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Figure 5. SeppT-Deficient Mice Show Improved Glucose Tolerance and Enhanced Insulin Sensitivity

(A) Hematoxylin-and-eosin-stained liver and epididymal fat sections from male Sepp7 *~ and Sepp7~'~ mice.

(B) Blood glucose levels in Sepp7-deficient mice {n = 7). The mice were fasted for 6 hr.

(C) Blood insulin levels in SeppT-deficient mice (n = 7).

(D and E) Intraperitoneal glucose (D) and insulin (E) tolerance tests in male Sepp7-deficient mice (n = 7). Glucose and insulin were administered at doses of
1.5 g/kg body weight and 4 units/kg body weight, respectively.

(F-K) Western blot analysis of phosphorylated Akt (pAkt) and phosphorylated insulin receptor (pIR) in liver (F-H) and skeletal muscle (I-K). Mice (n = 6) were
stimulated with insulin (administered intraperitoneally). At 20 min after insulin stimulation, mice were anesthetized, and liver and hind-limb muscle samples
removed for analysis.

Data in (B-(E), (G), (H), (J), and (K) represent the means + SEM from six to seven mice per group. *p < 0.05, *p < 0.01 versus wild-type mice. See also Figure S3.

siRNA Injection into KKAy mice age (31-33 g body weight) were used. Mice were anesthetized with pentobar-
Delivery of siRNA targeted o the liver was performed by tail vein injectionsinto  bital, and 2 nmol of siRNA, diluted in 3 ml of PBS, was injected into the tail vein
mice, via hydrodynamic techniques, as previously described (McCaffrey etal,  over 15-20 s. All siRNAs were purchased from Applied Biosystems (Silencer™

2002; Zender et al,, 2003). For these experiments, KKAy mice at 7-8 weeks of  In Vivo Ready Pre-designed siRNA). Sepp? siRNAs with the following
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Figure 6. Sepp1-Deficient Mice Are Protected from Diet-Induced Insulin Resistance and Adipocyte Hypertrophy .

(A) Body weight of Sepp7-deficient and wild-type mice fed a high-fat, high-sucrose diet (HFHSD; n = 4-8). Sixteen-week-old male mice were fed a HFHSD for
16 weeks. : '

(B) Daily calorie intake in Sepp7-deficient and wild-type mice {n = 4-8).

(C) Energy expenditure (as measured by VO, consumption through indirect calorimetry; n = 4).

(D) Epididymal fat mass in Sepp1-dsficient and wild-type mice fed HFHSD (n = 4-7).

(E) Hematoxylin-and-eosin-stained epididymal fat sections from wild-type and Sepp? ™/~ mice.

(F) Histogram showing adipocyte diameters. We determined adipocyte diameters by measuring at least 300 adipocytes randomly selected from four independent
sections.

(G) Blood nonestimated fatty acid levels in Sepp7-deficient and wild-type mice fed HFHSD (n = 4-7).

(H) Blood glucose levels in Sepp1-deficient and wild-type mice fed HFHSD (n = 4-8).

()) Blood insulin levels in Sepp 7-deficient and wild-type mice fed HFHSD (n = 4-8). Blood samples were obtained from mice fed a HFHSD for 16 weeks aftera12 hr
fastin (G){1).

(J) Intraperitoneal glucose tolerance tests in wild-type and Sepp?-deficient mice (n = 4-8). Glucose was administered'at a dose of 0.3 g/kg body weight.

(K) Intraperitoneal insulin tolerance tests in wild-type and Sepp7-deficient mice {n = 5-10). Insulin was administered at a dose of 2.0 units/kg body weight.
Data in (A)-(D) and (G)-(K) represent the means = SEM from four to ten mice per group. *p < 0.05, **p < 0.01 versus wild-type mice. See also Figure S4.

sequence were synthesized: mouse Sepp?, §-GGUGUCAGAACACAUC  SeP Knockout Mice

GCAtt-3' (sense). Negative control siRNA was also used and had nosignificant ~ SeP knockout mice were produced by homologous recombination with
homology with any known gene sequences in mouse, rat, or human. Glucose  genomic DNA cloned from an Sv-128 P1 library, as described previously
and insulin Joading tests were performed 2-7 days after injection of mice with  (Hill et al., 2003). As female SeP knockout mice had inconsistent phenotypes,
SIRNA. only male mice were used in this study.
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A C57BL/6J mouse liver B Mouse liver Figure 7. SeP Reduces Phosphorylation of AMPK and
ACC in Hepatocytes
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All data were analyzed using the Japanese Windows Edition of the Statistical
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as the mean + SEM. Differences between two groups were assessed with
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sessed by analysis of variance (ANOVA). Glucose and insulin tolerance tests
were examined with repeated-measures ANOVA,
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Background & Aims: The mechanisms of treatment resistance to
interferon (IFN) and ribavirin (Rib) combination therapy for hep-
atitis C virus (HCV) infection are not known. This study aims to
gain insight into these mechanisms by exploring hepatic gene
expression before and during treatment.

Methods: Liver biopsy was performed in 50 patients before ther-
apy and repeated in 30 of them 1 week after initiating combina-
tion therapy. The cells in liver lobules (CLL) and the cells in portal
areas (CPA) were obtained from 12 patients using laser capture
microdissection (LCM).

Results: Forty-three patients were infected with genotype 1 HCV,
20 of who were viral responders (genotype 1-Rsp) with treatment
outcome of SVR or TR, while 23 were non-responders (genotype
1-nonRsp) with NR. Only seven patients were infected with geno-
type 2. Before treatment, the expression of IFN and Rib-stimulated
genes (IRSGs), apoptosis-associated genes, and immune reaction
gene pathways was greater in genotype 1-nonRsp than in Rsp.
During treatment, IRSGs were induced in genotype 1-Rsp, but
not in nonRsp. IRSG induction was irrelevant in genotype 2-Rsp
and was mainly impaired in CLL but not in CPA. Pathway analysis
revealed that many immune regulatory pathways were induced
in CLL from genotype 1-Rsp, while growth factors related to angi-
ogenesis and fibrogenesis were more induced in CPA from geno-
type 1-nonRsp.

Conclusions: Impaired IRSGs induction in CLL reduces the sensi-
tivity to treatment for genotype 1 HCV infection. CLL and CPA in
the liver might be differentially involved in treatment resistance.
These findings could be useful for the improvement of therapy for
HCV infection.

Keywords: HCV: IFN; LCM; Gene expression,

Received 12 October 2009; received in revised form 29 April 2010; accepted 30 April
2010; available online 15 July 2010

“ Corresponding author. Address: Department of Gastroenterology, Kanazawa
University, Graduate School of Medicine, Takara-Machi 13-1, Kanazawa 920-
8641, Japan. Tel.: +81 76 265 2235; fax: +81 76 234 4250.

E-mail address: skaneko@m-kanazawa.jp (S. Kaneko).

