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ONLINE METHODS

Subjects. The Japanese participants in the meta-analysis (4,074 rheuma-
toid arthritis cases and 16,891 controls) and the replication study (5,277
rheumatoid arthritis cases and 21,684 controls) were obtained through the
collaborations of the GARNET consortium (Supplementary Table 1)10:12,
The meta-analysis was conducted on three independent GWAS (from the
BioBank Japan Project!® with 2,414 rheumatoid arthritis cases and 14,245
controls!?, Kyoto University with 1,237 rheumatoid arthritis cases and 2,087
controls!? and IORRA!® with 423 rheumatoid arthritis cases and 559 con-
trols). The replication study consisted of two independent cohorts (cohort 1
included 3,830 rheumatoid arthritis cases and 17,920 controls, and cohort 2
included 1,447 rheumatoid arthritis cases and 3,764 controls). We employed
a case-control cohort of SLE (891 cases and 3,384 controls)?2 and 1,783 cases
with Graves’ disease!?. Details of 5,539 rheumatoid arthritis cases and 20,169
controls included in the meta-analysis in European populations were described
elsewhere!”. All participants provided written informed consent for participa-
tion in the study, as approved by the ethical committees of the institutional
review boards. Detailed descriptions of the participating subjects are provided
(Supplementary Note).

Genotyping and quality control in the GWAS. Genotyping platforms and
quality control criteria for the GWAS, including cutoff values for sample
call rates, SNP call rates, MAF and Hardy-Weinberg P values, are given
(Supplementary Table 2). For the subjects enrolled in each of three GWAS,
we excluded closely related subjects with first- or second-degree kinship, which
was estimated using PLINK version 1.06 (see URLs). We also excluded the
subjects determined to be ancestry outliers from East Asian populations using
PCA performed by EIGENSTRAT version 2.0 (see URLs) along with HapMap
Phase 2 panels (release 24; Supplementary Fig. 1). Genotype imputation was
performed on the basis of the HapMap Phase 2 East Asian populations, using
MACH version 1.0.16 (see URLSs) in a two-step procedure as described else-
where?®. We excluded imputed SNPs with MAF < 0.01 or Rsq < 0.5 from each
of the GWAS. Associations of the SNPs with rheumatoid arthritis were assessed
by logistic regression models assuming additive effects of the allele dosages of
the SNPs using mach2dat software (see URLS).

Meta-analysis. We included 1,948,139 autosomal SNPs that satisfied quality
control criteria in all three GWAS (Supplementary Table 2). SNP information
was based on a forward strand of the NCBI build 36.3 reference sequence. The
meta-analysis was performed using an inverse variance method assuming a
fixed-effects model from the study-specific effect sizes (logarithm of odds
ratio) and the standard errors of the coded alleles of the SNPs determined
with the Java source code implemented by the authors?®. Genomic control
corrections®® were carried out on test statistics of the GWAS using the study-
specific inflation factor (Agc) and was applied or reapplied to the results of
our current meta-analysis (Supplementary Fig. 2).

Replication study. We selected a SNP for the replication study from each of the
loci that exhibited P < 5.0 x 107* in the meta-analysis that had not previously
been reported as rheumatoid arthritis susceptibility loci~1¢ (Supplementary
Table 3). For control subjects, we used genotype data obtained from additional
GWAS for non-autoimmune diseases or healthy controls, genotyped using
Ilumina HumanHap550 BeadChips or HumanHap610-Quad BeadChips, and

the cases for rheumatoid arthritis and Graves’ disease were genotyped with the
TagMan genotyping system (Applied Biosystems; Supplementary Table 1).
Selection of the SNP was conducted according to the following criteria: if the
SNP with the most significant association in the locus was genotyped in the
replication control panel, then that SNP was selected; otherwise, a tag SNP
in the replication control panel with the strongest LD was selected (mean
2 = 0.89). For the three SNPs that yielded low call rates (<90%), we alterna-
tively selected proxy SNPs with the second strongest LD. As a result, average
genotyping call rates of the SNPs were 99.9% and 99.0% for the controls and
cases, respectively. We then evaluated concordance rates between the assayed
genotypes by applying these two different methods to samples from 376 sub-
jects who were randomly selected. This procedure yielded high concordance
rates of 299.9%. Associations of the SNPs were evaluated using logistic regres-
sion assuming an additive-effects model of genotypes in R statistical software
version 2.11.0 (see URLSs). The combined study of the meta-analysis and rep-
lication study was performed using an inverse variance method assuming a
fixed-effects model®.

Cis eQTL analysis. For each marker SNP of the newly identified rheuma-
toid arthritis susceptibility locus, correlations between SNP genotypes and
expression levels of genes located 300 kb upstream or downstream of the SNP
measured in B-lymphoblastoid cell lines (GSE6536) were evaluated using data
from the HapMap Phase 2 east Asian populations?’.

Multi-ancestry analysis of the meta-analyses in Japanese and Europeans. We
evaluated the associations of the variants in the validated rheumatoid arthritis
susceptibility loci by comparing the results from the current meta-analysis in
Japanese with those from a previous meta-analysis in Europeans!®. We assessed
two variants in the IRF5 locus, where different causal variants were identified
in the two populations?*. For the conditional analysis of the regional associa-
tions in the ARID5B locus (Supplementary Fig. 3), we repeated the meta-
analysis at that locus by incorporating genotypes of the referenced SNP(s) as
additional covariate(s). For comparison of the odds ratios of the SNPs, we first
selected SNPs that were shared between the meta-analyses in Japanese and
Europeans. Next, we removed the SNPs located more than 1 Mb away from
each of the marker SNPs in the validated rheumatoid arthritis susceptibility
loci, except for in the HLA region, where we removed the SNPs located between
24,000,000 bp to 36,000,000 bp on chromosome 6 because of the existence of
long-range haplotypes with rheumatoid arthritis susceptibility in this region?s.
LD pruning of the SNPs was conducted for the SNP pairs that were in LD
(r?20.3) in both HapMap Phase 2 East Asian and Utah residents of Northern
and Western European ancestry (CEU) populations (release 24). Correlations
of the odds ratios were evaluated using R statistical software version 2.11.0.

25. Okada, Y. et al. ldentification of nine novel loci associated with white blood cell
subtypes in a Japanese population. PLoS Genet. 7, e1002067 (2011).
26. de Bakker, P.I. et al. Practical aspects of imputation-driven meta-analysis of
genome-wide association studies. Hum. Mol. Genet. 17, R122-R128 (2008).
27. Stranger, B.E. et al. Population genomics of human gene expression. Nat. Genet. 39,
1217-1224 (2007).

28. Okada, Y. et al. Contribution of a haplotype in the HLA region to anti-cyclic
citrullinated peptide antibody positivity in rheumatoid arthritis, independently of
HLA-DRBL1. Arthritis Rheum. 60, 3582-3590 (2009).
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Predictive Value of Early Viral Dynamics During
Peginterferon and Ribavirin Combination Therapy
Based on Genetic Polymorphisms Near the IL28B
Gene in Patients Infected With HCV Genotype 1b
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A study was carried out to determine whether
early viral dynamics retain prediction of the
outcome of peginterferon (PEG-IFN) and ribavi-
rin combination therapy based on different
genetic polymorphisms near the /L28B gene,
the strongest baseline predictor of response to
this therapy. A total of 272 patients infected
with hepatitis C virus (HCV) genotype 1b were
grouped according to genetic polymorphisms
near the IL28B gene (rs8099917). The ability of
reduced HCV RNA levels at 4 and 12 weeks
after starting therapy to predict a sustained
virologic response was evaluated based on
these genotypes. Among patients with the TT
genotype for rs8099917 (associated with a
favorable response), the rates of sustained
virologic response were higher in patients with
a >3 logqo reduction in serum HCV RNA levels
at 4 weeks after starting therapy (P < 0.0001).
In contrast, among patients with the TG/GG
genotype (associated with an unfavorable re-
sponse), there were no differences in this rate
based on the reduction in HCV RNA levels at
4 weeks. Early viral dynamics at 4 weeks after
starting therapy retains its predictive value for
sustained virologic response in patients with
the TT genotype for rs8099917, but not in
patients with the TG/GG genotype. Patients
who are likely to achieve sustained virologic re-
sponse despite unfavorable TG/GG genotype
cannot be identified based on early viral dy-
namics during therapy. In contrast, lack of early
virologic response at 12 weeks retains a strong
predictive value for the failure of sustained
virologic response regardless of /L28B polymor-
phisms, which remains useful as a factor to
stop therapy. J. Med. Virol. 84:61-70,
2012. © 2011 Wiley Periodicals, Inc.

