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Potential Relevance of Cytoplasmic Viral Sensors and Related Regulators
Involving Innate Immunity in Antiviral Response

YASUHIRO ASAHINA,* NAMIKI IZUMI,* ITSUKO HIRAYAMA,” TOMOHIRO TANAKA,* MITSUAKI SATO,™* YUTAKA YASUIL,®
NOBUTOSHI KOMATSU,™* NAOKI UMEDA,” TAKANORI HOSOKAWA,* KEN UEDA,* KAORU TSUCHIYA,*
HIROYUKI NAKANISHI,* JUN ITAKURA," MASAYUK! KUROSAKI,* NOBUYUKI ENOMOTO,* MEGUMI TASAKA,®

NAQYA SAKAMOTO,® and SHOZO MIYAKE®

mtdw&!ﬂbﬂyw}w Musashino Red Cross Hospital, Tokyo; *First Department of intemal Medicine, Faculty of Medicine, University of

Yamanashi, ¢ and *Dapar

Background & Aims: Clinical significance of mole-
cules involving innate immunity in treatment re-
sponse remains unclear. The aim is to elucidate the
mechanisms underlying resistance to antiviral ther-
apy and predictive usefulness of gene quantification
in chronic hepatitis C (CH-C). Methods: We con-
ducted a human study in 74 CH-C patients treated
with pegylated interferon a-2b and ribavirin and 5
nonviral control patients. Expression of viral sensors,
adaptor molecule, related ubiquitin E3-ligase, and
modulators were quantified. Results: Hepartic RIG-I,
MDAS, LGP2, ISG15, and USP18 in CH-C patients
were up-regulated at 2- to 8-fold compared with non-
hepatitis C virus patients with a relarively constitutive
Cardif. Hepatic RIG-I, MDAS, and LGP2 were signif-
icantly up-regulated in nonvirologic responders
(NVR) compared with transient (TR) or sustained
virologic responders (SVR). Cardif and RNF125 were
negatively correlated with RIG-I and significantly
suppressed in NVR. Differences among clinical re-
sponses in RIG-I/Cardif and RIG-I/RNF125 ratios
were conspicuous (NVR/TR/SVR = 1.3:0.6:0.4 and
2.3:1.3:0.8, respectively). Like viral sensors, ISG15 and
USP18 were significantly up-regulated in NVR (4-fold
and 2.3-fold, respectively). Multivariate and receiver
operator characteristic analyses revealed higher RIG-
I/Cardif ratio, ISG15, and USP18 predicted NVR.
Lower Cardif in NVR was confirmed by its protein
level in Western blot. Also, transcriptional responses
in peripheral blood mononuclear cells to the therapy
were rapid and strong except for Cardif in not only a
positive (RIG-I, ISG15, and USP18) but also in a
negative regulatory manner (RNF125). Conclusions:
NVR may have adopted a different equilibrium in
their innate immune response, High RIG-I/Cardif
and RIG-I/RNF125 ratios and ISG15 and USP18 are
useful in identifying NVR.

nfection with hepatitis C virus (HCV) is a common
cause of chronic hepatitis, which progresses to cirrho-
sis and heparocellular carcinoma in many pacients.! Al-

of Gastroanterclogy and Hepatology, Tokyo Medical and Dantal University, Tokyo, Japan

though combinarion rherapy with pegylared interferon
(PEG-IFN) a and ribavirin is now established as the
standard treatment for chronic HCV infection genotype
1b, the sustained virologic response rate in these patients
is still around 50%.2-* Moreover, physicians have also
found that 20% of patients are nonvirologic responders
(NVR; those whose HCV-RNA does not become negative
during 48 weeks of combinarion therapy). Prediction of
NVR status is of clinical importance because these pa-
tients have no chance of achieving a sustained virologic
response even after prolonged combination therapy.®
However, mechanisms involving resistance ro PEG-IFN-o
and ribavirin have not been fully elucidated, and it is
difficult to predict treatment responses before initiation
of PEG-IFN-a and ribavirin combination therapy.

