB with two
SNPs (rs3077 and rs9277542) using the allele frequency model,
both of which are located in the 3" UTR of HLA-DPAI and in the
sixth exon of HLA-DPBI, respectively (rs3077, P=1.14x1077, and
rs9277542, P=5.32x107% respectively). The association for
rs9277542 reached a genome-wide level of significance in the
GWAS panel (Bonferroni criterion P<8.36x107% (0.05/
597,789)).

In order to validate the results of GWAS, a total of 32 SNPs,
including the associated two SNPs (rs3077 and rs9277542), were
selected for replication in two independent sets of HBV carriers
and healthy controls (replication-1:256 Japanese HBV carriers and
236 Japanese healthy controls; and replication-2:344 Korean
HBV carriers and 151 Korean healthy controls; Table 1). The
associations for the original significant SNP (rs9277542) and
marginal SNP (rs3077) on GWAS were replicated in both
replication sets [replication-1 (Japanese); rs3077, P= 2.70x1078,
OR =0.48 and 159277542, P=3.33x107%, OR =0.54; replica-
tion-2 (Korean); rs3077, P=2.08x107°, OR =047 and
159277542, P=8.29x107°, OR =0.54, Table 2]. We conducted
meta-analysis to combine these studies using the DerSimonian
Laird method (random effects model) to incorporate variation
among studies. As shown in Table 2, the odds ratios were quite
similar across the three studies (GWAS and two replication studies)
and no heterogeneity was observed (7, = 0.80 for rs3077 and 0.40
for 159277542). P, values were 4.40x10™" for rs3077 (OR
=0.46, 95% confidence interval (CI)=0.39-0.54), and
1.28x107"° for rs9277542 (OR =0.50, 95% CI=0.43-0.60).
Among the remaining 30 SNPs in the replication study, 27 SNPs
were successfully genotyped by the DigiTag2 assay with SNP call
rate = 95% and HWE p-value = 0.01. Two SNPs (rs9276431 and
157768538), located in the genetic region including the HLA-DQ
gene, were marginally replicated in the two sets of HBV carriers
and healthy controls with Mantel-Haenszel P values of 2.80 x 1077
(OR =0.56, 95% CI=0.45-0.70) and 1.09x1077 (OR =0.53,
95% CI=0.42-0.67), respectively, when using additive, two-tailed
Cochran Mantel-Haenszel (CMH) fixed-effects model with no
evidence of heterogeneity (P, = 0.67 for rs9276431 and 0.70 for
rs7768538) (Table SI).

Meta-analysis using the random effects model across 6
independent studies, including 5 additional published data,
showed P, =3.94x10"",  OR =055 for 153077,
Poe=1.74x107%", OR =061 for 159277535 and
Poa=1.69%x107"°, OR =0.51 for rs9277542, with the SNP
59277535 being located about 4-kb upstream from rs9277542 and
showing strong linkage disequilibrium of r*=0.955 on the
HapMap JPT (Table S2). As shown in Table S2, the odds ratio
was very similar among the 6 studies, and heterogeneity was
negligible with P, >0.01.

Moreover, based on GWAS using samples from 94 chronic
HBV carriers with LC or HCC and 87 chronic HBV carriers
without LC and HCC, we found no significant SNPs associated
with GHB progression (Figure S1).
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Figure 1. Results of genome-wide association studies. a) HBV carriers and healthy controls, and b) HBV carriers and HBV-resolved individuals
were compared. P values were calculated by chi-squared test for allele frequencies. Dots with arrows on chromosome 6 show strong associations
with protective effects against persistent HB infection and with HBV clearance.

doi:10.1371/journal.pone.0039175.g001

Clearance of Hepatitis B virus in Japanese and Korean

Individuals

We also conducted a GWAS to identify the host genetic factors
related to clearance of HBV in the above 181 Japanese HBV
carriers and 185 Japanese HBV-resolved individuals using a
genome-wide SNP typing array (Affymetrix Genome-Wide
Human SNP Array 6.0 for 900 K SNPs). The same two SNPs
(rs3077 and rs9277542) showed strong associations in the allele
frequency model (P=9.24x1077 and P=3.15x1077) with clear-
ance of HBV (Figure 1b).

