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Knockdown of ATG16L1 did not affect membrane expression of ENT1-GFP in Huh-7.5 cells.

inhibitors BafAl, 3-MA, and HCQ prevent ENT1 degradation and
significantly induce RBV-mediated HCV clearance. These results
suggest that RBV, along with autophagy inhibitors, may be used to
improve the efficacy of RBV antiviral activity against HCV. This
knowledge from HCV studies can be extended to improve the
efficacy of RBV against other RNA and DNA viruses. Combina-
tion therapy of autophagy inhibitors along with RBV should be
explored to inhibit chronic HCV infection, and the strategy may
be extended to include the inhibition of other viral infections,
such as RSV and LASV infections.

An understanding of the molecular basis for how cellular au-
tophagy impairs RBV antiviral efficacy can open novel approaches
for improving HCV clearance by antiviral therapy. Induction of
autophagy by nutrient deprivation or viral infection causes dra-
matic increases in autophagosome formation and cellular lyso-
somal degradation. Autophagosomes originate from the ER
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membrane, Golgi apparatus, plasma membrane, recycling of en-
dosomes, and mitochondria (36). Recently, it was shown that
plasma membrane-derived clathrin-coated vesicles become
ATGI6L1 positive through interactions between ATG16L1 and
the clathrin heavy chain (31). Clathrin-coated vesicles play an im-
portant role in modulating the expression of cell surface proteins
and receptors. Persistent HCV replication in Huh-7.5 cells in-
duces an autophagy response and downregulates the expression of
the clathrin heavy chain. We have confirmed this by flow sorting,
colocalization studies using confocal microscopy, and Western
blot analysis. Using a number of approaches, including the use of
an ENT1-GFP chimera clone, we showed in this study that silenc-
ing of clathrin expression also abolishes ENT1 expression on
hepatocyte membranes and that EN'T1-GFP is concentrated in the
perinuclear area, suggesting that it may be in the ER. Our results
support the hypothesis that clathrin-mediated recycling of ENT1
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is blocked by the HCV-induced autophagy response; HCV-in-
duced autophagy response-mediated clathrin degradation pre-
vents the recycling of ENT1, which forces it to the lysosome for
degradation. These results indicate that clathrin degradation and
ENT1 expression are regulated by the HCV-induced autophagy
response.

Human ENTs, which occur as four isoforms (each with well-
characterized structures and functions), play an'important role in
the transport of RBV molecules into hepatocytes (4). The ENT1
isoform, which is expressed primarily on the plasma membrane, is
important in transporting nucleoside analogue drugs used in an-
tiviral therapy. The ENT1 protein is translated and folded in the
ER and is transported via the Golgi apparatus to the plasma mem-
brane (23). In the plasma membrane, ENT1 is internalized by

clathrin-dependent endocytosis and recycled following clathrin-
mediated internalization. The cell surface expression of ENT1 is
hampered if the protein is not properly recycled to the plasma
membrane, and defects in the recycling of ENT1 may lead to its
degradation in lysosomal vesicles. Our study shows that clathrin-
mediated endocytosis is selectively impaired in cells that are per-
sistently infected with HCV. The level of clathrin is significantly
decreased after HCV infection or autophagy induction. The HCV-
induced autophagy response causes a defect in clathrin-mediated
endocytosis, which is responsible for impaired RBV antiviral dc-
tivity. Clathrin-mediated endocytosis is generally impaired in
HCV-infected cells and underlies the impaired antiviral action of
RBV via a blockade of ENT1 recycling. Endocytosis serves as an
interface between the hepatocyte and its external environment
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and is important for the stable expression of a number of cell
surface receptors and for intracellular signal transduction. The
significance of HCV autophagy-mediated impairment of clathrin-
mediated endocytosis requires further investigation to establish its
clinical relevance in the pathogenesis of chronic HCV infection in
humans.
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Introduction

Chronic hepatitis C (CH-C) caused by hepatitis C virus (HCV)
infection is a major chronic liver disease worldwide, and it often
develops into cirrhosis and hepatocellular carcinoma. Pegylated
interferon alpha (peg-IFNa) and ribavirin (RBV) combination
therapy is widely used to treat CH-G [1]. However, treatment fails
in approximately 50% patients with HCV genotype 1. Of note,
approximately 20-30% patients show null or partial response to
the treatment. The introduction of nonstructural 3/4A protease
inhibitors has improved the outcome for genotype 1 CH-C
patients [1]. However, new antiviral agents increase the frequency
and severity of adverse effects, are costly, have complex treatment
regimens, and often result in viral resistance. Importantly, the
outcomes of triple combination therapy are extremely poor in
patients who showed null and partial response to previous peg-
IFNa/RBV, compared to treatment-naive patients and relapsers
[1-8]. Furthermore, over 50% of null and partial responders,
among all patients with a similar virologic response or viral
kinetics, relapse after treatment cessation [2,3]. Collectively, these
studies suggest a role of host genetics in treatment resistance.