© 2011 WILEY PERIODICALS, INC.

KEY WORDS: chronic hepatitis C; early
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INTRODUCTION

The current standard antiviral therapy for patients
with chronic hepatitis C is combination therapy with
peginterferon (PEG-IFN) and ribavirin [Ghany et al.,
2009]. Although this treatment regimen has increased
markedly the number of patients with a sustained
virologic response, i.e., the eradication of hepatitis C
virus (HCV), only 50% of patients infected with HCV
genotype 1 achieved a sustained virologic response
approximately.

Many investigators have examined factors that pre-
dict the treatment outcome of PEG-IFN and ribavirin
combination therapy in patients infected with HCV
genotype 1. In addition to the baseline factors, the
response of HCV during combination therapy, ie.,
the changes in serum HCV RNA levels after starting
therapy, has been shown to be an important predictor
of the treatment outcome [Zeuzem et al., 2001; Buti
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et al., 2002; Berg et al., 2003], with the emphasis on
“response-guided therapy” [Lee and Ferenci, 2008;
Marcellin and Rizzetto, 2008]. Recent reports have
emphasized the importance of evaluating the
viral dynamics at 4 weeks after starting therapy
to predict a sustained virologic response. A rapid
virologic response, in which serum HCV RNA is
undetectable at 4 weeks after starting therapy,
has been the strongest predictive factor of a sustained
virologic response reportedly [Martinez-Bauer et al.,
2006; Poordad et al., 2008; de Segadas-Soares et al.,
2009; Martinot-Peignoux et al., 2009]. In addition,
the predictive value of reduced serum HCV RNA
levels at 4 weeks after starting therapy has been
clarified further, and a >3 log;o reduction in HCV
RNA levels at 4 weeks after starting therapy has
high predictive value that a patient will achieve a
sustained virologic response as a final outcome, even in
the absence of a rapid virologic response [Toyoda
et al., 2011].

In contrast, the lack of an early virologic response,
defined as either undetectable serum HCV RNA or
HCV RNA levels decreased by >2.0 log;, from the pre-
treatment level at 12 weeks after starting therapy,
has been the most important predictor for the failure
of a sustained virologic response in patients infected
with HCV genotype 1 reportedly [Fried et al., 2002;
Davis et al., 2003]. Therefore, treatment may be dis-
continued in patients without an early virologic re-
sponse at 12 weeks of treatment, according to the
recommendation in the AASLD guidelines [Ghany
et al., 2009].

More recently, several studies reported that genetic
polymorphisms near the IL28B gene (rs8099917,
rs12979860) on chromosome 19 affect the virologic re-
sponse to PEG-IFN and ribavirin combination therapy
in patients infected with HCV genotype 1 [Ge et al.,
2009; Suppiah et al, 2009; Tanaka et al., 2009;
McCarthy et al., 2010; Rauch et al., 2010]. Further-
more, genetic polymorphisms near the IL28B gene are
the strongest baseline predictive factor of the final
outcome of combination therapy. An additional report
showed the effects of genetic polymorphisms near the
IL28B gene on HCV viral dynamics during PEG-IFN
and ribavirin combination therapy [Thompson et al,,
2010].

Although early HCV viral dynamics during therapy
was shown originally to have a high predictive value
for a sustained virologic response in HCV genotype 1-
infected patients before genetic polymorphisms near
the IL28B gene were linked to a therapeutic response,
it is not clear whether early viral dynamics retain
their predictive value in light of this additional
information. The purpose of the present study was to
investigate whether response-guided therapy based
on viral dynamics at 4 or 12 weeks after initiating
therapy retains its ability to predict the final outcome
of PEG-IFN and ribavirin combination therapy after
accounting for genetic polymorphisms near the IL28B
gene.
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MATERIALS AND METHODS

Patients and Treatment

Between January 2007 and June 2008, a total of
402 patients with chronic hepatitis C received anti-
viral combination therapy with PEG-IFN and ribavi-
rin for HCV infection at the Ogaki Municipal Hospital
or the Nagoya University Hospital. Among these
patients, 272 were infected with HCV genotype 1b and
had pretreatment HCV RNA levels >5.0 log;o IU/ml
based on a quantitative real-time PCR-based method
for HCV (HCV COBAS AmpliPrep/COBAS TagqMan
System; Roche Molecular Systems, Pleasanton, CA;
Lower limit of quantification, 1.7 log;o IU/ml: Lower
limit of detection, 1.0 log;o IU/ml) [Colucci et al., 2007;
Pittaluga et al, 2008]. This study did not include any
patients infected with HCV genotype la because this
genotype is not found in the general Japanese population.

All patients were given PEG-IFN alpha-2b (Pegintron,
Schering-Plough, Tokyo, Japan) weekly and ribavirin
(Rebetol, Schering-Plough, Kenilworth, NJ) daily. The
PEG-IFN and ribavirin doses were adjusted based on
the patient’s body weight. Patients weighing <45 kg
were given 60 pg of PEG-IFN alpha-2b once a week,
those weighing >45 and <60 kg were given 80 pg, those
weighing >60 and <75 kg were given 100 pg, those
weighing >75 and <90 kg were given 120 pg, and
those weighing >90 kg were given 150 pg. Patients
weighing <60 kg were administered 600 mg of ribavirin
per day, those weighing >60 and <80 kg were given
800 mg per day, and those weighing >80 kg were
administered 1000 mg per day. The PEG-IFN and riba-
virin doses were modified based on the manufacturer’s
recommendations. All patients were scheduled to under-
2o 48 weeks of treatment. The treatment duration was
extended up to 72 weeks in some patients. In addition,
treatment was discontinued before 48 weeks in some
patients who had a low likelihood of achieving an eradi-
cation of HCV due to the presence of serum HCV RNA
at 24 weeks after starting therapy.

A sustained virologic response was defined as un-
detectable serum HCV RNA at 24 weeks after ending
the therapy. A patient was considered to have re-
lapsed when serum HCV RNA was detectable between:
the end of treatment and 24 weeks after completing
treatment, although serum HCV RNA was undetect-
able during and at the end of therapy. Patients were
considered to have non-response if serum HCV RNA
was detectable at 24 weeks after initiating therapy
(i.e., null response or partial response according to the
American guidelines [Ghany et al., 2009]). Patients
were considered to have a rapid virologic response if
they had undetectable serum HCV RNA at 4 weeks
after starting therapy. An early virologic response was
defined as the disappearance or decrease in serum
HCV RNA levels by at least 2 log;o at 12 weeks after
starting therapy. Patients were considered to have a
complete early virologic response if serum HCV RNA
was undetectable at 12 weeks after starting therapy
and a partial early virologic response if the serum
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HCV RNA levels had decreased by at least 2 logyo at
12 weeks after initiating therapy. Patients were con-
sidered not to have an early virologic response if their
HCV RNA levels did not decrease by more than 2
logio at 12 weeks compared to the pretreatment
levels. Patients were considered to have a slow
virologic response if the serum HCV RNA became un-
detectable between 12 and 24 weeks.

The study protocol was in compliance with the Helsinki
Declaration and was approved by the ethics committee of
the Ogaki Municipal Hospital and the Nagoya University
School of Medicine. Prior to initiating the study, each
patient provided written informed consent to use the
laboratory data, analyze genetic polymorphisms near the
IL.28B gene, and test stored serum samples.