In vitro studies have suggested thar an innate immune
response in viral infection is an essential part of the host
anriviral defense system.” HCV evades the host immune
response through a complex combination of processes
thar include signaling interference, effector modulation,
and continual viral genetic variation.® We hypothesized
that liver tissue would show a consistent difference be-
tween responders and nonresponders in expression levels
of the gene involved in innate immunity and IFN signal
transduction. These differences could be used to predict
treatment outcomes.

The retinoic acid-inducible gene I (RIG-I), a cytoplas-
mic RNA helicase, and the related melanoma differentia-

Abbreviations used in this paper: CARD, Caspase-recrulting domain;
C'atd!f. caspase-recruiting domain adaptor inducing IFN-B; G3PDH,
Idehyde-3-phosphate dehydrogenase; HCV, hepatitis C virus;
IP&L IFN-ﬂ pmmotar stimulator I; ISG15, IFN-stimulated gene 15;
PEG-IFN, pegylated Interferon; MDAS, melanoma differentiation asso-
ciated gene 5; MAVS, mitochondrial antiviral signaling protein; NVR,
nonvirologic responders; PBMC, peripheral blood mononuclear cell;
RIGl, retinoic acid-inducible gene |; RNF125, ringfinger protein 125;
ROC, recelver operator characteristic; SVR, sustained viral responder;
TR, transient responder; UBP43, ublquitinspecific protease 43;
USP18, ublquitin-specific protease 18; VISA, virus-induced signaling
adaptor.
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Table 1. Patient Characteristics at Baseline According to Final Virologic Response

SVRn = 30 TRn=24 NVRn = 20 P value

Age (W 52+13 60=8.7 60 = 10 042
Female % (M/F) 4T% (16/14) 63% (9/15) 60% (8/12) 5o
Naive & Relapser/Nonrespondert 26/4 20/4 14/6 3¢
BMmi 246=30 249x4.4 240=x21 5
ALT (IU/1) 557 65=35 B8 x 41 1.0*
Hemoglobin (g/dL) 143+16 141+11 14517 5*
Plateiet count (X10%/ul) 182 = 62 169 = 48 140 = 39 .04
Liver histology

A1/A2/A3 19/8/3 14/8/1 10/10/0 -

F1/F2/F3 14/9/7 11/7/5 1/5/8 ¥ i
Viral load (%108 1U/mL) 16+12 18+11 1811 .82
Viral decline rate (logia/day)

First phase 21=09 1.5+06 0.7+05 <.0001*

Second phase 0.05 = 0.05 0.04 = 0.02 0.006 = 0.008 <.0001°

ALT, alanine aminotransferase; BMI, body mass index.
*P values were determined by Kruskai-Wallis test.

P values were determined by chi-square test.
‘Response to previous IFN treatment.

tion-associated gene 5 (MDAS) play essential roles in
initiating the host antiviral response by detecting intra-
cellular viral . dsRNA#1° Caspase-recruiting domain
(CARD) adapror inducing IFN-B (Cardif), also called
IFN-B promoter stimulator 1 (IPS-1), mitochondrial an-
tiviral signaling protein (MAVS), and virus-induced sig-
naling adapror (VISA), is an adaptor molecule. Cardif
connects RIG-I sensing to downstream signaling, result-
ing in IFN-B gene acrivation.*!-** On the other hand,
RIG-I sensing has been shown to be negatively regulared
in a dominant-negative manner by LGP2,'01% a helicase
related to RIG-I and MDAS lacking CARD. Interestingly,
the ubiquitin ligase ring-finger protein 125 (RNF125) has
been recently shown to conjugate ubiquitin to RIG-,
MDAS as well as Cardif, which results in suppressing the
functions of these proteins.'s Furthermore, these mole-
cules are conjugared (ISGylared) by IFN-stimulared gene
15 (ISG15), a ubiquitin-like protein,"” and ISG1S5 is spe-
cifically removed from ISGylated protein by ubiquitin-
specific protease 18 (USP18), also called ubiquitin-spe-
cific protease 43 (UBP43).'%'° Moreover, the NS3/4A
protease of HCV specifically cleaves Cardif as part of its
immune evasion strategy.!2° Therefore, the RIG-1/Cardif
system and its regulatory systems have essential key func-
tions in the innare antiviral response (see Supplementary
Figure 1 online at www.gastrojournal.org). However, the
clinical significance of these innate immune systems,
especially in relevance to the treatment response, is un-
clear because findings in this field have been mainly
obtained by in virro experiments using cell lines.