PLOS ONE | www.plosone.org

Microarray applications in clinical medicine identified that
numerous mRINAs and microRNAs (miRNAs) regulate complex
processes involved in disease development. For example, hepatic

mRNA expression of IFN-stimulated genes (ISGs, such as ISG15,

OAS, IF], IP10, and viperin) and IFN-related pathway genes (MX
and USP18) correlate with responses to peg-IFNe/RBV combi-
nation therapy for CH-C [4-7]. However, few studies have
examined global miRNAs alone [8]. Furthermore, mRNA and
miRNA gene signatures and their interactions in treatment
response have not been reported. miRNAs are evolutionarily
conserved, small non-coding RNAs [9,10]. A single miRNA can
regulate the expression of multiple target mRNAs and their
encoded proteins by imperfect base pairing and subsequent
mRNA cleavage/translational repression. Conversely, the expres-
sion of a single mRNA is. often regulated by several miRNAs. As
regulators of promotion or suppression of gene expression,
miRNAs are involved in diverse biological and physiological
processes, including cell cycle, proliferation, differentiation, and
apoptosis. In addition to targeting endogenous mRINAs, miRNAs
regulate the life cycle of viruses such as the Epstein-Barr virus,
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CrossMark
iAo wpstis



HCV, and other oncogenic viruses by interacting with viral
transcripts [11,12].

We investigated the differential expression profiles of mRINAs
and miRNAs isolated from the liver tissues of untreated patients
with HCGV genotype 1b using microarray analysis. Expression
profiles and their interactions were analyzed to identify the
molecular signatures associated with treatment resistance.

Materials and Methods

Patient population, treatment, and liver tissue samples

During 2010 and 2011, 130 patients infected with HCV
genotype 1b were treated weekly with 1.5 pg/kg of peg-IFNo-2b
(MSD, Tokyo) and daily with 600-1000 mg RBV (MSD) [2,3] for
48 weeks at Jikei University Kashiwa-affiliated hospitals. Patients
with undetectable serum HCV RNA at week 12 or later were
recommended to extend the treatment to 72 weeks. All study
participants provided informed written consent and materials for
genetic testing and met the following criteria: (1) CH-C diagnosis
confirmed by laboratory tests, virology, and histology; (2) genotype
1b confirmed by polymerase chain reaction (PCR)-based method;
(3) absence of malignancy, liver failure, or other form of chronic
liver disease; and (4) no concurrent treatment with any other
antiviral or immunomodulatory agent. Liver specimens were
obtained percutancously before treatment, formalin-fixed, and
paraffin-embedded for histological assessment [13]. A tissue
section was stored in RNAlater solution (Life Technologies,
Carlsbad, CA). Total RNA containing mRNA and miRNA was
isolated using the mirVana miRINA isolation kit (Life Technolo-
gies).

Sustained virological response (SVR) was defined as an
undetectable serum HCV RNA level at 24 weeks after treatment
completion. A null response was defined as a viral decline of <
2 logyo IU/mL from baseline at treatment week 12 and detectable
HCV RNA during treatment. A partial response was defined as a
viral decline of >2 log)o IU/mL from baseline at week 12, with no
achievement of an undetectable HCV RINA level. Relapse was
defined as an undetectable serum HCV RNA level at the end of
treatment and viremia reappearance on follow-up examination
[1]. Viral loads and the presence or absence of serum HCV RNA
were evaluated using a qualitative PCR assay (Amplicor HCV
version 2.0; Roche Diagnostics, Tokyo).

This study conformed to the provisions of the Declaration of
Helsinki and Good Clinical Practice guidelines and was approved
by the Jikei University Ethics Committee for Human Genome/
Gene Analysis Research (No0.21-093_5671).

mRNA microarray

Global mRINA expression analysis was performed using total
RNA isolated from each sample [sustained virological responders
(SVRs), n=25; relapsers, n=3; null responders, n=4] and the
GeneChip Human Genome U133 Plus 2.0 Array (Affymetrix,
Santa Clara, CA). Datascts were normalized by the robust multi-
array analysis, using R 2.12.1 statistical software and the
BioConductor package.

miRNA microarray

Global miRINA expression analysis was performed using total
RNA isolated from the same samples used for mRNA expression
analysis and the miRCURY LNA microRNA Array series
(Exiqon, Vedbaek, Denmark). Total RNA was labeled with Hy3
and hybridized to slides that contained capture probes targeting all
‘human miRNAs registered. in the miRBASE 14.0. miRNA

PLOS ONE | www.plosone.org
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microarray datasets were normalized by quantile normalization
using R statistical software.