Assessments of Serum HCV RNA Levels and
Genetic Polymorphisms Near the IL28B Gene

After a patient provided informed consent, serum
samples were obtained at the patient’s regular hospi-
tal visits, just prior to initiating treatment, every
4 weeks during the treatment period, and during the
24-week follow-up period after treatment. Serum sam-
ples were stored at —80°C until further use. The HCV
RNA levels were measured using a quantitative real-
time PCR-based method for HCV (HCV COBAS
AmpliPrep/COBAS TagMan System).

Genotyping of rs 8099917 polymorphisms near the
IL28B gene was performed using the TagMan SNP
assay (Applied Biosystems, Foster City, California)
according to the manufacturer’s guidelines. A pre-
designed and functionally tested probe was used for
rs8099917 (C__11710096_10, Applied Biosystems).

Statistical analyses. Quantitative values are
reported as the mean + SD. In between-group differ-
ences were analyzed by the chi-square test. Univari-
ate and multivariate analyses using a logistic
regression model were performed to identify factors
that predict a sustained virologic response, including
age, sex, body weight, serum alanine aminotransferase
activity, serum aspartate aminotransferase activity,
serum gamma-glutamyl transpeptidase levels, serum
alkaline phosphatase values, serum albumin levels,
total serum bilirubin values, white blood cell counts,
hemoglobin, platelet counts, hepatitis activity grade
(A0 and Al vs. A2 and A3), liver fibrosis grade (FO and
F1 vs. F2 and F3), pretreatment HCV RNA levels
(>6.5 logio vs. <6.5 logyg), reduction in peginterferon
dose and ribavirin dose, reduction in HCV RNA levels
at 4 weeks after starting therapy (>3 logyo vs. <3 logio),
and the type of an early virologic response. All P-values
are two-tailed, and P < 0.05 was considered significant
statistically.

RESULTS

The characteristics of the patients examined in this
study are shown in Table L. Liver histology was evaluat-
ed according to the METAVIR score [The French

TABLE 1. Characteristics of all Study Patients (n = 272)

Age (years) 56.0 + 10.9
Sex (female/male) 139 (51.1)/133 (48.9)
Body weight (kg) 57.8 +10.5
Alanine aminotransferase (IU/L) 64.6 + 56.4
Aspartate aminotransferase (IU/L) 53.9 + 42.7
Gamma-glutamyl transpeptidase (IU) 48.5 + 43.9
Alkaline phosphatase (IU/L) 267.9 + 101.3
Albumin (g/dl) 4.04 + 0.37
Total bilirubin (mg/dl) 0.79 £ 0.30
White blood cell count (/ul) 4892 4+ 1333
Hemoglobin (g/dl) 140+ 1.3
Platelet count (x10%/uD) 163 + 51

Liver histology-activity 3(1.2)/136 (55.3)/

(AO/A1/A2/A3)* 92 (37.4)/15 (6.1)
Liver histology-fibrosis 27 (11.0)/114 (46.3)/
(FO/F1/F2/F3)* 70 (28.5)/35 (14.2)
Pretreatment HCV RNA 6.35 + 0.79
concentration (log;o IU/ml)
Reduction in the peginterferon dose 81 (29.8)
Reduction in the ribavirin dose 130 (47.8)
Final outcomes (sustained virologic 118 (43.4)/

response /relapse/ no response) 84 (30.9)/70 (25.7)

HCV, hepatitis C virus.
Percentages are shown in parentheses.
*Liver biopsy was not performed in 26 patients.

METAVIR Cooperative Study Group, 1994]. Although
some patients had a reduction in their PEG-IFN and
ribavirin doses during therapy, respectively, all patients
except for those who discontinued the therapy had more
than 80% adhesion to both the PEG-IFN and ribavirin
regimens. No patients discontinued the therapy because
of adverse effects. The treatment duration was extended
up to 72 weeks in 51 of 71 patients (71.8%) who exhib-
ited a slow virologic response. As a final outcome,
118 patients (43.4%) achieved a sustained virologic re-
sponse, 84 patients (30.9%) relapsed, and the remaining
70 patients (25.7%) had no response.

Reduction in Serum HCV RNA Levels at 4 Weeks
after Starting Therapy and Treatment OQutcome
According to Genetic Polymorphisms Near the
IL.28B Gene

An analysis of genetic polymorphisms at rs8099917
near the IL28B gene indicated that 207 patients
(76.1%) had a TT genotype, 3 patients had a GG geno-
type (1.1%), and the remaining 62 patients were TG
heterozygote (22.8%). Table II shows the comparison
of the background characteristics between patients
with the favorable TT genotype and those with the
unfavorable TG/GG genotype. As reported previously
[Abe et al., 2010], gamma-glutamyl transpeptidase
level was higher significantly in patients with the TG/
GG genotype. As a final outcome, the rate of a sus-
tained virologic response was higher significantly in
patients with the TT genotype. Among 207 patients
with the TT genotype, serum HCV RNA became unde-
tectable in 19 patients (9.2%) at 4 weeks after starting
therapy (a rapid virologic response). In the remaining
188 patients, the decrease in serum HCV RNA levels
at 4 weeks after starting therapy ranged from 0.12
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TABLE II. Characteristics of Study Patients According to the Genetic Polymorphisms Near the IL28B Gene
Patients with Patients with
TT genotype TG/GG genotype
of rs8099917 of rs8099917
(n = 207) (n = 65) P-value
Age (years) 56.5 +£ 104 544 + 124 0.4112
Sex (female/male) 107 (51.7)/100 (48.3) 32 (49.2)/33 (50.8) 0.8384
Body weight (kg) 57.8 £ 10.9 57.8 £ 9.4 0.8361
Alanine aminotransferase (IU/L) 65.1 + 53.3 62.8 4 65.6 0.2548
Aspartate aminotransferase (IU/L) 53.6 £ 34.8 54.7 £ 62.0 0.3339
Gamma-glutamyl transpeptidase (IU) 44.2 + 37.1 62.3 + 59.0 0.0003
Alkaline phosphatase (IU/L) 263.1 £+ 90.3 282.8 + 129.9 0.3875
Albumin (g/dl) 4.04 + 0.36 4 05 £ 0.43 0.8020
Total bilirubin (mg/dl) 0.79 £+ 0.30 0.76 £ 0.32 0.3010
White blood cell count (/) 4826 + 1333 5100 4 1320 0.1608
Hemoglobin (g/dl) 139+ 1.3 141+14 0.3339
Platelet count (x10%/ul) 161 + 49 169 + 57 0.3871
Liver hlstology-actwlty (AO/A1/A2/A8)* 2 (1.1)/98 (52.4)/ 1(1.7)/38 (64.4)/ 0.3241
74 (39.6)/13 (6.9) 18 (30.5)/2 (3.4)
Liver histology-fibrosis (FO/F1/F2/F3)* 21 (11.2)/83 (44.4)/ 6 (10.2)/31 (52.5)/ 0.6401
57 (30.5)/26 (13.9) 13 (22.0)/9 (15.3)
Pretreatment HCV RNA concentration (log,o IU/ml) 6.37 + 0.85 6.29 + 0.55 0.0582
Reduction in the peginterferon dose 61 (29.5) 20 (30.8) 0.9644
Reduction in the ribavirin dose 101 (48.8) 29 (44.6) 0.5565
Final outcomes (sustained virologic 106 (51.2)/ 12 (18.4)/15 (23.1)/ <0.0001
response /relapse/ no response) 69 (33.3)/32 (15.5) 38 (58.5)

HCV, hepatitis C virus.
Percentages are shown in parentheses
*Liver biopsy was not performed in 26 patients.

logio to 5.71 logyp (mean, 3.12 logy,). The reduction in
serum HCV RNA levels was >3 log;y in 98 patients
(47.3%), <3 logyo and >2 log;o in 52 patients (25.1%),
<2 logyp and >1 logo in 23 patients (11.1%), and <1
logyp in 15 patients (7.3%). Figure 1A shows the rate

A r8099917=TT (n=207)

of a sustained virologic response according to the re-
duction in HCV RNA levels at 4 weeks after starting

therapy in patients with the TT genotype. The rates
were higher significantly in patients who achieved a

B r8090017=TG/GG {n=65)
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Fig. 1. The rate of sustained virologic responses (%) based on the reduction in serum HCV RNA
levels at 4 weeks after starting therapy. A: Patients with the TT genotype for rs8099917, (B) patients
with the TG/GG genotype for rs8099917.
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serum HCV RNA levels at 4 weeks compared to those
with a <38 log;o decrease in serum HCV RNA levels
(P < 0.0001). When a 3 logio decrease in serum HCV
RNA levels was defined as the cut-off point, 56.5% of
patients were considered to have a >3 logio decrease
in serum HCV RNA levels. The sensitivity, specificity,
positive predictive value, and negative predictive
value for a sustained virologic response were 86.8,
75.2, 78.6, and 84.4%, respectively.

