Page 27 of 41 Hepatology

Toshiya Kamiyama 27

Kudo T, Nakagawa H, Takahashi M, Hamaguchi J, Kamiyama N, Yokoo H, Nakanishi K,

glycan alterations are associated with drug resistance in human hepatocellular carcinoma.

- dentification of N-glycan serum markers associated with hepatocellular carcinoma from mass
spectrometry data. J Proteome Res 2010;9:104-112.
36. Ding N, Nie H, Sun X, Sun W, Qu Y, Liu X, Yao Y, et al. Human serum N-glycan profiles

and sex dependent. Age Ageing 2011;40:568-575.

Hepatol
epiglony



%14

Hepatology

MN-glycans m/z specificity (%) sensitivity (%)  cut—off value AUC
G2032 2032.724 . 100 86.45 1.115 0.968
G2890 2890.052 92.31 82.66 0.844 0.91
G1793 1793.672 :&.! 92.31 75.61 1.963 0.9
G1708 1708.619 88.46 77.51 0.604 0.896
G1870 1870.672 . 88.46 75.88 2.886 0.873
G1955 1955.724 O&I‘ 100 59.89 3.913 0.873
G3195 3195.163 92.31 71.27 6.109 0.864
G3560 3560.295 88.46 71.27 0.091 0.851
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aracteristic (ROC) analysis. The area-under-the-curve (AUC) values of these 14 serum N-glycan were greater than 0.80.
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(n) PS Hazard Ratio PS p—value DFS Hazard Ratio DFS p-value
G2032 Low 206 1 0.9362 1 0.1054
High 163 1.017 1.243
G2890 Low 152 1 <0.0001 1 0.0001
High 217 3.044 1.705
G1793 Low 112 1 0.6829 1 0.2897
High 257 1.095 1.168
G1708 Low 145 1 0.0016 1 0.0043
High 224 2.017 1.485
G1870 Low 151 1 0.5552 1 0.4008
High 218 1.132 1122
G1955 Low 113 1 0.4213 1 0.795
High 256 1.2 1.038
G3195 Low 206 1 <0.0001 1 0.0001
High 163 3.238 1.662
G3560 Low 246 1 <0.0001 1 <0.0001
High 123 4.209 1.74
G2114 Low 275 1 0.0056 1 0.1627
High 94 1.776 1.232
G1809 Low 238 1 0.0027 1 0.055
~ High 131 1.824 1.306
G3341 Low 188 1 <0.0001 1 0.0005
High 181 3.185 1.592
G1590 Low 167 1 0.0956 1 0.9102
High 202 1.413 0.985
G1362 Low 261 1 0.0399 1 0.0004
High 108 1.526 1.634
G3865 Low 192 1 <0.0001 1 0.0014
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High 177 3.145 1.532