Differential gene expression according to treatment
response

The limma package from BioConductor software (under R
statistical software) was used to calculate moderated t-statistics
(based on the empirical Bayes approach) to identify mRNA or
miRNA differentially expressed between the SVR/relapser group
and null/partial responder group. Because of multiple hypothesis
testing, p values were adjusted by the Benjamini-Hochberg false
discovery rate (FDR) method.

Hierarchical cluster analysis

Up- and down-regulated probe sets were analyzed by hierar-
chical clustering using R statistical software. Pearson’s correlation
coefficients were used to calculate a matrix similarity score among
the probe sets. The complete linkage method was used for
agglomeration. Heat maps were generated from significant
differentially expressed probe sets.

Quantitative real-time PCR for mRNA

To validate microarray results and to confirm the observed
differences in the mRINA expression levels in a quantitative
manner, each sample was subjected to reverse transcription (RT)-
PCR and quantitative real-time RT-PCR (qPCR) in triplicate.
After ¢cDNA synthesis, target genes were amplified in PCR
mixtures that contained TagMan Universal PCR Master Mix (Life
Technologies) and TagMan probes designed with the Universal
Probe Library Assay Design Center (http://www.roche-applied-
science.com/sis/rtper/upl/ade.jsp). Target gene expression levels
in each sample were normalized to the expression of the
housekeeping gene of 185 rRNA and the corresponding gene of
one null responder.

Quantitative real-time PCR for miRNA

¢DNA was synthesized from aliquots of the isolated total RNA
using the TaqgMan MicroRNA Reverse Transcription kit (Life
Technologies) including RT primers designed with miRNA-
specific stem-Joop structures according to manufacturer’s protocol.
miRNA  expression levels were quantified with the TaqMan
MicroRNA assay (Life Technologies) in triplicate. Target gene
expression levels were normalized in each sample to the expression
of the endogenous gene RINU48 and the corresponding gene of
one null responder.

miRNA target prediction

Up- and down-regulated miRNAs with a fold change of >1.2
and $<<0.005 (FDR <0.15) between two groups (SVRs/relapsers vs
null responders) in the microarray analysis were subjected to the in
stlico prediction of mRNA targets for miRNA using MicroCosm
Targets, miRanda, PicTar, PITA, and TargetScan algorithms.
Predicted mRINA targets were analyzed further if they met the
following criteria: (1) fold change of >1.5 and $p<<0.003 (FDR<
0.35) in mRNA microarray results; (2) inverse correlation (negative
correlation coefficient) between miRNA and mRNA in mRNA
and miRNA microarray results; and (3) gPCR-validated micro-
array results. Kyoto Encyclopedia of Genes and Genomes
(KEGG) Pathways, Agilent Literature Search 3.0.3 beta, and
Cytoscape 3.0.2 were used to identify the significance of
candidates in gene regulatory networks.
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Cell culture

The human hepatoma cell line Huh7.5.1 (a gift from Professor
Francis Chisari, Scripps Research Institute, La Jolla, CA) was
maintained in Dulbecco’s modified Eagle’s medium containing
10% fetal bovine serum [14]. Cell culture-produced HCV
(HCVcc) were harvested from JFHl-transfected Huh7.5.1 as
previously described [15].

Plasmids and siRNAs

The siRNAs targeting MAP3KS8 were siRNAl, 5'-uucgu-
cuuuauaucuugugtt-3';  siRNA2, 5'-uguugcuagguuuaauauctt-3';
siRNA3, 5'-aucuugugccaaguauacctt-3'; and scrambled negative
control siRNA to siRNAI (Sigma-Aldrich, St. Louis, MO). The
expression and inhibitor plasmids of hsa-miR-17-5p and control
plasmids were purchased from GeneCopoeia (Rockville, MD).

HCV core antigen measurements and cell viability

The HCV core antigen concentrations in filtered culture
medium and cell lysates of infected cells were measured with the
Lumipulse Ortho HCV antigen kit (Ortho Clinical Diagnostics,
Tokyo). Cell viability was analyzed using the CellTiter-Glo
Luminescent Cell Viability Assay (Promega, Madison, WI).