Among the 65 patients who had the TG/GG geno-
type, no patient achieved a rapid virologic response at
4 weeks after initiating therapy. The decrease in se-
rum HCV RNA levels at 4 weeks after starting thera-
py ranged from 0.11 logio to 4.75 logip (mean, 1.66
logig). The reduction in serum HCV RNA levels at 4
weeks after starting the therapy were smaller in
patients with the TG/GG genotype than those with
the TT genotype (1.66 & 1.02 log;o in patients with
the TG/GG genotype vs. 3.12 + 1.37 log;o in patients
with TT genotype excluding RVR, P < 0.0001). The
reduction in serum HCV RNA levels was >3 logig in
five patients (7.7%), <3 logip and >2 logyo in 10
patients (15.4%), <2 logio and >1 logyo in 27 patients
(41.5%), and <1 log;y in 23 patients (35.4%).
Figure 1B shows the rates of a sustained virologic re-
sponse according to the reduction in HCV RNA levels
at 4 weeks after starting therapy in patients with the
TG/GG genotype. There were no differences in the
rate of a sustained virologic response based on the re-
duction in HCV RNA levels at 4 weeks after starting
therapy; the rate of a sustained virologic response
remained at 20% approximately regardless of the
reduction in HCV RNA levels in 42 patients with a >1
log; reduction in serum HCV RNA levels.

A 1s8099917=TT {n=207)

255% _

4.5% 80.8%

3 logyg~ (=98}

23 oy G S2)

B 1s8099917=TG/GG (n=65)

20.0%

90.0%

8000

3 logzo- (n=5) 23 gy (o210

65

Association Between an Early Virologic Response
at 12 Weeks and Treatment Qutcome Based on
Genetic Polymorphisms Near the IL28B Gene

Figure 2 shows the rate of patients with the TT
genotype or TG/GG genotype for rs8099917 who
achieved a complete early virologic response, a partial
early virologic response, and those who did not
achieve early virologic response at 12 weeks after
starting therapy based on the reduction in serum
HCV RNA level at 4 weeks after initiating therapy.
Nearly 75% of patients with the TT genotype whose
HCV RNA levels were reduced by >3 logiq at 4 weeks
after starting the therapy achieved a complete early
virologic response. In contrast, 80% of patients with
the TG/GG genotype whose HCV RNA levels were
reduced by >3 log;o at 4 weeks after starting the
therapy showed a partial early virologic response.
The majority of patients with the TT or TG/GG geno-
types achieved a partial early virologic response when
their reduction in HCV RNA levels was <3 log;, and
>2 logm or <2 10g10 and >1 ].Og]_o.

Figure 3 shows the rates of a sustained virologic
response according to the type of early virologic re-
sponse in patients with the TT genotype (Fig. 3A) and
TG/GG genotype (Fig. 3B). Among patients with
the TT genotype, the rate of sustained virologic re-
sponse was significantly higher in patients with a com-
plete early virologic response than in those with a
partial early virologic response (P < 0.0001). In con-
trast, there was no difference in the rate of a sustained
virologic response between patients with a complete
early virologic response and those with a partial early
virologic response (P = 0.8917) among patients with

13.0%
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Fig. 2. The association between the virologic responses at 12 weeks after starting therapy and the
reduction in serum HCV RNA levels at 4 weeks after starting therapy. A: Patients with the TT geno-
type for rs8099917, (B) patients with the TG/GG genotype for rs8099917.
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Fig. 8. The rate of sustained virologic responses based on the type of early virologic response. A:
Patients with the TT genotype for rs8099917, (B) patients with the TG/GG genotype for rs8099917.

the TG/GG genotype. None of the patients with the TT
genotype or TG/GG genotype who yielded a lack of an
early virologic response reached a sustained virologic
response.

Univariate and Multivariate Analyses for Factors
Associated With a Sustained Virologic Response
to Peginterferon and Ribavirin Combination
Therapy in Patients With the TT and the
TG/GG Genotype for the rs8099917

Univariate and multivariate analyses were con-

_ ducted for factors associated with a sustained virolog-
ic response based on different genetic polymorphisms
near the IL28B gene. In patients with the TT geno-
type, the factors that were associated with a sustained
virologic response included serum alkaline phospha-
tase levels, serum albumin, platelet counts, hepatitis
activity grade, liver fibrosis grade, reduction in HCV
RNA levels at 4 weeks after starting therapy, and a
complete early virologic response based on a univari-
ate analysis (Table IITA). In a multivariate analysis,
the serum albumin levels, reduction in HCV RNA lev-
els 4 weeks after starting therapy, and a complete
early virologic response were independent factors that
were significantly associated with a sustained virolog-
ic response (Table IIIB). A reduction in HCV RNA lev-
els 4 weeks after starting therapy was the strongest
factor that affected a sustained virologic response. In
patients with the TG/GG genotype, the factors that
were associated with a sustained virologic response
included patient age, platelet counts, and pretreat-
ment HCV RNA levels based on a univariate analysis
(Table IITA). A reduction in the HCV RNA levels at
4 weeks after starting therapy was not associated
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with a sustained virologic response. In a multivariate
analysis, patient age and pretreatment HCV RNA levels
were independent factors that were significantly associ-
ated with a sustained virologic response (Table IIIC).

Characteristics of Patients who Achieved a
Sustained Virologic Response to the Combination
Therapy Despite the Unfavorable TG/GG
Genotype Near the IL28B Gene

Table IV shows the characteristics of 12 patients
who achieved a sustained virologic response despite
having the unfavorable TG/GG genotype for
rs8099917 near the IL28B gene. All but one patient
was under 60 years old and had liver fibrosis not
more than grade 2 (one patient did not undergo a liver
biopsy). Except for one patient, the reduction in the
serum HCV RNA levels at 4 weeks after starting ther-
apy was less than 3 log;o and all but one patient
showed a partial early virologic response at 12 weeks
after starting the therapy. In all 11 patients with a
partial early virologic response, the serum HCV RNA
was undetectable up to 24 weeks after starting the
therapy. All but one patient extended the treatment
duration from 48 to 72 weeks (two patients discontin-
ued therapy at 60 weeks during the extended treat-
ment period). When the characteristics of patients
who achieved a sustained virologic response were
compared between those with the unfavorable TG/GG
genotype and those with the favorable TT genotype,
patients with the TG/GG genotype were younger
(41.8 + 14.4 years vs. 55.1 + 10.4 years, P = 0.0023)
and had lower pretreatment HCV RNA levels
(5.91 + 0.44 logyo IU/ml vs. 6.21 £ 1.05 log;o IU/ml,
P =0.0199).
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TABLE III. Univariate and Multivariate Analyses for Factors Associated With a Sustained Virologic Response to
Peginterferon and Ribavirin Combination Therapy in Patients With the TT and the TG/GG Genotype for the rs8099917

