Genome-wide Association Study Identifies TNFSF15
and POUZ2AFT as Susceptibility Loci for Primary
Biliary Cirrhosis in the Japanese Population
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For the identification of susceptibility loci for primary biliary cirrhosis (PBC), a genome-wide association study (GWAS) was performed in
963 Japanese individuals (487 PBC cases and 476 healthy controls) and in a subsequent replication study that included 1,402 other Japa-
nese individuals (787 cases and 615 controls). In addition to the most significant susceptibility region, human leukocyte antigen (HLA),
we identified two significant susceptibility loci, TNFSF15 (1s4979462) and POU2AF1 (rs4938534) (combined odds ratio [OR] = 1.56, p =
2.84 x 107" for 14979462, and combined OR = 1.39, p = 2.38 x 107® for rs4938534). Among 21 non-HLA susceptibility loci for PBC
identified in GWASs of individuals of European descent, three loci (IL7R, IKZF3, and CD80) showed significant associations (combined
p = 3.66 x 1075, 3.66 x 107, and 3.04 x 1077, respectively) and STAT4 and NFKBI loci showed suggestive association with PBC
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(combined p = 1.11 x 107° and 1.42 x 1077, respectively) in the Japanese population. These observations indicated the existence of
ethnic differences in genetic susceptibility loci to PBC and the importance of TNF signaling and B cell differentiation for the develop-
ment of PBC in individuals of European descent and Japanese individuals.

Primary biliary cirrhosis (PBC, MIM 109720) is a chronic
and progressive cholestatic liver disease, presumably
caused by autoimmune reactions against biliary epithelial
cells, leading to liver cirrhosis and hepatic failure." The
incidence and prevalence of PBC range from 0.33 to 5.8
and from 2 to 40 per 100,000 inhabitants, respectively,
in different geographical areas.” This may indicate the
contribution of environmental -or genetic factors in the
development of PBC, whereas the clinical profiles of PBC
are thought to be similar between different ethnicities
and/or different geographical areas, including European-
descent and eastern Asian populations. The high concor-
dance rate in monozygotic twins compared to dizygotic
twins® and familial clustering of individuals with PBC indi-
cate the involvement of strong genetic factors in the devel-
opment of PBC; however, the pathogenesis of PBC is
still poorly understood. Previous genome-wide association
studies (GWASs) and subsequent meta-analyses have iden-
tified HLA and 21 non-HLA susceptibility loci (IL124 [MIM
161560], IL12RB2 [MIM 601642], STAT4 [MIM 600558],
IRF5 [MIM 607218], IKZF3 [MIM 606221], MMEL1 [MIM
120520], SPIB [MIM 606802], DENNDI1B [MIM 613292],
CDS80 [MIM 112203], IL7R [MIM 146661], CXCR5 [MIM
601613], TNFRSFIA [MIM 191190], CLEC16A [MIM
611303], NFKB [MIM 164012], RAD51L1 [MIM 602948],
MAP3K7IP1 [MIM 602615], PLCLZ [MIM 614276],
RPS6KA4 [MIM 603606], TNFAIP2 [MIM 603300], 7pl4,
and 16q24) to PBC in individuals of European descent,*”’
indicating the important role of several autoimmune
pathways (i.e., IL12A signaling, TNF/TLR-NF-kB signaling,
and B cell differentiation) in the development of PBC.
However, GWASs for PBC have never been reported for
ethnicities other than European descent, limiting our
knowledge of the genetic architecture of PBC. Here, we
conducted a GWAS for PBC in the Japanese population
to identify host genetic factors related to PBC, which
would not only expand our knowledge of pathogenic
pathways in PBC but also lead to the development of
rationale for therapies in the future.

Samples from 2,395 individuals (1,295 cases with PBCand
1,100 healthy volunteers working at the National Hospital
Organization (NHO) in Japan as a medical staff who declared
having no apparent diseases, including chronic liver
diseases and autoimmune diseases [healthy controls]) were
collected by members of the Japan PBC-GWAS Consortium,
which consists of 31 hospitals participating in the NHO
Study Group for Liver Disease in Japan (NHOSLJ) and 24
university hospitals participating in the gp210 Working
Group in Intractable Liver Disease Research Project Team
of the Ministry of Health and Welfare in Japan. Most of
the case and control samples were collected from the main-
land and the neighboring islands of Japan (Honshu,
Kyushu, and Shikoku). Previous studies have shown that

there is little genetic heterogeneity in resident populations
in these areas.® In fact, the genetic inflation factor was
close to 1.00, and only a small portion of the samples were
identified as outliers in the principal component analysis.
The cases were diagnosed with PBC if they met at least
two of the following internationally accepted criteria:’
biochemical evidence of cholestasis based mainly on
alkaline phosphatase elevation, presence of serum anti-
mitochondrial antibodies, histological evidence of non-
suppurative destructive cholangitis, and destruction of
interlobular bile ducts. The demographic details of PBC
cases are summarized in Table S1, available online. Of the
487 PBC cases in the GWAS, 57 were male and 430 were
female, ages ranged from 33 to 90 years, the median age
was 66 years, 320 cases had early-stage PBC (a stage without
any signs indicating portal hypertension or liver cirrhosis),
110 had late-stage PBC without jaundice (a stage with signs
of portal hypertension or liver cirrhosis but without persis-
tent jaundice), and 57 were at the late stage with jaundice
(persistent presence of jaundice [total bilirubin >2 mg/dl]).
Of the 476 healthy controls in the GWAS, 170 were male
and 306 were female, ages ranged from 25 to 87 years, and
the median age was 40. Of the 808 PBC cases in the replica-
tion set, 120 were male and 688 were female, ages ranged
from 24 to 85 years, the median age was 61 years, 646 had
early-stage PBC, 121 had late-stage PBC without jaundice,
and 39 were at the late stage with jaundice. Of the 624
healthy controls in the replication set, 271 were male and
353 were female, ages ranged from 24 to 74 years, and the
median age was 33 years. Concomitant autoimmune
diseases are also shown in Table S1. As for inflammatory
bowel diseases such as Crohn disease (CD, MIM 266600)
and ulcerative colitis (UC, MIM 266600), only one out of
1,274 PBC cases had UC, but none had CD. DNA was ex-
tracted from whole peripheral blood with the QIAamp
DNA Blood Midi Kit (QIAGEN, Tokyo).