Transfection

Cells were seeded into a 24-well plate and transfected with
siRNAs and plasmids using Lipofectamine RNAIMAX (Invitro-
gen, San Diego, CA) and TransIT-LT1 (Mirus, Madison, WI),
respectively.

Luciferase reporter assay

The MAP3K8 3'UTR segment containing the putative miR-
17-5p target sites was subcloned into the pGL3 reporter plasmid
(Promega). A mutant construct was also generated by PCR-based
mutagenesis using mutagenic primers. The luciferase reporter and
hsa-miR-17-5p expressing or mock plasmids were co-transfected
with the Renilla luciferase transfection control plasmid. Luciferase
reporter activity was measured 48 hours after transfection with the
Dual-Luciferase Reporter Assay System (Promega).

Western blot

Liver samples were sonicated in lysis buffer. Lysate aliquots
were separated by SDS-polyacrylamide gel electrophoresis and
transferred onto a nitrocellulose membrane. Membranes were
incubated with primary antibodies against MAP3KS8 (ab70853,
Abcam, San Diego, CA) and f-actin (EP1123Y, Abcam).
Membranes were incubated with horseradish peroxidase-conju-
gated secondary antibodies. Immunoreactivity was detected with
reagents (GE Healthcare Life Sciences, Piscataway, NJ). Images
were scanned and band intensities quantified with Image J.

IL28B and ITPA single nucleotide polymorphism (SNP)
genotyping

Genomic DNA was extracted from whole blood using the
MagNA Pure LC and the DNA Isolation Kit (Roche Diagnostics).
The TL28B rs8099917 and rs12979860 [16,17] and ITPA exon 2
rs1127354 [18] genetic polymorphisms were genotyped by real-
time detection PCR with the TagMan SNP Genotyping Assays.

Statistical analysis for factors associated with null/partial
response

The chi-square, Fisher’s exact, Student’s f and the Mann—
Whitney two-tailed tests were used to compare frequencies in
categorical data or differences in continuous data between two
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groups. Significant independent factors associated with null/
partial responses were identify with multiple logistic regression
analysis using the SPSS statistical package for Windows, version
17.0 (IBM SPSS, Chicago, IL). A p value of <0.05 was considered
statistically significant.

Results

Patient profiles and treatment response

Among the 130 patients, 62 (48%) achieved SVR, 36 (28%)
relapsed, and six (5%) and 26 (20%) showed partial and null
response, respectively. Patients were divided into an SVR/relapser
group and a null/partial responder group. Table SI compares the
baseline characteristics of the two groups. Patients with elevated
serum gamma glutamyl transpeptidase and decreased albumin
concentrations were more likely to experience a null/partial
response. The IL28B rs8099917 TG and rs12979860 CT variants
were more likely to be null/partial responders compared with TT
and CC genotypes, respectively.

mRNAs associated with treatment response

mRNA microarray data were deposited into the NCBI Gene
Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo/
), accession number GSE42697. The cut-off criteria for fold
change >1.5 and p<0.003 identified 39 up-regulated and 17
down-regulated annotated probe sets in null responders (Data S1).
The up-regulated genes were associated with transcription,
translation, cell cycle, phosphorylation, signal transduction,
immune response, RINA splicing/mRNA processing, and viral
reproduction. The down-regulated genes were associated with
xenobiotic/small molecule/lipid metabolic and oxidation—reduc-
tion processes. Hierarchical clustering of mRNAs and samples
showed that samples from SVRs and relapsers clustered to form a
group different from the null responders (Fig. S1). To validate the
microarray results, qPCR was performed for all significant
differentially expressed genes. The expression levels of MAP3K8
(mitogen-activated protein kinase kinase kinase 8, p=5.24x1077),
TMEM178 (transmembrane protein 178, p= 7.31 x107°%), PSME4
(proteasome activator subunit 4, also known as PA200,
$p=243%x10""%, and EIFSB (eukaryotic translation initiation
factor-3B, p=3.16x107% Fig. 1) were significantly increased in
null/partial responders compared with those in SVRs/relapsers.
TMEM]178 is a multi-pass membrane protein and PSME4 is a
nuclear protein that activates the proteasome and is important for
oxidative-stress adaptation. EIF3B is involved in protein transla-
tion/synthesis and interacts with the HCV IRES and the 40S
ribosomal subunit.