The aims of this study were to elucidate the mecha-
nisms underlying resisrance o antiviral therapy in the
clinical setting and to determine whether quantificarion
of transcripts of positive and negative cytoplasmic viral
sensors and relared regulatory molecules involving innate
immune system is useful in predicting responses to PEG-
IFN-a and ribavirin combinartion therapy.

Patients and Methods

Patients

Among patients with biopsy-proven chronic hepat-
tis C hospitalized ar the Musashino Red Cross Hospital, 74
patients of HCV genotype 1b with a high viral load
(>100,000 IU/mL by Amplicor-HCV Monitor Assay; Roche
Molecular Diagnostics Co, Tokyo, Japan) were included in
the present study (Table 1). Patients with cirrhosis, autoim-
mune hepatitis, or alcoholic liver injury were excluded. No
patient was positive for heparitis B virus-associated anti-
gen/antibody or anti- human immunodeficiency virus anti-
body. No patient received immunomodulatory therapy
prior to the enrollment. Written informed consent was
obtained from all the patients, and this study was approved
by the Ethical Committee of Musashino Red Cross Hospital
in accordance with the Helsinki Declaration. Five patients
with nonviral liver disease (2 had autoimmune hepatitis and
3 had primary biliary cirrhosis) were included in the present
study as controls,

Treatment Protocol

The patients were treated for 48 weeks with sub-
curaneous injections of PEG-IFN-a-2b (PegIntron; Scher-
ing-Plough Corporarion, Kenilworth, NJ) at a dose of 1.5
pgkg lweek™!, Ribavirin (Rebetol; Schering-Plough
Corporation) was administered concomitantly over the
48-week period, given orally twice daily at a cotal daily
dose of 600 mg for the patients who weighed less than 60
kg and 800 mg for the patients who weighed between 60
and 80 kg. The dose of PEG-IFN-a-2b was reduced to
0.75 pgkg '-week™! when either the neutrophil count
was <750/mm?® or the platelet count was <80 X 10%/
mm?, The dose of ribavirin was reduced to 600 mg/day
when the hemoglobin concentration decreased to <10
g/dL.
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Measurement of Gene Expression in the Liver