962
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(n) PS Hazard Ratio PS p-value DFS Hazard Ratio DFS p-value
sex Male 301 1 0.7486 1 0.6535
Female 68 0.913 0.943
age(years) <=62 160 1 0.3272 1 0.6320
62< 209 1.211 1.106
HBV positive 176 1.259 0.1911 1.007 0.8093
negative 192 i 1
HCV positive 119 1.291 0.2433 1.008 0.8183
, negative 250 1 1
Albumin(mg/dl) <=4.05 147 2.128 <0.0001 1.626 0.0001
4.05< 222 1 1
Total bilirubin(mg/dl) <=0.82 235 1 0.5831 1 0.5241
0.82< 134 1.122 1.128
ICGR15(%) <=16.7 223 1 0.1223 1 0.0106
16.7<€ 146 1.349 1.375
Child—Pugh A 358 1 <0.0001 1 0.0374
B 11 4.292 2.169
Anatomical resection Anatomical 282 1 0.8569 1 0.1435
Non anatomical 87 0.949 1.225
AFP(ng/ml) <=20 183 1 <0.0001 1 0.0008
20<<=1000 115 2.395 1.449
1000< 1Al 4.433 1.870
AFP-L3(%) <=15 255 1 <0.0001 1 0.0567
15< 113 2.366 1.285
PIVKA-TI(mAU/ml) <=40 109 1 <0.0001 1 0.0095
40<<=1000 133 1.593 1.240
1000< 123 3.784 1.635
Number Single 235 1 <0.0001 1 <0.0001
2.3 89 3.731 2.252
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4<= 45 7.299 3.788
Size(cm) <=3 116 1 <0.0001 1 0.0086
3K<=5 96 2.688 1.260
5< 157 4,049 1570
differebntiation well 17 1 0.0003 1 0.0002
moderetely 190 2.568 2.990
poorly 159 5.358 4.361
vp positive 94 4.630 <0.0001 2.156 <0.0001
negative 275 1 1
wv positive 35 5 <0.0001 1.969 0.0004
negative 334 1 1
Macroscopic vascular invasion positive 48 6.135 <0.0001 1.961 <0.0001
negative 321 1 1
Stage 1 26 1 <0.0001 1 <0.0001
& 2 172 2.844 1.206
3 111 9.901 2.404
4A 60 15.625 3.106
Non cancerous liver Chirosis 120 1.199 0.3105 1.293 0.0398
Non chirosis 249 1 1
Table 3
Univariate%\ nalysis of predictive values (clinical and tumor associated factors) for patient survival (PS) and disease free survival (DFS). AFP,
alpha-fet I \ PIVKA-II, protein induced by vitamin K absence or antagonism factor II; AFP-L3, lens culinaris agglutinin-reactive fraction of
alpha-fetop ; vp, microscopic tumor thrombus in the portal vein; vv, microscopic tumor thrombus in the hepatic vein; HBV, hepatitis B virus
s antigen ( ti-hepatitis C virus antibody; ICGR15, indocyanin green retention rate at 15 minutes.

Hepatology



Hepatology

Table 4
Multiv:

P value Hazard ratio 95%Confidence Interval
16.7< 0.000209 2.435 1.5213 3.898
B 0.011136 3.007 1.2852 7.037
20<<=1000 0.0003 2.558 1.5372 4.256
1000< 0.000217 2.782 1.6177 4.786
2,3 0.011844 1.937 1.1575 3.241
4= <0.0001 2.989 1.7693 5.049
3<<=5 0.278625 1.483 0.7269 3.026
5< 0.016071 2.237 1.1613 4.307
positive <0.0001 2.982 1.8446 4.822
>0.158 <0.0001 2.52 1.6191 3.923

Hepatology

Page 34 of 41




Page 35 of 41 Hepatology

P value Hazard ratio 95%Confidence Interval
16.7< 0.00334 1.519 1.149 2.008
20<<=1000 0.04904 1.366 1.001 1.864
1000< 0.01851 1.591 1.081 2.342
23 0.0072 1.551 1.126 2135
4<= <0.0001 2.649 1.704 4118
moderately 0.01495 2.838 1.225 6.577
poor 0.00501 3.398 1.446 7.984
positive 0.01023 1.544 1.108 2.152
>1.12 0.01125 1.443 1.087 1.915

Hepatology




192

Hepatology Page 36 of 41
G2890 G3560
High(n=217) Low(n=152) p High(n=123) Low(n=246) p

Male 184 117 105 196

0.0767 0.2286
Female 33 35 18 50
=62 90 70 49 111

0.4433 0.393
>62 127 82 74 135
positive 107 69 59 117

0.5254 0.9706
negative 110 83 64 129
positive 63 56 32 87

0.1425 0.0904
negative 154 96 91 159
=<4.05 109 38 73 74

<0.0001 <0.0001
>4.05 108 114 50 172
=0.82 136 99 82 153

0.7088 0.4671
>0.82 81 53 41 93

ICGR15(% =16.7 125 98 77 146

0.2224 0.6246

>16.7 92 54 46 100
Child-Pugh A 206 152 115 243

0.0034 0.008
B 11 0 8 3
Anatomical 172 110 106 176

0.1583 0.0028
Non anatomical 45 42 17 70
=20 102 81 52 131
20< & =1000 64 51 0.0461 30 85 <0.0001
>1000 51 20 41 30
=15 143 112 68 187

