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the Wald test. To clarify the histologic
mechanisms for hepatic blood flow
changes, univariate and multivariate
logistic regression analyses were per-
formed with the Wald test. Findings at
histologic examination of perivenular
fibrosis, pericellular fibrosis, portal fi-
brosis, bridging fibrosis, steatosis, lob-
ular inflammation, portal inflammation,
and ballooning were assessed by using
regression models. Multivariate logistic
regression models included parameters
that were significant (P < .05) at uni-
variate logistic regression analysis. To
estimate intraobserver reproducibility,
the coefficient of variation was mea-
sured as CV = (SD/mean) - 100, where
CV is the coefficient of variation and SD
is the standard deviation. Less than 5%
was defined as good reproducibility. A
P value of .05 was considered to indi-
cate a significant difference.

Glinical Characteristics

The clinical characteristics and labora-
tory data of subjects are shownin Table 1.
The optimal threshold for the associa-
tion of the platelet count with an SEP
score greater than or equal to 6 (Fig
E1, A [online]) was lower than or equal
to 146000/ L. With this threshold, the
accuracy of SEP greater than or equal
to 6 was 82.6% (sensitivity, 60.0% [15
of 25]; specificity, 88.5% [85 of 96];
positive predictive value, 57.7% [15
of 26]; and negative predictive value,
89.5% [85 of 95]; area under the curve,
0.79).

Intrachserver Reproducibility and Hepatic
Hemodynamic Ghange

Intraobserver variability of the velocity
of both the hepatic artery and the por-
tal vein and splenic elasticity were 3.1%
+25,22% * 1.6, and 2.6% = 2.2,
respectively. The normality assumption
of the arterioportal ratio was not met
(P < .0001). The optimal threshold for
defining patients with SEP scores less
than 6 or greater than or equal to 6 was
an arterioportal ratio greater than or
equal to 2.88 (Fig E1, B [online]). With
this threshold, the accuracy of diagnosis
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was 78.5% (sensitivity, 80.0% [20 of
25]; specificity, 78.1% [75 of 96]; posi-
tive predictive value, 48.8% [20 of 41];
negative predictive value, 93.8% [75 of
80]; and area under the curve, 0.85).
The median arterioportal ratios in pa-
tients with stage FO, F1, F2, F3, and
F4 were 1.8, 2.0, 2.5, 3.2, and 3.7, re-
spectively (Fig 1, B). The mean * stan-
dard deviation arterioportal ratios were
1.8+04,22*06,24%06,3.1%
0.7, and 3.9 = 1.0, respectively. The
median arterioportal ratios were signif-
icantly increased at the higher stages in
the pair-wise comparisons (stage FO vs

stages F1-F4, stages FO-F1 vs stages
F2-F4, stages FO-F2 vs stages F3-F4,
and stages FO-F3 vs stage F4 [P <
.0001]).

Splenic Elasticity

The normality assumption of splenic
elasticity was not met (P < .0001). The
SEP scores increased with increasing
severity of hepatic fibrosis (Fig 1, A).
Median SEP scores in patients with FO,
F1, F2, F3, and F4 were 2.9, 3.8, 4.3,
5.4, and 10.7, respectively. The mean
SEP scores were 3.1 = 1.9, 3.6 = 1.7,
44 + 2.3, 5.8 £ 2.6, and 9.2 * 4.0

radiology.rsna.org = Radiology: Volume 274: Number 2—February 2015

—574—



ULTRASONDGRAPHY: Hepatic Blood Flow Change in Nonalcoholic Fatty Liver Disease

Hirooka et al

** stage 0-3 vs. stage 4
** stage 0-2 vs. stage 3-4

** stage 0-1 vs. stage 2-4

** stage O vs, stage 1-4

20
A
15

@
ol
3
0.
010 e e
%]

5

a

0 1 4 3 4
fibrosis stage
** stage 0-3 vs. stage 4
** stage 0-2 vs. stage 34
** stage 0-1 vs. stage 2-4
** stage 0 vs. siage 1-4
7
48

6 o
2
g 54
o -
< 4

3 s

pr =

1

0 ! 1 ! 2 ! 3 ! 4
fibrosis stage

Figure 1:  Box and whisker plots show evaluation of splenic elasticity and the Doppler index at each stage

of fibrosis. A, Both SEP score and, B, arterioportal ratio (A/P) were altered in patients with NAFLD, even at
stage F2. * = P < .05, =+ = P < ,01).

respectively. The median SEP scores
were significantly higher at the higher
stages in pair-wise comparisons (stage

0 vs stages 1-4, stages 0-1 vs stages
2-4, stages 0~2 vs stages 3-4, and stag-
es 0-3 vs stage 4 [P < .0001}).

Hepatic Hemedynamic Change, Spienic
Elasticity, and Platelet Count
Median arterioportal ratios were 3.2,
2.8, and 1.89 in each platelet count cat-
egory (Fig 2, B). Mean arterioportal ra-
tios were 3.4 * 1.1, 2.7 = 0.8, and 2.1
* 0.7. The median arterioportal ratio
was significantly decreased as the plate-
let count increased (category 1 vs cate-
gories 2 and 3; P < .0001; categories 1
and 2 vs category 3; P < .0001).
Median SEP scores were 7.6, 4.3,
and 3.1 in each platelet count category in
the NAFLD group (Fig 2, A). Mean SEP
scores were 7.7 = 3.8, 4.6 * 2.5, and
3.6 = 2.1. Median SEP scores were sig-
nificantly decreased as the platelet count
increased (category 1 vs categories 2 and
3, P < .0001; categories 1 and 2 vs cate-
gory 3, P < .0001). Other parameters an-
alyzed are shown in Figure 3. The resis-
tive index of the hepatic artery (r = 0.37;
95% confidence interval [CI]: 0.21, 0.51),
the resistive index of the splenic artery
(r = 0.28; 95% CI: 0.11, 0.44), fibrosis
4 index (r = 0.72; 95% CI: 0.62, 0.80),
hepatic elasticity (r = 0.56; 95% CI: 0.42,
0.67), arterioportal ratio (r = 0.53; 95%
CI: 0.39, 0.65), and the SEP scores (r =
0.49; 95% CI: 0.34, 0.61) showed corre-
lations with the platelet count.