The above 32 SNPs, including the two associated SNPs (rs3077
and 1s9277542), were selected for a replication study in two
independent sets of HBV carriers and HBV resolved individuals
(replication-1:256 Japanese HBV carriers and 150 Japanese HBV
resolved individuals; and replication-2:344 Korean HBV carriers
and 106 Korean HBV resolved individuals; Table 1). All 32 SNPs
were genotyped using the DigiTag?2 assay and 29 of 32 SNPs were
successfully genotyped (Table S3). The associations of the original
SNPs were replicated in both replication sets [replication-1
(Japanese): 1s3077, P=3.32x107%, OR =0.72 and rs9277542,
P=125x10"% OR =0.68; replication-2 (Korean): rs3077,
P=9235%10"7, OR =0.4] and rs9277542, P=4.97x107°% OR
=0.46; Table 3]. Meta-analysis using random effects model
showed P = 1.56x10™* for rs3077 (OR  =0.51, 95%
CI=0.36-0.72), and 5.91x1077 for rs9277542 (OR =0.55,
95% CI=0.43-0.69). While there was evidence of heterogeneity
between these studies for rs3077 (B, = 0.03) and no evidence for
1s9277542 (P, =0.19), significant associations with HBV clear-
ance were observed with Mantel-Haenszel P, = 3.28x10™'? for
153077 and 1.42x107'° for 159277542, when using CMH fixed-
effects model. Among the remaining 27 SNPs in the replication
study, two SNPs (rs9276431 and rs7768538), located in a genetic
region including HLA-DQ gene, were marginally replicated in the
two sets of HBV carriers and HBV resolved individuals with
Mantel-Haenszel P values of 2.10x107° (OR =0.59) and
1.10x107° (OR =0.56), respectively (Table 83), when using
CMH fixed-effect model. Due to the existing heterogeneity among
three groups (GWAS, Replication-1 and Replication-2) (P, = 0.03
for rs9276431 and 0.04 for rs7768538), weak associations were

Table 1. Number of study samples.

GWAS Replication-1  Replication-2
population Japanese Japanese Korean
HBV carriers Total 181 256 344
‘ ic 0 o =
CH 67 k101 177
Lc g g g
HCC 91 ‘ 51 167
Healthy contréls 184 . ;236; o s
Resolved individuals 185 150 106

Abbreviation: IC, Inactive Carrier; CH, Chronic Hepatitis; LC, Liver Cirrhosis; HCC,
Hepatocellular Carcinoma.
doi:10.1371/journal.pone.0039175.t001
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observed with P,,,,=0.03 for rs9276431 and 0.02 for rs7768538
by the random effects model meta-analysis.

Meta-analysis across 6 independent studies, including 5
additional published data, showed P, =1.48x107°, OR
=0.60 for 13077, P, =1.08x107"7, OR =0.66 for rs9277535
and P, =5.14x107%, OR =0.55 for rs9277542 (Table S4). As
shown in Table S4, the OR for the 159277535 and rs9277542 were
similar among the 6 independent studies, and heterogeneity was
negligible (P,,=0.03 for 1s9277535 and 0.14 for rs9277542).
However, significant level of heterogeneity for rs3077 was
observed with 2,,=9.57%x107% across 5 independent studies,

including our study.

URLs
The results of the present GWAS are registered at a public database:
https:/ / gwas.lifesciencedb,jp/ cgi-bin/ gwasdb/gwas_top.cgi.

Discussion

The recent genome-wide association study showed that the
SNPs located in a genetic region including HLA-DPAI and HLA-
DPBI genes were associated with chronic HBV infection in the
Japanese and Thai population [10,11]. In this study, we confirmed
a significant association between SNPs (rs3077 and rs9277542)
located in the same genetic region as HLA-DPAI and HLA-DPBI
and protective effects against CHB in Korean and Japanese
individuals. Mata-analysis using the random effects model across 6
independent studies including our study suggested that, widely in
East Asian populations, variants in antigen binding sites of HLA-
DP contribute to protective effects against persistent HBV
infection (Table $2).