For the GWAS, we genotyped 1,015 samples (515
Japanese PBC cases and 500 Japanese healthy controls)
using the Affymetrix Axiom Genome-Wide ASI 1 Array,
according to the manufacturer’s instructions. After ex-
cluding three PBC samples with a Dish QC of less than
0.82, we recalled the remaining 1,012 samples (512 cases
and 500 controls) using the Genotyping Console v4.1
software. Here, Dish QC represents the recommended
sample quality control (QC) metric for the Axiom
arrays.w Of the 600,000 SNPs embedded in the array,
samples with an overall call rate of less than 97% were
also excluded. As a result, 508 cases and 484 controls
were subjected to further analysis. All samples used for
GWAS passed a heterozygosity check, and no duplicated
and related samples were identified in identity by descent
testing. Moreover, principal component analysis found
29 outliers to be excluded via the Smirnov-Grubbs test
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GWAS Results
From 963 samples (487 Japanese PBC cases and 476 Japanese healthy controls), p values were calculated with a chi-square test for allele
frequencies among 420,928 SNPs.

Figure 1.

and finally showed that all PBC cases (n = 487) and
healthy controls (n = 476) formed a single cluster together
with the HapMap JPT (Japanese in Tokyo from the CEPH
collection), but not with CHB (Han Chinese in Beijing)
samples (Figure S1, Table S2). These results indicate that
the effect of population stratification was negligible. The
average overall call rates of the remaining 487 PBC cases
and 476 healthy controls were 99.38% (97.15-99.80) and
99.27% (97.01-99.81), respectively.!' We then applied
the following thresholds for SNP quality control during
the data cleaning: SNP call rate >95%, minor allele
frequency >5% in both PBC cases and healthy controls,
and Hardy-Weinberg Equilibrium (HWE) p value >0.001
in healthy controls.'* Of the SNPs on autosomal chromo-
somes and in the pseudoautosomal regions on the X chro-
mosome, 420,928 and 317 passed the quality control filters
and were used for the association analysis, respectively
(Table S3). A quantile-quantile plot of the distribution of
test statistics for the comparison of genotype frequencies
in PBC cases and healthy controls showed that the infla-
tion factor lambda was 1.039 for all the tested SNPs,
including those in the HLA region, and was 1.026
when SNPs in the HLA region were excluded (Figures S2A

®
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and S2B). Table S4 shows the 298 SNPs with p < 0.0001
in the GWAS. All cluster plots for the SNPs with a p <
0.0001 from a chi-square test of the allele frequency model
were checked by visual inspection, and SNPs with ambig-
uous genotype calls were excluded. For the GWAS and
replication study, a chi-square test was applied to a two-
by-two contingency table in an allele frequency model.
Figure 1 shows a genome-wide view of the single-point
association data, which are based on allele frequencies.
We found that the HLA-DQBI locus (MIM 604305)
had the strongest association with susceptibility to PBC
(rs9275175, odds ratio [OR] = 1.94; 95% confidence in-
terval [CI] = 1.62-2.33, p = 8.30 x 107'%) (Figure 1 and
Table S4); this finding was consistent with findings from
previous studies.*” In addition to the HLA class II region,
loci TNESF15 and POUZAF1 showed evidence indicative of
association with PBC (154979462, OR = 1.63; 95% CI =
1.36-1.95, p = 1.21 x 1077 for TNFSF15; 154938534, OR =
1.53; 95% CI = 1.28-1.83, p = 3.51 x 107 for POU2AF1).
In a subsequent replication analysis, 27 SNPs with p <
0.0001 in the initial GWAS were also studied, in addition
to SNPs at the TNFSF15 and POUZ2AF1 loci. Tagging SNPs
were selected from the regions surrounding TNFSF15 and
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Figure 2. LD Structure, p Values, and OR Plots in the Association Analysis

LD maps (A) around TNFSF15 (chr9: nucleotide position: 116561403-116733452; build 36.3) and (B) around POU2AF1 (chrl1: nucle-
otide position: 110684600-110802128; build 36.3). The middle panels show estimates of pairwise 1? for (A) 28 SNPs and (B) 33 SNPs in
the high-density mapping with a total of 2,365 samples used. The bottom panels show p values and OR-based chi-square tests for the
allelic model for the left panels of 963 samples in the GWAS (@), the right panels of 1,402 samples in the replication study (4 ), and the

combined analysis ().

POUZ2AF1 (28 and 33, respectively) for high-density associ-
ation mapping (Table S5, Figures 2A and 2B). For this
follow-up replication analysis, an independent set of
1,402 samples (787 Japanese PBC cases and 615 Japanese
healthy controls) and the original set of 963 samples
(487 PBC cases and 476 healthy controls) were genotyped
with the DigiTag2"® and custom TagMan SNP genotyping
assays (Applied Biosystems, Foster City, CA, USA) on the
LightCycler 480 Real-Time PCR System (Roche, Man-
nheim, Germany). The strongest associations identified
in the initial GWAS were replicated in the independent
set of 1,402 samples (OR = 1.52, p = 5.79 x 107® for
1s4979462; OR = 1.29, p = 9.32 x 10™* for 154938534,
Table 1). The combined p values were 2.84 x 107'*
(OR = 1.56; 95% CI = 1.39-1.76) for rs4979462 and
2.38 x 107® (OR = 1.39; 95% CI = 1.24-1.56) for
154938534 (Table 1), both of which reached the genome-
wide significance level of p < 5 x 1072, In contrast, the
other 27 weakly associated SNPs identified in the initial
GWAS (p values <0.0001) were not found to have signifi-
cant associations with PBC (Table S5). Moreover, no
strongly associated SNPs were observed when comparing
PBC cases between the early and late stages (Table S5).

A haplotype analysis of the TNFSF15 and POU2AFI
regions was conducted with the use of the genotype data
from all 2,365 samples (1,274 PBC cases and. 1,091 healthy
controls). Linkage disequilibrium (LD) blocks were
analyzed with Gabriel’s algorithm,'* and five blocks were
observed in the TNFSF15 region and seven blocks in the
POUZ2AF]1 region (Figures 2A and 2B). There were no differ-
ences in the LD blocks between PBC cases and healthy
controls. The risk haplotypes in each region showed a
lower level of association than did the individual SNPs
(p = 8.26 x 10~ for TNFSF15 and p = 1.00 x 107* for
POUZ2AF1) (Tables S6 and S7).