Abbreviations: HCV, hepatitis C virus; HBV, hepatitis B virus; miRNA, micro RNA;
CH-B, chronic hepatitis B; CH-C, chronic hepatitis C; HCC-B, hepatitis B-related
hepatocellular carcinoma; HCC-C, hepatitis C-related hepatocellular carcinoma;
OCT, optimum cutting temperature.

ELSB\’IER

© 2010 European Association for the Study of the Lwer Published
by Elsevier B.V. All rights reserved.

Introduction

A human liver infected with hepatitis C virus (HCV) develops
chronic hepatitis, cirrhosis, and in some instances, hepatocellu-
lar carcinoma (HCC). Although interferon (IFN) and ribavirin
(Rib) combination therapy has become a popular modality for
treating patients with chronic hepatitis C (CH-C), about 50% of
patients relapse, particularly those with genotype 1b and high
viral load [8]. The reasons for treatment failure are poorly
understood. Many studies of IFN and Rib combination therapy
for CH-C suggested that patients who cleared HCV viremia early
during therapy tended to show favorable outcomes. On the other
hand, patients who needed a longer period to clear HCV had
poorer outcomes [4,7,17], and those who showed no response
(no or minimal decrease in HCV-RNA) to IFN and Rib combina-
tion therapy hardly ever achieved a sustained viral response
(SVR).

To elucidate the underlying mechanism of treatment resis-
tance, expression profiles in the liver [3,6,20] and peripheral
mononuclear cells (PBMC) [10,21] during IFN treatment for
CH-C patients have been examined. In chronic viral hepatitis,
increased numbers of immune regulatory cells infiltrate the
liver. These liver-infiltrating lymphocytes (LILs) might play
important roles for virus eradication and are potentially linked
to treatment outcome. Previously, we selectively isolated cells
in liver lobules (CLL) and cells in the portal area (CPA) from
biopsy specimens using laser capture microdissection (LCM)
and analyzed their gene expression profiles [11,19]. From these
profile analyses, it could be inferred that the majority of CLL
were hepatocytes and the majority of CPA were lymphocytes,
although other cellular components such as Kupffer cells, endo-

thelial cells, myofibroblasts, and bile duct cells co-existed as -

well.

To gain further insight into the mechanisms of therapy resis-
tance, we analyzed expression profiles in CLL and CPA in addition
to whole liver tissues during IFN therapy for CH-C.
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Materials and methods We defined treatment outcomes according to the decrease in viremia as fol-
lows: sustained viral response (SVR), clearance of HCV viremia at 24 weeks after
cessation of therapy; transient response (TR), no detectable HCV viremia at

Patients 24 weeks but relapse during the follow-up period; and nonresponse (NR), HCV
viremia detected at the cessation of therapy. We defined a patient who achieved
Patients with CH-C were enrolled in this study at the Graduate School of SVR or TR as a viral responder (Rsp) and a patient who exhibited an NR as a non-
Medicine, Kanazawa University Hospital, Japan, between 2001 and 2007 responder (nonRsp). As patient 10 stopped treatment at 5 weeks. due to an
(Tables 1 and 2). Prior to the study, we obtained the required approvals, namely: adverse side effect, we grouped this patient as-Rsp based on the observed viral
informed consent from all participating patients and ethics approval from the decline within 2 weeks (Table 1). '
ethics committee for human genome/gene analysis research at Kanazawa Univer- HCV genotype was classified by the methods described by Okamoto et al. [ 16]
sity Graduate School of Medical Science. Thirty patients were administered IFN-ot Twenty-three patients were infected with genotype 1b and seven patients were
2b (6 MU: every day for 2 weeks, then three times a week for 22 weeks) infected with genotype 2 (2a: 6, 2b; 1) (Tables 1 and 2).
(Schering-Plough KK, Tokyo, Japan) and Rib (10-13 mg/kg/day) combination Patient serum was aliquoted and stored at —20°C until use. HCV-RNA was
therapy for 24 weeks (Table 1). Twenty patients were administered Peg-IFN-u serially monitored by quantitative real-time detection (RTD)-PCR (COBAS® Ampli-
2b and Rib combination therapy for 48 weeks (Table 2). The final outcome of Prep/COBAS® TagMan® System®) [9] before treatment, at 48 h, 2 weeks and
the treatment was assessed at 24 weeks after cessation of the combination ther- 24 weeks after initiation of therapy and at 24 weeks after cessation of therapy.
apy. In addition, 10 samples of normal liver tissues obtained during surgery for The grading and staging of chronic hepatitis were histologically assessed
metastatic liver cancer were used as controls. according to the method described by Desmet et al. (Table 1) [5].

Table 1. Characteristics of study patients who received IFN and ribavirin combination therapy.

Liver HCV-RNA
ALT (1U/ml) histology (Log tU/ml) Viral kinetics
PtNo. Sex Age § Before During Before During LCM Before  48h 2wk 24wk Tstphase 2nd phase Viral Outcome
(yr) 8 therapy therapy  therapy  therapy therapy delinie decline response
8 F A F A Logi24 h  Logiweek

1 M 48 - 1 83 45 11 11 + 6.6 45 35 - 1.1 0.5 Rsp .- SVR
2 M 32 ib 192 95 11 11 - 64 38 32 - 13 04 Rsp SVR
3 F 50 1 57 37 11 11 - 58 25 15 - 1.7 0.5 Rsp TR
4 M 36 1 118 "7 11 11 + 6.1 44 42 + 0.9 01 nonRsp  NR
5 M 54 1b 82 69 f 1 11 - 6.6 5.1 39 + 0.8 . 06 nonRsp- NR
6 M 43 1b 143 116 11 11 - 6.3 4.4 4.1 + 1.0 0.2 nonRsp NR
7 M .48 1b 33 30 11 11 + 1.5 00 00 - >0.8 - Rsp SVR
8 M 52 b 316 374 12 11 - 4.7 51 39 + -0.2 © 06 nonRsp  NR
9 ™M 45 1. 112 39 10, 20 - 6.2 51 57 + 06 -0.3 nonRsp NR
10 M 48 1b 48 30 22 2 1 + 6.4 40 26 NA 1.2 038 Rsp NA
11 M 52 1b 114 80 22 21 - 6.1 37 30 - 1.2 0.4 Rsp TR
12 F 63 1b 38 30 21 21 - 5.2 4.2 45 + 05 -0.2 nonRsp  NR
13 M 58 b 90 83 2 2 2 2 6.9 49 58  + 1.0 -04 nonRsp  NR
14 F 61 1 87 43 21 21 6.5 ' 39 37 + 1.3 0.1 nonRsp  NR
15 F 64 i 133 111 21 3 2 - 6.0 44 36 + 0.8 04 nonRsp  NR
16 F 62 b 251 159 32 32 - 4.8 27 15 - 1.1 0.6 Rsp SVR
17 M 54 b 211 205 3 2 3 2 * 6.7 00 00 - >3.4 - " Rsp SVR
18 F 68 b 153 145 3 2 3 2 + 4.9 43 35 + 0.3 04 ‘ nonRsp  NR
19 F 69 b 64 43 32 32 - 44 15 00 - 15 0.8 Rsp E SVR
20 M 49 b 91 83 32 32 + 6.6 42 38 + 1.2 0.2 nonRsp  NR
21 M 55 ib 187 196 4 1 4 2 - 5.8 5.1 56 + 0.4 -0.3 nonRsp  NR
22 F 45 b 113 75 4 2 3 3 - 57 42 27 - 08 0.8 Rsp TR
23 M 60 b 86 49 4 2 31 - 6.3 35 35 o+ 14 0.0 nonRsp ~ NR
24 F 51 2b 98 30 11 11 - 2.7 15 00 - 0.6 0.8 Rsp SVR
25 M 37 2a 241 211 10 10 - 4.0‘ 15 g0 - 1.3 0.8 Rsp SVR
26 F 45 22 9 33 21 21 - 54 22 15 - 1.6 04 Rsp TR
27 M 46 2a 101 45 21 21 + 36, 00 00 - >1.8 - Rsp SVR
28 M 54 2a 186 177 32 21 + 4.2 00 00 - >2.1 - Rsp SVR
29 F 68 2a 234 135 31 3 2 * 4.6 31 00 - 0.8 1.7 Rsp SVR
30 M 67 2a 155 163 4 2 4 2 - 39 15 00 - 12 0.8 " Rsp SVR