0.1147 <0.0001
>15 74 40 55 59
=40 52 58 22 88
40< & =1000 74 60 0.0001 33 101 <0.0001
>1000 91 34 68 57
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(414

Number

well
moderately
poorly
positive
negative
positive
negative
positive
negative
1

2

3

4A
Cirrhosis

Non cirrhosis

122
60
35
48
60

109
12

102

103
67

150
29

188
43

174

88
A
51
71
146
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113
29
10
68
36
48

88

56

27
125

146

147
19
84
40

49
103

0.0009

<0.0001

0.0981

0.0065

0.0043

<0.0001

<0.0001

0.9876

68
27
28
15
21
87

46
71
49
74
24
99
32
91

45
35
40
35
88

167
62
17

101
75
70
14

144
88
45

201
11

235
16

230
23

127
76
20
85

161

<0.0001

<0.0001

0.0003

<0.0001

<0.0001

<0.0001

<0.0001

0.2888

o
S Ss
'Qg%'

e

Hepatology

tigen; HCV, anti-hepatitis C virus antibody; ICGR15, indocyanin green retention rate at 15 minutes.
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VIRAL HEPATITIS

Association of Gene Expression Involving Innate
Immunity and Genetic Variation in Interleukin 28B With
Antiviral Response

Yasuhiro Asahina,' Kaoru Tsuchiya,' Masaru Muraoka,"* Keisuke Tanaka," Yuichiro Suzuki,'
Nobuharu Tamaki,' Yoshihide Hoshioka,' Yutaka Yasui,' Tomoji Katoh,' Takanori Hosokawa,'
Ken Ueda,' Hiroyuki Nakanishi,' Jun Ttakura,' Yuka Takahashi,' Masayuki Kurosaki,"
Nobuyuki Enomoto,> Sayuri Nitta,® Naoya Sakamoto,® and Namiki Tzumi"

Innate immunity plays an important role in host antiviral response to hepatitis C viral
(HCV) infection. Recently, single nucleotide polymorphisms (SNPs) of IL28B and host
response to peginterferon o (PEG-IFNa) and ribavirin (RBV) were shown to be strongly
associated. We aimed to determine the gene expression involving innate immunity in
IL28B genotypes and elucidate its relation to response to antiviral treatment. We geno-
typed IL28B SNPs (158099917 and rs12979860) in 88 chronic hepatitis C patients treated
with PEG-IFNa-2b/RBV and quantified expressions of viral sensors (RIG-I, MDAS, and
LGP2), adaptor molecule (IPS-I), related ubiquitin E3-ligase (RNFI25), modulators
(ISG15 and USP18), and IL28 (IFN?}). Both IL28B SNPs were 100% identical; 54 patients
possessed 18099917 TT/rs12979860 CC (IL28B major patients) and 34 possessed
158099917 TG/rs12979860 CT (IL28B minor patients). Hepatic expressions of viral sen-
sors and modulators in IL28B minor patients were significantly up-regulated compared
with that in /L28B major patients (~3.3-fold, P < 0.001). However, expression of IPS-1
was significantly lower in JL28B minor patients (1.2-fold, P = 0.028). Expressions of viral
sensors and modulators were significantly higher in nonvirological responders (NVR) than
that in others despite stratification by IL28B genotype (~2.6-fold, P < 0.001). Multivari-
ate and ROC analyses indicated that higher RIG-T and ISGI5 expressions and RIG-I/IPS-
1 expression ratio were independent factors for NVR. IPS-1 down-regulation in IL28B
minor patients was confirmed by western blotting, and the extent of IPS-1 protein cleavage
was associated with the variable treatment response. Conclusion: Gene expression involving
innate immunity is strongly associated with JL28B genotype and response to PEG-IFNa/
RBV. Both /1.28B minor allele and higher RIG-I and ISGI5 expressions and RIG-I/IPS-1
ratio are independent factors for NVR. (HepatoLoGY 2012;55:20-29)

mon cause of chronic hepatitis, which progresses
to liver cirrhosis and hepatocellular carcinoma in
many patients.” Pegylated interferon o (PEG-IFNg)
and ribavirin (RBV) combination therapy has been
used to treat chronic hepatitis C (CH-C) to alter the