miRNAs associated with treatment response

miRNA microarray data were deposited into the NCBI GEO,
accession number GSE45179. The cut-off criteria for fold change
>1.2 and p<<0.005 identified 111 down-regulated and 76 up-
regulated miRINAs in null responders (Data S2). Hierarchical two-
dimensional clustering showed that distinct patient groups
clustered into two distinct groups (Fig. S2). Bioinformatic analysis
predicted target genes of the differentially expressed miRNAs. The
hypothetical target genes should be MAP3KS8, TMEMI178,
PSME4, and EIF3B. Furthermore, these miRNAs and mRNAs
must have an inverse correlation between mRNA and miRNA
microarray data. The microRNAs that satisfied the requirements
were as follows: hsa-let-7g* and hsa-miR-17-5p, -20b, -297, -374b,
-494, -602, -668, and -1297 for MAP3KS8; hsa-miR-106b* and -
122-5p for TMEMI178; and hsa-miR-492 and -675-5p for
PSME4. No corresponding miRNA was identified for EIF3B.
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Figure 1. Validation of differentially expressed mRNAs by qPCR analysis. The expression levels of four mRNAs were significantly higher in
null/partial responders than in SVRs/relapsers. Assays for each sample were performed in triplicate. All p-values were calculated using the Mann-

Whitney test.
doi:10.1371/journal.pone.0097078.g001

Stem-loop-based qPCR was performed to confirm the reliability of
the miRINA microarray results and the inverse correlation between
miRNA and mRNA. The expression levels of hsa-miR-122-5p
(p=2.75x107", hsa-miR-675-5p (p=1.00x107"), and hsa-miR-
17-5p (p=1.73%107%) were significantly lower in null/partial
responders than in SVRs/relapsers (Fig. 2).

Independent variables associated with treatment
response

Multiple logistic regression analysis of variables that were
significant in univariate analysis identified that rs8099917
[p=38.67x 1073, odds ratio (OR)=7.51, 95% confidence interval
(CD)=2.14-29.27], hsa-miR-122-5p (p=5.60x107*, OR=0.11,
95% CI = 0.03-0.38), hsa-miR-17-5p (p=2.02x10™% OR =0.56,
95% CI=0.41-0.76), and MAP3KS8 (p=8.58x1073, OR = 2.86,
95% CI=1.31-6.25) were significantly associated with null/
partial response. Importantly, i sifico analysis and microarray data
suggested that increased miR-17-5p could cause MAP3KS8
reduction. In fact, an inverse correlation was observed between
MAP3K8 mRNA and miR-17-5p (r=—0.592, p=4.31x107%).
MAP3KS is closely linked to genes associated with cell prolifer-
ation, inflammation, and apoptosis (Fig. $3) and is associated with
the miR-17 cluster family (Fig. S4).
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MAP3K8 contributes to HCV production

siRNA transfection in HCGVcc-infected cells was performed to
assess the influence of MAP3K8 mRNA and protein on HCV
production (Fig. 3A). miR-17-5p levels were significantly increased
(Fig. 3B) while supernatant HCV core antigen levels were
significantly decreased following transfection of the siRNAs
(Fig. 3C). However, the HCV core antigen levels in cell lysates
were not changed (Fig. 3C). Taken together, these findings
suggested that MAP3KS8 repressed miR-17-5p and contributed to
the production (e.g. release and assembly) of HCV. In wio,
MAP3KS8 protein expression levels were significantly increased in
null/partial responders compared with those in SVRs/relapsers
(p=2.43%1073).

Hsa-miR-17-5p regulates HCV production by targeting
MAP3K8

Changes in MAP3K8 and HCV core antigen levels were
evaluated by hsa-miR-17-5p inhibition and overexpression in
HCVcc-infected cells. miR-17-5p inhibition increased MAP3K8
mRNA and protein levels (Fig. 4A and 4B, left). In contrast, miR-
17-5p overexpression decreased MAP3K8 mRNA and protein
levels (Fig. 4A and 4B, right). Interestingly, miR-17-5p inhibition
increased, whereas miR-17-5p overexpression decreased HCV
core antigen levels in both supernatants and cell lysates (Fig. 4C).
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Figure 2. Validation of differentially expressed miRNAs by gPCR analysis. The expression levels of three miRNAs were significantly higher in
null/partial responders than in SVRs/relapsers. Assays for each sample were performed in triplicate. All p-values were calculated using the Mann-

Whitney test.
doi:10.1371/journal.pone.0097078.9002

Taken together, these results suggested that miR-17-5p regulated
the production of HCV by targeting MAP3K8 mRNA. Luciferase
reporter assays showed that miR-17-5p overexpression decreased
the luciferase activity of the wild-type MAP3K8 3'UTR reporter
construct, whereas co-transfection with the mutant MAP3K8
3'"UTR construct or mock had no effect (Fig. 5), suggesting that
miR-17-5p targeted the MAP3K8 3'UTR and antagonized
MAP3KS protein expression.