First phase decline was determined by subtracting HCV-RNA at 48 h from before therapy.

Second phase decline was determined by subtracting HCV-RNA at 2 wk from 48 h,

NA, not applicable; LCM, laser capture microdissection; ALT, alanine aminotransferase; SVR, sustained viral response; A, activity; NR, nonresponse; F, fibrosis; TR, transient
response; Rsp, viral responder, patients with SVR or TR; nonRsp, non-viral responder; patients with NR; HCV-RNA was assayed by COBAS® AmpliPrep/COBAS® TagMan®
System® (Log IU/mL).
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Table 2. Characteristics of patients who received Peg-IFN and ribavirin combination therapy and normal control.

ALT Liver HCV-RNA
(1U/ml) histology (Log 1U/mI)
Viral
PtNo. Sex Age (yr) Genotype ngrc;r:y aeefggy :}eef;rsy 2wk dwk 24wk response  Outcome
F A

1 M 57 - 1b © 68 1 1 6.5 - - . Rsp " 8VR
2 F 56 1b 31 1 1 6.5 44 - - Rsp SVR
3 M 63 1b 50 1 1 6.1 = - = Rsp SVR
4 M 44 1b 45 1 1 8.5 3.7 - - Rsp SVR
5 F 51 - 1b 27 2 1 6.5 41 - - . Rsp SVR
6 M 58 1b 72 2 1 6.2 . - - - Rsp SVR
7 M 60 1b 71 2 2 6.2 3.9 - - Rsp SVR
8 F 52 1b 58 2 2 6.5 4.1 - . Rsp SVR
9 F 62 1b 60 3 2. 5.9 3.8 - - Rsp SVR
10 M 55 1b 106 3 2 6.4 - - - Rsp SVR
11 M 30 1b 31 1 -1 6.4 6.1 59  + nonRsp NR
12 F 55 1b 23 1 2 6.5 6.1 5.9 + nonRsp NR
13 M 58 1b 129 1 2 6.3 6.0 58 + nonRsp NR
14 M 42 1b 326 2 1 6.6 6.2 5.8 + nonRsp NR
15 F 61 1b R 4 2 1 6.1 5.9 57 o+ nonRsp NR
16 F 44 1b 31 2 2 5.5 5.3 4.7 - nonRsp NR
17 M 51 1b 38 2 2 6.5 6.2 5.9 + nonRsp NR
18 F 55 1b a7 2 2 6.7 6.3 6.1 + nonRsp NR
19 M 59 1b 31 3 2 6.7 5.9 5.7 + nonRsp NR
20 F 53 1b 71 3 2 5.9 5.8 5.8 + nonRsp NR
21 F 51 - 18 0 0 : - - - - :
22 F 78 . 13 0 0 - - - - - -
23 M 75 - 20 0 0 - - - - - -
24 M 34 - 12 0 0 - - - . - -
25 M 64 - 30 0 0 . . - 5 s -
26 M 78 - 9 0 0 . . £ - - -
27 M 53 . 19 0 0 - - - ’ - -

28 F 64 : 12 0 0 - . . . - -
29 F 60 - 20 0 0 - 2 - - - v

30 M 86 = ' 26 0 0 - - - - = -

SVR, sustained viral response; NR, nonresponse; Rsp, viral responder, patients with SVR or TR; nonRsp, non-viral responder; patients with NR.

Preparation of liver tissue samples

Liver biepsy samples were taken from all the patients at around 1 week before
treatment and at 1 week after starting therapy (Fig. 1A). The biopsy samples were
divided into three parts: the first part was immersed in formalin for histological
assessment, the second was immediately frozen in liquid nitrogen tank for future
RNA isolation, and the final part was frozen in OCT compound for LCM analysis
and stored at -80 °C until use. As a control, a liver tissue sample was surgically
obtained from a patient who showed no clinical signs of hepatitis and was ana-
lyzed as described previously [11].

CLL and CPA were isolated by LCM using a CRI-337 (Cell Robotics, Albuquer-
que, NM, USA) (Supplementary Fig. 1) from the liver biopsy specimens frozen in
OCT compound. The detailed procedure for LCM is described in the Supplemen-
tary materials and methods and was performed as previously described [11,19].

RNA isolation and Affymetrix gene chip analysis

Total RNA in each liver biopsy specimen was isolated using the RNAqueous® kit
(Ambion, Austin, TX, USA). Total RNA in the specimens frozen for LCM was iso-
lated with a carrier nucleic acid (20 ng poly C) using RNAqueous®-Micro (Ambi-
on). The quality of the isolated RNA was estimated after electrophoresis using an

Agilent 2001 Bioanalyzer (Palo Alto, CA, USA). Aliquots of total RNA (50 ng) iso-
lated from the liver biopsy specimens were subjected to amplification with the
WT-QOvation™ Pico RNA Amplification Systemn (NuGen, San Carlos, CA, USA) as
recommended by the manufacturer. About 10 pg of cDNA was amplified from
50 ng tatal RNA, and 5 pg of cDNA was used for fragmentation and biotin labeling
using the FL-Ovation™ ¢DNA Biotin Module V2 (NuGen) as recommended by the
manufacturer. The biotin-labeled cDNA was suspended in 220 ! of hybridization
cocktail (NuGen), and 200 pl was used for the hybridization, Half of the total RNA
isolated from the LCM specimens was amplified twice with the TargetAmp™
2-Round Aminoallyl-aRNA Amplification Kit 1.0 (EPICENTRE, Madison, W1, USA).
Twenty-five micrograms of amplified antisense RNA were used for biotin labeling
according to the manufacturer's protocol Biotin-X-X-NHS (provided by EPICEN-
TRE). The biotin-labeled aRNA was suspended in 300 ! of hybridization cocktail
(Affymetrix Inc., Santa Clara, CA, USA), and 200 pl was used for the hybridization
with the Affymetrix Human 133 Plus 2.0 microarray chip containing 54.675
probes, After stringent washing, the microarray chips were stained with strepta-
vidin-phycoerythrin, and probe hybridization was determined using a GeneChip®
Scanner 3000 (Affymetrix). Data files (CEL) were obtained with the GeneChip®
Operating Software 1.4 (GCOS) (Affymetrix). All the expression data were depos-
ited in Gene Expression Omunibus (GEQ; http:/fwww.ncbi.nim.nih.gov/geo/}
(NCBI) and the accession ID is GSM 425,995, The experimental procedure is
described in detail in the Supplementary materials and methods.
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Statistical and pathway analysis of gene chip data