Histologis Analysis

Hepatic elasticity (P < .0001), arterio-
portal ratio (P < .0001), splenic elastic-
ity (P = .0003), and splenic volume (P
= .0327) were significant predictors of
early fibrosis stage (Table 2). Perivenu-
lar fibrosis (P < .0001), pericellular fi-
brosis (P < .0001), portal fibrosis (P
< .0001), bridging fibrosis (P < .0001),
lobular inflammation (P = .0012), portal
inflammation (P = .0003), and balloon-
ing (P < .0001) were significant predic-
tors of an elevated arterioportal ratio at
univariate logistic regression analysis.
Multivariate logistic regression mod-
eling by using these significant factors
allowed identification of portal fibrosis
and ballooning as predictive factors for
an elevated arterioportal ratio in pa-
tients with NAFLD (Table 3).

Next, this logistic regression analysis
was performed for patients with NAFLD
who had platelet counts higher than
200000/pL (Table 4). Pericellular fibrosis
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Figure 2:  Box and whisker plots show evaluation

of splenic elasticity and the Doppler index according
to the platelet count. A, SEP score and, B, arterio-
portal ratio changed with platelet count lower than
200000/pL in patients with NAFLD. * = P < .05,
xx = P < 01).

(P = .032) and portal fibrosis (P = .041)
were significant predictors of an elevated
arterioportal ratio at univariate logistic
regression analysis. Multivariate logistic
regression modeling with these signifi-
cant factors allowed identification of only
pericellular fibrosis as a predictive factor
for an elevated arterioportal ratio in pa-
tients with NAFLD.

Patients with NAFLD and advanced fi-
brosis may progress to portal hyper-
tension. Mendes et al (7) reported a
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Figure 3: Scatterplots show correlations between each parameter and the platelet count. A, Hepatic artery
resistive index; B, splenic artery resistive index; C, fibrosis 4 index; D, hepatic elasticity; £, arterioportal ratio;
and, F, SEP score. These parameters showed no significant correlations with platelet count.

25% incidence of portal hypertension
in patients with NAFLD, and portal hy-
pertension can occur in patients with-
out cirrhosis. The present study was
an evaluation of hepatic blood flow
changes that resulted from portal hy-
pertension, and we identified those his-
tologic parameters that correlated with

hemodynamic changes in patients with
NAFLD. If the fibrosis stage of NAFLD is
advanced, the platelet count is known to
decrease (20). In patients with NAFLD
who have fibrosis, the platelet count is
typically higher than 200000/pL (20).
For the association of platelet count
with a SEP score greater than or equal
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not markedly decreased (= 140000/uL
but < 200000/p.L).

As in other reports (21,22), stiff-
ness of the spleen was used to represent
portal hypertension. In previous reports
(8,9), splenic elasticity was found to cor-
relate with the HVPG. HVPG for patients

101000100 07 100(0.99,101) 8630
- 1562(5.55,6250)  <.0001  10.85(3.19,47.39) 0004
427(181,1142) <0001  163(063,476) 2674

353(027,5110) - 348 L

- Splenic volume
* Hepatic elasticty

. Arterioportal ratio
 Hepatic artery resistive index

with portal hypertension is greater than
6 mm Hg. Among the parameters asso-
ciated with HVPG, the correlation was
closest with splenic elasticity (r = 0.854,

Splenic artery resistive index

1.25(0.38,4.47) 705

ata in parentheses are 95% Cis.

: Hlstuloglc Facto Predmtwe of change m Hepatm Blood Flow

. Pericellutar flbr05|s
- Portal fbrosis
- * Bridging fibrosis
. Steatosis
w23
s ,1~2 vs3
- Lobular |nﬂammat|on

- Portalinflammation
: Ballooning

8. 43 (3 24 26. 50)

14.21(578,30429) <
1087(457 2781)

‘! 18(055 257)

237 (0.69,,10?92) e -

3.95(1.69,10.14)

421(193,979
6.51(270,1687)

1.12 (0. 21 663)

134(033,627)

E “4.47‘(1.13, 18.91)7
- 1.87(0.55,6.53)

57(0.49,5000 . .

3.94(1.29,15.29)

: Note ——Data m parenmeses are 95%

Factr

Perivenular fibrosis
Pericellular f!bl’OSIS

Portal fibrosis

*. Bridging fibrosis
- Steatosis
1vs2-3

;   1‘72\,343, i
Lobular inflammation
- Portal inflammatien -

4.40(1.14,17.80)
262(183,0200
4.87 (0.84, 26.49)

1.69 (0.38, 6.54)

7 3.07(0.37,15.29)

2.66 (0.69, 10.13)

. 3.43(0.76,1438)
. 291(0.79,12.26

7.17 (1.33,57.13)

2.25(0.41,17.89) ¢

021
358

P < .0001) (8). The changes in hepatic
architecture due to fibrosis increased
the resistance to portal vein flow. This
change may have decreased maximum
blood flow through the portal vein com-
bined with a hyperdynamic splenic cir-
culation. Deceleration of portal vein
flow is associated with increased hepatic
artery flow (9,11-13). Thus, arteriopor-
tal ratio was increased in patients with
portal hypertension.

There was an overlap of US imaging
parameters between different stages
of early hepatic fibrosis, and not all
patients showed changes in the SEP
score or the arterioportal ratio between
stages. The incidence of portal hyper-
tension in patients with NAFLD without
cirrhosis was 25% (7). In the present
study, we found that splenic elasticity,
splenic volume, and the arterioportal
ratio were already changed in some
patients in the earlier fibrosis stages.
Thus, the findings of portal hyperten-
sion begin appearing in these stages.

Among the histologic parameters,
portal fibrosis and ballooning were pre-
dictive factors for changes in hepatic
blood flow at multivariate analysis in
patients with NAFLD. Moreover, when
regression analysis was performed in
patients with platelet counts higher
than or equal to 200000/uL, pericellu-
lar fibrosis was the only significant pre-
dictive factor for hepatic hemodynamic
changes in those with NAFLD. In pa-
tients with NAFLD, hepatic fibrosis was
found in the pericellular space around
the central vein and in the presinusoi-
dal region in zone 3 in the early stage
(23). This outflow block due to pericel-
lular fibrosis may lead to an elevated

to 6, the optimal cutoff value for platelet  categories according to their platelet arterioportal ratio in the earliest stage
count was found to be 146000/pL. Thus, counts. This hemodynamic change was of fibrosis in patients with NAFLD. The
participants were classified into three observed when the platelet count was mechanisms underlying the increased
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arterioportal ratio in patients with in-
creased fibrosis remain unclear. Chang-
es in hepatic architecture along with
progressive fibrosis may be responsible
for increased portal vascular resistance
(13). Particularly in the earlier fibrosis
stages, increased portal vascular resis-
tance was present, potentially due to
portal blood flow becoming stagnant
because fibrosis in zone 3 was prevent-
ing flow to the central vein. Patients
with a high arterioportal ratio (= 3)
were found even in the FO and F1 stag-
es of NAFLD. A similar association was
observed between the platelet count
and hepatic hemodynamic changes in
patients with NAFLD, indicating that
monitoring for signs of portal hyper-
tension is warranted even in those with
platelet counts higher than 200000/uL.