(A) Univariate analyses P-value

Patients with Patients with

TT genotype TG/GG genotype

of rs8099917 of rs8099917

(n = 207) (n = 65)
Age (years) 0.0505 0.0007
Sex (female/male) 0.1830 0.2296
Body weight (kg) 0.6891 0.2456
Alanine aminotransferase (IU/L) 0.7988 0.4032
Aspartate aminotransferase (IU/L) 0.5021 0.1705
Gamma-glutamyl transpeptidase (IU) 0.6340 0.6648
Alkaline phosphatase (IU/L) 0.0315 0.0599
Albumin (g/dD) 0.0002 0.6594
Total bilirubin (mg/dl) 0.2929 0.7130
White blood cell count (/uD) 0.2508 0.5549
Hemoglobin (g/dl) 0.0847 0.2289
Platelet count (x10%/pl) 0.0454 0.0411
Liver histology-activity (A0-1/A2-3) 0.0445 0.1117
Liver histology-fibrosis (F0-1/F2-3) 0.0002 0.2283
Pretreatment HCV RNA concentration (>6.5 logio vs. <6.5 logio) 0.5279 0.0379
Reduction in the peginterferon dose 0.4316 0.5563
Reduction in the ribavirin dose 0.1823 0.4272
Reduction in HCV RNA levels at 4 weeks after starting the <0.0001 0.9265
therapy (>3 logio vs. < 3 logyo)
Early virologic response (complete vs. partial) <0.0001 0.9777
Early virologic response (partial vs. non) 0.8632 0.0686
. Odds ratio
(B) Multivariate analyses: Patients with TT genotype of rs8099917 P-value (95% confidence interval)
Alkaline phosphatase (IU/L) 0.2617
Albumin (g/dl) 0.0365 28.287 (1.4107-755.41)
Platelet count (x10%/ul) 0.2599
Liver histology-activity (A0—1/A2-3) 0.6678
Liver histology-fibrosis (F0-1/F2-3) 0.2307
Reduction in HCV RNA levels at 4 weeks after starting the <0.0001 16.029 (6.8593-40.406)
therapy (>3 logio vs. <3 logio)
Early virologic response (complete vs. partial) 0.0224 0.3685 (0.1557-0.8749)
Odds ratio

(C) Multivariate analyses: Patients with TG/GG genotype of rs8099917 P-value (95% confidence interval)
Age (years) 0.0022 0.0034 (0.0000-0.0840)
Platelet count (x10%/ul) 0.3344
Pretreatment HCV RNA concentration (>6.5 logig vs. <6.5 logyo) 0.0304 0.0548 (0.0020—-0.4950)

HCV, hepatitis C virus.

DISCUSSION

Several previous studies reported that patients who
achieved a rapid virologic response, in which serum
HCV RNA become undetectable at 4 weeks after start-
ing therapy, had a high likelihood of achieving a sus-
tained virologic response [Martinez-Bauer et al., 2006;
Poordad et al., 2008; de Segadas-Soares et al., 2009;
Martinot-Peignoux et al., 2009]. In addition, several
recent studies reported the predictive value of the de-
gree of reduction in serum HCV RNA levels at 4 weeks
after starting therapy [Yu et al., 2007; Huang et al.,
2010; Toyoda et al., 2011]. Therefore, the viral

dynamics of HCV at 4 as well as 12 weeks after start-
ing therapy is important for response-guided therapy.

Genetic polymorphisms near the IL28B gene have
emerged as the strongest predictive factor of a sus-
tained virologic response in patients infected with
HCV genotype 1 [Hayes et al., 2011; Kurosaki et al,,
2011]. In addition, Thompson et al. [2010 reported
that genetic polymorphisms near the IL28B gene
were associated strongly with early viral dynamics
during PEG-IFN and ribavirin combination therapy.
These findings raised an important issue of whether
response-guided therapy, based on the reduction in
serum HCV RNA levels at 4 or 12 weeks after starting

J. Med. Virol. DOI 10.1002/jmv

169



68

Toyoda et al.

TABLE IV. Patients who Achieved a Sustained Virologic Response Despite the TG/GG Genotype for the rs8099917

Pretreatment HCV RNA HCV RNA became  Treatment

Age Liver HCVRNAlevel reduction at Response at undetectable duration

(years) Sex histology (logyo IU/ml) 4 weeks 12 weeks (weeks) (weeks)
1. 31 Female Al/F1 6.13 2.19 partial EVR 20 48
2. 55 Male Al/F1 5.80 1.77 partial EVR 16 72
3. 57 Female Al/F1 5.58 3.01 partial EVR 16 72
4. 57 Female Al/F1 6.21 1.81 partial EVR 20 72
5. 62 Male N.D. 6.23 1.13 partial EVR 24 72
6. 21 Male Al/F2 6.04 1.83 partial EVR 24 72
7. 42 Male Al/F1 6.27 0.57 partial EVR 24 72
8. 29 Female Al/F2 5.83 1.83 partial EVR 20 60
9. 52 Male Al/FO 5.91 2.12 complete EVR 12 48
10. 40 Male A2/F1 5.84 1.34 partial EVR 20 72
11. 27 Male N.D. 5.63 0.42 partial EVR 24 72
12. 28 Male A1/FO 6.59 0.76 partial EVR 20 60

N.D., not done; HCV, hepatitis C virus; EVR, early virologic response.

therapy, retains a predictive value when considering
genetic polymorphisms near the IL28B gene.

In the present study, the predictive value of the de-
crease in serum HCV RNA levels was evaluated at 4
and 12 weeks after starting therapy in Japanese
patients infected with HCV genotype 1b based on ge-
netic polymorphisms near the IL28B gene. Consistent
with previous reports, patients with the TG/GG geno-
type for rs8099917 had a smaller reduction in serum
HCV RNA levels at 4 weeks after starting treatment
(P < 0.0001), which indicates an unfavorable response
to the combination therapy. Patients with the TT
genotype for rs8099917, which is associated with a
favorable response to the combination therapy,
exhibited a significant difference in the rate of a sus-
tained virologic response based on the reduction in
serum HCV RNA levels at 4 weeks after initiating the
therapy. Patients with a rapid virologic response or
with a >3 log,y reduction in. HCV RNA levels had a
higher likelihood of achieving a sustained virologic
response.

In contrast, these factors did not have any predic-
tive value in patients with the TG/GG genotype. Only
18.5% of patients achieved a sustained virologic re-
sponse (12 of 65 patients), and it was difficult to iden-
tify these patients based on the reduction in HCV
RNA levels at 4 weeks or the type of an early virologic
response at 12 weeks after starting therapy. Patients
who achieved a sustained virologic response, despite
the TG/GG genotype for rs8099917, were identified
among those with a <2 logio and >1 logio or even <1
logip reduction in HCV RNA levels at 4 weeks after
starting therapy. Interestingly and paradoxically, the
possibility of a sustained virologic response can be
expected in patients with a <1 logo reduction in HCV
RNA levels at 4 weeks after starting therapy only
when they have the unfavorable TG/GG genotype.

In the evaluation at 12 weeks after starting thera-
py, patients with the TT genotype who achieved a
complete early virologic response had a higher rate of
a sustained virologic response significantly than
patients who achieved a partial early virologic
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response, whereas this difference was not found in
patients with the TG/GG genotype. No patients who
failed to achieve an early virologic response achieved
a sustained virologic response regardless of the
genetic polymorphisms near the IL28B gene. Thus,
the lack of an early virologic response retained a
strong predictive value for the failure of achieving a
sustained virologic response. This result supports the
recommendation in the AASLD guidelines, in which
treatment may be discontinued in patients without an
early virologic response at 12 weeks of treatment.

The characteristics of patients who achieved a sus-
tained virologic response despite the unfavorable TG/
GG genotype were younger in age and lower pretreat-
ment HCV RNA levels. Most patients with the TG/GG
genotype who achieved a sustained virologic
response showed a partial early virologic response
and extended the treatment duration. It was difficult
to identify these patients according to viral dynamics
at 4 or 12 weeks after starting therapy.