Next, we focused on data from our initial GWAS in 21
loci that are reportedly associated with susceptibility to
PBC in populations of European descent.*”’” We found
that three such loci (IL7R, IKZF3, and STAT4) had p values
of less than 0.001 and eight other such loci (RADSILI,
CXCRS, PLCL2, IL12RB2, NFKB1, CD80, DENND1B, and
7p14) showed evidence of marginal associations (p <
0.05) in the initial GWAS in 487 Japanese PBC cases and
476 Japanese healthy controls (data not shown). We geno-
typed three SNPs (rs6890503 for IL7R, 159303277 for
IKZF3, and 157574865 for STAT4) in an independent set
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Table 1. TNFSF15 SNP rs4979462 and POU2AF1 SNP rs4938534 Associated with Susceptibility to PBC
PBC Cases Healthy Controls OR®
Nearest  Risk Allele
dbSNP rsID  Gene Allele (1/2) Stage 1 12 22 RAF 11 12 22 RAF 95% CI p Value®
154979462 TNFSF15 T T/C GWAS 154 244 86 0.57 98 230 146 0.45 1.63 1.21 x 1077
(31.8) (50.4) (17.8) (20.7) (48.5) (30.8) (1.36-1.95)
Replication 253 390 141 0.57 131 305 170 047 1.52 5.79 x 1078
(32.3) (49.7) (18.0) (21.6) (50.3) (28.1) (1.30-1.76)
Combined 407 634 227 0.57 229 535 316 0.46 1.56 2.84 x 1071
(32.1) (50.0) (17.9) (21.2) (49.5) (29.3) (1.39-1.76)
154938534  POUZ2AF1 A G/A GWAS 114 229 141 0.53 151 247 77 0.42 1.53 3.51 x 107°
(23.6) (47.3) (29.1) (31.8) (52.0) (16.2) (1.28-1.83)
Replication 179 391 215 0.52 179 299 130 046 1.29 9.32 x 1074
(22.8) (49.8) (27.4) (29.4) (49.2) (21.9) (1.11-1.50)
Combined 293 620 356 0.52 330 546 207 044 1.39 2.38 x 1078
(23.1) (48.9) (28.1) (30.5) (50.4) (19.1) (1.24-1.56)

Parenthetical numbers indicate the percentage of allele 11, 12, or 22 among total alleles in PBC cases or healthy controls. The following abbreviations are used:
PBC, primary biliary cirrhosis; RAF, risk allele frequency; and GWAS, genome-wide association study.

20dds ratio (OR) of minor allele from the two-by-two allele frequency table.
Pp value of Pearson’s chi-square test for the allelic model.

of 1,402 samples (787 Japanese PBC cases and 615 Japanese
healthy controls) and the original set of 963 samples (487
PBC cases and 476 healthy controls) using the DigiTag2"?
and custom TaqMan SNP genotyping assays. Two SNPs,
1s6890853 and rs9303277 located in loci IL7R and IKZF3,
respectively, showed significant associations and the
STAT4 locus (1s7574865) showed suggestive association
with PBC in 2,365 Japanese samples (1,274 PBC cases and
1,091 healthy controls) (rs6890853, combined p value =
3.66 x 107, OR = 1.47 for IL7R; 159303277, combined
p value = 3.66 x 107%, OR = 1.44 for IKZF3; rs7574865,
combined p value = 1.11 x 1075, OR = 1.35 for STAT4)
(Tables S5 and S8).

Moreover, we genotyped 16 additional associated SNPs,
all of which were the same SNPs as identified in previous
studies,*” and revealed that six out of 16 SNPs (located
on CXCRS, NFKB1, CD80, DENND1B, MAP3K7IP1, and
TNFAIPZ) were replicated (p < 0.05) in 2,365 Japanese
samples (Table S8). The SNP 152293370, located in the
CD80 locus, showed a significant association and the
NFKBI1 locus (rs7665090) showed a suggestive association
with PBC in the Japanese population (152293370, com-
bined p value = 3.04 x 10™°, OR = 1.48 for CDS80;
157665090, combined p value = 1.42 X 1077, OR = 1.35
for NFKB1). Although further study for determining the
primary SNP at each locus is necessary, the remaining ten
loci (RADSILI, PLCL2, IL12RB2, IRF5, SPIB, RPS6KA4,
CLEC16A, TNFRSF1A, IL12A, and MMEL1) did not show
significant association (p < 0.05) with PBC in the Japanese
population (Table S8).

In the current GWAS in the Japanese population, we
identified two significant susceptibility loci for PBC,
TNFSF15 (1s4979462) and POUZ2AF1 (rs4938534), which
had not been identified in the previous GWAS in popula-
tions of European descent. In addition, of the 21 PBC
susceptibility loci that have been identified in populations

of European descent, three loci (IL7R, IKZF3, and CD80)
showed significant associations and two loci (STAT4 and
NFKB1) showed suggestive associations with PBC in the
Japanese population. Eight other loci (RAD51L1, CXCRS,
PLCLZ2, IL12RB2, DENNDI1B, MAP3K7IP1, TNFAIP2, and
7p14) also showed marginal associations with PBC in the
Japanese population. These results indicate the presence
of additional important disease pathways (via TNFSF15
and POU2AF1)—differentiation to T helper 1 (Th1) cells
(via IL7R and STAT4), B cell differentiation (via IL7R
and IKZF3), T cell activation (via CD80), and NF-«xB
signaling—in addition to the previously reported disease
pathways in the development of PBC in Japanese popula-
tions.

TNFSF15 is a newly described member of the TNF super-
family that interacts with death receptor 3 (DR3 [MIM
603366], also known as TNFRSF25) not only to promote
effector T cell expansion (i.e., Th1l and Th17 cells) and
cytokine production (i.e., interferon-y [IFN-y, MIM
147570]) at the site of inflammation, but also to induce
apoptosis in cells that overexpress DR3."® Interestingly,
genetic polymorphisms in TNFSF15 are associated with
susceptibility to CD, UC, ankylosing spondylitis (AS,
MIM 106300), and leprosy (MIM 609888)'62° (Table S8).
Strong association of five SNPs (rs3810936, 156478108,
156478109, 157848647, and rs7869487) in the TNFSF15
region with CD was first reported for a Japanese popula-
tion,'® and the finding was replicated in an indepen-
dent Japanese population and in European-descent and
Korean populations.?’ 2> Another SNP within TNFSF15
(rs4263839) is also associated with susceptibility to CD in
populations of European descent.'”?%2¢ In addition, the
risk alleles of the SNPs were significantly associated with
TNESF15 mRNA expression in peripheral blood.?”-*® Given
that there exists strong LD among SNPs in TNFSF1S5,
including those in the promoter region (rs6478109 and
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15784864 7) and introns (rs4263839 and rs4979462), it is
very probable that the PBC susceptibility haplotype con-
taining rs4979462 also influences TNFSF15 mRNA expres-
sion. Additionally, TNFSF15 signaling via DR3 synergizes
with interleukin-12 (IL-12) and IL-18 to promote IFN-y
production.’® The IL-12 signaling pathway includes
IL12A and IL12RB (MIM 601604), variants of which have
been identified as PBC susceptibility loci in previous
GWASs of peoples of European ancestry, and has been
implicated as a key player in the pathogenesis of PBC.*”
STAT4 is essential for IL-12 signal transduction via the
IL-12 receptor (IL12R) for IFN-y production and Th1 polar-
ization.?® Thus, the evidence that TNFSF15 and STAT4
were identified and confirmed as PBC susceptibility loci
in the present study might indicate that the IL-12 signaling
pathway via IL12R is also operative in PBC pathogenesis in
Japanese populations, as it is in populations of European
descent.