Statistical analysis and hierarchical clustering were performed by BRB-ArrayTools
(http:/flinus.nci.nih.gov/BRB- ArrayTools.htm). A class comparison tool based on
univariate or paired t-tests was used to find differentially expressed genes
(p <0.005). To confirm statistical significance, 2000 random permutations were
performed, and all of the t-tests were re-computed for each gene. The gene set
comparison was analyzed using the BioCarta and the KEGG pathway data bases.
The Fisher and Kolmuogorov-Smirnov tests were performed for statistical evalua-
tion (p <0.005) (BRB-ArrayTools). Functional ontology enrichment analysis was
performed to compare the Gene Ontology (GO) process distribution of differen-
tially expressed genes (p <0.05) using MetaCore™ (GeneGo, St. Joseph, Ml, USA).

For the comparison of standardized expression values among different pathway

groups, standard units (Z-score) of each gene expression value were calculated as:
Xi=Xm
===

where X, is the raw expression value, X, is the mean of the expression values in
the pathway, and S is the standard deviation of the expression values.

The standard units in each pathway were expressed as mean + SEM. A P-value
of less than 0,05 was considered significant. Multivariate analysis was performed
using a logistic regression model with a stepwise method using JMP7 for Win-
dows (SAS Institute, Cary, NC, USA).

Quantitative real-time detection (RTD)-PCR

We performed quantitative real-time detection PCR (RTD)-PCR using TagMan
Universal Master Mix (PE Applied Biosystems, CA). Primer pairs and probes for
Mx1, IF144 and [FITM1, and GAPDH were obtained from TagMan assay reagents
library (Applied Biosystems, CA).

Results

Serial changes in HCV-RNA after initiation of IFN-o: 2b and Rib
combination therapy i

Serial changes in HCV-RNA were monitored at 48 h, 2 weeks, and
24 weeks after the initiation of therapy (Table 1). The biphasic

820

viral decline after the initiation of IFN therapy has been charac-
terized [14,15,18]. We calculated the first phase decline by com-
paring viral load before therapy and after 48 h, and the second
phase decline by comparing viral load after 48 h and 2 weeks
(Table 1) [14,15,18]. Both the first and the second phase declines
could be associated with treatment outcome and interestingly,
viral responders (Rsp) who achieved SVR or TR showed more than
a 1-log drop of first phase decline (Log/24 h) and more than a 0.3~
log drop of second phase decline (Log/w) (Table 1). In contrast,
non-responders (nonRsp) who exhibited NR failed to meet the
criteria, The first phase decline of Rsp and nonRsp were
138%0.65log/24h and 0.77 + 0.44 log/24 h (p = 0.005), respec-
tively. The second phase decline of Rsp and nonRsp were
0.71 £0.34 log/w and 0.11 + 0.34 log/w (p = 0.0001), respectively.
Therefore, the classification of Rsp or nenRsp according to the
treatment outcome might be feasible based on the viral kinetic
responses to [FN. All but one patient infected with genotype 2
HCV eliminated the virus within 2 weeks. There were no signifi-
cant differences in the degree of histological activity or staging,
nor in the sex, age, or alanine aminotransferase (ALT) level among
these patients (Table 1). The amount of HCV-RNA was signifi-
cantly lower in genotype 2 patients (4.06 £ 0.32 log 1U/ml) than
in genotype 1 patients (5.70 £ 1.10 log IU/ml) (Table 1).

Identification of IFN-o 2b plus Rib-induced genes in the livers of
patients with chronic hepatitis C infection

To identify the genes induced in the liver by combination treat-
ment with IFN-a 2b plus Rib, the gene expression profiles from
samples taken around 1 week before and 1 week after initiation
of therapy were compared. The pairwise t-test comparison
showed that 798 genes were up-regulated and 220 genes were
down-regulated significantly (p <0.005). The 100 most up-regu-
lated genes according to p values were selected; these are listed
in Supplementary Table 1. Many of the interferon-stimulated
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genes (ISGs), such as Myxovirus (influenza virus) resistance 1
(MX), 2',5-oligoadenylate synthetase (OAS), chemokine (C-C
motif) ligand 8 (CCL8), and interferon alpha-inducible protein
27 (IF1 27), were significantly induced. (Supplementary Table 1).
We designated these genes as IFN and Rib-stimulated genes (IRS-
Gs) and analyzed them further. ‘

Hepatic gene expression and responsiveness to IFN-& 2b and Rib
combination therapy

To investigate the relationship between hepatic gene expression
and responsiveness to treatment, we applied nonsupervised
learning methods, hierarchical clustering analysis using all the
expressed genes (n=34,988) from samples taken before and
1 week after initiation of therapy. While hierarchical clustering
analysis did not form clusters when done for all patients, it
formed two clusters - Rsp and nonRsp - when performed within
genotype 1 patient (data not shown).

JOURNAL OF HEPATOLOGY

Fold changes in expression in the 100 most up-regulated IRS-
Gs, before and during therapy, were calculated and subjected to
hierarchical clustering, and this clearly differentiated Rsp, which
exhibited higher IRSGs induction, from nonRsp, as shown in
Fig. 1A and Supplementary Table 1. Despite the rapid virus
decline in genotype 2 patients, IRSG induction was not so evident
in these patients. »

Unexpectedly, the hierarchical clustering of IRSG expression
in samples taken before treatment showed a reverse pattern of
gene expression (Fig. 2B): IRSG induction was significantly higher
in nonRsp than in Rsp. Upon treatment, the expression of IRSGs
was meore induced in Rsp than in nonRsp (Fig. 1C).

The findings were confirmed in patients who were adminis-
tered Peg-IFN-a 2b and Rib combination therapy (Table 2). IRSG
expression was induced in CH-C infected livers'and substantially
up-regulated in nonRsp compared with Rsp (Supplementary
Fig. 1). Multivariate logistic analysis including age, sex, fibrosis
stage, activity, HCV-RNA, genotype, treatment regime, ALT and
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Fig. 2. (A) LCM of liver biopsy samples before and during treatment. (B) Heat map of gene expression of IRSGs in CLL and CPA before and during treatment, (C) Serial
changes in standardized expression values (Z-score) of IRSGs in CLL and CPA from genotype 1-Rsp, genotype 1-nonRsp, and genotype 2 patients before and during

treatment.
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expression pattern of IRSGs (up or down) of the 50 patients
before treatment showed that genotype 2 (p<0.0001, Odds =
4 % 107) and down-regulated IRSGs (p <0.0001, Odds = 71.2) are
significant variables associated with SVR.