On GWAS and replication analysis with Japanese and Korean
individuals, we identified associations between the same SNPs
(rs3077 and rs9277542) in the HLA-DPAI and HLA-DPBI genes
and HBV clearance; however, no new candidate SNPs from the
GWAS were detected on replication analysis (Table S3). When the
data of reference#18 was excluded from the meta-analysis across
6 independent studies, heterogeneity among 4 studies was
estimated to be P,,=0.15 and significant association of rs3077
with HBV clearance was observed with P,,,,=5.88x107**, OR
=0.56 (Table S4). In our study, a negligible level of heterogeneity
for rs3077 was also observed (P,,=0.03) on meta-analysis by
adding replication-1 (Table 3). Despite the heterogeneity in
replication-1, a marginal association was observed for rs3077 with
the same downward trend in the odds ratio (P=3.32x107% OR
=0.72). Moreover, meta-analysis using GWAS and replication-2
showed significant association of P, = 1.89x107 2, OR =0.43
for rs3077 with no evidence of heterogeneity (P,,=0.75).
Although the reason why heterogeneity was observed in replica-
tion-1 is unclear, one possible reason is the clinical heterogeneity
due to different kits being used for antibody testing. The
associations of HLA-DPA1/—DPBI with CHB and HBV clearance
showed the same level of significance in the comparison of HBV
patients with HBV resolved individuals (OR =0.43 for rs3077 and
0.49 for rs9277542) as the one with healthy controls (OR =0.46
for rs3077 and 0.50 for rs9277542), when the replication-1 was
excluded in the analysis (Table 2 and Table 3). The results of
meta-analysis across 6 independent studies including our study
also showed the same or slightly weaker associations in the
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Table 2. Results of replication study for protective effects against CHB.

Position MAF®  Allele Stage HBV carriers Healthy controls OR®
dbSNP rsID Chr Buld 363 Nearest Gene  (allele)  (1/2)  (population) 112022 11120 22 HWEp 95% 1 Pvalue® P
13077 6 33141000HLA-DPAT 044  T/C  GWAS 13 51 117 28 8 67 0919 042 1.14x1077
o L apanese) (72) (282) (646) (153) (48.1) (366) (0.30-058)
Replication-1 26 95 134 46 125 65 0309 048 270x107°
 Uapanese) (102) (37.3) (525) (195) (530) (27.5)  (037-062) .
Replication-2 23 81 111 3 74 40 0.767 047 2.08x107°
(Korean)  (107) (37.7) (516) 214) (51.0) 276) (035065
Meta-analysis® k k k 0.46 4.40x107"° 0.80
. L - ; (039059
19277542 6  33163225HLA-DPB1 045  T/C  GWAS 1853 110 29 102 52 0073 042 532x107°
L m (Uapanese) 99 (293) €08) (158) (557) (284)  (031-058
Replication-1 30 106 118 54 114 67 0.681 0.54 333x107°
~ Uapanese) (118) 417) @465) (230) (485) (285) (0420700
Replication-2 36 8 94 35 72 36 0933 054 8.29x107°
 (Korean) (142) (412) (445) (24.5) (50.3) (25.2) (040-0.74) ,
Meta-analysise 0.50 1.28x107'% 0.40
: ' ‘ (043-060)

2Minor allele frequency and minor allele in 198 healthy Japanese (ref#19).
POdds ratio of minor allele from two-by-two allele frequency table.

P value of Pearson’s chi-square test for allelic model.

9Heterogeneity was tested using general variance-based method.
®Meta-analysis was tested using the random effects model.
doi:10.1371/journal.pone.0039175.t002

comparison of HBV patients with HBV resolved individuals (OR
=0.56 for rs3077, 0.66 for rs9277535 and 0.55 for rs9277542)
than in the one with healthy controls (OR =0.55 for rs3077, 0.61
for 19277535 and 0.51 for rs9277542), which was the opposite
result as we expected (Table 52 and Table S4). These results may
suggest that other unknown immune system(s) exist to eliminate
the HBV in the HBV resolved individuals.