Discussion

This study showed close linkage between mRINA and miRNA
signatures in CH-C treatment outcomes using global expression
profiling analyses. To confirm the findings, this cohort was
randomly divided into derivation and confirmatory groups. The
derivation group results were similar to those described above and
reproducible in the confirmatory group (data not shown).
Subsequently, we attempted to compare our findings with
registered patient data obtained from independent cohorts
comprising either Asian or non-Asian subjects. However, com-
parisons were not possible because most mRNA or miRNA
microarray studies had a small sample size, limited information,
unregistered data, and/or findings that were not validated in an
independent cohort [4-7,11,19-21]. To our knowledge, our study
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was the first to investigate the correlation between mRNA and
miRNA in treatment response using global gene expression
analysis and i sitro experiments. Such gene signature identification
can improve the accuracy of treatment outcome predictions,
independent of known strong predictors.

Pretreatment hepatic ISG levels are higher in non-SVRs/non-
relapsers than in SVRs/relapsers [4~7]. The poor ISG response of
non-SVRs with further exogenous IFN may contribute to
treatment failure [5,6]. Because patient groups with different
response categories differ in their innate TFN response to HCV
infection; poor responders may have adopted a different equilib-
rium in their innate immune response to HCV [4,6]. As per
multivariate regression analysis, however, IL28B SNPs may
diminish the significance of hepatic ISGs as treatment predictors
because hepatic ISG expression is associated with IL28B SNPs
[7,19]. Conversely, hepatic ISGs were reported to be stronger
predictors compared with IL28B SNPs [20]. Although our gene
set enrichment analysis (data not shown) also showed that hepatic
ISG expression levels were generally higher in null/partial
responders than in SVRs/relapsers, the differences were not large
enough to be ranked in a higher order and/or to reach statistical
significance in expression profiling and validation analyses (Data
$3). These variations among studies may be caused by different
and heterogeneous patient characteristics, including HCV geno-

May 2014 | Volume 9 | Issue 5 | 97078



MAP3K8/miR-17 Expression in Poor Treatment Response

A MAP3K8
B-actin

1.0 4
0.8 A
0.6 -

ke

0.4 4

*k

0.2 1

T Y

Control $iRNA1 siRNA2 SiRNA3

Relative MAP3K8 mRNA level

Fek

2.0 1

1.5 1

1.0

0.5 4

Relative miR-17-5p level

T T

SiRNA2 siRNA3

Control siRNA1

1.0
0.8

*k

0.6

0.4

Relative supernatant
HCV core antigen level

0.2

Control siRNA1
1.2
1.0
0.8
0.6
0.4
0.2

Relative cell lysate
HCV core antigen level

Control siRNA1 siRNA2 sSiRNA3
Figure 3. Transfection of Huh7.5.1 cells with siRNAs against MAP3KS8. (A) Transfection of Huh7.5.1 cells with siRNAs against MAP3K8
significantly decreased intracellular MAP3K8 mRNA levels, (B) increased intracellular hsa-miR-17-5p levels, and (C) decreased HCV core antigen levels
in the supernatant, and had no effect on those in cell lysate. Bars indicate the means of three independent experiments and the error bars indicate
standard deviations. All p-values were calculated using two-tailed Student’s t-test. **p<<0.001 compared with controls.

doi:10.1371/journal.pone.0097078.g003

PLOS ONE | www.plosone.org k 6 May 2014 | Volume 9 | Issue 5 | 97078



A < 18
>
2
&
~ 1.0 A
o
x
E 0.5 1
2
K
QO 1
4 0 +—= -
miR-17-5p
Control Inhibitor

B 2.0 .

1.5 1
1.0 4

0.5 4

Relative MAP3K8
protein level

miR-17-5p
Inhibitor

*,

Control

1.0 7

0.5 1

Relative MAP3KS8
mRNA level

miR-17-5p

Control | hibitor

2.0 4
=

1.5 4

1.0 7

0.5 1

Relative supernatant
HCYV core antigen level

miR-17-5p
Inhibitor

ok

Control

Relative cell lysate
HCV core antigen level

miR-17-5p

Control T hibitor

2.0 -

1.5 4

1.5 4

1.0 1

0.5 -

1.0 1

0.5 1

MAP3K8/miR-17 Expression in Poor Treatment Response

dedk

mi—15p

Control :
Expression

0 R15
miR-17-5p
Control Expression

0 E Y
Control miR-17-5p
Expression
1.5 4
1.0 4
0.5 4
o A ' :
Control miR-17-5p
15 Expression
1.0 4
0.5 |

miR-17-5p

Control >
Expression

Figure 4. Expression and inhibition of hsa-miR-17-5p in Huh7.5.1 cells. (A) Functional suppression (left) and overexpression (right) plasmids
of miR-17-5p. (B) Inhibition of miR-17-5p increased (left), whereas overexpression of miR-17-5p decreased MAP3K8 mRNA and protein expression
levels (right). (C) HCV core antigen levels increased following miR-17-5p inhibition (left) and decreased by miR-17-5p overexpression (right) in both
supernatant and cell lysate. Bars indicate the means of three independent experiments and the error bars indicate standard deviations. *p<<0.01 and