Gene expression analysis in cells in liver lobules (CLL) and portal area
(CPA)

To explore these findings in more detail, we examined the gene
expression profiles of CLL and CPA that had been isolated sepa-
rately from whole liver biopsy specimens of 12 patients, using
the LCM method before and during treatment (Fig. 2A). The rep-
resentative differentially expressed genes between CLL and CPA
are shown in Supplementary Tables 2-1 and 2-2. In CLL, liver-

specific proteins and enzymes, such as cytochrome P450, apoli-
poprotein, and transferrin, were all expressed. In CPA, cytokines,
chemokines and lymphocyte surface markers, such as chemokine
(C-X-C motif) receptor 4, interleukin-7 receptor and CD83 anti-
gen, were all expressed (Supplementary Tables 2-1 and 2-2).
The results confirmed our previous speculation that cells from
the lobular area were mostly of hepatocyte origin and that those
from the portal area were mostly of liver-infiltrating lymphocyte
origin [11,19].

IRSG expression in CLL and CPA from genotype 1-Rsp and non-
Rsp is shown in Fig. 2B. In genotype 1-Rsp, IRSG expression was
significantly induced in both CLL and CPA by the treatment
(Fig. 2B and C). On the other hand, in genotype 1-nonRsp and
genotype 2, IRSG induction was impaired especially in CLL, while

Table 3. Up- and down-regulated pathways by gene set comparison between Rsp and nonRsp of genotype 1 patients before therapy (BRB-array tool).

Pathway ‘No. LS KS Representative Mean probe intensity
of genes p value p value Genes of representative genes
Rsp nonRsp Normal
(n =20) (n=23) (n=10)
Up-regulated in slow viral drop
IFN alpha signaling pathway ‘ 21 0.00001 0.00300 STAT1 1608 N7 686
’ IRF9 1249 1842 614
IFNAR2 1882 1988 . 903
Apoptotic Signaling in 55 0.00001 0.07974 CASP3 675 870 426
Response to DNA Damage CASP7 1165 1510 1264
CASPS 355 403 264
TP53 1465 1797 1028
Toll-ike receptor signaling pathway 150 0.00006 0.06659 CXCL10 1922 3979 193
CXCL11 176 321 51
MYD88 1022 1372 723
TIRAP 582 722 447
Wnt signal pathway 55 0.00009 0.16058 EIF2AK2 664 1190 484
CCND1 2439 3558 1162
APC 143 186 154
PIK3R1 1570 1906 682
Antigen processing and presentation 139 0.00117- 0.00081 - = TAP2 169 317 93
HLA-A 11005 14726 6221
HLA-B 13144 17942 . 6823
HLA-C 1937 3993 783
Jak-STAT signaling pathway 220 0.00180 0.13154 STAT2 716 1065 274
IL28RA 390 544 204
IL10RB 398 506 338
Down-regulated in slow viral drop T o
Metabolism of xenabiotics by 98 1 0.00018 0.00082 CYP3A4 15219 10118 10256
cytochrome P450 CYP2E1 29129 24549 30929
AKR1C4 6126 4898 .6671
Fatty acid metabolism 88 0.00480 0.05373 ACADL 826 687 785
i ALDH2 18325 16337 21844
HSD17B4 9619 8807 . 10653
ACAD11 6858 6238 8279
ACOX1 6988 5862 8279

No. of genes, the number of genes comprising the pathway, Rsp, viral responder, patients with SVR or TR; nonRsp, non-viral responder; patients with NR,
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patients before and during treatment in whole liver, CLL, and CPA.
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it was nearly preserved in CPA from three of five patients (Fig. 2B
and C). Thus, IRSG induction in CLL could play an essential role in
the eradication of the virus in genotype 1 CH-C patients.

Pathway analysis of gene expression in the livers of genotype 1-Rsp,
genotype 1-nonRsp and genotype 2

To explore which signaling pathway contributed to the impaired
IRSG induction, pathway comparisons between genotype 1-Rsp
(n=20) and genotype 1-nonRsp (n = 23) before treatment were
performed (Table 3). Gene set comparison was analyzed based
on the database of BioCarta and KEGG pathways. The Fisher
and Kolmogorov-Smirnov tests were performed for statistical
evaluation (p <0.005) (BRB-ArrayTools). The mean probe intensi-
ties of representative genes in individual pathways are shown in
Table 3. In genotype 1-nonRsp, the signaling pathways of IFN-o,
apoptosis, and many of the immune pathways, such as those
involved in antigen presentation, and the toll-like receptor
(TRL) and Jak-STAT signaling pathways, were generally expressed
at significantly higher levels before treatment than genotype
1-Rsp (Table 3 and Fig. 3). During treatment, the immune path-
ways were significantly up-regulated in genotype 1-Rsp, while
they were not up-regulated in genotype 1-nonRsp and genotype
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2 (Fig. 3, whole liver). When the CLL and CPA were analyzed sep-
arately, significant induction of these pathways was observed in
CLL of genotype 1-Rsp but not of genotype 1-nonRsp and geno-
type 2 (Fig. 3, CLL). However, similar induction patterns were
observed in CPA among genotype 1-Rsp, genotypel-nonRsp,
and genotype 2 patients (Fig. 3, CPA). Thus, these immune path-
ways should be activated in CLL for the elimination of virus.

We then evaluated the extent of the innate immune response
to treatment. The expression of 10 innate immune response
genes was strongly induced in CLL from patients of genotype
1-Rsp but not from genotype 1-nonRsp and genotype 2 patients,
although these genes were similarly induced in CPA among these
patients (Supplementary Table 3 and Fig. 3).

To examine which signaling pathways were differentially
induced during treatment, we utilized MetaCore™. MetaCore™
is more feasible for pathway analysis using a relatively low num-
ber of cases, and was therefore selected to analyze the LCM sam-
ples in this study. The network processes involving genes for
which the differential expression was statistically significant
{(p <0.05) in genotype 1 patients are shown in Fig. 4. Before treat-
ment, many of the immune mediated pathways, such as [FN-o,
cell adhesion, IFN-y, and TCR, were up-regulated in whole liver
specimens from genotype 1-nonRsp compared with Rsp. Similar
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Fig. 4. Functional ontology enrichment analysis of differentially expressed genes (p < 0.05) using MetaCore™, GeneGo network process of differentially expressed
genes between genotype 1-Rsp (white bar) and genotype 1-nonRsp (blue bar) are listed in order of decreasing statistical significance.
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immune-mediated pathways were up-regulated in CLL of geno-
type 1-nonRsp. In CPA, many of the pathways associated with cell
proliferation and DNA damage were up-regulated, reflecting the
active inflammatory process in the lymphocytes of genotype
1-nonRsp (Fig. 4A-C). During treatment, many of the immune
reactive pathways, such as IFN, NK cell, and antigen presenting:
were induced in the whole liver and CLL specimens from genotype
1-Rsp but not in nonRsp (Fig. 4D and E). In contrast, the expression
of IFN-inhibitory genes was significantly induced in CLL from
nonRsp during treatment (Table 3 and Fig. 4). Interestingly, in
CPA, the IFN pathway was induced in genotype 1-Rsp and nonRsp
to the same degree; however, signaling pathways related to angi-
ogenesis and fibrogenesis, such as FGF, Wnt, TGF-beta, Nocth, and
VEGF signaling, were induced more in CPA from genotype 1-non-
Rsp than from Rsp (Figs. 3 and 4F). Thus, differential expression of
signaling pathways could be observed in CLL and CPA obtained
from genotype 1-Rsp and nonRsp.