Infection with hepatitis C virus (HCV) is a com-

natural course of this disease. However, 20% patients
are nonvirological responders (NVR) whose HCV-
RNA does not become negative during the 48 weeks
of PEG-IFNo/RBV combination therapy.® In a recent
genome-wide association study, single nucleotide poly-
morphisms (SNPs) located near interleukin 28B

Abbreviations: CH-C, chronic heparitis C; y-GTR y-glutamyl transpeptidase; GAPDH, glyceraldebyde-3-phosphate debydrogenase; HCY, hepativis C virus:
HMBS, bydroxymethylbilane synthase; IL28, interleukin 28; IPS-1, IFNB promoter stimulator 1; ISGI5, interferon-stimulated gene 15; MDAS, melanoma
differentiation associated gene 5; NVR: nonvirological responders; PEG-IFNa, pegylated inserferonc; SNP single nucleotide polymorphism; RIG-I, retinoic acid-
inducible gene I; RBY, ribaviring RNFI25, ringfinger protein 125; ROC, receiver operator characteristic; SVR, sustained viral responder; TVR, smansient
virological responder; USP18, ubiquitin-specific protease 18; VR, virological responder.

From the ' Department of Gastroenterology and Hepatology, Musashino Red Cross Hospital, Tokyo, Japan; *First Department of Internal Medicine, Faculty of
Medicine, University of Yamanashi, Yamanashi, Japan; *Depariment of Gastroenterology and Hepatology, Tokyo Medical and Dental University, Tokyo, Japan.
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(IL28B) that encodes for type III IFNA3 were shown
to be strongly associated with a virological response to
PEG-IFNo/RBV combination theraqoyé'5 In particular,
the 58099917 TG and GG genotypes were shown to
be strongly associated with a null virological response
to PEG-IFNa/RBV.> However, mechanisms involving
resistance to PEG-IFN«/RBV have not been com-
pletely elucidated.

The innate immune system has an essential role in
host antiviral defense against HCV infection.® The ret-
inoic acid-inducible gene I (RIG-I), a cytoplasmic
RNA helicase, and related melanoma differentiation
associated gene 5 (MDAD5) play essendal roles in ini-
tiating the host antiviral response by detecting intracel-
lular viral RNA.”® The IFNf promoter stimulator I
(IPS-1)—also called the caspase-recruiting domain
adaptor inducing IFNf, mitochondrial antiviral signal-
ing protein, or virus-induced signaling adaptor—is an
adaptor molecule. IPS-1 connects RIG-I sensing to
downstream signaling, resulting in [FNf gene activa-
tion.”"* RIG-I sensing of incoming viral RNA has
been shown to be modified by LGP2,*" a helicase
related to RIG-T and MDAS3 lacking caspase-recruiting
domain. The ubiquitin ligase ring-finger protein 125
(RNF125) has been shown to conjugate ubiquitin to
RIG-I, MDA5, and IPS-1 and this suppresses the
functions of these proteins.14 Further, these molecules
are ISGylated by the IFN-stimulated gene 15 (ISG15),
a ubiquitin-like protein,'®> and ISG15 is specifically
removed from ISGylated protein by ubiquitin-specific
protease 18 (USP18) to regulate the RIG-I/IPS-1 sys-
tem.'®'” Moreover, the NS3/4A protease of HCV spe-
cifically cleaves IPS-1 as part of its immune-evasion
strategy.”'® Therefore, the RIG-I/IPS-1 system and its
regulatory systems have essential roles in the innate
antiviral response.

Recently, we demonstrated that baseline intrahepatic
gene expression levels of the RIG-I/IPS-1 system were
prognostic biomarkers of the final virological outcome
in CH-C patients who were treated with PEG-IFNo/
RBV combination therapy.'” We found that up-regula-
tion of RIG-I and ISG15 and a higher expression ratio
of RIG-I/IPS-1 could predict NVR for subsequent
treatment with PEG-IFNo/RBV combination ther-
apy."” However, association of gene expression involy-

ASAHINA ET AL. 21

ing innate immunity and genetic variation of /L28B
has not yet been elucidated. Hence, the aim of this
study was to determine gene expression involving the
innate immune system in different genetic variations
of IL28B and elucidate the relation of gene expression
to final virological outcome of PEG-IFNa/RBV com-
bination therapy in CH-C patients.