POUZAF]1 is a B cell-specific transcriptional factor that co-
activates octamer-binding transcriptional factors POU2F1
(MIM 164175) and POU2F2 (MIM 164176) on B cell-specific
promoters; thus, POU2AF1 is essential for B cell matura-
tion and germinal center formation.>* The E-twenty six
transcription factor Spi-B was recently identified as a direct
target of the coactivator POU2AF1.** Spi-B is an important
mediator of both B cell receptor signaling and early T cell
lineage decisions.>**® S$pi-B also induces IL7R-induced
CD40 (MIM 109535, MIM 300386) expression.** Given
that Spi-B has been identified as a PBC susceptibility gene
in previous GWASs of peoples of European ancestry,®’°
variation of POU2AF1 might function along with Spi-B in
this pathway of B cell signaling and differentiation. The
lack of POU2AF]1 reportedly prevents the development of
autoimmunity in Aiolos (also known as IKZF3) mutant
mice, which have a systemic lupus erythematosus (MIM
152700)-like phenotype, and in MRL-lpr mice.*5*” IKZF3
and IL7R were both replicated and confirmed as PBC
susceptibility loci in this study; IKZF3 functions as a
transcription factor that participates in the generation of
high-affinity bone marrow plasma cells responsible for
long-term immunity, and IL7R participates in pre-B cell
expansion.®®3° Collectively, these results strengthen the
notion that the B cell signaling pathway is involved in
the development of PBC.

In conclusion, TNFSF15 and POU2AF1 were identified as
significant susceptibility loci for PBC in a Japanese popula-
tion. Our results provide further evidence for the presence
of (1) ethnic differences in genetic susceptibility loci (i.e.,
TNFSF15, IL12A, and IL12RB2), (2) a new autoimmune
pathway (i.e., TNFSF15 signaling) shared with other auto-
immune diseases (CD, UC, and AS), and (3) common
pathogenic pathways such as B cell differentiation (i.e.,
POUZ2AF1, IKZF3, and SPIB), IL-12 signaling (i.e., IL12A,
IL12RB2, and STAT4), and T cell activation (i.e., CD80)
for the development of PBC in individuals of European
descent and Japanese individuals (Table $8). Functional
analysis of these genetic loci, as well as the identification

of additional susceptibility loci associated with PBC in
eastern Asian populations, should facilitate the analysis
of the pathogenesis of PBC worldwide and aid the develop-
ment of rationale for therapies in the future.

Supplemental Data

Supplemental Data include two figures, eight tables, and Supple-
mental Acknowledgments and can be found with this article
online at http://www.cell.com/AJHG/.
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This study aimed to develop a model for pre-
dicting anemia using the inosine triphospha-
tase (/TPA) genotype and to evaluate its
relationship with treatment outcome. Patients
with genotype 1b chronic hepatitis C (n = 446)
treated with peg-interferon alpha and ribavirin
(RBV) for 48 weeks were genotyped for the
ITPA (rs1127354) and /L28B (rs8099917) genes.

Data mining analysis generated a predictive therapy
model for anemia (hemoglobin (Hb) concentra-
tion <10 g/dl); the CC genotype of /TPA, base-
line Hb <14.0 g/dl, and low creatinine clearance
INTRODUCTION

(CLcr) were predictors of anemia. The incidence
of anemia was highest in patients with Hb
<14.0 g/dl and Clcr <90 mi/min (76%), fol-
lowed by Hb <14.0 g/dl and /TPA CC (57%).
Patients with Hb >14.0 g/dl and /TPA AA/CA
had the lowest incidence of anemia (17%).
Patients with two predictors (high-risk) had a
higher incidence of anemia than the others
(64% vs. 28%, P < 0.0001). At baseline, the
IL28B genotype was a predictor of a sustained
virological response [adjusted odds ratio
9.88 (95% confidence interval 5.01-19.48),
P < 0.0001]. In patients who achieved an early
virological response, the /IL28B genotype was
not associated with a sustained virological

Hepatitis C virus (HCV) infection is a leading cause
of cirrhosis and hepatocellular carcinoma worldwide
[Kim, 2002]. The rate of eradication of HCV by pegy-
lated interferon (PEG-IFN) plus ribavirin (RBV),
defined as a sustained virological response, is around
50% in patients with HCV genotype 1 [Manns et al.,
2001; Fried et al., 2002]. Failure of treatment is
attributable to the lack of a virological response or
relapse after completion of therapy. Genome-wide
association studies and subsequent cohort studies
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response, while a high risk of anemia was a
significant negative predictor of a sustained vi-
rological response [0.47 (0.24-0.91), P = 0.026].
For high-risk patients with an early virological
response, giving >80% of the planned RBV
dose increased sustained virological responses
by 24%. In conclusion, a predictive model
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have shown that single nucleotide polymorphisms
(SNPs) located near the IL28B gene are the most im-
portant determinant of virological response to PEG-
IFN/RBV therapy [Ge et al., 2009; Suppiah et al.,
2009; Tanaka et al., 2009; Rauch et al., 2010]. On the
other hand, among patients with a virological re-
sponse, the probability of a sustained virological re-
sponse decreases when the patients become intolerant
to therapy because of RBV-induced hemolytic anemia
and receive a reduced dose of RBV [McHutchison
et al., 2002; Kurosaki et al., 2012]. Genome-wide asso-
ciation studies have shown that variants of the ino-
sine triphosphatase (ITPA) gene protect against
hemolytic anemia [Fellay et al., 2010; Tanaka et al.,
2011]. These variants are associated with a reduced
requirement for an anemia-related dose reduction of
RBV [Sakamoto et al., 2010; Thompson et al., 2010a;
Kurosaki et al., 2011d; Seto et al., 2011]. However,
factors other than the ITPA gene also contribute to
the risk of severe anemia or RBV dose reduction [Ochi
et al., 2010; Kurosaki et al., 2011d] and the results of
studies on the impact of the ITPA genotype on treat-
ment outcome are inconsistent [Ochi et al., 2010;
Sakamoto et al., 2010; Thompson et al., 2010a, 2011,
Kurosaki et al., 2011d].