Discussion

IFN and Rib combination therapy has become a commonly used
modality for treating patients with CH-C, although the precise
mechanism of treatment resistance is unclear. With the develop-
ment of methods to quantitatively assess viral kinetics during
treatment, studies were able to demonstrate that patients who
cleared HCV in the early period showed favorable outcomes,
whereas patients who needed a longer time to clear HCV experi-
enced poor outcomes [4,7,17). Thus, early clearance of virus after
initiation of treatment is one of the important determinants for
the complete eradication of HCV. '

In this study, we analyzed gene expression from liver biopsy
samples obtained before and at 1week after initiation of
treatment to investigate the precise mechanisms involved in
treatment and treatment resistance. Although global gene
expression profiles in the liver and PBMC during IFN treatment
in a chimpanzee have been reported [12,13], the relationship
between the expression profiles and clinical outcome could not
be evaluated.

During the preparation of this study, two reports using a sim-
ilar approach have been published [6,20]. For example, Feld et al.
[6] analyzed gene expression in the livers of CH-C patients on
treatment. The authors, however, compared gene expression
among different patients at initiation (n= 19; 5 rapid responders,
10 slow responders, 4 naive) and during treatment (n=11; 6
rapid responders, 5 slow responders). Because patients were
not serially biopsied before and during the treatment, true treat-
ment-related gene induction could not be evaluated. Moreover,
half of the on-treatment group was administered Rib alone for
three days prior to liver biopsy. In the other report, Sarasin-Fili-
powicz et al. [20] extensively analyzed serial liver biopsy speci-
mens under the treatment; however, the number of the
patients enrolled in their study was relatively low and heteroge-
neous with respect to the infected genotypes. Our study has
extended their findings and provides further insights into the
mechanism of IFN resistance by analyzing gene expression in
CLL and CPA separately for the first time. The analysis of genotype
2 HCV also enabled us to understand the importance of the differ-
ing sensitivities to IFN between strains.

JOURNAL OF HEPATOLOGY

By comparing gene expression in serial liver biopsy specimens
obtained at initiation and during treatment, IFN- and Rib-stimu-
lated genes (IRSGs) in the livers of patients with CH-C could be

identified (Supplementary Table 1). Our study clearly demon-

strated that IRSG induction correlated with the elimination of
HCV in patients with genotype 1 in accordance with previous
results [6,20]. The patients who did not show a response to treat-
ment had poor induction of IRSGs (Fig. 1A). In contrast, IRSG
expression before treatment showed an opposite pattern of
expression. IRSGs were induced in genotype 1-nonRsp rather
than in genotype 1-Rsp. This finding was first described by Chen
et al. [3] and confirmed by others [1,6,20]. Asselah et al. [ 1] exten-
sively analyzed 58 curated ISGs published previously by RTD-PCR
and found that three genes (IFI27, CXCLS and IFI-6-16) were pre-
dictive of treatment outcome. However, only 12 of their 58
curated genes were also included in the 100 most up-regulated
genes we observed during treatment (Supplementary Table 1).
Therefore, more valuable genes for the prediction of treatment
outcome might exist and our gene list could be useful for further
selection of predictors of treatment outcome.

We showed that different levels of IRSG induction before
treatment was associated with up-regulation of different signal-
ing pathways, such as apoptosis and inflammatory pathways, in
genotype 1-nonRsp, although histological assessment of activities
and stages could not differentiate the two groups of patients.
During treatment, these pathways, including the innate immune
response for IFN production, were significantly induced in geno-
type 1-Rsp but not in genotype 1-nonRsp. The results suggest
that previous up-regulation of IRSGs might be linked to impaired
induction of JRSGs and contribute to poor treatment response in
patients with genotype 1. Interestingly, an impaired IRSG induc-
tion was mainly noticeable in CLL, but not in CPA, and the results
were confirmed by RTD-PCR (data not shown). These results sug-
gest that IRSG induction in HCV-infected hepatocytes could play
an essential role in the eradication of the genotype 1 virus in
CH-C patients.

However, these scenarios did not apply in patients with geno-
type 2 HCV in this study. Despite the presence of active inflam-
mation before treatment and unsatisfactory IRSG induction
during treatment, these patients showed rapid responses to treat-
ment and favorable treatment outcomes. It could be speculated
that genotype 2 HCV is far more sensitive to IFN than genotype
1 HCV, and small IRSG induction might be enough to eradicate
the virus. Further studies are needed to confirm these results.

We precisely analyzed the expression profiles in CLL and CPA
which were obtained using the LCM method. Although IRSGs and
other immune regulatory genes were similarly induced in the
CPA of genotype 1-Rsp and nonRsp, more of the angiogenic-
and fibrogenic-related genes were induced in CPA of genotype
1-nonRsp (Fig. 4C and F). Therefore, growth factors released from
CPA might be involved in poor IRSG induction in CLL of genotype
1-nonRsp. )

In summary, by comparing the hepatic gene expression in
CH-C patients with different treatment outcomes, we identified
a gene expression signature characteristic of IFN resistance. Our
study is very important for two reasons: first, it will help in the
development of new therapeutic strategies, and second, we have
identified many of the genes found to be up-regulated between
genotype 1-Rsp and nonRsp, which encode molecules secreted
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in serum (cytokines). Therefore, the study represents a logical
functional approach for the development of serum markers as
predictors of response to treatment |2]. The precise mechanisms
underlying these findings should be clarified further in future
studies.
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La Protein Required for Internal Ribosome
Entry Site-Directed Translation Is a Potential
Therapeutic Target for Hepatitis C Virus Replication
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Background. Translation of the hepatitis C virus (HCV) is mediated by an internal ribosome entry site (IRES).
Here, we analyzed the functional relevance of La protein for replication of HCV using an infectious HCV clone,

JFH-1.

Methods. A single-nucleotide mutation from A to U was introduced at the 338th nucleotide in the stem-loop

domain IV structure of HCV IRES, which stabilized stem-loop IV and abolished translation and replication of
JFH-1 almost completely.