Patients and Methods

Patients. Among  histologically proven CH-C
patients admitted at the Musashino Red Cross Hospi-
tal, 88 patients with HCV genotype 1b and a high vi-
ral load (>5 log IU/mL by TagMan HCV assay;
Roche Molecular Diagnostics, Tokyo, Japan) were
included in the present study (Table 1). Patients with
decompensated liver cirrhosis, autoimmune hepatitis,
or alcoholic liver injury were excluded. No patient had
tested positive for hepatitis B surface antigen or ant-
human immunodeficiency virus antibody or had
received immunomodulatory therapy before enroll-
ment. Forty-two patients had been enrolled in a previ-
ous study that determined hepatic gene expression
involving innate immunity."” Written informed con-
sent was obtained from all patients and the study was
approved by the Ethical Committee of Musashino Red
Cross Hospital in accordance with the Declaration of
Helsinki.

Treatment Protocol. The patients were adminis-
tered subcutaneous injections of PEG-IFNa-2b (Pegln-
tron, MSD, Whitehouse Station, NJ) at a dose of 1.5
ug kg™ week ™" for 48 weeks. RBV (Rebetol, MSD)
was administered concomitantly over this treatment
petiod, administered orally twice daily at 600 mg/day
for patients who weighed less than 60 kg and 800 mg/
day for patients who weighed between 60-80 kg. The
dose of PEG-IFNo-2b was reduced to 0.75 ug kg™
week™" when ecither neutrophil count was less than
750/mm> or platelet count was less than 80 x 10°/
mm®. The dose of RBV was reduced to 600 mg/day
when the hemoglobin concentration decreased to 10
g/dL. More than 80% adherence was achieved in all
patients.

Measurement of Hepatic Gene Expression. Liver
biopsy was performed immediately before initiating

Address reprint requests to: Namiki Leumi, M.D., Ph.D., Chicf, Department of Gastroenterology and Heparology, Musashino Red Cross Hospital, 1-26-1
Kyonancho 1-26-1, Musashinoshi, Tokyo 180-8610, Japan. E-mail: nizumi@musashino jre.orjp; fax: 4-81-422-32-9551.

Copyright © 2011 by the American Association for the Study of Liver Diseases.
View this article online ar wileyonlinelibrary.com.

DOI 10.1002/hep.24623

Potential conflict of interest: Nothing to report.

Additional Supporting Information may be found in the online version of this article.

268



22 ASAHINA ET AL.

Table 1. Patient Characteristics and /L28B Genotype

1L28B Major* 1L28B Minort P-valuei

Patients, n 54 34
Age (SD), year 58.8 (10.0)  59.1 (10.3) 0.918§
Sex, n (%) 0.051!!

Male 13 (24.1) 15 (44.1)

Female 41 (75.9) 19 (55.9)
BMI (SD), kg/m? 22.7(35)  23.5(3.6) 0.193§
ALT (SD), IU/L 61.3 (50.7)  62.4 (44.7) 0.962§
y-GTP (SD), IU/L 36.7(25.9) 57.3 (52.4) 0.010§
LDL-cholesterol (SD), mg/dL 103.3 (29.8)  91.8 (26.9) 0.067§
Hemoglobin (SD), g/dL 14.1(1.4)  14.4 (1.3) 0.186§
Platelet count (SD), x10°3/plL 161 (6.4) 163 (4.4) 0.489§
Fibrosis stage, n (%) 0.532!1

F1, 2 38 (70.4) 26 (76.5)

F3, 4 16 (29.6) 8 (23.5)
Viral load (SD), x10% IU/mL. 1.7 (1.4) 1.9 (2.0) 0.788§
%HCV core 70 & 91 a.a. 8.9 435 0.001!!

double mutationy
%ISDR wild** 435 51.7 0.486!!
Viral response, n (%) <0.001!!