Data mining is a novel statistical method used to
extract relevant factors from a plethora of factors and
combine them to predict the incidence of the outcome
of interest [Breiman et al., 1980]. Decision tree analy-
sis, a primary component of data mining analysis, has
found medical applications recently [Averbook et al.,
2002; Miyaki et al., 2002; Baquerizo et al., 2003;
Leiter et al., 2004; Garzotto et al., 2005; Zlobec et al.,
2005; Valera et al., 2007] and has proven to be a use-
ful tool for predicting therapeutic efficacy [Kurosaki
et al., 2010, 2011a,b,c, 2012] and adverse events [Hir-
amatsu et al., 2011] in patients with chronic hepatitis
C treated with PEG-IFN/RBV therapy. Because the
results of data mining analysis are presented as a
flowchart [LeBlanc and Crowley, 1995], they are easi-
ly understandable and usable by clinicians lacking a
detailed knowledge of statistics.

For the general application of this genetic informa-
tion in clinical practice, this study aimed to construct
a predictive model of severe anemia using the ITPA
genotype, together with other relevant factors. This
study also aimed to analyze the impact of the risk of
anemia on treatment outcome, after adjustment for
the IL28B genotype. These analyses were carried out
at baseline and during therapy, when the early viro-
logical response became evident.

MATERIALS AND METHODS

Patients

Data were collected from a total of 446 genotype
1b chronic hepatitis C patients who were treated
with PEG-IFN alpha and RBV at five hospitals and
universities throughout Japan. The inclusion criteria
were: (1) infection by hepatitis C genotype 1b; (2) no

J. Med. Virol. DOI 10.1002/jmv
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co-infection with hepatitis B virus or human immu-
nodeficiency virus; (3) no other causes of liver dis-
ease such as autoimmune hepatitis and primary
biliary cirrhosis; and (4) availability of DNA for the
analysis of the genetic polymorphisms of IL28B and
ITPA. Patients received PEG-IFN alpha-2a (180 p.g)
and 2b (1.5 pg/kg) subcutaneously every week and a
daily weight-adjusted dose of RBV (600 mg for
patients weighing <60 kg, 800 mg for patients
weighing 60-80 kg, and 1,000 mg for patients weigh-
ing >80 kg) for 48 weeks. Dose reduction or discon-
tinuation of PEG-IFN and RBV was primarily based
on the recommendations on the package inserts and
the discretion of the physicians at each university
and hospital. The standard duration of therapy was
set at 48 weeks. No patient received erythropoietin
or other growth factors for the treatment of anemia.
Written informed consent was obtained from
each patient, and the study protocol conformed to
the ethical guidelines of the Declaration of Helsinki
and was approved by the institutional ethics review
committees.

Laboratory Tests

Blood samples obtained before therapy were ana-
lyzed for hematologic data, blood chemistry, and HCV
RNA. Genetic polymorphisms in SNPs of the ITPA
gene (rs1127354) and the IL28B gene (rs8099917)
were determined using ABI TaqgMan Probes (Applied
Biosystems, Carlsbad, CA) and the DigiTag2 assay,
respectively. Baseline creatinine clearance (CLcr) lev-
els were calculated using the formula of Cockeroft
and Gault [1976]: for males, CLcr = [(140 — age in
years) x body weight in kg] + (72 x serum creatinine
in mg/dl) and for females, CLer = 0.85 x [(140 — age
in years) x body weight in kg] + (72 x serum creati-
nine in mg/dl). The stage of liver fibrosis was scored
according to the METAVIR scoring system: FO (no fi-
brosis), F1 (mild fibrosis: portal fibrosis without sep-
ta), F2 (moderate fibrosis: few septa), F3 (severe
fibrosis: numerous septa without cirrhosis), and F4
(cirrhosis). A rapid virological response was defined as
undetectable HCV RNA by qualitative PCR with a
lower detection limit of 50 IU/ml (Amplicor, Roche Di-
agnostic Systems, Pleasanton, CA) at week 4 of thera-
py and a complete early virological response was
defined as undetectable HCV RNA at week 12. A sus-
tained virological response was defined as undetect-
able HCV RNA at 24 weeks after completion of
therapy. Severe anemia was defined as hemoglobin
(Hb) <10 g/dl.

Statistical Analysis

Database for analysis included the following varia-
bles: age, sex, body mass index, serum aspartate ami-
notransferase (AST) levels, alanine aminotransferase
(ALT) levels, gamma-glutamyltransferase (GGT) lev-
els, creatinine levels, CLcr, Hb, platelet count, serum
levels of HCV RNA, and the stage of liver fibrosis



Predictive Model of Anemia Using ITPA

TABLE 1. Patients’ Baseline Characteristics

Age (years) 58.6 (9.6)
Gender: male (n, %) 185 (42%)
Body mass index (kg/m?) 23.1 (3.7
AST (IU/L) 59.9 (53.8)
ALT dU/L) 69.8 (53.8)
GGT (IU/L) 48.5 (41.6)
Creatinine (mg/dl) 0.7 (0.2)
Creatinine clearance (ml/min) 89.5 (23.0)
Hemoglobin (g/dl) 14 (1.4)
Platelet count (109/L) 154.5 (52.1)
HCV RNA > 600,000 IU/ml (n, %) 354 (79%)
Liver fibrosis: F3-4 (n, %) 108 (24%)
Initial ribavirin dose (n, %)

600 mg/day 300 (67%)

800 mg/day 138 (31%)

1,000 mg/day 9 (2%)
Pegylated interferon (n, %)

alpha2a 180 mcg 58 (13%)

alpha2b 1.5 meg/kg 388 (87%)
ITPA rs1127354: CC (n, %) 317 (71%)
IL28B rs809917: TT (n, %) 311 (70%)

AST, aspartate aminotransferase; ALT, alanine aminotransferase;
GGT, gamma-glutamyltransferase.

Data expressed as mean (standard deviation) unless otherwise
mentioned.

(Table I). Based on these data set, a model for predict-
ing the risk of developing severe anemia was con-
structed by data mining analysis using the IBM-SPSS
Modeler 13 as described previously [Kurosaki et al.,
2010, 2011a,b,c; Hiramatsu et al., 2011]. Briefly, the
software was used to explore the database automati-
cally to search for optimal predictors that discriminat-
ed most efficiently patients with severe anemia from
those without. The software also determined the opti-
mal cutoff values of each predictor. Patients were di-
vided into two groups according to the predictor and
each of the two groups was repeatedly divided in the
same way until no significant factor remained or 20 or
fewer patients were in a group.