Results. During JFH-1 replication, translation initiation factors required for HCV IRES activity, mcludmg La
protein, polypyrimidine tract binding protein (PTB), PSMA7, and PCBP2, were significantly induced in Huh-7.5
cells. Interestingly, JFH-1 infection increased telomerase activity and induced the expression of human telomerase
RNA (hTR) in Huh-7.5 cells. In 37 tissue specimens from patients with chronic hepatitis C, La protein significantly
correlated with the representative essential telomerase components hTR, p23, and HSP90 (P<.001). Recombinant
adenovirus that expressed short-hairpin RNA against La protein successfully suppressed the levels of La protein
and core protein of JFH-1 to 30% of that in the control cells.

Conclusions. HCV infection might be strongly related to telomerase activity in the liver through La protein
induction. Inhibition of La protein substantially repressed JFH-1 replxca‘aon, therefore, La protein is a potential

therapeutic target for HCV.

Hepatitis C virus (HCV) is a positive-strand, enveloped
RNA virus that belongs to the genus Hepacivirus in the
family Flaviviridae. A human liver infected with HCV
develops chronic hepatitis, cirrhosis, and in some in-
stances, hepatocellular carcinoma [1]. Although a com-
bination of ribavirin and interferon has become a rou-
tine means of treating infected patients, the results are
often unsatisfactory, especially in patients with a high
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viral load [2]. Identification of host factors that regulate
HCV replication in infected patients could be helpful
in the development of a novel antiviral treatment strat-
egy. It has been reported that various host factors are
associated with HCV infection; however, only a few
proteins have been functionally shown with an infec-
tious HCV clone to regulate HCV replication [3].
The translation of HCV is initiated by a highly struc-
tured RNA segment, the internal ribosome entry site
(IRES), which occupies most of the 5 nontranslated
RNA [4]. Many canonical and noncanonical translation
initiation factors, such as La protein [5], polypyrimi-
dine tract binding protein (PTB) [6], and eukaryotic
initiation factor 3 (elF3), interact with HCV IRES and
might regulate HCV translation. Previously, we re-
ported that HCV IRES activity is highly dependent on
these initiation factors, and it correlated with the ex-

pression of La protein [7, 8). However, the functional -

relevance of these translation initiation factors on HCV
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Figure 1. Organization of the transcriptional unit of plasmids pRL-HL {4) and pRL-EL (B). C and D, Suppression of 14 canonical and noncanonical
initiation factors by specific antisense oligonucleotides. Changes in Aenilla luciferase (RL) and firefly luciferase (FL) (hepatitis C virus—intemal ribosome
entry site [HCV-IRES]~directed translation) activities in RCF-26 (). Changes in RL and FL (encephalomyocarditis virus [ENCV]-IRES—directed translation)
activities in REF-20 (D). *P<.05. Eand £, In vitro translation of pRL-HL and pRL-EL in rabbit reticulocyte lysate. The plasmids pRL-HL or pRL-EL {0.05
10} and increasing amounts of expression vectors (0~0.125 ug) of La protein, polypyrimidine tract binding protein (PTB), elF3p 170, elF2y, PSMA7,
PCBP1, and PCBP2 were co-translated in rabbit reticulocyte lysate. The fold increases in relative HCV IRES activity (£) and ENCV-IRES activity {F) are
shown. *P<.05. Lane 0, O pg; fane 1, 0.025 ug; fane 2, 0.05 pg; lane 3, 0.075 ug; lane 4, 0.1 ug; lane 5, 0.125 pg. *P< .05.

replication had not been fully evaluated. In this study, we found
that the expression of La protein is induced by HCV infection,
and this induced La protein-activated telomerase activity in a
human hepatoma cell line. The results indicate La protein is a
potential therapeutic target for HCV infection.

EXPERIMENTAL PROCEDURES

Expression vector plasmids. The FLAG tag fusion La protein
expression vector (pCMV-La-FLAG) was created by polymerase
chain reaction (PCR), using the La protein expression vector
(pCMV-La) as the template [8]. The forward primer 5-AAT
GAA ATC AGA AGA AA-3 contains an Xba I site, and the
reverse primer 5-TGA TCT AGA TTA CTT ATC GTC GTC
ATC CTT GTA ATC CTG GTC TCC AGC ACC ATT TTC
TGT TTT CTG TTG -3’ contains Xba I and FLAG sites.

Cell lines. Human hepatocellular carcinoma 7 (Huh-7)
cells and Huh-7.5 cells (provided by Professor C. M. Rice,
Rockefeller University) were maintained in Dulbgcco modified

Eagle medium (DMEM; Gibco BRL), which contained 10%
fetal bovine serum and 1% penicillin/streptomycin. The RCF-
26 was a stably transformed cell line from Huh-7 cells that
constitutively expressed dicistronic RNA transcripts containing
sequences encoding 2 reporter proteins—Renilla luciferase and
firefly luciferase—separated by a functional HCV IRES of ge-
notype 1b (Figure 14) [7]. The REF-20 was a stably transformed
cell ine from Huh-7 cells that constitutively expressed dicis-

_ tronic RNA transcripts in which HCV JRES was replaced with

encephalomyocarditis virus (EMCV) IRES (Figure 1B).
Antisense oligodeoxynucleotide. The antisense phospho-
rothicate oligodeoxynucleotides (oligos) designed for HCV
IRES, La protein, PTB, eIF3, eIF2y, S9, poly(A)-binding protein
cytoplasmic 1 (PABPC1), PCBP2, RNPL, and control random-
ized oligo 6961 were described elsewhere [8]. Antisense oligos
for PSMA7, S5, elF4A, elF4E, elF4G, and EMCV IRES were
synthesized. The nucleotide sequences of the antisense oligos
were 5-CTC ATG CCG GCG GGC GGC CG-3' for PSMA7,
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5-GTC ATC CTG AGA ACA CAG CC-3 for S5, 5-GAC ATG
ATC CTT AGA AAC TA-3' for eIF4A, 5'-GCC ATC TTA GAT
CGA TCT GA-3' for eIF4E, 5'- GAC ATG ATC TCC TCT GTG
AT-3 for eIF4G, and 5-TCC ATA TTA TCA TCG TGT TT-3’
for EMCV IRES. The antisense oligos (1.0 wmol/L) were trans-
fected into RCF-26 (Figure 1C) or REF-20 (Figure 1D). After
24 h of transfection, Renilla luciferase (cap-dependent trans-
lation) and firefly luciferase (HCV or EMCV-directed trans-
lation) activities were measured with the Dual-Luciferase Re-
porter Assay System (Promega).

In vitro translation of pRL-HL and pRL-EL in rabbit re-
ticulocyte lysate. In vitro translation of pRL-HL and pRL-EL
was carried out in transcription and translation-coupled rabbit
reticulocyte lysate systems (Promega). In 25 uL of the tran-
scription and translation reaction mixture, 0.05 ug of pRL-HL
or pRL-EL was cotranslated with an increasing amount of plas-
mid DNA (up to 0.125 ug) of La, PTB, PSMA7, elF2-y,
elF3p170, PCBP1, and PCBP2, which were cloned using the
T7 promoter. A 3-uL aliquot was then used to measure Renilla
luciferase and firefly luciferase activities using the Dual-Lucif-
erase Reporter Assay System (Promega).