SVR 17 (31.5) 13 (38.2)

VR 26 (48.1) 3(8.8)

NVR 11 (20.4) 18 (52.9)

Unless otherwise indicated, data are given as mean (SD).

*rs8099917 TT and rs12979860 CC.

1rs8099917 TG and rs12979860 CT.

BMI, body mass index; ALT, alanine aminotransferase; y-GTR y-glutamyl
transpeptidase; LDL-C, low-density lipoprotein cholesterol; HCV, hepatitis C vi-
rus; ISDR, interferon sensitivity determining region; SVR, sustained virological
response; TVR, transient virological response; NVR, nonvirological response.

fComparison between IL28B major and minor genotypes.

§Mann-Whitney U test.

”Chi-square test,

YHCV core mutation was determined in 68 patients.

**|SDR was determined in 75 patients.

the therapy. After extraction of total RNA from liver
biopsy specimens, the messenger RNA (mRNA)
expression of the positive and negative cytoplasmic vi-
ral sensor (R/G-I, MDAS, and LGP2), the adaptor
molecule (IPS-I), the related ubiquitin E3-ligase
(RNF125), the modulators of these molecules (ISGI5
and USPIS), and IFNA (IL28A/B) was quantified by
real-time quantitative polymerase chain reaction (PCR)
using target gene-specific primers. In brief, total RNA
was extracted by the acid-guanidinium-phenol-chloro-
form method using Isogen reagent (Nippon Gene,
Toyama, Japan) from the liver biopsy specimen, which
was 0.2-0.4 cm in length and 13G in diameter. Com-
plementary DNA (cDNA) was transcribed from 2 ug
of total RNA template in a 140-pL reaction mixture
using the SYBR RT-PCR Kit (Takara Bio, Otsu,
Japan) with random hexamer. Real-time quantitative
PCR was performed using Smart Cycler version II
(Takara Bio) with the SYBR RT-PCR Kit (Takara Bio)
according to the manufacturer’s instructions. Assays
were performed in duplicate and the expression levels

HEPATOLOGY, January 2012

of target genes were normalized to the expressions of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene and hydroxymethylbilane synthase (HMABS), an
enzyme that is stable in the liver, as quantified using
real-time quanttative PCR as internal controls. For
accurate normalization, a set of two housekeeping
genes was used in the present study. Sequences of the
primer sets were as follows: RIG-I, 5'-AAAGCATGCA
TGGTGTTCCAGA-3', 5-TCATTCGTGCATGCTC
ACTGATAA-3'; MDAS, 5'-ACATAACAGCAACATG
GGCAGTG-3, 5-TTTGGTAAGGCCTGAGCTGG
AG-3'; LGP2, 5'-ACAGCCTTGCAAACAGTACAAC
CTC-3/, 5-GTCCCAAATTTCCGGCTCAAC-3'; IPS-1,
5'-GGTGCCATCCAAAGTGCCTACTA-3/, 5'-CAGC
ACGCCAGGCTTACTCA-3'; RNFI125, 5'-AGGGCA
CATATTCGGACTTGTCA-3', 5'-CGGGTATTAAAC
GGCAAAGTGG-3'; ISG15, 5'-AGCGAACTCATCT
TTGCCAGTACA-3, 5'-CAGCTCTGACACCGACA
TGGA-3; USP18, 5-TGGTTCTGCTTCAATGACT
CCAATA-3', 5'-TTTGGGCATTTCCATTAGCACT
C-3; IFNA: 5'-CAGCTGCAGGTGAGGGA-3, 5-G
GTGGCCTCCAGAACCTT-3'; GAPDH, 5'-GCACC
GTCAAGGCTGAGAAC-3, 5'-ATGGTGGTGAAGA
CGCCAGT-3'; HMBS, 5'-AAGCGGAGCCATGTCT
GGTAAC-3, 5-GTACCCACGCGAATCACTCTCA-3'.