The incidence of severe anemia, the total dose of
RBV, and treatment outcome were compared between
groups with high and low risks of anemia. On univari-
ate analysis, Student’s ¢-test was used for continuous
variables, and Fisher’s exact test was used for cate-
gorical data. Logistic regression was used for multi-
variate analysis. P values of <0.05 were considered
significant. SPSS Statistics 18 was used for these
analyses.

RESULTS
Predictive Model of Severe Anemia

The incidence of severe anemia in the whole cohort
was 49% (Fig. 1). The best predictor of severe anemia
was the baseline Hb concentration. Patients with a
low baseline Hb concentration (<14 g/dl) were more
likely to develop severe anemia (67%) than those with
a higher Hb (>14 g/dl) (34%). The second best predic-
tor for those patients with a baseline Hb <14.0 g/dl
was CLer. Patients with a CLer below 90 ml/min had
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the highest incidence of severe anemia (76%). In those
with a CLcr above >90 ml/min the incidence of severe
anemia was 57% in patients with the CC allele of the
ITPA gene while it was 37% in patients with the CA
or AA allele. On the other hand, the second best pre-
dictor for those patients with a baseline Hb concentra-
tion above 14 g/dl was the ITPA genotype. Patients
with the AA or AC allele had the lowest incidence of
anemia (17%). For those with the ITPA CC allele,
CLcr was the third best predictor; the optimal cutoff
value was 85 ml/min for this group. The incidence of
severe anemia was 49% in patients with a CLcr below
85 ml/min while it was 32% in those with a CLcr
above 85 ml/min.

Following this analysis, the patients were divided
into six groups, with the incidence of severe anemia
ranging from 17% to 76%. Three groups with two pre-
dictors, having an incidence of anemia >40%, were
defined as the high-risk group and the remainder
were defined as the low-risk group. The incidence of
severe anemia was higher in the high-risk group than
the low-risk group (65% vs. 28%, P = 0.029) (Fig. 2).
Comparison of the ITPA genotype and the predictive
model showed that the sensitivity for the prediction
of severe anemia was similar (75.9% vs. 76.4%) but
the specificity of the predictive model was greater
(83.6% vs. 59.3%).

The Risk of Anemia Impacts on Sustained
Virological Responses by Patients Who Achieved
an Early Virological Response

The impact of IL28B genotype, ITPA genotype, and
risk group of anemia on the rate of sustained virologi-
cal response was studied at baseline and week 12. At
baseline, patients with the TT allele of the IL28B
gene had a significantly higher rate of sustained viro-
logical response than those with the TG or GG allele
(43% vs. 10%, P < 0.0001), the high-risk group for
anemia had a significantly lower rate of sustained vi-
rological response than the low-risk group (28% vs.
40%, P = 0.011), and the ITPA genotype was not asso-
ciated with a sustained virological response (Fig. 3A-—
C). At week 4, patients with rapid virological response
had a high rate of sustained virological response, irre-
spective of the IL28B genotype (TT vs. TG/GG; 97%
vs. 100%, P = 1.000), the ITPA genotype (CC vs. CA/
AA; 95% vs. 100%, P = 1.000), and the risk of anemia
(high vs. low; 95% vs. 100%, P = 1.000). Among the
patients who did not achieve a rapid virological re-
sponse, those with the IL28B TT allele had a signifi-
cantly higher rate of sustained virological response
than those with the TG or GG allele (38% vs. 8%,
P < 0.0001), and the high-risk group for anemia had
a significantly lower rate of sustained virological re-
sponse than the low-risk group (24% vs. 35%,
P =0.015). At week 12, in patients who achieved a
complete early virological response, the IL28B geno-
type was not associated with a sustained virological
response, while the high-risk group for anemia had a
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Fig. 1. The predictive model for severe anemia. The boxes indicate the factors used to differentiate
patients and the cutoff values for the different groups. The pie charts indicate the rate of severe ane-
mia (Hb <10.0 g/d]) for each group of patients, after differentiation. Terminal groups of patients differ-
entiated by analysis are classified as at high risk if the rate is >40% and low risk if the rate is <40%.
ITPA, inosine triphosphatase; CLcr, creatinine clearance; Hb, hemoglobin.

significantly lower rate of sustained virological re-
sponse than the low-risk group (59% vs. 76%,
P =0.013) (Fig. 3D-F). In patients who did not
achieve a complete early virological response, the
IL28B genotype was a significant predictor of a sus-
tained virological response (TT vs. TG/GG; 14% vs.
2%, P < 0.0001) but a high risk for anemia was not
(high vs. low; 10% vs. 6%, P = 0.361).

From multivariate analysis (Table II), the IL28B ge-
notype was the most important predictor of a sus-
tained virological response at baseline [adjusted odds
ratio 9.88 (95% confidence interval 5.01-19.48),
P < 0.0001], along with female sex [0.42 (0.26-0.68),
P < 0.0001], platelet count [1.09 (1.04-1.15),
P < 0.0001], advanced fibrosis [0.49 (0.27-0.91),
P = 0.024], and baseline HCV RNA load [4.14 (2.27—
7.55), P < 0.0001]. At week 4, in patients without a
rapid virological response, the IL28B genotype
remained the most important predictor of a sustained
virological response [7.16 (3.60-14.25), P < 0.0001],
along with female sex and platelet count. At week 12,
in patients with a complete early virological response,
the risk of anemia was an independent and significant
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predictor of a sustained virological response [0.47
(0.24-0.91), P = 0.026], together with the platelet
count and HCV RNA load, but the IL28B genotype
was not associated with a sustained virological re-
sponse. In patients without a complete early virologi-
cal response, the IL28B genotype was a predictor of a
sustained virological response [9.13 (2.02-41.3),
P = 0.004] along with the platelet count. Thus, IL28B
was a significant predictor of a sustained virological
response at baseline and among virological non-res-
ponders at weeks 4 and 12. On the other hand, once a
complete early virological response was achieved, the
IL.28B genotype was no longer associated with a sus-
tained virological response but the risk of anemia was
an independent predictor of a sustained virological
response.

The Risk of Anemia, RBV Dose, and Treatment
Outcome in Patients With a Complete Early
Virological Response

Patients who achieved a complete early virological
response were stratified according to adherence to
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Fig. 2. The incidence of severe anemia stratified by risk of ane-
mia. The incidence of anemia during therapy is shown for each
group of patients at high and low risk of anemia. The black and
white bars represent the percentages of patients with Hb concentra-
tions below 8.5 g/dl and above 10 g/dl, respectively.