Liver biopsy was performed immediarely before
starting the therapy. After extraction of total RNA from
liver biopsy specimens, the messenger RNA (mRNA) expres-
sion of positive and negative cytoplasmic viral sensors
(RIG-I, MDAS, and LGP2), the adapror molecule (Cardif),
related ubiquitin E3-ligase (RNF125), and the modulators
of these molecules (ISG15 and USP18) was quantified by
real-time quantitative polymerase chain reaction (PCR)
using primers specific for target genes. In brief, total RNA
was extracted by the acid-guanidinium-phenol-chloroform
method using Isogen (Nippon Gene Co Ltd, Toyama, Ja-
pan) from the liver biopsy specimen, which was 0.2-04 cm
in length and 13 gauge in diamerer. Complementary DNA
(cDNA) was transcribed from 2 pg toral RNA templare in a
140-pL reaction mixture using a SYBR RT-PCR Kit (Takara
Bio Co Ltd, Otsu, Japan) with random hexamer. Real-time
quantitative PCR was using Smart Cycler version
Il (Takara Bio Co Ltd) with the SYBR RT-PCR Kir (Takara
Bio Co Ltd) according to the manufacturer’s instructions,
and intercalating SYBR Green I (Molecular Probes Inc, Bu-
gene, Oregon) was detected. Assays were performed in du-
plicate, and the expression levels of target genes were nor-
malized to expression of the glyceraldehyde-3-phosphare
dehydrogenase (G3PDH) gene and hydroxymethylbilane
synthase, which is stable in the liver, as quantified using
real-rime quanricative PCR as internal controls. For accurate
normalization, a set of 2 housekeeping genes was used in
the present study. Sequences of primer sets were as follows:
RIG-I: 5"-AAAGCATGCATGGTGTTCCAGA-3', 5'-TCAT-
TCGTGCATGCTCACTGATAA-3'; MDAS: 5'-ACATAA-
CAGCAACATGGGCAGTG-3', 5'-TTTGGTAAGGCCT-
GAGCTGGAG-3"; LGP2: 5'-ACAGCCTTGCAAACAGTA-
CAACCTC-3', 5'-GTCCCAAATTTCCGGCTCAAC-3';
Cardif: 5'-GGTGCCATCCAAAGTGCCTACTA-3', 5'-
CAGCACGCCAGGCTTACTCA-3'; RNF125: 5'-AGGGCA-
CATATTCGGACTTGTCA-3', 5'-CGGGTATTAAACG-
GCAAAGTGG-3"; ISG15: 5'-AGCGAACTCATCTTT-
GCCAGTACA-3', 5'-CAGCTCTGACACCGACATGGA-3";
USP18: 5"-TGGTTCTGCTTCAATGACTCCAATA-3', 5'-
TTTGGGCATTTCCATTAGCACTC-3'; GAPDH: §'-
GCACCGTCAAGGCTGAGAAC-3', 5'-TGGTGGTGAA-
GACGCCAGT-3'. hydroxymethylbilane synthase: §'-
AAGCGGAGCCATGTCTGGTAAC-3', 5'-GTACCCA-
CGCGAATCACTCTCA-3'.

Sqmemul Meassurement of Gene Expression
in Peripberal Blood Mono£nde¢r

Before and During Therapy

To understand cranscriprional response of the
genes to PEG-IFN-a-2b and ribavirin cherapy, serial ex-
pression of RIG-I, RNF125, Cardif, ISG1S, and USP18
were determined before and during treatment in periph-
eral blood mononuclear cells (PBMC) in 14 patients (7
were sustained viral responders [SVR] and 7 were NVR).
PBMC was obtained from whole blood samples collected

GASTROENTEROLOGY Vol. 134, No. 5

before and atr 4, 8, 24, 48, and 168 hours after the
initiation of PEG-IFN-a-2b and ribavirin combination
therapy. After extraction of rotal RNA from the PBMC,
the expression of mRNA was quantified at each specified
time point using real-time quantitative PCR as described
above. Gene expression levels ar each rime poinr during
treatment were calculated relative to baseline expression
levels measured prior to IFN treatment.

Western Blotting

Western blotting was carried out in 9 patients (5
were SVR and 4 were NVR) and 3 non-HCV control
subjects as described previously.?! Liver biopsy specimen
of ~10 mg was homogenized in 100 pL Complete Ly-
sisM (Roche Applied Science, Penzberg, Germany).
Twenty micrograms of the homogenates were separated
by SDS-PAGE and blotred onto a polyvinylidene difluo-
ride Western blotting membrane. The membrane was
incubated with the primary antibodies followed by a
peroxidase-labeled anti-IgG antibody and visualized by
chemiluminescence using the ECL Western blotting
Analysis System (Amersham Biosciences, Buckingham-
shire, United Kingdom). The anti-VISA mouse monoclo-
nal antibody (BioDesign, Saco, ME) and anti-B-actin an-
tibody (Sigma Chemical Co, St. Louis, MO) were used.