Several limitations to our study
must be considered. First, Doppler US
was used to evaluate hepatic blood flow.
Lim et al (24) reported that Doppler
US indexes are difficult to reproduce
reliably. False-negative or false-positive
results are obtained sometimes when
Doppler US is used to evaluate hepatic
blood flow. Second, portal hyperten-
sion was not assessed by means of di-
rect measurement of the pressure of
the portal vein or HVPG. Third, there
may have been sampling errors at liver
biopsy. The grade of liver fibrosis may
have been underestimated due to the
heterogeneity of hepatic fibrosis.

In conclusion, the arterioportal ratio
and SEP scores correlated with fibrosis
at biopsy, these indexes were affected in
patients with platelet counts as high as
200000/uL, and the underlying mecha-
nism may have been outflow block due
to pericellular fibrosis. A clinically im-
portant finding was that some patients
with NAFLD in the earliest stage of fi-
brosis had portal hypertension.
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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 $TAT4 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 genes associated with susceptibility to
chronic HBV infection, HLA-DP and HLA-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 rs3077 (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
HLA-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-ethnic 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].
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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-DPAT and HLA-DPB]1 alleles in Asian
populations

As for a general Asian population, including 464 Japanese, 140
Korean, 156 Hong Kong, and 122 Thai subjects, five HLA-DPA41
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-DPBI*05:0] was the most prevalent with over
30% in all populations.

The associations of HLA-DPAl and HLA-DPBI alleles with
chronic HBV infection (i.c., 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.

Population Japanese Korean

Hong Kong Thai

Mean age (y)

Génder (M/F)

Healthy controls

173/162
Mean age {y) 39.0%* 337 262 46.6
Gender (M/F)

370/97 67/73

87/103 73/53

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
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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
HIA-DPAI, the most prevalent allele HLA-DPAI*02:02 was
significantly associated with susceptibility to HBV infection in
Japanese (P=3.45 x107% 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
HBV infection was significant only in Japanese (P=2.61 %1077,
OR=1.88; 95% CI, 1.46-2.41). The significant association of
HIA-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=3.15x 10719 (Fig. S1A).

As shown in Table S2, HLA-DPBI shows higher degree of
polymorphism than HILA-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 HILA-DPBI1*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
HILA-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-DPBI*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-
DPB]*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=2.49x107% OR=2.17; 95%
ClI, 1.40-3.47) with the same direction of associations in Japanese
and Hong Kong (OR =1.52 and 1.40, respectively).

HLA-DPBI*04:02 was identified as the most protective allele for
HBV infection in Japanese (P=1.59x10"7; OR =0.37; 95% CI,
0.24-0.55) and Korean subjects (P=1.27x1077; 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=9.17x107% 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=5.22x107°
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
HBV 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-
DPBI*04:01 was also identified to have a strong association with
HBV clearance in Hong Kong subjects (Table $3). 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.

OR (95% CI)

*Population was adjusted using dummy variables.
doi:10.1371/journal.pone.0086449.1002

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=6.24x10"%
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-DPBI*02:01 on discase
progression was observed in the Japanese (P=4.26x1072;
‘OR=0.45; 95% CI, 0.30-0.67) and Korean populations
(P=874x10"% OR=047; 95% CI, 0.29-0.75) (Table S4).
Multivariate logistic regression analysis adjusted for age and sex
revealed that the number of DPBI*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 DPBI*02:01 on disease
progression in Asian populations (P=155x10"7; 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-DPBT haplotypes in Asian
populations

The estimated frequencies of HLA DPAI-DPBI haplotypes are
shown in Table $5. The most frequent haplotype among the four
Asian populations was DPA1%02:02-DPBI1*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, DPAI*02:01-
DPBI1%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, DPA1%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=4.50x107% OR =2.02; 95%
CI, 1.48-2.78 for Korean). In the Thai subjects, HLA-DPBI1*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: DPAI1*02:01-
DPBI*13:01, DPAI*02:02-DPB1*153:01, and DPAI*04:01-
DPBI*13:01 indicating that the association of HLA-DPBI*13:01
with susceptibility to HBV infection did not result from a specific
DPAI-DPBI haplotype or combination with a specific DPA allele.
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In the Japancse population, both haplotypes DPA7*01:03-
DPBI#*04:01 and DPAI*01:03-DPBI*04:02 showed significant
associations  with  protection  against  HBV  infection
P=117x10"% OR=032 95% CI, 0.18-056 for
DPAI*01:03-DPBI*04:01 and P=1.95x1077 OR=0.37; 95%
CL, 0.24-0.35 for DPAI*0]1:03-DPBI¥04:02). In the Korcan
subjects, a significant association of DPAI*01:03-DPB1*04:02
was also demonstrated; however, no association was observed for
DPAI#*01:03-DPBEI#*04:01. Because the observed number of cach
haplotype was small, none of the other haplotypes showed a
significant association with protection against HBV infection,

In order to identify trans-cthnic DPAI-DPBI haplotypes
associated with HBV infection, a meta-analysis was performed.
A meta-analysis  further  revealed  that  the  DPAI*01:03-
DPBI*02:01 haplotype was significantly associated with protection
against HBV infection (P = 1.45 x 1077 OR = 0.69; 95% CI, 0.58~
0.82) (Fig. S1C).