Genotyping  for 1L28B  (¥s8099917 and
rs12979860) Polymorphism. Genetic polymorphism
in a tagged SNP located near the JL28B gene
(rs8099917 and 1rs12979860) was determined by direct
sequencing of PCR-amplified DNA. In brief, after
extraction from whole blood samples, genomic DNA
was amplified by PCR. Sequences of the primer sets
were:  1s8099917, 5-ATCCTCCTCTCATCCCTCA
TC-3', 5'-GGTATCAACCCCACCTCAAAT-3'; 15129
79860, 5'-GGACGAGAGGGCGTTAGAG-3/, 5-AG
GGACCGCTACGTAAGTCAC-3'.

Both strands of the PCR products were sequenced
by the dye terminator method using BigDye Termina-
tor v3.1 Cycle Sequencing Kit (Applied Biosystems,
Chiba, Japan); nucleotide sequences were determined
by a capillary DNA sequencer ABI3730xl (Applied
Biosystems). Homozygosity (rs8099917 GG and
1512979860 TT) or heterozygosity (rs8099917 TG
and rs12979860 CT) of the minor sequence was
defined as having the /Z28B minor allele, whereas
homozygosity for the major sequence (158099917 TT
and 1512979860 CC) was defined as having the /Z28B
major allele.

Western Blotting. Western blotting was performed
using samples from 14 patients (six from /L28B major
patients and eight from /L28B minor patients) as
described.” In brief, liver biopsy specimens of
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approximately 10 mg were homogenized in 100 uL of
Complete Lysis-M (Roche Applied Science, Penzberg,
Germany). Next, 30 ug of protein was separated by
NuPAGE 4%-12% Bis-Tris gels (Invitrogen, Catlsbad,
CA) and blotted on polyvinylidene difluoride mem-
branes. The membranes were immunoblotted with
anti-RIG-I (Cell Signaling Technology, Danvers, MA)
or anti-IPS-1 (Enzo Life Science, Farmingdale, NY),
followed by anti-f-actin (Sigma Aldrich, St. Louis,
MO). After immunoblotting with horseradish peroxi-
dase-conjugated secondary antbody, signals were
detected by chemiluminescence (BM Chemilumines-
cence Blotting Substrate, Roche Applied Science,
Mannheim, Germany). Optical densitometry was per-
formed using Image] software (NIH, Bethesda, MD).
Naive Huh7 cells were used for a positive control for
full-length IPS-1, and cells transfected with HCV-1b
subgenomic replicon”® were used for a positive control
for cleaved IPS-1.

Definitions of Response to Therapy. A patient neg-
ative for serum HCV-RNA during the first 6 months
after completing PEG-IFNa-2b/RBV  combination
therapy was defined as a sustained viral responder
(SVR), and a patent for whom HCV-RNA became
negative at the end of therapy and reappeared after
completion of therapy was defined as a transient viro-
logical responder (TVR). A patient for whom HCV-
RNA became negative at the end of therapy (SVR +
TVR) was defined as a virological responder (VR). A
patient whose HCV-RNA did not become negative
during the course of therapy was defined as an NVR.
HCV-RNA was determined by TagMan HCV assay
(Roche Molecular Diagnostics).

Statistical Analysis. Categorical data were com-
pared using the chi-square test and Fisher’s exact test.
Distributions of continuous variables were analyzed by
the Mann-Whitney U test for two groups. All tests of
significance were two-tailed and P < 0.05 was consid-
ered statistically significant.

Results

Patient Characteristics and IL28B Genotype. Table 1
shows patient characteristics according to IL28B geno-
type. SNPs at rs8099917 and rs12979860 were 100%
identical; 54 patients were identified as having the
major alleles (rs8099917 TT/rs12979860 CC; IL28B
major patients) and the remaining 34 had the minor
alleles (rs8099917 TG/rs12979860 CT; IL28B minor
patients). Patients having a minor homozygote
(rs8099917 GG or 1512979860 TT) were not found
in this study, which is consistent with a recent report
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of the ratity of a minor homozygote in Japanese
patients.” JL28B minor patients were significantly asso-
ciated with a higher y-glutamyl transpeptidase (y-
GTP) level and higher frequency of mutations at
amino acid positions 70 and 91 of the HCV core
region {glutamine or histidine mutation at amino acid
position 70; methionine mutation at amino acid posi-
tion 91). NVR rate was significantly higher in /L28B
minor patients than in /L28B major patients.