HCV Dynamics in Serum

To analyze the viral dynamics, HCV RNA was
quantified just before and at 4, 8, and 24 hours and 2, 7,
14, 28, 56, and 84 days after the initiation of PEG-IFN-
a-2b and ribavirin combination therapy, using real-time
detection PCR, as reported previously.? For each parient,
the viral decline curve was plotted on a semilogarichmic
scale, and the slopes of the exponential viral declines were
calculated for each viral decline phase with a straight-line
fit of the data.

Definitions of Response to Therapy

A patient negative for serum HCV RNA during
the first 6 months after the completion of PEG-IFN-a-2b
and ribavirin combination therapy was defined as an
SVR, and a patient for whom HCV RNA became negative
at the end of therapy and reappeared after completion of
therapy was defined as a transient responder (TR). A
patient who was positive for HCV RNA even during the
course of therapy was defined as an NVR. HCV RNA was
determined with the Amplicor qualirative assay (Roche
Molecular Diagnostics Co, Tokyo, Japan). The detection
sensitivity of this assay is approximately 50 IU/mL.

Statistical Analysis

Categorical dara were compared by the x? rest and
Fisher exact test. Distributions of continuous variables
were analyzed by Mann-Whitney U rest for 2 groups.
Kruskal-Wallis test was used for multiple group compar-
isons. All rests of significance were 2-tailed, and P values
< .05 were considered statistically significant.
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Expression levels of RIG-I, MDAS, LGP2, Cardif, RNF125, ISG15, and USP18 are shown. Enmor bars indicate the standard emor. Upon HCV infection,
exprassion of these genes except Cardif was stimulated. The P values determined by Mann-Whitney U test between 2 groups were as follows: RIG-I,
P .02; MDAS, P .01; LGP2, P .005; Cardif, P .7; RNF125, P .06; ISG15, P .007; USP18, P .004.

Results
Patient Characteristics

According to the final virologic response, patients
were classified into 3 groups: 30 were SVR, 24 were TR,
and the remaining 20 were NVR, as shown in Table 1.
Viral decline rates in NVR were significantly lower in
both the first and second phases of HCV dynamics. It
should be noted rhar most NVR patients exhibited no
second-phase viral decline.

Data on factors that were available before starting the
treatment were compared according to virologic response
by univariate analysis. As shown in Table 1, only age and
plateler count were associated with viral response, and no
other clinical factors were predictive of NVR before ini-
darion of the therapy.

Gene Ex?rsuon Involving Innate Immunity
in the Liver

First, we compared basal hepatic gene expression
between the chronic hepatitis C patients (n = 74) and the
nonviral liver disease patients (n = 5). As shown in Figure
1, levels of RIG-I, MDAS, LGP2, ISG15, and USP18 ex-
pression were significantly higher in the chronic hepatitis
C patients than in the nonviral liver disease patients.
However, there was no significant difference in levels of
Cardif expression between the chronic hepatitis C and
nonviral-related liver disease patients.

Next, to assess the relationship berween baseline hepatic
gene expression and treatment efficacy, levels of gene ex-

pression were compared based on the final virologic re-
sponse. As shown in Figure 2, the heparic expression levels
of RIG-I, MDAS, and LGP2 were significantly higher in
NVR than in SVR and TR In marked contrast, heparic
Cardif expression was significantly lower in the NVR group.
The hepatic expression of RNFI125, which is specific E3-
ubiquitin ligase for RIG-I, MDAS, and Cardif, was also
significantly lower in the NVR group. Because negative
correlation was found between RIG-I and Cardif or RNF125
expression, we calculated the ratio of RIG-I to Cardif or
RNF125 expression levels. As shown in Figure 2, the differ-
ence among the groups was conspicuous when comparison
was made with the RIG-I/Cardif ratio or RIG-I/RNF125
ratio. Moreover, the RIG-1/Cardif expression ratio before
treatment was negatively and significantly correlated with
the exponential viral decline rate in both the first and the
second phases of HCV dynamics (first phase, r = —0.4, P <
.0005; second phase, r = —0.5, P < .0001). Similar correla-
tion was found between RIG-I/RNF125 ratio and viral de-
cline rate (first phase, r = —0.4, P = 004; second phase, r =
—0.2, P = .09, dara not shown).