Discussion

Among 2.2 billion individuals worldwide who are infected with
HBYV, 15% of these are chronic carriers. Of chronic carriers, 10—
15% develops LC, liver failure and HCC, and the remaining
individuals eventually achieve a state of nonreplicative infection,
resulting in HBsAg ncgative 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 Z/LA-DPBI1%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
HIA-DPBI*09:01 (OR=194; 95% CI, 1.45-2.62) for HBV
infection and a new protective allele  HLA-DPBI*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 fILA-DPB1%09:01 allele with risk
for HBV infection in a previous study [7] results from the elevated
frequency of HLA-DPBI#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 discases other than
CHB were recruited as controls in the previous study [7], which
may have included patients with diseascs with which [LA-
DPBI*09:01 is associated. Although no significant association of
HLA-DPBI*09:01 with risk for HBV infection was observed in the
Korean subjects, HLA-DPB1%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-DPBI*13:01 with
risk of HBV infection (OR=2.17; 95% CI, 1.40-3.47) was
identified in the Thai subjects. However, the frequency of HLA4-
DPBI*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 [ILA-DPBI*13:01 with
HBYV infection in the Thai subjects, There were four other
marginally associated /1LA-DPBI alleles with low allele frequencies
below 5% in HBV patients and healthy controls, including J/1.4-
DPRI*28:01, -DPB1*31:01, -DPB1*100:01, and -DPBI*105:01, in
the Hong Kong and Thai subjects. Because these infrequent alleles
may have resulted from false positive associations, the association
needs o 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 52); however, the /1LA-DPBI*02:01 allele was
not associated with HBV infection in the previous study [7].
Although HLA-DPBI#*02:01 showed no association in cither
Korean or Thai populations, a significant association of //LA-
DPBI*02:01 with protection against HBV infection among four
Asian populations was detecied in meta-analysis (P=5.22x107%
OR =0.68; 95% CI, 0.58-0.81) (Fig. SI1B). We thercfore 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 *14:0] werc signifi-
cantly associated with response to booster HB vaccination in
Taiwan nconatally vaccinated adolescents [18]. The HLA-
DPBI#02:01:02, #02:02, #03:01:01, *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 recipicnts who were undetectable.
Morcover, the HLA-DPB1#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 JL4-
DPBI#05:01 and *09:01 are associated with susceptibility to
chronic hepatitis B infection.

We also identified a protective effect of HLA-DPB1*02:01 allele
on disease progression in Asian populations. Previous studies
identified the association of HLA clags 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-DPBI*02:01 and discase progression in CHB
patients (P=4.26x107% OR=0.45; 95% CI, 0.30-0.67, for
Japanese and P=8.74x107* OR=0.47; 95% CI, 0.29-0.75 for
Korean) (Table S4). Although the association of HLA-DPBI*02:01
with disease progression was weaker after adjustment for age and
gender in Korean subjects (P= 2.54x107% OR =0.55; 95% CI,
0.33-0.93), the same direction of association was observed (i.e.
protective effect on discase 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=1.77x107* OR =0.47; 95% CI, 0.32~
0.70); moreover, a significant association between [HLA4-
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=1.55x1077;
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-DPBI*09:01) and
three  protective haplotypes ~ (DPA1*01:03-DPB1%04:01,
DPAI*01:03-DPBI1%*04:02, and HLA-DPA1*01:03-DPBI1*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 F/LA-DPBI1%09:01,
which was specifically observed in Northeast Asian populations,
Japanese and Korean. Moreover, a new protective allele HLA-
DPBI*02:0] was identified among four Asian populations:
Japanese, Korean, Hong Kong and Thai. The protective allele
HILA-DPBI1*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 (DPBI1#*09:01 and
DPBI#05:0I) and three protective alleles (DPBI*04:01,
DPBI1#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 priori 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 each 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.
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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 | 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 clevation 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 pumol/L). 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. 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
HBYV infection or disease progression in chronic HBV patients,
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using statistical software R2.9. To avoid false-positive results duc
to multiple testing, significance levels were adjusted based on the
number of obscrved alleles at cach locus in cach population. For
HILA-DPAI alleles, the number of observed alleles was 3 in
Japanese, 4 in Korcan, 5 in Hong Kong, and 5 in Thai subjects.
Therefore, the significant levels for o were set at «=0.05/3 in
Japanese, «=0.05/4 in Korean, o=0.05/5 in Hong Kong, and
o=0.05/5 in Thai subjects. In the same way, significant levels for
HIA-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.c.,
0, 1, or 2) and discasc progression in CHB patients. To examine
the effect of DPBI*02:01 allele on discase progression in all
populations, population was further adjusted by using three
dummy variables (i.c., (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  equation:  logit(p) = —3.905+0.083%age+(—0.929)*-
sex-H—0.684*DPBI#02:01+1.814%c14(—0.478)*c2+0.782*¢3. 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.=0.05/15 in Hong Kong, and «=0.05/15 in Thai
subjects. The phase of each individual (i.c., a combination of two
DPAI-DPBI haplotypes) was estimated using PHASE software
[21], assuming samples are sclected randomly from a general
population. In comparison of the estimated DPAI-DPBI haplotype
frequencies, significant levels were set as o= 0.05/14 in Japanese,
o =0.05/17 in Korcan, &= 0.05/17 in Hong Kong, and o= 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 applied 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 DPAI alleles, o= 0.05/57 for DPBI alleles, and o0 =0.05/74 for
DPAI-DPBI haplotypes.

Supporiing Information

Figure 51 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 DPAI-DPBI haplotypes. Meta-
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Abstract Cytopenia during interferon-based (IFN-
based) therapy for chronic hepatitis C (CHC) often
necessitates reduction of doses of drugs and premature
withdrawal from therapy resulting in poor response to
treatment. To identify genetic variants associated with
IFN-induced neutropenia, we conducted a genome-wide
association study (GWAS) in 416 Japanese CHC patients
receiving IFN-based therapy. Based on the results, we
selected 192 candidate single nucleotide polymorphisms
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(SNPs) to carry out a replication analysis in an independ-
ent set of 404 subjects. The SNP 152305482, located in
the intron region of the PSMD3 gene on chromosome 17,
showed a strong association when the results of GWAS
and the replication stage were combined (OR = 2.18,
P = 3.05 x 1077 in the allele frequency model). Logis-
tic regression analysis showed that rs2305482 CC and
neutrophil count at baseline were independent predic-
tive factors for IFN-induced neutropenia (OR = 2.497,
P = 0.0072 and OR = 0.998, P < 0.0001, respectively).
Furthermore, rs2305482 genotype was associated with
the doses of pegylated interferon (PEG-IFN) that could
be tolerated in hepatitis C virus genotype l-infected
patients treated with PEG-IFN plus ribavirin, but not
with treatment efficacy. Our results suggest that genetic
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testing for this variant might be useful for establishing
personalized drug dosing in order to minimize drug-
induced adverse events.

Introduction

Chronic hepatitis C virus (HCV) infection is a significant
risk factor for progressive liver fibrosis and hepatocellular
carcinoma. Antiviral treatment improves the natural course
in chronic hepatitis C (CHC) (George et al. 2009; Yoshida
et al. 2004). Newly-developed treatments involving direct-
acting antivirals (DAAs), including nonstructural (NS)
3/4A protease inhibitors have shown promising outcomes
in combination with pegylated interferon (PEG-IFN) plus
ribavirin (RBV) in several clinical trials. Thus, >70 % of
patients infected with HCV genotype 1 are reported to
achieve sustained virological responses (SVR) (Jacobson
et al. 2011; Poordad et al. 2012; Zeuzem et al. 2011). Fur-
thermore, interferon-free (IFN-free) therapies are expected
to be useful especially in JFN-resistant patients and may
become the standard of care in the near future. However,
IFN-based regimens have been standard-of-care therapies
over the last couple of decades.