RBV (<40%, 41-60%, 61-80%, and >80%), which
showed that patients with a high risk of anemia were
predominantly in subgroups with a lower adherence
to RBV (<40%, 41-60%, and 61-80%), whereas
patients with a low risk of anemia were predominant-
ly in -subgroups with a higher adherence to RBV
(>80%) (Fig. 4, upper panel). The percentage of
patients who received >80% of the planned dose of
RBV was significantly higher in the low-risk group for
anemia than in the high-risk group (74% vs. 55%,
P < 0.0001). - TR :

Within the groups with high and low risks of ane-
mia, there was a stepwise increase in the rate of sus-
tained virological response according to the increase
in adherence to RBV (Fig. 4, lower panel). The rate of
sustained virological response was higher in patients
who received. >80%. of the planned dose of RBV than
those who received less, for both high-risk patients
(71% vs. 47%, P = 0.016) and low-risk patients (81%
vs. 60%, P.= 0.072). Within the same subgroup of
RBV adherence, however, the rate of sustained viro-
logical response did not differ between patients with a
high risk and a low risk of anemia. Taken together,
these results suggest that patients with a high risk of
anemia have a disadvantage because they are likely
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to be intolerant to RBV, leading to reduced adherence
to RBV throughout the 48 weeks of therapy and a
reduced rate of sustained virological response. Howev-
er, if >80% adherence to RBV could be obtained, the
rate of sustained virological response would increase
by 24%.

 DISCUSSION

This study confirmed previous reports that the
IL.28B genotype is the most significant predictor of a
sustained virological response to PEG-IFN plus RBV
therapy in chronic hepatitis C patients at baseline [Ge
et al., 2009; Suppiah et al., 2009; Tanaka et al., 2009;
Rauch et al, 2010; Kurosaki et al.,, 2011c] and at
week 4 [Thompson et al., 2010b], but it had no impact
on the rate of sustained virological response among
those patients who achieved a complete early virologi-
cal response [Thompson et al., 2010b; Kurosaki et al.,
2011c]. In contrast, the risk of anemia, assessed by
the combination of the ITPA genotype, baseline Hb
concentration, and baseline CLcr, was found to be as-
sociated with a sustained virological response in
patients who achieved a complete early virological re-
sponse. Generally, a complete early virological re-
sponse is the hallmark of a high probability of a
sustained virological response, but the rate of sus- .
tained virological responses in patients who achieved
a complete early virological response and had a high
risk of anemia was as low as 59%. This reduced rate
of sustained virological response in these patients was
attributable to poor adherence to RBV throughout the
48 weeks of therapy. Because administration of >80%
of the planned RBV dose increased the rate of sus-
tained virological response by 24%, it may be postulat-
ed “that personalizing the  treatment schedule to
achieve a sufficient dose of RBV, such as extension of
treatment duration, may improve sustained virologi-
cal response rates in these patients. Clearly, this pos-
tulate needs to be confirmed in future study. Thus,
the findings presented here may have the potential to
support selection of the optimum, personalized treat-
ment strategy for an individual patient, based on the
risk of anemia. .

The degree of hemolytic anemia caused by RBV
varies among individuals. A reduction of the Hb con-
centration early during therapy predicts the likely de-
velopment of severe anemia [Hiramatsu et al., 2008,
2011] but there are no reliable predictors at baseline.
A breakthrough came from the results of a genome-
wide association study that revealed that variants of
the ITPA gene are protective against hemolytic ane-
mia [Fellay et al., 2010]. The ITPA genotype has been
shown repeatedly to be associated with the degree of
hemolytic anemia and dose reduction of RBV [Fellay
et al.; 2010; Sakamoto et al., 2010; Thompson et al.,
2010a; Seto et al., 2011; Tanaka et al., 2011; Kurosaki
et al., 2011d]. However, factors other than the ITPA
gene, such as baseline Hb concentrations [Ochi et al.,
2010; Kurosaki et al., 2011d], platelet counts [Ochi
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Fig. 3. Rates of sustained virological responses at baseline and among those with a virological re-
sponse at week 12. The impacts of IL28B genotype, ITPA genotype, and risk group of anemia on the
rate of sustained virological response were studied at baseline (A—C) and among those with complete
early virological responses (defined as undetectable HCV RNA at week 12) (D-F). At baseline, those
with the TT allele of the IL28B gene had a significantly higher rate of sustained virological response
than those with the TG or GG allele and the group at high-risk of anemia had a significantly lower
rate of sustained virological response than the low-risk group. Among patients with complete early
virological responses, the IL28B genotype was not associated with a sustained virological response,
while the group at high-risk of anemia had a significantly lower rate of sustained virological response
than the low-risk group.

et al., 2010], and CLer [Kurosaki et al., 2011d], also baseline CLcr as predictive factors and identified six
contribute to the risk of severe anemia or RBV dose subgroups of patients with a variable rate of severe
reduction. In the present study, the predictive model anemia, ranging from 17% to 76%. The specificity of
of anemia based on the data mining analysis selected the prediction of severe anemia was improved by
the ITPA genotype, baseline Hb concentration, and 25.7% in the predictive model, compared to ITPA
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TABLE II. Logistic Regression Analysis for Factors
Associated With Sustained Virological Response at
Baseline, Week 4 and Week 12

Multi-variable

Odds 95% CI P-value
Pre-treatment
Sex: female 0.42 0.26-0.68 <0.0001
Platelet (10%/L) 1.09 1.04-1.15 <0.0001
Fibrosis: F3-4 0.49 0.27-0.91 0.024
HCV RNA: <600,000 IU/L 414 2.27-755 <0.0001
IL.28B rs8099917: T'T 9.88 5.01-19.48 <0.0001
At week 4
Non-RVR patients
Sex: female 0.45 0.28-0.72 0.001
Platelet (10%L) 1.10 1.05-1.16 0.000
1L28B rs8099917: TT 7.16 3.60-14.25 <0.0001
At week 12
cEVR patients
Platelet (10%L) 1.09 1.02-1.17 0.015
HCV RNA: <600,000 IU/L.  3.21 1.39-7.55 0.007
High-risk of anemia® 0.47 0.24-0.91 0.026
At week 12
Non-cEVR patients
Platelet (10%/L) 111 1.02-1.21 0.017
I1.28B rs8099917: TT 9.13 2.02-41.3 0.004

RVR: rapid virological response, defined as undetectable HCV RNA
at week 4.

cEVR: complete early virological response, defined as undetectable
HCV RNA at week 12.