Like RIG-I and MDAS, intrahepatic expression levels of
ISG15 and USP18 were significantly higher in NVR than
in SVR and TR (Figure 2). When we assessed the corre-
lation of these 2 genes in individual parients, we found a
strong and significant correlation between ISG15 and
USP18 (2 = 0.88, P < .0001). Levels of ISG15 and USP18
expression before trearment were negatively correlated
with the exponential viral decline rates calculated from
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Figure 2. Comparison of hepatic gene expression levels according to final virologic outcome. Expression levels of RIG-l, MDAS, LGP2, ISG15,
USP18, Cardif, RNF125, RIG-/Cardif ratio, and RIG-VRNF125 ratio are shown. Open columns indicate SVR (n = 30), shaded columns indicate TR
{n = 24), and solid columns indicate NVR (n = 20). Eror bars indicate the standard arror. The P values wers analyzed by the Kruskal-Wallis test.

the first and the second phases of HCV dynamics (ISG15,
first phase, r = —0.5, P < .0001; ISG15, second phase, r =
—0.3, P = .02; USP18, first phase, r = —0.5, P < .0001;
USP18, second phase, r = —0.3, P = .01).

Receiver Operator Characteristic Analysis

To determine the usefulness of these gene quan-
tifications as predictors, receiver operator characteristic
(ROC) analysis was conducted (Figure 3). The area under
the ROC curve for the RIG-I/Cardif ratio, ISG15, and
USP18 was 0.91, 0.90, and 0.91, respectively, suggesting
that quanrification of these gene transcripts is of use for
the prediction of NVR (Table 2). In addition, this analysis
also suggested thar RIG-I/Cardif ratio would be more

specific for prediction of NVR, whereas ISG15 and USP18
would be more sensitive (Table 2).

Multivariate Analysis

Multivariate analysis for factors that were avail-
able before initiating therapy indicared thar a higher
ratio of RIG-1/Cardif and higher expression of ISG15
were independent factors thar were associated with NVR

(Table 3). In this analysis, USP18 was excluded because of
its strong correlation with ISG15.

Protein Levels of Cardif in the Liver
Because heparic expression of Cardif mRNA was
significantly lower in NVR patients than in SVR patients,

A
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Figure 3. Recelver operator characteristic (ROC) curve for prediction of nonvirologic response. ROC curves were generated to compeare
(A) RIG-I/Cardif ratio (solid line) and RIG-VRNF125 ratio (shaded lins); (B) RIG-1 (solid line), MDAS (shadad line), and LGP2 (dotted line); and (C} ISG15
(solid line) and USF18 (shaded lins).
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Table 2. Area Under the ROC Curves, Sensitivity, Specificity, and Negative and Positive Predictive Values of Non-Virologic

Responses

Variables Az 95% Ci Cut-off Sensitivity Specificity NPye PPV®
RIGI 0.89 0.78-0.95 0.68 0.80 0.87 0.92 0.70
MDAS 0.92 0.86-0.98 0.84 0.82 0.89 0.83 0.74
LGP2 0.76 0.63-0.80 1.03 0.65 0.72 0.85 0.486
RIGH/Cardif 0.81 0.84-0.89 0.88 0.75 0.81 0.91 0.75
RIGH /RNF125 0.81 0.68-0.93 1.05 0.82 0.62 0.91 0.43
I5G15 0.91 0.85-0.97 0.36 0.90 0.81 0.96 0.64
UsPi8 0.90 0.84-0.96 0.67 0.90 0.83 0.96 0.67

"NPV, negative predictive value.
PPV, positive predictive value.

we derermined the basal protein expression levels of
Cardif in the liver in NVR and SVR patients. Western blot
analysis demonstrated a single Cardif product in all sam-
ples (Figure 44). Similar ro Cardif mRNA expression,
mean Cardif expression in NVR pacients was significantly
lower than that in SVR (Figure 4B, P = .01). The cleavage
product of Cardif, which has been reported by Loo et al,®®
was not detected in our analyses.