IFN-based therapies are associated with various adverse
effects. Cytopenia is common due to bone marrow suppres-
sion cased by IFN or DAA and hemolysis by RBV. This is
particularly the case in patients with advanced hepatic fibro-
sis, but can sometimes also occur in those with mild fibrosis.
This then often necessitates dose reduction or premature with-
drawal from therapy, resulting in poor response to treatment.
For instance, it was reported that rates of viral clearance were
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significantly reduced in patients who could not be maintained
on at least 80 % of their drug doses for the duration of PEG-
IFN/RBV therapy (McHutchison et al. 2002). Therefore, pre-
treatment prediction of possible adverse effects in order to
avoid them and undergo therapy safely is desirable.

Recent genome-wide association studies (GWASs) have
identified two important host genetic variants influenc-
ing CHC treatment: (1) single nucleotide polymorphisms
(SNPs) near the interleukin-28B (IL28B) gene, which are
strongly associated with response to therapy for chronic
HCV genotype 1 infection (Ge et al. 2009; Suppiah et al.
2009; Tanaka et al. 2009), and (2) SNPs in the inosine
triphosphatase (ITPA) gene, which accurately predict RBV-
induced anemia in European—American (Fellay et al. 2010)
and Japanese population (Ochi et al. 2010). We validated
the association between this /TPA genetic variant and RBV-
induced anemia (Sakamoto et al. 2010), and reported that
the ITPA genotype affects the tolerated doses of RBV and
treatment response in a stratified group (Kurosaki et al.
2011; Matsuura et al. 2014). Additionally, our GWAS
showed that DDRGKI/ITPA variants are strongly associated
with IFN-induced thrombocytopenia as well as anemia dur-
ing PEG-IFN/RBV therapy (Tanaka et al. 2011). Thomp-
son et al. (2012) also reported that the /TPA genetic variant
was associated with anemia and thrombocytopenia during
PEG-IFN/RBV therapy. However they identified no genetic
determinants of IFN-induced neutropenia at the level of
genome-wide significance by their GWAS in populations of
European Americans, African Americans and Hispanics.

Hence, to identify genetic variants associated with IFN-
induced neutropenia, we conducted a GWAS in Japanese
CHC patients.
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Materials and methods
Patients

From 2007 to 2012, samples for the GWAS were obtained
from 416 CHC patients who were treated at 22 hospitals
(liver units with hepatologists) throughout Japan. In the
following stage of replication analysis, samples were col-
lected in an independent set of 404 Japanese CHC patients.
Most patients were treated with PEG-IFN-a2b (1.5 pg/kg
body weight subcutaneously once a week) or PEG-IFN-
a2a (180 pg once a week) plus RBV (600-1,000 mg daily
according to body weight) for 48 weeks for HCV genotype
1 and 24 weeks for genotype 2. Treatment duration was
extended in some patients up to 72 weeks for genotype 1
and 48 weeks for genotype 2 according to physicians’ pref-
erences. Other patients were treated with PEG-IFN-«2a or
IFN monotherapy, or IFN-a2b plus RBV in standard doses
of the regimens. The doses of drugs were reduced accord-
ing to the recommendations on the package inserts or the
clinical conditions of the individual patients. Erythropoietin
or other growth factors were not given. Patients chronically
infected with hepatitis B virus or human immunodeficiency
virus, or with other causes of liver disease such as autoim-
mune hepatitis and primary biliary cirrhosis, were excluded
from this study. Written informed consent was obtained from
all individual participants in this study and the study proto-
col conformed to the ethics guidelines of the Declaration of
Helsinki and was approved by the institutional ethics review
comumittees.

Inclusion criteria of neutropenia

In the initial stage of GWAS, we defined the inclusion cri-
teria of the case group as minimum neutrophil counts of
<750/mm? at week 2 or 4 during IFN-based therapy, since
the dose reduction of IFN is recommended at those levels
on the package inserts. Thereafter we did it as minimum

K. Yamamoto

Department of Gastroenterology and Hepatology, Okayama
University Graduate School of Medicine, Dentistry,

and Pharmaceutical Sciences, Okayama 700-0914, Japan

H. Watanabe
Department of Gastroenterology, Yamagata University Faculty
of Medicine, Yamagata 990-9585, Japan

S. Hige
Department of Gastroenterology, Sapporo Kosei General
Hospital, Sapporo 060-0033, Japan

A. Matsumoto - E. Tanaka
Department of Medicine, Shinshu University School of Medicine,
Matsumoto 390-8621, Japan

neutrophil counts of <600/mm® at week 2 or 4 in the fol-
lowing GWAS and the replication stages.

SNP genotyping and data cleaning

We conducted two stages of GWAS using the Affym-
etrix Genome-Wide Human SNP Array 6.0 (Affymetrix,
Inc. Santa Clara, CA) according to the manufacturer’s
instructions. The cut-off value was calculated to maxi-
mize the difference, which was also close to median
change. At GWAS, the average overall call rate of
patients in the case and the control group reached 98.66
and 98.79 %, respectively. We then applied the following
thresholds for SNP quality control (QC) in data cleaning:
SNP call rate =95 % for all samples, minor allele fre-
quency (MAF) >1 % for all samples. A total of 601,578
SNPs on autosomal chromosomes passed the QC filters
and were used for association analysis. All cluster plots
of SNPs showing P < 0.0001 in association analyses
by comparing allele frequencies in both groups were
checked by visual inspection and SNPs with ambiguous
genotype calls were excluded. In the replication study,
the genotyping of 192 candidate SNPs in an independ-
ent set of 404 Japanese HCV-infected patients was car-
ried out using the DigiTag2 assay (Nishida et al. 2007).
Successfully genotyped SNPs in the replication analysis
had a >95 % call rate, and cleared Hardy—Weinberg equi-
librium (HWE) P > 0.001. One SNP could not be geno-
typed, and hence we obtained data on 191 SNPs includ-
ing 1s9915252. Three SNPs, rs4794822, rs3907022, and
1$3859192 located around the proteasome 26S subunits
non-ATPase 3 (PSMD3) gene and rs8099917 near the
IL28B gene were genotyped by TagMan SNP Genotyping
Assays (Applied Biosystems, Carlsbad, CA) following
the manufacturer’s protocol.