Among the HLA class IT loci (HLA-DPA1, HLA-DPBI and HLA-
DQB2), which were associated with CHB and HBV clearance, a
weak linkage disequilibrium (r*<0.1) was observed between HLA-
DQB2 locus and HLA-DPA1/—DPBI loci in Japanese and Korean
populations (Figure S2). We also found that similar linkage
disequilibrium blocks (r%) were observed among three subgroups
(HBV carriers, HBV resolved individuals and Healthy controls).
Moreover, logistic regression analysis of HLA-DP (rs3077 and
rs92775542) with use of HLA-DQ (rs9276431 and rs768538) as
covariates showed that the same level of significant associations of
HILA-DP with CHB and HBV clearance as shown in the single-
point association analysis, while no associations of HLA-DQ with
Py >0.05 were detected both in Japanese and in Korean (Table
S5). These results show that HLA-DP is the main genetic factor for
susceptibility to CHB and HBV clearance, and the associations of
HIA-DQB2 would result from linkage disequilibrium of HLA-
DPA1/—-DPBI.

In this study, we confirmed the significant associations between
HIA-DPAI and HLA-DPBI, and protective effects against CHB
and HBV clearance in Japanese and Korean individuals. These
results suggest that the associations between the HLA-DP locus,
CHB and HBV clearance are widely replicated in East Asian
populations, including Chinese, Thai, Japanese and Korean
individuals; however, there have been no similar GWAS
performed in Caucasian and African populations. Moreover,

@ PLoS ONE | www.plosone.org
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there were no significant SNPs associated with HCC development
in this study, thus suggesting that it is necessary to increase the
sample size. To clarify the pathogenesis of CHB or the
mechanisms of HBV clearance, further studies are necessary,
including a functional study of the HLA-DP molecule, identifica-
tion of novel host genetic factors other than HLA-DP, and
variation analysis of HBV.

Materials and Methods

Ethics Statement

All study protocols conform to the relevant ethical guidelines, as
reflected in the a priori approval by the ethics committees of all
participating universities and hospitals. The written informed
consent was obtained from each patient who participated in this
study and all samples were anonymized.

Genomic DNA Samples and Clinical Data

All of the 1,793 Japanese and Korean samples, including
individuals with CHB, healthy controls and HBV-resolved
individuals (HBsAg-negative and anti-HBc-positive), were col-
lected at 20 multi-center hospitals (liver units with hepatologists)
throughout Japan and Korea. The 19 hospitals in Japan were
grouped into the following 8 areas: Hokkaido area (Hokkaido
University Hospital, Teine Keijinkai Hospital), Tohoku area
(Iwate Medical University Hospital), Kanto area (Musashino Red
Cross Hospital, Saitama Medical University, Kitasato University
Hospital, University of Tokyo), Koshin area (Shinshu University
Hospital, Kanazawa University Hospital), Tokai area (Nagoya
City University Hospital, Nagoya Daini Red Cross Hospital),
Kinki area (Kyoto Prefectural University of Medicine Hospital,
National Hospital Organization Osaka National Hospital, Osaka
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Table 3. Results of replication study for clearance of hepatitis B virus.

Position MAF® Allele Stage

HBV carriers

Resolved individuals OR®

dbSNP rsID -~ Chr Buld 36.3 Nearest Gene  (allele) (1/2)  (population)
rs3077 6  33141000HLA-DPA1T 044 T/C GWAS '
: ' 5 m: (Japanese)
Replication-1
Oar‘:an‘e,se)
Replication-2
(Korean)

Meta-analysis®

Meta-analysis®

! ; 2)
0.45 T/C GWAS
m. (Japanese)

rs9277542 6  33163225HLA-DPB1

Replication-1
(Japanese)
Replication-2
(Korean)

Meta-analysis®

Meta-analysis®

2)