Transcriptional Responses to PEG-IFN-a-2b

and Ribavirin Therapy in PBMC

Sequential analysis in response to PEG-IFN-a-2b
and ribavirin demonstrated a rapid and strong induction
of RIG-I, ISG15, and USP18 mRNA expression, which
peaked 8 hours after PEG-IFN-a-2b administration (Fig-
ure 5). A greater fold change of these peak inductions was
observed in SVR parients compared with NVR patients,
although statistical significance was not achieved. In
marked conrrast, RNF125 expression profile in response
to PEG-IFN-a-2b was triphasic, and consisted of (1) rapid
and strong suppression peaked at 8 hours after admin-
istration, (2) increased 1.5- to 2-fold above baseline level
during 24-48 hours after the administration, and (3)
gradually decreased ro baseline level (Figure 5). The rapid
suppression and subsequent increase following PEG-IFN-
a-2b administration rended to have a greater fold change
in NVR patients compared with rhose in SVR parients. In
contrast from RIG-I, ISG15, USP18, and RNF125, Cardif
expression profile was relatively constitutive, and tran-
scriptional response to PEG-IFN was weak (Figure 5).

Discussion

In the present study, we found that baseline ex-
pression levels of intrahepacic viral sensors and related

Table 3. Multivariate Analysis for the Factors Associated
With Non-Virologic Response

Variable Odds ratic  95% CI P value
RIGH/Cardif Ratio (by 0.1) 1.5 1.1-21 008
RIGH/RNF125 Ratio (by 0.1) 1.2 1.0-25 A
I1SG15 (by 0.1/internal control) 15 1.1-2.0 01
Age (by 1) 1.0 0.9-1.1 B
Platelet count (by 1 X 104/ul) 1.2 0.9-1.5 07

regulatory molecules were significantly associated with
the final virologic outcome in patients with chronic hep-
aritis C who were treated with PEG-IFN-a-2b and ribavi-
rin combination therapy: up-regulation of RIG-I, MDAS,
LGP2, ISG15, and USP18 and lower expression of Cardif
and RNF125 could predict nonresponse to subsequent
treatment with PEG-IFN-a-2b and ribavirin. The positive
predictive value of a high ratio of expression of RIG-I to
Cardif (>0.88) for NVR was the highest at a value of 0.75,
and the negative predicrive values of high expression of
ISG15 (>0.36/internal control) and USP18 (>0.67/inter-
nal control) were the highest ac values of both 0.96. These
data may be of use in predicting clinical responses to the
PEG-IFN-& and ribavirin combination before initiating
therapy.

Previously, large randomized controlled trials identi-
fied several pretreatment factors associated with the final
virologic outcome, such as genotype, HCV RNA level,
degree of fibrosis, age, body weight, ethnicity, and steato-
sis.#* However, these findings lead us to believe that
predicting the final virologic response before initiaring
PEG-IFN-a and ribavirin is difficult. Indeed, only age and
platelet count were associated with the outcome in our
patients with genotype 1b and a high viral load. Cur-
rently, the final response can be gauged only after treat-
ment has been initiated. Although an early viral response
at 12 weeks suggests the eventual outcome with 60%-90%
accuracy,?s a 12-week regimen is associated with adverse
effects and is expensive. Therefore, this study investigated
the baseline expression of genes involving innate immu-
nity that may have significant effects on clinical out-
comes.

In the present study, we demonstrated that RIG-I and
MDAS were inducible upon HCV infection and that
expression of these intrahepatic positive viral sensors was
up-regulared in NVR. In vitro studies have suggested that
RIG-I and MDAS play a pivotal role in the regulation of
IFN production and augment the production of IFN via
an amplification circuit. These results suggest thar ex-
pression of RIG-T and MDAS and related amplification
system may be up-regulated by endogenous IFN at a
higher baseline level in NVR patients. However, HCV
elimination by subsequent exogenous IFN is insufficient
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