Gene Expression Involving Innate Immunity and
IFNA in the Liver. Hepatic expression levels of cyto-
plasmic viral sensors (RIG-I, MDAS5, and LGP2) were
significantly higher in /L28B minor patients than in
IL28B major patients (Fig. 1). Similarly, expressions of
ISGI15 and USPI8 were significantly higher in IL28B
minor patients than in IL28B major patients (Fig. 1).
In contrast, the hepatic expression of the adaptor mol-
ecule (IPS-1) was significantly lower in /L28B minor
patients than that in /L28B major padents (Fig. 1).
Hepatic expression of RNFI25 was similar among
IL28B genotypes (Fig. 1). IFNA (IL28A/B) expression
was higher in /L28B minor patients, but not statisti-
cally significant (Fig. 1). Because expression of R/G-/
and [PS-1 were negatively correlated, the expression ra-
tio of RIG-I/IPS-1 in IL28B minor patients was signif-
icantly higher than in J/L28B major patients (Fig. 1).

Next, to assess the relationship between baseline
hepatic gene expression and treatment efficacy, we
compared levels of gene expression involving innate
immunity and /FNZ based on the final virological
response (Fig. 2). Owverall, hepatic expressions of
cytoplasmic viral sensors and the ISG15/USP18
system in NVR patients were significantly higher than
those in VR patients. In a similar but opposite man-
ner, hepatic expressions of IPS-1 and RNFI25 in
NVR patients were significantly lower than that in
VR patients, and the expression of /FNS was higher
in NVR patients, but the differences were not statisti-
cally significant. Expression ratio of RIG-I/IPS-1 was
significantly higher in NVR patients than that in VR
patients.

Because hepatic expressions of the RIG-I/IPS-1 and
ISG15/USP18 systems were significantly related both
to [L28B minor and NVR patients, R/G-/ and ISGI5
expression levels and the RIG-I/IPS-I ratio between
VR and NVR patients were further stratified by /Z28B
genotype (Fig. 3). Even in the subgroup of IL28B
minor patients, the expressions of R/G-I and ISGI5
were significantly higher in NVR patients than those
in VR patients. Similar tendencies were observed in a
subgroup of JL28B major patients, in whom the R/G-
I/IPS-1 expression ratio was significantly higher in
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group of VR patients was statistically significant
between JL28B genotypes (Fig. 3).
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gene expression levels between
IL28B  major (rs8099917 TI/
rs12979860 CC, n 54) and
IL28B minor patients (rs8099917
TG/rs12979860 CT, n = 34).
Expression levels of cytoplasmic vi-
ral sensors (RIG-, MDA5, and
LGP2), modulators (/SG15 and
USP18), an adaptor (/PS-1), nega-
tive regulators (RNF125) and IFNA,
and expression ratio of the RIG-I/
IPS-1 are shown. Emor bars indi-
cate standard error. The P-values
were determined by the Mann-Whit-
ney U test.
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Analysis. To determine the usefulness of these gene
quantifications and /L28B genotyping as predictors of
NVR, an ROC analysis was conducted (Fig. 4A). The
area under the ROC curve for RIG-I and ISGIS
expressions and RIG-I/IPS-1 expression ratio was
0.712, 0.782, and 0.732, respectively, suggesting that
quantification of these gene transcripts is useful for
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Fig. 2. Comparison of hepatic
RIG-1IIPS-1 gene expression levels between
virological responders (VR, n =
p < 0.001 60) and nonvirological responders
(NVR, n = 28). Expression levels
2104 of cytoplasmic viral sensors (RIG-,
& MDA5, and LGP2), modulators
‘S 8 (ISG15 and USP18), an adaptor
@ (IPS-1), negative regulators
g (RNF125) and IFNA, and RIG-I/IPS-
3 81 1 expression ratio are shown. Error
bars indicate standard error. The P-
4 values were determined by the
’ VR NVR Mann-Whitney U test.
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