V(GWAS;+replicyation*

(GWAS+replication-

11 120 220 11 2 22 95% Cl Pvalue® P
13 51 117 29 82 74 044 9.24x1077
(72 (282) (646) (15.7)  (443) (40.0) ~ (032-061)
26 95 134 20 64 60 0.72 332x1072
(102) (37.3) (525 (139) (444) (417) (053-0.97)
23 81 11 29 48 28 041 2.35%1077
(107) (377) (516) (276)  (457) (267) (0.29-0.58)
0.51 1.56x107* 003
©(036-0.72) ,
0.43 1.89x107'% 0.75
(034-054)
18 53 110 28 88 69 051 3.15%107°
99 (293 (608) (151) (476) (373) (0.37-0.70)
30 106 118 28 62 52 0.68 1.25x1072
(118) 417) (465) (197) @37) (366) (051-0.92)
30 87 94 30 53 2 0.46 4.97x1078
(142) 412) (445 (286) (505 (210) (033-0.64)
0.55 591x1077 0.19
(0.43-0.69)
0.49 9.69x107° 0.65
(0.39-061)

*Minor allele frequency and minor allele in 198 healthy Japanese (ref#19).
b0dds ratio of minor allele from two-by-two allele frequency table.

°P value of Pearson’s chi-square test for allelic model.

9Heterogeneity was tested using general variance-based method.
“Meta-analysis was tested using the random effects model.
doi:10.1371/journal.pone.0039175.t003

City University), Chugoku/Shikoku area (Tottori University
Hospital, Ehime University Hospital, Yamaguchi University
Hospital, Kawasaki Medical College Hospital) and Kyushu area
(Kurume University Hospital). Korean samples were collected at
Yonsei University College of Medicine.

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 portal hypertension. Chronic hepatitis (CH)
was defined by elevated ALT levels (>1.5 times the upper limit of
normal [35 IU/L]) persisting over 6 months (at least by 3
bimonthly tests). Liver cirrhosis (LC) was diagnosed principally by
ultrasonography (coarse liver architecture, nodular liver surface,
blunt liver edges and hypersplenism), platelet counts <100,000/
em®, or a combination thereof, Histological confirmation by fine-
needle biopsy of the liver was performed as required. Hepatocel-
lular carcinoma (HCC) was diagnosed by ultrasonography,
computerized tomography, magnetic resonance imaging, angiog-
raphy, tumor biopsy or a combination thereof.

The Japanese control samples from HBV-resolved subjects
(HBsAg-negative and anti-HBc-positive) at Nagoya City Universi-
ty-affiliated healthcare center were used by comprehensive agree-

@ PLoS ONE | www.plosone.org

ment (anonymization in an unlinkable manner) in this study. Some
of the unrelated Japanese healthy controls were obtained from the
Japan Health Science Research Resources Bank (Osaka, Japan).
One microgram of purified genomic DNA was dissolved in 100 ul
of TE buffer (pH 8.0) (Wako, Osaka, Japan), followed by storage at
—20°C until use.

SNP Genotyping and Data Cleaning

For GWAS, we genotyped a total of 550 individuals, including
181 Japanese HBV carriers, 184 Japanese healthy controls and
185 spontaneously HBV-resolved Japanese individuals (HBsAg-
negative and anti-HBc-positive), using the Affymetrix Genome-
Wide Human SNP Array 6.0 (Affymetrix, Inc., Santa Clara, CA),
in accordance with the manufacturer’s instructions. The average
QQC call rate for 550 samples reached 98.47% (95.00-99.92%),
which had an average sample call rate of 98.91% (93.55-99.74%)
by determining the genotype calls of over 900 K SNPs using the
Genotyping Console v4.1 software (with Birdseed vl algorithm)
provided by the manufacturer [19]. We then applied the following
thresholds for SNP quality control in data cleaning: SNP call rate
=95% and MAF =1% for three groups (HBV carriers, healthy
controls and HBV-resolved individuals), and HWE P-value
=0.001 for healthy controls [20]. Here, SNP call rate is defined
for each SNP as the number of successfully genotyped samples
divided by the number of total samples genotyped. A total of
597,789 SNPs and 590,278 SNPs on autosomal chromosomes
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passed the quality control filters in the genome-wide association
analysis using HBV carriers and healthy controls, and using HBV
carriers and HBV-resolved individuals, respectively (Figure 1). All
cluster plots for the SNPs showing P<0.0001 on association
analyses in the allele frequency model were confirmed by visual
inspection, and SNPs with ambiguous cluster plots were excluded.