Laboratory and histological tests

Blood samples were obtained at baseline and at appro-
priate periods after the start of therapy and for hemato-
logic tests, blood chemistry, and HCV RNA. Fibrosis was
evaluated on a scale of 0-4 according to the METAVIR
scoring system. The SVR was defined as an undetectable
HCV RNA level by Roche COBAS Amplicor HCV Mon-
itor test, v.2.0 (Roche Molecular Diagnostics, Pleasanton,
CA) with a lower detection limit of 50 IU/ml or Roche
COBAS AmpliPrep/COBAS TagMan HCV assay (Roche
Molecular Diagnostics, Pleasanton, CA) with a lower
detection limit of 15 IU/ml 24 weeks after the completion
of therapy. Serum granulocyte colony-stimulating fac-
tor (G-CSF) levels were analyzed using Human G-CSF
Quantikine ELISA Kit (R&D Systems, Inc., Minneapo-
lis, MN).
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Expression quantitative trait locus analysis

Expression quantitative trait locus analysis (eQTL) was
conducted using the web-based tool, Genevar (http://www.
sanger.ac.uk/resources/software/genevar) (Yang et al
2010). We evaluated the correlations between rs2305482
genotypes and the expression of transcripts of PSMD3 or
colony-stimulating factor 3 (CSF3) by the Spearman’s rank
correlation coefficient.

Statistical analysis

In the GWAS and the replication stages, the observed
association between a SNP and neutropenia induced by
IFN-based therapy was assessed by the Chi square test
with a two-by-two contingency table in three genetic
models: the allele frequency model, the dominant-effect
model and the recessive-effect model. Significance lev-
els after Bonferroni correction for multiple testing were
P = 831 x 107 (0.05/601,578) in the GWAS stage and
P =262 x 107 (0.05/191) in the replication stage. Cat-
egorical variables were compared between groups by the
Chi square test, and non-categorical variables by the Stu-
dent’s r test or the Mann—Whitney U test. Multivariate
logistic regression analysis with stepwise forward selec-
tion was performed with P < 0.05 in univariate analysis as
the criteria for model inclusion. To evaluate the discrimi-
natory ability of neutrophil counts at baseline to predict
neutropenia during IFN-based therapy, receiver operating
characteristic curve (ROC) curve analysis was conducted.
Changes of serum G-CSF levels from baseline to the
period with neutropenia during IFN-based therapy were
compared by the repeated measure analysis of variance

(ANOVA). Correlations between neutrophil counts and
serum G-CSF levels were analyzed using Pearson’s corre-
lation coefficient test. P < 0.05 was considered significant
in all tests.

Results
Genetic variants associated with IFN-induced neutropenia

We conducted two stages of GWAS by changing the
terms of neutrophil counts, followed by the replica-
tion analysis (Fig. 1). The characteristics of the patients
in each group for the GWAS and the replication stage
are summarized in Table 1. At the first stage of GWAS
(GWAS-1st), we genotyped 416 Japanese CHC patients
with minimum neutrophil counts of <750/mm? (Case-
Gl, n = 114) and >1,000/mm> (Control-G, n = 302) at
week 2 or 4 during IFN-based therapy. Here there may
still be mixed with undesirable samples that should be
removed from the case group. Therefore, we designed
and carried out the second stage of GWAS (GWAS-2nd)
comparing the patients with more severe neutropenia to
the control group: in patients with minimum neutrophil
counts of <600/mm?> (Case-G2, n = 50) and >1,000/mm?>
(Control-G, n = 302) at week 2 or 4 using the same sam-
ples as used in GWAS-1st. Supplementary Fig. 1 shows
a genome-wide view of the single-point association data
based on allele frequencies in GWAS-1st and GWAS-
2nd. No association between SNPs and IFN-induced
neutropenia reached a genome-wide level of significance
[Bonferroni criterion P < 8.31 x 1073 (0.05/601,578)].
Therefore, we selected the candidate SNPs principally

Fig. 1 Outline of the study Genome-wide association study 601,578 SNPs passed QC filters

design. Neut neutrophil counts,

X i Iststage SNP selection 1 election 2
SNP single nucleotide polymor- e ] e 0 '3 .....
phism, OC quality control, OR Case-G1 1OR<070r>15 ' P<10+ :
odds ratio Neut <750 mm3 |vs. 5 6,315 SNPs E E E
(n=114) ! N 15 SNPs :
Control-G E Si—---------«--:
3 ' 1 i
2nd stage Neut > 1000 mm ' ORenhanced & __ _S_E_leitftltzr} 3
(n=302) : 1st-> 2nd stage || :
Case-G2 ' BE 1 P<10% |
Neut < 600 mm3 | vs. [> i 5,736SNPs 135SNPs |1 H
(n=50) ; i 33SNPs
selection 4
relatedto
Replication study candidate genes E
9SNPs !
Case-R Contro-R . tmTmmmomommmseess
Neut < 600 mm3 | vs. | Neut 2 1000 mm3 E>
(n=50) (n=354)
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Table 1 Clinical characteristics of patients in GWAS and the replication study

GWAS

Replication study

Case-G1 (n = 114) Case-G2 (n = 50) Control-G (n = 302)

Case-R (n = 50) Control-R (n = 354)

At baseline
Gender, male/female 48/66 21/29
Age, years 57.9 (8.7) 57.1(8.3)
Neutrophil count, Jmm? 1,800 (777) 1,662 (897)
Hemoglobin, g/dL 13.6 (1.3) 13.5(1.3)
Platelet count, x 1071 141 (42) 132 (46)
ALT, TU/L 82.9 (88.6) 70.4 (53.1)
HCV genotype, 1/2/ND 95/18/1 40/10/0
HCV RNA, log TU/mL 5.9(0.8) 5.9 (1.0
Liver fibrosis, FO-2/F3-4/ND 62/22/30 25/10/15
rs$8099917, TT/TG + GG/ND 74/39/1 35/15/0

Regimen
PEG-IFN + RBV/IFN + RBV/PEG-  112/0/0/2 48/0/0/2

IFN/IEN mono

At week 4

Neutrophil count, /mm? 606 (126) 496 (104)

1707132 24/26 208/146
57.2(11.2) 59.1(10.2) 56.7 (9.6)
2,750 (984) 1,570 (552) 3,724 (985)
142 (1.5) 13.6 (1.6) 143 (1.5)
164 (54) 140 (47) 162 (60)
81.5 (77.9) 87.8 (82.7) 85.2 (71.1)
250/51/1 45/5/0 2797710
6.1(0.8) 6.1 (0.9) 6.1 (0.8)
168/70/64 21/6/23 229/87/38
189/109/4 3111712 27817016
277/19/9/7 44/4/2/0 351/0/3/0
1,551 (501) 501 (89) 1,533 (484)