**p<0.001 compared with controls.
doi:10.1371/journal.pone.0097078.g004

PLOS ONE | www.plosone.org

7 May 2014 | Volume 9 | Issue 5 | 97078



MAP3K8/miR-17 Expression in Poor Treatment Response

293

27
Wild 3'UTR s UGUUUCAUUCACUGU - -GCACUUUGS

P
miR-17-5p

PLETEEL
3‘GAUGGACGIIJGACAUUCGUGAAAC5'
| |

l

Mutant 3'UTR 8 UGUUUCAUUCAGAGU - -CGACAUAGY

1.0 —
2
2
L d
o 0.8
o
o
e
& 0.6 1
= ‘
2
£ 04
o]
&
&

0.2

Mock  miR-17-5p Mock miR-~17-5p
Mutant Wild

Figure 5. Luciferase reporter assay. miR-17-5p inhibited the luciferase activity of the wild-type MAP3K8 3'UTR construct (right), whereas no
decrease in activity was observed in cells co-transfected with the mutant MAP3K8 3'UTR construct (left) or mock plus wild-type or mutant construct
(right and left, respectively). Bars indicate the means of three independent experiments, and the error bars indicate standard deviations. **p<<0.001

compared with controls.
doi:10.1371/journal.pone.0097078.9005

type, patient race, treatment response definitions, study end-
points, and treatment regimens. This study analyzed patients with
a homogeneous race and genotype (lb) who adhered to
combination therapy and treatment for a specified duration.

MAP3KS, also known as cancer Osaka thyroid (cot) [22] or
tumor progression locus 2 (tpl2) [23], was originally recognized as
a proto-oncogenic protein. Toll-like receptors (TLRs) are innate
immune sensors stimulated by specific microbial and viral
components, including HCV. In witro HCV infection directly
induces TLR4 expression and activates human B cells to increase
the production of IFN-B and IL-6 [24]. Peripheral blood
mononuclear cells from HCV-infected individuals express higher
TLR4 levels compared with uninfected controls [24]. In the IKK-
NF-«B pathway, certain activated TLRs, including TLR4, induce
inhibition of kappa B kinase (IKK)- catalyzed phosphorylation of
nuclear factor kappa B (NF-xB) p105. Nonphosphorylated NF-xB
pl105 forms a stable, inactive complex with MAP3K8. Subsequent
ubiquitination and proteasome-mediated processing of NF-xB-
pl05 to NF-kB-p50 releases MAP3KS8, which activates the
MAPK/ERK kinase (MEK)-extracellular signal-regulated kinase
(ERK) pathway. MEK-ERK regulates the expression ol pro- and
anti-inflammatory mediators that lead to the production of various
cytokines and chemokines in a stimulus- and cell/receptor type-
specific manner (Fig. 83, Fig. S4) [25,26]. Indeed, MATP3KS is an
important and novel therapeutic target for inflammatory diseases
[27]. MAP3KS8 is involved in ERK signaling activation in hepatic
Kupfler and stellate cells with being stimulated by TLR4 and
TLRY, leading to ERK-dependent expression of the fibrogenic
genes IL-1B and TIMP-1. Thus, MAP3KS8 expression may
contribute to liver fibrosis [28].
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In addition, this study provided a novel insight into MAP3KS8,
which is involved in resistance to HCV treatment. The results of
experiments in this study demonstrated the importance of
MAP3KS8 in HCV production. MAP3K8 knockdown by siRNA
altered extracellular, but not intracellular, HCV core antigen
levels. This result suggests that MAP3K8 might be involved in the
release or assembly of HCV, does not exclude the possibility that
MAP3KS8 participates in intracellular HCV core production
because miR-17-5p influenced both supernatant and cell-lysate
HCV core antigen levels along with MAP3K8 mRNA and protein
levels. If MAP3KS8 limited viral release/assembly alone, intracel-
lular HCV core antigen would accumulate following siRNA
transfection. Conversely, MAP3K8 overexpression did not affect
HCV production, probably because enough MAP3K8 may exist
in the cells. This result is generally observed in other critical host
factors (e.g. hVAP-33) involved in the HCV life cycle [29]. The
above description [24-26] and i silico analyses (Fig. S3, Fig. S4)
suggest that MAP3K8 might play a role in HCV production
through a regulatory pathway and network (Fig. S5); however, the
exact mechanism remains unknown and requires further investi-
gation. It is important to note that therc may be differences
between the HCV genotype 1b- and 2a-derived strains/replicons.
The 2a-derived JFH1 infection system is highly” competent
compared with other genotype-derived systems and allows steady
inhibition and expression analyses [30]. Notably, this in vitro study
focused on the correlation between MAP3K8 and miR-17-5p and
their impact on HCV production; there may not be significant
genotypic effect on MAP3K8 and miR-17-5p. Importantly, it is
diflicult to determine genotype-specific differences using different
infection-competent systems.
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The miR-17-92 polycistron, also known as the first oncomir,
encodes six or seven miRNAs, including miR-17-5p [31,32], and is
frequently overexpressed in several tumors [31,33]. In contrast,
overexpression of miR-17-5p also leads to tumor suppression in
breast cancer [34] and HeLa cells [32]. miR-17-5p may function
as both a tumor suppressor and an oncogenic activator by
targeting both pro- and anti-proliferative genes and by competing
with each other in different cellular contexts, which are dependent
on the expression of other transcriptional regulators [35]. Known
targets of the miR-17-92 cluster primarily regulate cell cycle
progression, apoptosis, and transcription factors [32,35]. Physio-
logically, this cluster is down-regulated during aging, and
hematopoietic and lung differentiation. During HIV infection,
suppression of this cluster by the virus is required for efficient viral
replication [36]. Our results suggest that inhibition of miR-17-5p
expression may be advantageous for HCV production. Interest-
ingly, miR-17-5p overexpression in HeLa cells decreases the
expression of the low-density lipoprotein (LDL) receptor (LDLR)
and consequently induces reduced intracellular lipoprotein accu-
mulation because of the impaired internalization [32]. LDLR is
one of putative HCV receptors; however, its precise role remains
controversial [37-40]. LDLR also aids the optimization of HCV
replication, and the expression levels are stimulated by HCV
infection. Decreased LDLR and lipoprotein uptake through
LDLR may adversely affect the HCV life cycle because hepatocyte
lipid metabolism pathways are required for HCV.