There are several limitations in this study. Some
patients with a slow virologic response did not have
their treatment period extended from 48 to 72 weeks.
This is because the effectiveness of a 72-week combi-
nation therapy regimen in patients with HCV geno-
type 1 with a slow virologic response [Berg et al,,
2006; Pearlman et al., 2007] had not been established
in Japan in the earlier part of this study. This fact
might have influenced the treatment outcome espe-
cially in patients with the unfavorable TG/GG geno-
type. Another limitation is a smaller sample size of
patients with the TG/GG genotype in comparison to
that of patients with the TT genotype. This sample
size could have caused the lack of statistical signifi-
cance in the rate of a sustained virologic response
according to the reduction in HCV RNA levels at
4 weeks after starting therapy or according to the
type of an early virologic response in patients with
the TG/GG genotype. In addition, the data were based
on Japanese patients infected with HCV genotype 1b.
Therefore, these results should be confirmed in other
ethnicities and patients infected with HCV genotype 1a.
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In conclusion, among patients infected with HCV
genotype 1b with the TT genotype for rs8099917, a
rapid virologic response or a >3 logio reduction in
HCV RNA levels at 4 weeks after starting therapy, or
a complete early virologic response indicate strongly
that these patients will achieve a sustained virologic
response as a final outcome for PEG-IFN and ribavi-
rin combination therapy. Early viral dynamics retain
the predictive value in this patient subpopulation. A
reduction in HCV RNA levels at 4 weeks after start-
ing therapy or the type of an early virologic response
does not predict the likelihood that patients with
the TG/GG genotype will achieve a sustained virologic
response. In contrast, the lack of an early virologic re-
sponse retains a strong predictive value for the failure
to achieve a sustained virologic response regardless
of IL28B polymorphisms, which remains useful as a
factor to stop therapy.

REFERENCES

Abe H, Ochi H, Maekawa T, Hayes CN, Tsuge M, Miki D, Mitsui F,
Hiraga N, Imamura M, Takahashi S, Ohishi W, Arihiro K, Kubo
M, Nakamura Y, Chayama K. 2010. Common variation of IL28B
affects gamma-GTP levels and inflammation of the liver in
chronically infected hepatitis C virus patients. J Hepatol 53:439—
443.

Berg T, Sarrazin C, Herrmann E, Hinrichsen H, Gerlach T,
Zachoval R, Wiedenmann B, Hopf U, Zeuzem S. 2003. Prediction
of treatment outcome in patients with chronic hepatitis C: Signif-
icance of baseline parameters and viral dynamics during thera-
py. Hepatology 37:600-609.

Berg T, von Wagner M, Nasser S, Sarrazin C, Heintges T, Gerlach
T, Buggisch P, Goeser T, Rasenack J, Pape GR, Schmidt WE,
Kallinowski B, Klinker H, Spengler U, Martus P, Alshuth U,
Zeuzem S. 2006. Extended treatment duration for hepatitis C vi-
rus type 1: Comparing 48 versus 72 weeks of peginterferon-alfa-
2a plus ribavirin. Gastroenterology 130:1086-1097.

Buti M, Sanchez-Avila F, Lurie Y, Stalgis C, Valdes A, Martell M,
Esteban R. 2002. Viral kinetics in genotype 1 chronic hepatitis C
patients during therapy with 2 different doses of peginterferon
alfa-2b plus ribavirin. Hepatology 35:930-936.

Colucci G, Ferguson J, Harkleroad C, Lee S, Romo D, Soviero S,
Thompson J, Velez M, Wang A, Miyahara Y, Young S, Sarrazin
C. 2007. Improved COBAS TagMan hepatitis C virus test (ver-
sion 2.0) for use with the High Pure system: Enhanced genotype
inclusivity and performance characteristics in a multisite study.
J Clin Microbiol 45:3595-3600.

Davis GL, Wong JB, McHutchison JG, Manns MP, Harvey J,
Albrecht J. 2003. Early virologic response to treatment with
peginterferon alfa-2b plus ribavirin in patients with chronic
hepatitis C. Hepatology 38:645-652.

de Segadas-Soares JA, Villela-Nogueira CA, Perez RM, Nabuco LC,
Brandao-Mello CE, Coelho HSM. 2009. Is the rapid virologic re-
sponse a positive predictive factor of sustained virologic response
in all pretreatment status genotype 1 hepatitis C patients
treated with peginterferon-a2b and ribavirin? J Clin Gastroen-
terol 43:362-366.

Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, Goncales
FL Jr, Haussinger D, Diago M, Carosi G, Dhumeaux D, Craxi A,
Lin A, Hoffman J, Yu J. 2002. Peginterferon alfa-2a plus ribavi-
rin for chronic hepatitis C virus infection. N Engl J Med 345:
975-982.

Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ,
Heinzen EL, Qiu P, Bertelsen AH, Muir AJ, Sulkowski M,
McHutchison JG, Goldstein DB. 2009. Genetic variation in
IL28B vpredicts hepatitis C treatment-induced viral clearance.
Nature 461:399-401.

Ghany MG, Strader DB, Thomas DL, Seeff LB. 2009. Diagnosis,
management, and treatment of hepatitis C: An update. Hepato-
logy 49:1335-1374.

Hayes NC, Kobayashi M, Akuta N, Suzuki F, Kumada H, Abe H,
Miki D, Imamura M, Ochi H, Kamatani N, Nakamura Y,
Chayama K. 2011. HCV substitutions and IL28B polymorphisms
on outcome of peg-interferon plus ribavirin combination therapy.
Gut 60:261-267.

Huang C-F, Yang J-F, Huang J-F, Dai C-Y, Chiu C-F, Hou N-J,
Hsieh M-Y, Lin Z-Y, Chen S-C, Hsieh M-Y, Wang L-Y, Chang
W-Y, Chuang W-L, Yu M-L. 2010. Early identification of achiev-
ing a sustained virological response in chronic hepatitis C
patients without a rapid virological response. J Gastroenterol
Hepatol 25:758-765.

Kurosaki M, Tanaka Y, Nishida N, Sakamoto N, Enomoto N, Honda
M, Sugiyama M, Matsuura K, Sugauchi F, Asahina Y, Nakagawa
M, Watanabe M, Sakamoto M, Maekawa S, Sasaki A, Kaneko S,
Ito K, Masaki N, Tokunaga K, Izumi N, Mizokami M. 2011. Pre-
treatment prediction of response to pegylated-interferon plus
ribavirin for chronic hepatitis C using genetic polymorphism in
IL28B and viral factors. J Hepatol 54:439-448.

Lee SS, Ferenci P. 2008. Optimizing outcomes in patients with hepa-
titis C virus genotype 1 or 4. Antiviral Ther 13:S9-S16.

Marcellin P, Rizzetto M. 2008. Response-guided therapy: Optimizing
treatment now and in the future. Antiviral Ther 13:S1-5S2.

Martinez-Bauer E, Crespo J, Romero-Gomez M, Moreno-Otero R,
Sola R, Tesei N, Pons F, Forns X, Sanchez-Tapias JM. 2006. De-
velopment and validation of two models for early prediction of
response to therapy in genotype 1 chronic hepatitis C. Hepatol-
ogy 43:72-80.

Martinot-Peignoux M, Maylin S, Moucari R, Ripault M-P, Boyer N,
Cardoso A-C, Giuily M, Castelnau C, Pouteau M, Stern C,
Auperin A, Bedossa P, Asselah T, Marcellin P. 2009. Virological
response at 4 weeks to predict outcome of hepatitis C treatment
with pegylated interferon and ribavirin. Antivir Ther 14:501—
511.

MecCarthy JJ, Li JH, Thompson A, Suchindran S, Lao XQ, Patel K,
Tillmann HL, Muir AJ, McHutchison JG. 2010. Replicated
association between an IL28B gene variant and a sustained re-
sponse to pegylated interferon and ribavirin. Gastroenterology
138:2307-2314.

Pearlman BL, Ehleben C, Saifee S. 2007. Treatment extension to
72 weeks of peginterferon and ribavirin in hepatitis C genotype
1-infected slow responders. Hepatology 46:1688—1694.