Data are expressed as number for categorical data or the mean (standard deviation) for non-categorical data

GWAS genome-wide association study, ALT alanine transaminase, ND not determined, PEG-IFN pegylated interferon, /FN mono, interferon

monotherapy, RBV ribavirin

by comparing between GWAS-1st and GWAS-2nd as
follows. There were 6,315 and 5,736 SNPs with odds
ratios (ORs) <0.7 or >1.5 at GWAS-1st and GWAS-2nd,
respectively. Of these, the ORs of 135 SNPs were more
notable at GWAS-2nd than at GWAS-1st. In addition to
the 135 SNPs, we selected 15 and 33 SNPs with P < 10™*
at GWAS-1st and GWAS-2nd, and added 9 SNPs which
are located around the candidate genetic regions identi-
fied by the GWAS stage and are non-synonymous or
related to diseases in previous reports. Consequently, we
carried out the replication analysis focusing on this total
of 192 SNPs.

In the subsequent replication analysis, we carried out
genotyping of the 192 candidate SNPs in an independent
set of 404 Japanese HCV-infected patients with minimum
neutrophil counts of <600/mm® (Case-R, n = 50) and
>1,000/mm?> (Control-R, n = 354) at week 2 or 4 during
IFN-based therapy (Table 1; Fig. 1). The results in the rep-
lication stage combined with GWAS-2nd are shown in Sup-
plementary Table 1. Several SNPs such as 1511743919 and
152457840 showed strong associations with low P value,
however, the MAF of them were <5 %. In general, low
frequent SNPs tend to show unsettled associations, espe-
cially in statistical analysis with small number of samples.
Therefore, we excluded these SNPs from the final candi-
dates. Consequently, we determined the SNP rs2305482,
located in the intron of PSMD3 gene on chromosome 17,
as the most promising candidate, which showed a strong

association with IFN-induced neutropenia in the combined
results of GWAS-2nd and the replication stage (OR = 2.18;
95 % CI = 1.61-2.96, P = 3.05 x 107 in the allele fre-
quency model) (Table 2).

Association of SNPs located in PSMD3-CSF3
with neutropenia

A previous GWAS showed that rs4794822 located between
the PSMD3 and CSF3 genes was associated with neutrophil
counts in Japanese patients including 14 different disease
groups (Okada et al. 2010). As shown in Fig. 2, rs4794822
is in strong linkage disequilibrium (LD) with rs2305482
which we identified in the present study. Thus, the pairwise
LD () in the HapMap JPT: Japanese in Tokyo, Japan, is
0.66. Because the SNP rs4794822 is not included in the
Affymetrix Genome-Wide Human SNP Array 6.0, we
additionally genotyped it together with three other SNPs
(rs9915252, 13859192 and rs3907022) located in the same
LD block around the PSMD3 gene (Fig. 2). The allele fre-
quency of each SNP was compared between patients with
minimum neutrophil counts of <600/mm> (Case-G2 + R:
Case-G2 plus Case-R, n = 100) and >1,000/mm? (Control-
G + R: Control-G plus Control-R, n = 656) at week 2 or
4 during IFN-based therapy. This showed that, 154794822
was also strongly associated with neutropenia during
IFN-based therapy (OR = 2.24; 95 % CI = 1.63-3.07,
P =3.63 x 1077 in the allele frequency model) (Table 3).

@ Springer

—590~



284 Hum Genet (2015) 134:279-289

TLLTEL Predictive factors for IFN-induced neutropenia

E X% % x :

E Ll Vel The following analyses were carried out for rs2305482
B IR and 154794822 using the subjects in Case-G2 + R and
Control-G + R. Neutrophil counts at baseline correlated
o g§g8¢g¢g with 152305482 and rs4794822 genotypes (Supplementary
§ ) Fig. 2), and strongly affected IFN-induced neutropenia as
R it R B’ shown by ROC analysis (area under the curve = 0.860)
7_': E g,\\: § §§ (Supplementary Fig. 3). Furthermore, gender, hemoglobin
© = o = level, and platelet count at baseline were also significantly
associated with IFN-induced neutropenia by univariate
) i-\ g analysis (Table 4). Therefore, we analyzed pretreatment
§ g/ ? % predictive factors for IFN-induced neutropenia in logistic

Qa2 =s regression models that included the following variables:

gender, neutrophil count, platelet count, and rs2305482
TIET =6 or rs4794822 genotypes. In addition to neutrophil count,
TE8E 1s2305482 CC was an independent predictive factor for
alge s IFN-induced neutropenia (OR = 2.497; 95 % CI = 1.281-
4864, P = 0.0072) (Table 5) as was rs4794822 CC
3 & & a (OR = 2.272; 95 % CI = 1.337-3.861, P = 0.0024) (Sup-
g lzzeelz plementary Table 2).
Ol=]ld & & 0| 3 )
% Impact of PSMD3-CSF3 SNPs on tolerated drug doses
e f @ g and treatment efficacy

alzs Sl 3 ,

e =Sy g To evaluate the impact of PSMD3-CSF3 SNPs on doses
I %‘3 of drugs given, and on treatment efficacy, we selected 380
ez g HCV genotype 1-infected patients treated with PEG-IFN/

~ % o'% % % ; RBV for 48 weeks. They were selected as having infor-

e Te mation available on the doses of PEG-IFN/RBV that they
N had received (Supplementary Table 3). It was reported
S232¢% that rates of viral clearance were significantly reduced in

:gsf - % g g’ g °§b patients who could not be maintained on at least 80 % of

YT T 8 their drug doses for the duration of PEG-IFN/RBV ther-
R, g 9 apy (McHutchison et al. 2002). In reference to this result,
Z &8 % 3 3 = £ we stratified the patients into three groups according to

% e g g -_i 'é g "g’ g the doses of PEG-IFN or RBV administered, as follows:
3 B 552381 s 58 <60 %, >60 to <80 %, >80 % of the planned doses for
é g § 2 48 weeks. The proportion of patients in the <60 % group
2|4 - g % for PEG-IFN was significantly higher in patients possess-
2|28 = % ® = ing 152305482 CC than in those with AA/AC (P = 0.005),
5 R .“-é’ % % _E whereas there was no association for RBV (Fig. 3). The
g R g g E & g same results were found in the analysis of rs4794822
5% ° 5 £ 2 & E (Supplementary Fig. 4). However, the univariate analysis
‘E e g E & H 2 of pretreatment factors associated with SVR showed that
E = - g 7%’ i g % there was no association between SVR and rs2305482 or
?g g ° % § &> _—“;; & g rs4794822 genotypes (Supplementary Table 3).