Site-directed mutagenesis. The plasmid pJFH-1 was used
as the template for introduction of the site-directed mutation
at nucleotide 338 in the 5' nontranslated RNA. The site-directed
mutagenesis reaction was performed using the Pfu Turbo DNA
polymerase PCR system (Stratagene), according to the man-
ufacturer’s instructions.

Transfection of JFH-1 and JFH-1 338U into Huh-7.5 cells.
Ten micrograms of synthetic RNA transcribed from pJFH-1 or
pJFH-1 338U was used for electroporation. Cells were then
pulsed at 260 V and 950 F using the Gene Pulser II apparatus
(Bio-Rad Laboratories).

Infection of Huh-7.5 cells with JFH-1. Seventy-two hours
after transfection, the culture medium was collected, cleared
by low-speed centrifugation at 2000 revolutions per minute at
760g for 10 min, and passed through a Millipore filter (pore
size, 0.45 pm; Millipore Corporation). Part of the filtered cul-
ture medium was diluted 50-fold or 10-fold with DMEM con-
taining 10% fetal bovine serum and 1% penicillin-streptomy-
cin. Diluted culture medium (1 mL) was used for injection of
cells into a well of a 6-well plate or a well containing cover
slips and incubated for 4 h. At 3 days after infection, inoculated
cells grown on cover slips were fixed and stained using anti-
core antibody, as described below. The amounts of HCV RNA,
La-RNA, and human telomerase RNA (hTR)-RNA in inocu-
lated cells were determined by quantitative real-time detection
(RTD)-PCR.

Western blot analysis and immunofluorescence staining.
The expression levels of La protein and PTB in cells were eval-
uated by Western blotting using mouse anti-La antibody (SW5)
and rabbit anti-PTB antibody, as described elsewhere [9]. The

expression of HCV core protein, PSMA?7, elF2y, PCBP2, and
FLAG-tagged La protein was evaluated with mouse anti-core
antibody (Affinity BioReagents), mouse anti-PSMA7 antibody
(Antibodies Direct), rabbit anti-elF2y antibody (Abcam),
mouse anti-huRNP E2 (23-G) antibody (Santa Cruz Bioteqh—
nology), and mouse anti-FLAG antibody (Sigma), respectively.
For immunofluorescence staining, anti~core monoclonal an-
tibodies and Alexa Fluor 488 goat anti-mouse immunoglobulin
G antibody (Invitrogen) were used.

Quantitative RTD-PCR. The primer pairs and probes for
La protein, PTB, elF3 p170, GAPDH, and HCV were obtained
as described elsewhere [8]. The primer pairs and probes for
PSMA?7, elF2y, PCBP2, hTR, p23, Hps90, and B-actin were
obtained from the TagMan assay reagents library. One micro-
gram of isolated RNA was reverse-transcribed to complemen-
tary DNA using SuperScript II RT (Invitrogen) according to
the manufacturer’s instructions, and the resulting complemen-
tary DNA was amplified with appropriate TagMan assay rea-
gents [10].

Telomerase activity assay. The plasmids pCMV-La-FLAG
and pCR3.1 were transfected into Huh-7 cells using Fugene 6
transfection reagent (Roche Applied Science). Forty-eight hours
after transfection, the amounts of hTR-RNA in the transfected
cells were determined by RTD-PCR. The expression of the
FLAG-tag fusion La protein was evaluated by Western blot
analysis. Telomerase activity was measured with a PCR-based
telomerase repeat amplification protocol (TRAP) assay, per-
formed with the TRAPEZE kit (Invitrogen) according to the
manufacturer’s instructions, Each reaction product was am-
plified in the presence of a 36-base pair internal telomerase
assay standard. The PCR products were fractionated by elec-
trophoresis on a 10% polyacrylamide gel and then visualized
by staining with SYBR Green (Molecular Probes).

Construction of recombinant adenovirus expressing short-
hairpin RNA for La protein. The short-hairpin RNA ex-
pression plasmid (pSh-La), which expresses short-hairpin RNA
for La protein (seq: 5-CCG GCC AAG GCA GAA CTC ATG
GAA ACT CGA GTIT TCC ATG AGT TCT GCC TTG GTT
TG-3), was purchased from Sigma. The pSh-La was digested
with the enzymes Hind 111 and BamHI, and the excised frag-
ment, including the short-hairpin RNA, was transferred to the
adenoviral expression plasmid. The adenoviral expression plas-
mid and bovine growth'hormone plasmid were cotransfected
into 293A cells using the CellPhect Transfection kit (GE Health-
care) to produce crude adenoviral stocks. These stocks were
purified using the Adeno-X Virus Purification kit (Clontech
Laboratories) and stored at —80°C. The titers of the adenoviral
stocks were adjusted to 4.0 X 10° PFU/mL.

Twelve hours after JFH-1 RNA transfection, the cells were
washed 3 times with phosphate-buffered saline, and then Ad-

shla or Ad-Null was added at a multiplicity of infection of 10.
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Figure 2. Organization of the full-length JFH-1 and the mutation at nucleotide 338 of stem loop V.,

One hour after injection, the cells were washed 3 times with
phosphate-buffered saline, and complete culture medium was
added.

Statistical analysis. Results were expressed as mean values
+ standard deviation. Significance was tested by 1-way analysis
of variance with Bonferroni methods, and differences were con-
sidered statistically significant at P<.05.

RESULTS

Dependence of HCV IRES activity on translation initiation
factors. To confirm that HCV IRES activity was highly de-
pendent on translation initiation factors, antisense oligonucle-
otides designed for 14 translation initiation factors were trans-
fected into RCF-26 and REF-20 cells, and HCV or EMCV IRES
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Figure 3. A, Hepatitis C virus (HCV) RNA replication determined by real-time detection~polymerase chain reaction {RTD-PCR) in JFH-1, JFH-1/delta
E1-E2, JFH-1/GND, and JFH-1 338U transfectet] cells. *P< .05. **P< .01. B, La RNA expression determined by RTD-PCR in JFH-1, JFH-1/delta F1-
E2, JFH-1/GND, and JFH-1 338U transfected cells. *P<.05. **P<.01. C, Westem blots for detection of HCV core protein and La protein in JFH-1,
JFH-1/delta E1-E2, JFH-1/GND and JFH-1 338U transfected cells. D, Immunofluorescence staining of core protein in Huh-7.5 cells infected with JFH-
1 or JFH-1 338U. £ and £, HCV RNA and La RNA determined by RTD-PCR in Huh-75 cells infected with serial dilution of JEH-1 or JFH-1 338U.
*P< 05, **P< (1.

- 573 -

110z '} Aeniged uo Asienun emezeury| e Bio'sfeurnolpiopxopif wosy papeojumog