Pittaluga F, Allice T, Abate ML, Ciancio A, Cerutti F, Varetto S,
Colucci G, Smedile A, Ghisetti V. 2008. Clinical evaluation of the
COBAS Ampliprep/COBAS TagMan for HCV RNA quantitation
in comparison with the brancd-DNA assay. J Med Virol 80:254—
260.

Poordad F, Reddy KR, Martin P. 2008. Rapid virologic response: A
new milestone in the management of chronic hepatitis C. Clin
Infect Dis 46:78-84.

Rauch A, Kutalik Z, Descombes P, Cai T, Di Iulio J, Mueller T,
Bochud M, Battegay M, Bernasconi E, Borovicka J, Colombo S,
Cerny A, Dufour JF, Furrer H, Giinthard HF, Heim M, Hirschel
B, Malinverni R, Moradpour D, Millhaupt B, Witteck A,
Beckmann JS, Berg T, Bergmann S, Negro F, Telenti A, Bochud
PY. Swiss Hepatitis C Cohort Study; Swiss HIV Cohort Study.
2010. Genetic variation in IL28B is associated with chronic hepa-
titis C and treatment failure: A genome-wide association study.
Gastroenterology 138:1338-1345.

Suppiah V, Moldovan M, Ahlenstiel G, Berg T, Weltman M, Abate
ML, Bassendine M, Spengler U, Dore GJ, Powell E, Riordan S,
Sheridan D, Smedile A, Fragomeli V, Mtller T, Bahlo M, Stewart
GJ, Booth DR, George J. 2009. IL28B is associated with response
to chronic hepatitis C interferon-alpha and ribavirin therapy.
Nat Genet 41:1100-1104.

Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K,
Sakamoto N, Nakagawa M, Korenaga M, Hino K, Hige S, Ito Y,
Mita E, Tanaka E, Mochida S, Murawaki Y, Honda M, Sakai A,
Hiasa Y, Nishiguchi S, Koike A, Sakaida I, Imamura M, Ito K,
Yano K, Masaki N, Sugauchi F, Izumi N, Tokunaga K, Mizokami
M. 2009. Genome-wide association of IL28B with response to
pegylated interferon-alpha and ribavirin therapy for chronic
hepatitis C. Nat Genet 41:1105-1109.

The French METAVIR Cooperative Study Group. 1994. Intraob-
server and interobserver variations in liver biopsy interpretation
in patients with chronic hepatitis C. Hepatology 20:15-20.

Thompson AJ, Muir AJ, Sulkowski MS, Ge D, Fellay J, Shianna
KV, Urban T, Afdhal NH, Jacobson IM, Esteban R, Poordad F,

J. Med. Virol. DOI 10.1002/jmv

171



70

Lawitz EJ, McCone J, Shiffman ML, Galler GW, Lee WM,
Reindollar R, King JW, Kwo PY, Ghalib RH, Freilich B,
Nyberg LM, Zeuzem S, Poynard T, Vock DM, Pieper KS,
Patel K, Tillmann HL, Noviello S, Koury K, Pedicone LD,
Brass CA, Albrecht JK, Goldstein DB, McHutchison JG.
2010. Interleukin-28B polymorphism improves viral kinetics
and is the strongest pretreatment predictor of sustained virologic

response in genotype 1 hepatitis C virus. Gastroenterology 139:
120-129.

Toyoda H, Kumada T, Kiriyama S, Tanikawa M, Hisanaga Y,

Kanamori A, Tada T, Arakawa T, Fujimori M, Niinomi T,
Ando N, Yasuda S, Sakai K, Kimura J. 2011. High ability to
predict the treatment outcome of peginterferon and ribavirin

. Med. Virol. DOI 10.1002/jmv

172

Toyoda et al.

combination therapy based on the reduction in HCV RNA levels
at 4 weeks after starting therapy and amino acid substitutions
in hepatitis C virus in patients infected with HCV genotype 1b
J Gastroenterol 46:501-509.

Yu JW, Wang GQ, Sun LJ, Li XG, Li SC. 2007. Predictive value

of rapid virological response and early virological response on
sustained virological response in HCV patients treated with
pegylated interferon a-2a and ribavirin. J Gastroenterol Hepatol
22:832-836.

Zeuzem S, Herrmann E, Lee JH, Fricke J, Neumann AU, Modi M,

Colucci G, Roth WK. 2001. Viral kinetics in patients with chronic
hepatitis C treated with standard or peginterferon alpha2a.
Gastroenterology 120:1438-1447.



*Manuscript

Click here to download Manuscript: Kawaguchi et al revised.doc

O ~J oy b W

AN OO NN UGS D BB DD DDA RWWWWWWWWWWRONNNRNORORNNNNR R R R
G WONRPOWOW®OJdNd»WNRPOWOJIAUAWNRLROODJIATDWNROWO-JAUDEWNHOWOW-IOUDWNREOW©

10

11

12

13

14

15

16

17

18

Genetic Polymorphisms of the Human PNPLA3 Gene are Strongly Associated with

Severity of Non-Alcoholic Fatty liver Disease in Japanese

Takahisa Kawaguchil’z, Yoshio Sumida®, Atsushi Umemura®, Keitaro Matsuo®, Meiko
Takahashi!, Toshinari Takamura® Kohichiroh Yasui’, Toshiji Saibara®, Etsuko
Hashimoto’, Miwa Kawanaka'®, Sumio Watanabe'’, Sumio Kawata'?, Yasuharu Imai®,
Miki Kokubol, Toshihide Shima4, Hyohun Park4, Hideo Tanakas, Kazuo Tajimas, Ryo
Yamada!, Fumihiko Matsuda'”" and Takeshi Okanoue’ for Japan Study Group of

Nonalcoholic Fatty Liver Disease (JSG-NAFLD)

1Center for Genomic Medicine and 2Institut National de la Sante et de la Recherche Medicale
(INSERM) Unite U852, Kyoto University Graduate School of Medicine, Kyoto, Japan,
3Center for Digestive and Liver Diseases, Nara City Hospital, Nara, Japan, 4Center of
Gastroenterology and Hepatology, Saiseikai Suita Hospital, Suita, Japan, 5Division of
Epidemiology and Prevention, Aichi Cancer Center, Nagoya, Japan, 6Department of Disease
Control and Homeostasis, Kanazawa University, Graduate School of Medical Science,
Kanazawa, Japan, 7Department of Molecular Gastroenterology and Hepatology, Graduate

School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto, Japan,

173



WO ~Jo U WN

19

20

21

22

23

24

25

26

8Department of Gastroenterology and Hepatology, Kochi Medical School, Kochi, Japan,
9Department of Internal Medicine and Gastroenterology, Tokyo Women's Medical University,
Tokyo, Japan, 10Center of Liver Diseases, Kawasaki Hospital, Kawasaki Medical School,
Okayama, Japan, 11Department of Gastroenterology, Juntendo University School of
Medicine, Tokyo, Japan, 12Department of Gastroenterology, Yamagata University School of
Medicine, Yamagata, Japan, 13Department of Internal Medicine, Ikeda Municipal Hospital,

Ikeda, Japan,

174



QO ~J oY Ul W DN

A OO AU OO UG U OO O DD DD DD DD DR WWWWWWWWwWwWwWhNDNNNMNDNNNMNNDNNNNRERERRFERFF PP
T WNF OWOO-JOAUd WNDNFOWW-TOU®EWNRFP,OWOWOTHAOUDWNEREOWJOUTDd WNRF O WOOJU WM O

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Abstract

Background: Nonalcoholic fatty liver disease (NAFLD) includes a broad range of
liver pathologies from simple steatosis to cirrhosis and fibrosis, in which a subtype
accompanying hepatocyte degeneration and fibrosis is classified as mnonalcoholic
steatohepatitis (NASH). NASH accounts for approximately 10-30% of NAFLD and causes
a higher frequency of liver-related death, and its progression of NASH has been considered to
be complex involving multiple genetic factors interacting with ;che environment and lifestyle.