In the following replication stage, we sclected a set of 32 SNPs
with P<<0.0001 in the GWAS using HBV carriers and HBV-
resolved individuals. SNP genotyping in two independent sets of
256 Japanese HBV carriers, 236 Japanese healthy controls and
150 Japanese HBV-resolved individuals (Table I, replication-1),
and 344 Korean HBV carriers, 151 Korean healthy controls and
106 Korean HBV-resolved individuals (Table 1, replication-2) was
completed for the selected 32 SNPs using the DigiTag?2 assay
[21,22] and custom TagMan SNP Genotyping Assays (Applied
Biosystems, Foster City, CA) on the LightCycler 480 Real-Time
PCR System (Roche, Mannheim, Germany).

Statistical Analysis

The observed associations between SNPs and the protective
effects on chronic hepatitis B or clearance of hepatitis virus B were
assessed by chi-squared test with a two-by-two contingency table
in allele frequency model. SNPs on chromosome X were removed
because gender was not matched among HBV carriers, healthy
controls and HBV-resolved individuals. A total of 597,789 SNPs
and 590,278 SNPs passed the quality control filters in the GWAS
stage; therefore, significance levels after Bonferroni correction for
multiple  testing were P=8.36x107° (0.05/597,789) and
P=8.47x10"% (0.05/590,278), respectively. For the replication
study, 29 of 32 SNPs were successfully genotyped; therefore, we
applied P=0.0017 (0.05/29) as a significance level, and none of
the 29 markers genotyped in the replication stage showed
deviations from the Hardy-Weinberg equilibrium in healthy
controls (P>0.01).

The genetic inflation factor A was estimated by applying the
Cochrane-Armitage test on all SNPs and was found to be 1.056
and 1.030 in the GWAS using HBV carriers and healthy controls,
and using HBV carriers and HBV-resolved individuals, respec-
tively (Figure S3). These results suggest that the population
substructure should not have any substantial effect on statistical
analysis. In addition, the principal component analysis in a total of
550 individuals in the GWAS stage together with the HapMap
samples also revealed that the effect of population stratification
was negligible (Figure S4).

Based on the genotype data of a total of 1,793 samples including
1,192 Japanese samples and 601 Korean samples in both GWAS
and replication stages, haplotype blocks were estimated using the
Gabriel’s algorithm using the Haploview software (v4.2) (Figure
S2). In the logistic regression analysis, two SNPs (rs9276431 and
rs7768538) within the HLA-DQ locus were individually involved
as a covariate (Table S5). Statistical analyses were performed using
the SNP & Variation Suite 7 software (Golden Helix, MT, USA).

Supporting Information

Figure S1 GWAS using samples from HBV carriers with
LC or HCC, and HBV carriers without LC and HCC. P
values were calculated using chi-squared test for allele frequencies.
(PPTX)

Figure $2 Estimation of linkage disequilibrium blocks
in HBV patients, HBV resolved individuals and healthy
controls in Japanese and Korean. The LD blocks (r”) were
analyzed using the Gabriel’s algorithm.

(PPTX)
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Figure 83 Quantile-quantile plot for test statistics
(allele-based chi-squared tests) for GWAS results. Dots
represent P values of each SNP that passed the quality control
filters. Inflation factor A was estimated to be: a) 1.056 in the
analysis with HBV carriers and healthy controls; and b) 1.030 with
HBYV carriers and HBV-resolved individuals.

(PPTX)

Figure S4 Principal component analysis on a total of
550 individuals in GWAS, together with HapMap
samples (CEU, YRI and JPT).

(PPTX)

Table S1 Results for 29 SNPs selected in replication
study using samples of HBV carriers and healthy
controls. *P values by chi-squared test for allelic model. "Odds
ratio of minor allele from two-by-two allele frequency table.
“Meta-analysis was tested using additive, two-tailed CMH fixed-
effects model.