f‘ B S 52 § Candidate SNP-gene association analysis in IFN-induced
Zla o z'ﬁ HEES £ neutropenia

~|E |8 $¥:8:

2| Z = s a3 52 To investigate whether the SNP: iated with neutro-
2 | & 2 fa 8% g s associate

£ 138 @ & - . penia affect the expression of nearby genes, we conducted
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Chromosome 17

Chromosome position

Fig. 2 Position on chromosome and pairwise linkage disequilibrium () diagrams in the HapMap JPT around the PSMD3-CSF3 locus

an eQTL analysis. The C allele of rs2305482, a risk for
neutropenia, was associated with higher expression levels
of PSMD3 in the populations of LWK: Luhya in Webuye,
Kenya (tho = 0.30, P = 0.006), and MEX: Mexican ances-
try in Los Angeles, California (tho = 0.36, P = 0.015)
(Supplementary Fig. 5a), whereas it was associated
with lower expression levels of CSF3 in CHB: Han Chi-
nese in Beijing, China, in the probe of ILMN_1655639
(tho = —0.48, P = 5.5 x 107%) (Supplementary Fig. 5b),
and in MEX in that of ILMN_1706852 (tho = —0.33,
P = 0.028) (Supplementary Fig. 5c).

CSF3 encodes a cytokine, known as G-CSF which is
produced by different type of cells such as macrophages,

monocytes, stromal cells in the bone marrow, fibroblast,
and endothelial cells. The eQTL analysis is based on the
whole-genome gene expression variations in lymphoblas-
toid cell lines derived from HapMap individuals. Therefore,
it was still necessary to analyze gene expression in G-CSF
producing cells, as well as expression at the protein level.
Hence, we measured serum G-CSF levels at baseline and
week 2 or 4 (at the time of minimum neutrophil counts)
in 127 CHC patients receiving IFN-based therapy. There
were no differences in serum G-CSF levels at baseline and
the time of minimum neutrophil counts as well as in their
changes according to rs2305482 or rs4794822 genotypes
(Supplementary Fig. 6a, b). In addition, neutrophil counts
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Table 3 Association of SNPs located in PSMD3-CSF3 with interferon-induced neutropenia

>

P value?

OR® (95 % CI)

22

12

Control-G + RP (n = 656)

22 11

12

Case-G2 + R* (n = 100)

Allele
172
172) T

Risk
allele

Nearest
gene

dbSNP rsID

Springer

9.64 x 1077

2.13(1.57-2.89)

2.24 (1.63-3.07)
2.11(1.54-2.89)

276 (43.3) 304 (47.7)

57 (8.9)
130 (21.2)
129 (21.3)

26 (27.1)

47 (49.0)
45 (45.9)
45 (45.9)
44 (44.9)

23 (24.0)
42 (42.9)
41 (41.8)
37 (37.8)

G/C

PSMD3

rs9915252
154794822

3.63 x 1077

176 (28.7)
170 (28.1)

308 (50.2)

11(11.2)
12 (12.2)
17 (17.3)

CrT
AIG

C
A

PSMD-CSF3

2.31 x 1076

306 (50.6)
313 (50.7)

GSDMA-PSMD
GSDMA

13907022
rs3859192

1.82 (1.34-2.48) 1.04 x 10~

181 (29.3)

123 (19.9)

C/T

Data of allele distribution represent number (%). Data of subjects whose genotypes were not determined were excluded

SNP single nucleotide polymorphism

2 Case-G2 + R: Case-G2 plus Case-R

b Control-G + R: Control-G plus Control-R
¢ Odds ratio for the allele frequency model

4 P value by the Chi square test for the allele frequency model

did not correlate with serum G-CSF levels at baseline and
the time of minimum neutrophil counts (Supplementary
Fig. 7a), and there was no difference in the changes of
serum G-CSF levels from baseline to the time of minimum
neutrophil counts between patients with minimum neutro-
phil counts of >1,000/mm? and <600/mm? (Supplementary
Fig. 7b).

Discussion

The present GWAS first showed a strong association
between genetic variant and IFN-induced neutropenia,
namely, with rs2305482 in PSMD3 on chromosome 17.
Although neutrophil counts at baseline were associated
with the rs2305482 genotype and the incidence of neu-
tropenia during IFN-based therapy, the logistic regression
analysis revealed that the rs2305482 genotype was inde-
pendently associated with IFN-induced neutropenia.

Intriguingly, the PSMD3-CSF3 locus was reported to be
associated with total white blood cell (WBC) counts based
on GWAS of populations with European ancestry (Crosslin
et al. 2012; Soranzo et al. 2009) and in Japanese (Kama-
tani et al. 2010). These findings were replicated in African
Americans (Reiner et al. 2011). Moreover, another GWAS
by Okada et al. (2010) showed that rs4794822 in PSMD3-
CSF3 was associated with neutrophil counts in 14 differ-
ent groups of diseases in Japanese patients who were not
undergoing chemotherapy. In the present study, rs4794822
as well as 152305482 was also associated with pretreatment
neutrophil counts in CHC patients (Supplementary Fig. 2).
However, there have been no reports showing an associa-
tion between PSMD3-CSF3 variants and reduction of WBC
or neutrophil counts following treatments such as IFN and
chemotherapy. The pairwise LD diagram for PSMD3-CSF3
by HapMap JPT shows that rs4794822 is in strong LD
with rs2305482, which we identified here (Fig. 2). In the
present study, both rs2305482 and rs4794822 were associ-
ated with IFN-induced neutropenia. Collectively, previous
reports together with our results imply that the PSMD3-
CSF3 locus is associated with neutropenia in CHC patients
under IFN-based therapy as well as with neutrophil counts
in healthy individuals and patients without bone marrow
suppressive therapy.

In further clinical investigation, the rs2305482 and
rs4794822 genotypes were associated with the doses of
PEG-IFN that could be given to HCV genotype 1-infected
patients treated with PEG-IFN/RBV (Fig. 3; Supple-
mentary Fig. 4). Unfortunately, we could not collect the
detailed information about the reason for the reduction of
PEG-IFN in this group. However, we highly suppose that
these SNPs affected the doses of PEG-IFN through neutro-
penia in some cases, since neutropenia is one of the major
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