Plincipal Findings: To identify genetic factors related to NAFLD in the Japanese, we
performed a genome-wide association study recruiting 529 histologically diagnosed NAFLD
patients and 932 population controls. A significant association was observed for a cluster of
SNPs in PNPLA3 on chromosome 22q13 with the strongest p-value of 1.4 x 10° (OR=1.66,
95%CI: 1.43-1.94) for rs738409. Rs738409 also showed the strongest association (p=3.6 x
10"®) with the histological classifications proposed by Matteoni and colleagues based on the
degree of inflammation, ballooning degeneration, fibrosis and Mallory-Denk body. In
addition, there were marked differences in rs738409 genotype distributions between type4
subgroup corresponding to NASH and the other three subgroups (p=4.8 x 10, OR=1.96,
95%CI: 1.47-2.62). Moreover, a subgroup analysis of NAFLD patients against controls

showed a significant association of rs738409 with typed (p=1.7 x 10'°, OR=2.18, 95%CT:
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1.81-2.63) whereas no association was obtained for typel to type3 (p=0.41). Rs738409 also
showed strong associations with three clinical traits related to the prognosis of NAFLD,
namely, levels of hyaluronic acid (p=4.6 x 10™*), HbAlc (p=0.0011) and iron deposition in the
liver (p=5.6 x 10).

Conclusions: With these results we clearly demonstrated that Matteoni type4
NAFLD is both a genetically and clinically different subset from the other spectrums of the
disease and that the PNPLA3 gene is strongly associated with the progression of NASH in

Japanese population.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) includes a broad range of pathologies
from fatty liver (simple steatosis), steatonecrosis, and steatohepatitis to cirrhosis [1-3].
NAFLD often accompanies other lifestyle-related pathologies of metabolic syndrome such as
diabetes mellitus, hypertension and dyslipidemia, and the number of NAFLD patients is
increasing worldwide along with the escalation in the incidence of metabolic syndrome [4].
Prevalence of NAFLD is considered as approximately 8% in Japanese and 6-35% in
Europeans [4,5]. The majority of NAFLD shows simple steatosis with a good prognosis, but
approximately 10-30% of NAFLD histologically diagnosed as nonalcoholic steatohepatitis
(NASH) shows hepatocyte degeneration (ballooning hepatocyte), necrosis, inflammation and
fibrosis, with a higher frequency of liver-related death both in Japanese and European
populations [6,7]. Insulin resistance and oxidative stress are considered to be key players in
the progression of NASH [8,9]. However, the progression of NASH has been considered to be
complex involving multiple genetic factors interacting with the environment and lifestyle,
because only a portion of NAFLD patients develops NASH.

The first Genome-wide association (GWA) study searching for such genetic factors
identified the PNPLA3 gene as a major genetic determinant for the predisposition to NAFLD

in Hispanic, African American and European American populations according to liver fat
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contents [10], which was subsequently confirmed in Europeans and Asians according to liver
biopsy. Association of PNPLA3 with not only fatty liver and TG content, but also
inflammation and fibrosis were shown in the subsequent studies, so PNPLA3 may be widely
associated with the development of NAFLD [11-13]. More recently, another GWA study
reported the association of four additional genes with NAFLD in Europeans [14]. Also, a
candidate gene-based approach revealed the association between | NAFLD and the
apolipoprotein C3 gene in Indians [15]. However, the precise role of such genes in the
development of NASH still remains to be elucidated. In addition, no GWA study has been
reported for Asian populations to date although the genetic components and their relative
contribution may be different between ethnicities.

The Japan NASH Study Group was founded in 2008 aiming at the identification of
genetic determinants predisposing to NASH in the Japanese population. ~Here we report the
first GWA study of NAFLD in the Japanese using DNA samples of patients with liver

histology-based diagnoses recruited through this multi-institutional research network.
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Results
Genome-wide association analysis of NAFLD in Japanese

We conducted a GWA study using DNA samples of 543 patients with NAFLD and
942 controls. After quality controls of genotyping results (see materials and methods for
details), a total of 529 patients consisting of four NAFLD subgroups according to Matteoni’s
classification [2] (typel; 100, type2; 73, type3; 29, typed; 327) and 932 controls were
subjected to statistical analyses. This index pathologically classifies NAFLD according to
the degree of inflammation, hepatocyte degeneration, and the existence of fibrosis and
Mallory-Denk body in the liver. Genome scan results of 932 DNA samples collected for
other genetic studies were used as general Japanese population controls [16]. ~After standard
quality control procedure as described in materials and methods, genotype distributions of
484,751 autosomal SNP markers were compared between the NAFLD cases and control
subjects by exact trend test. A slight inflation of p-values was observed by genomic control
method (A=1.04) (Supplementary figure 1).

We identified six SNP markers located at chromosome 22q13 showing genome-wide
significance (p<1.04 x 107y (Figure 1). Among them, four SNPs, namely, 152896019,
rs926633, 152076211 and rs1010023, located in the PNPLA3 gene and in strong linkage

disequilibrium (LD) (r*>0.93), returned p-values smaller than 1 x 10° (p=1.5x 10, 7.5 x
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10", 1.4 x 10® and 1.5 x 107, respectively) (Table 1). Rs738407 and 153810662 also
located in PNPLA3 showed significant but weaker associations (p=1.0 x 107 and 1.0 x 107,
respectively) than the above four SNP markers. Rs738491, 152073082, 153761472,
12235776, 1s2143571 and rs6006473 were in the neighboring SAMMS50 gene which is
outside of the linkage disequilibrium (LD) block where the top SNP markers were distributed
(Figure 2). These markers were in moderate LD with each other (r>>0.42) and showed
p-values between 3.9 x 10° and 6.4 x 107 but did not reach genome-wide significance
(Supplementary table 1). Rs738409, the SNP which showed the strongest association with
NAFLD in the first GWA study [10], was not included in the SNP array used in our study.
This SNP was therefore genotyped using Tagman technology in the same case and control
samples that were used for genome scan. Rs738409 showed the strongest association with
the disease (p=1.4 x 10™'°, OR=1.66, 95%CI: 1.43-1.94) among all the SNP markers examined
in this study. The association remained after the correction for population stratification with
EIGENSTRAT [17] (p=2.3 x 10"").  Although a peak consisting of a cluster of SNPs was
observed at the HLA locus on chromosome 6 (minimal p-value of 4.10 x 107 for rs9262639
located at the 3 of C6orf15 gene), the association disappeared when EIGENSTRAT was
applied (p>1.6 x 10). We consider this as a result of population stratification between the

cases and controls.
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Impact of PNPLA3 polymorphisms to the pathogenicity of NAFLD

We next examined whether or not the seven SNPs in the PNPLA3 gene were
associated with the pathogenic status of NAFLD. The genotype distributions of these SNPs
were compared by Jonckheere-Terpstra test among the four subgroups of NAFLD patients
categorized by Matteoni’s classification (typel to type4). There was a significant increase in
the frequency of the risk allele from Matteoni typel to type4 for all of the seven SNPs
(p-values ranging from 3.6 x 10 to 0.0017) (Table 2). Among them, rs738409 again
showed the strongest association (p=3.6 x 10®) as seen in the simple case/control analysis
(Table 2). On the other hand, there was no significant association between control and
Matteoni typel (p=0.76).

In order to clarify how rs738409 influences the pathogenicity of NAFLD, we
performed pairwise comparisons of genotype distributions in the four subgroups of NAFLD
patients. There were marked differences in genotype distributions between type4 subgroup
and the other three subgroups by multivariable logistic regression adjusted for age, sex and
body mass index (BMI) (p=2.0 x 10, OR=2.18, 95%CT: 1.52-3.18 between typel and type4;
p=1.4 x 102, OR=1.81, 95%CI: 1.26-2.62 between type2 and type4; p=0.027, OR=1.85,

95%CI: 1.07-3.19 between type3 and type4) (Figure 3). On the other hand, no significant
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