“High-risk of anemia defined by decision tree analysis includes the
following groups: (1) baseline hemoglobin <14.0 g/dl and creatinine
clearance <90 ml/min, (2) baseline hemoglobin <14.0 g/dl, creatinine
clearance >90 ml/min and ITPA rs1127354 genotype CC, and (3)
baseline hemoglobin >14.0 g/dl, ITPA rs1127354 genotype CC, and
creatinine clearance <85 ml/min.

genotyping alone. Because hemolytic anemia
induced by RBV is one of the major adverse events
leading to premature termination of therapy [Fried
et al., 2002], a method to predict the risk of severe
anemia before treatment is important clinically. A
predictive model of anemia may have the potential to
support individualized treatment strategies; patients
at high risk of anemia may be tested intensively for
anemia or may be candidates for erythropoietin thera-
py, whereas those with a low risk of anemia may
be treated with a higher dose of RBV. Prediction
of anemia will remain important in the era of direct
antiviral agents for chronic hepatitis C, because these
newer therapies still require RBV and PEG-IFN in
combination, and the degree of anemia complicating
these therapies may be even greater than with the
current combination therapy [McHutchison et al.,
2009; Kwo et al., 2010].

 Studies of the impact of the ITPA genotype on treat-
ment outcome have produced conflicting results. Pre-
vious studies of American [Thompson et al., 2010a]
and Italian [Thompson et al., 2011] cohorts did not
find any association between the ITPA genotype and
treatment outcome, whereas a marginal difference
was observed in a report from Japan [Ochi et al,
2010]. Moreover, with a subgroup analysis of Japa-
nese patients, the variant of the ITPA gene was
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associated with a sustained virological response in
patients with the IL28B major genotype [Kurosaki
et al., 2011d], in patients infected with HCV other
than genotype 1[Sakamoto et al., 2010], and in
patients with pre-treatment Hb concentrations be-
tween 13.5 and 15 g/dl [Azakami et al., 2011]. These
inconsistent results may be because the impact of ane-
mia may be greater on a cohort of aged patients, such
as in Japan. Another reason may be that the ITPA
genotype is not the sole determinant of anemia; the
ITPA genotype alone was not associated with treat-
ment outcome in the present study but a high-risk of
anemia, defined by the combination of the ITPA geno-
type, baseline Hb concentration, and baseline ClLcr,
was associated with sustained virological responses
by patients with complete early virological responses,
even after adjustment for the IL28B genotype and
other relevant factors. This is in contrast to the find-
ing that the IL28B genotype is an independent and
significant predictor at baseline of a sustained virolog-
ical response by patients without a rapid virological
response and those without a complete early virologi-
cal response, but not those with a complete early viro-
logical response. These results indicate that the
IL28B genotype could be used to predict a sustained
virological response at baseline or during therapy in
patients in whom HCV RNA has not yet become unde-
tectable, but it has no predictive value in patients in
whom HCV RNA has become undetectable. The risk
of anemia may be used to predict sustained virological
responses in a selected subgroup of patients who
achieve a complete early virological response.

Patients who received more than 80% of the
planned dose of PEG-IFN or RBV had a higher rate of
sustained virological responses than those who re-
ceived a lower cumulative dose [McHutchison et al.,
2002; Davis et al., 2003]. Patients who achieve a com-
plete early virological response usually have a good
chance of a sustained virological response and the
treatment duration is not extended beyond 48 weeks.
However, reduced adherence to drugs in these
patients was related to relapse after the completion of
48 weeks of therapy [Hiramatsu et al., 2009; Kurosaki
et al., 2012]. In the present study, the rate of sus-
tained virological response was 59% in patients who
achieved a complete early virological response but
had a high risk of anemia, 17% lower than in patients
with a low risk of anemia. However, there was a step-
wise increase in the rate of sustained virological re-
sponse according to the increase in adherence to RBV,
and the rate of sustained virological response was
higher in high-risk patients who received >80% of the
planned dose of RBV (71% vs. 47%). This 24% in-
crease in sustained virological response was observed
among the patients in the present study who received
48 weeks of treatment. These findings suggest that re-
ceiving a sufficient RBV dose is essential for patients
with a complete early virological response to attain a
sustained virological response and that the treatment
strategy should be personalized for patients with a
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Fig. 4. The impact of risk of anemia and RBV dose on treatment outcome after a complete early
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and the rates of sustained virological responses, stratified by high risk and low risk of anemia, are
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high and low risks of anemia, respectively.

high risk of anemia to extend the duration of treat-
ment, even those patients with a complete early viro-
logical response, to obtain >80% adherence to RBV.

In conclusion, the combination of the ITPA geno-
type, baseline Hb concentration, and baseline CLcr
could be used as a pre-treatment predictor of anemia.
The risk of anemia thus identified is associated with
adherence to RBV and impacts on the treatment out-
come of patients who achieve a complete early virolog-
ical response. This is in contrast to the major role of
the IL28B genotype in the prediction of sustained vi-
rological responses at baseline and among non-res-
ponders at weeks 4 and 12. Patients who achieve a
complete early virological response generally have a
high probability of a sustained virological response
but those who have a high risk of anemia have a high
rate of relapse because of reduced adherence to RBV.
To improve the rate of sustained virological responses
in these patients, it may be postulated that the treat-
ment schedule may be personalized to obtain >80%
adherence to RBV. Clearly, this postulate needs to be
confirmed in a future study.
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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 HILA-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

@ PLoS ONE | www.plosone.org
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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%; (it) 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
159277542, P=5.32x1078, 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
margial SNP (rs3077) on GWAS were replicated in both
replication sets [replication-1 (Japanese); rs3077, P=2.70x1078,
OR =0.48 and rs9277542, P=3.33x1075, OR =0.54; replica-
tion-2 (Korean); rs3077, P= 2.08x107% OR =047 and
59277542, 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 (P, = 0.80 for rs3077 and 0.40
for rs9277542). P, values were 440%107'° for rs3077 (OR
=046, 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 DigiTag?2 assay with SNP call
rate = 95% and HWE p-value = 0.01. Two SNPs (rs9276431 and
rs7768538), 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 2.80x1077
(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 S1).

Meta-analysis using the random effects model across 6
independent studies, including 5 additional published data,
showed Po.=394x10"", OR =055 for 13077,
Prwa=174%x10"%, OR =061 for 19277535 and
Poa=1.69%x107"°, OR =051 for rs9277542, with the SNP
19277535 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 CHB progression (Figure S1).
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