(XLSX)

Table 2 Results of meta-analysis for protective effects
against persistent HB infection across 6 independent
studies, including this study. “Minor allele frequency and
minor allele in 198 healthy Japanese (ref#19). "Odds ratio of
minor allele from two-by-two allele frequency table. “P value of
Pearson’s chi-squared test for allele model. YHeterogeneity was
tested using general variance-based method. “Meta-analysis was
tested using the random effects model.

(XLSX)

Table $3 Results for 29 SNPs selected in replication
study using samples from HBV carriers and HBV-
resolved individuals. “P values by chi-squared test for allelic
model. "Odds ratio of minor allele from two-by-two allele
frequency table. “Meta-analysis was tested using additive, two-
tailed CMH fixed-effects model.

(XLSX)

Table S4 Results of meta-analysis for clearance of HBV
across 6 independent studies, including this study.
“Minor allele frequency and minor allele in 198 healthy Japanese
(ref#19). "Odds ratio of minor allele from two-by-two allele
frequency table. “P value of Pearson’s chi-squared test for allele
model. “Heterogeneity was tested using general variance-based
method. “Meta-analysis was tested using the random effects model.
(XLSX)

Table S5 Logistic regression analysis of HLA-DP
(rs3077 and rs9277542) and HLA-DQ (rs9276431 and
rs7768538) with susceptibility to CHB and HBV clear-
ance using the HLA-DQ genotypes individually as a
covariate.

(XLSX)
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Abstract

populations.

in HCC susceptibility among these Asian populations.

.

Background: A recent genome-wide association study (GWAS) using chronic HBV (hepatitis B virus) carriers with
and without hepatocellular carcinoma (HCC) in five independent Chinese populations found that one SNP
(rs17401966) in KIF1B was associated with susceptibility to HCC. In the present study, a total of 580 HBV-derived
HCC cases and 1351 individuals with chronic hepatitis B (CHB) or asymptomatic carrier (ASC) were used for
replication studies in order to evaluate the reported association with HBV-derived HCC in other East Asian

Results: We did not detect any associations between rs17401966 and HCC in the Japanese cohorts (replication 1:
OR=1.09, 95 % Cl=0.82-143; replication 2: OR=0.79, 95 % Cl=0.54-1.15), in the Korean cohort (replication 3:
OR=0.95, 95 % Cl=066-1.36), or in the Hong Kong Chinese cohort (replication 4: OR=1.17, 95 % Cl=0.79-1.75).
Meta-analysis using these cohorts also did not show any associations with P=0.97.

Conclusions: None of the replication cohorts showed associations between rs17401966 and HBV-derived HCC. This
may be due to differences in the genetic diversity among the Japanese, Korean and Chinese populations. Other
reasons could be the high complexity of multivariate interactions between the genomic information and the
phenotype that is manifesting. A much wider range of investigations is needed in order to elucidate the differences

Keywords: Hepatitis B, hepatocellular carcinoma, candidate SNP, replication study, genome-wide association study

J

Background

Hepatitis B (HB) is a potentially life-threatening liver in-
fection caused by the hepatitis B virus (HBV), and ap-
proximately 360 million people worldwide are thought
to be chronically infected with HBV. The clinical course
of HBV infection is variable, including acute self-limiting
infection, fulminant hepatic failure, inactive carrier state
and chronic hepatitis with progression to cirrhosis and
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hepatocellular carcinoma (HCC). Although some HBV
carriers spontaneously eliminate the virus, 2-10 % of
individuals with chronic HB (CHB) develop liver cirrho-
sis every year, and a subset of these individuals suffer
from liver failure or HCC. Around 600,000 new HCC
cases are diagnosed annually worldwide, with HCC
being relatively common in Asia-Pacific countries and
sub-Saharan Africa; more than 70 % of HCC patients are
diagnosed in Asia (with 55 % in China) [1]. However,
HCC is relatively uncommon in the USA, Europe and
Australia [1,2]. The majority of HCC develops in
patients with cirrhosis, which is most often attributable

© 2012 Sawai et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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