Bioinformatics and in vitro experiments showed that miR-17-5p
expression levels were inversely correlated with MAP3K8 in
response to anti-HCV treatment. miR-17-5p repressed HCV
production by inhibiting MAP3K8 expression, whereas miR-17-
5p expression was influenced by MAP3KS8. The results also
suggested a specific interaction between miR-17-5p and MAP3K8
3'UTR, which was previously validated by the luciferase reporter
assay [35]. Taken together, MAP3KS8 expression following HCV
infection is negatively influenced by miR-17-5p at both the
translational and transcriptional levels. This molecular interaction
is a potential target for novel molecular therapeutics. However, a
single miRINA can regulate the expression of multiple target
mRNAs by imperfect base pairing [9,10]. Conversely, the
expression of a single mRNA may be regulated by several
miRNAs. Numerous mRNAs and miRNAs are key regulators in
complicated pathophysiological networks (Fig. S3, Fig. S4).
Therefore, it is important to note that the complex interaction
between MAP3K8 and miR-17-5p may not be reflective of a
correlation between their expression and viral load in our patient
cohort.

Abundant hepatic miR-122 expression is essential for eflicient
HCV replication in cultured human hepatoma cells [11].
Suppression of miR-122 leads to a marked reduction and long-
lasting suppression of HCV RNA in both sera and the livers of
nonhuman primates with chronic HCV infection [41]. Paradox-
ically, this study showed significantly lower miRINA-122 (hsa-miR-
122-5p) expression levels in null/partial responders than in SVRs/
relapsers, independent of other factors. This finding is in
agreement with the results of a previous study, which reported
markedly low baseline miR-122 levels in poor responders [21].
Moreover, no positive correlation was observed between miR-122
expression and viral load. No convincing explanation exists for
these paradoxical results. Re-analysis of registered miRNA
microarray data [8] identified significantly low miR-122 levels,
no change in miR-675-5p levels, and low (although not significant)
miR-17-5p levels in null/partial responders. Most miR-122 target
genes are involved in the lipid biogenesis pathway [42], and miR-
122 antagonism induces a substantial decrease in plasma lipid
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levels. As described above, host lipid metabolism is vital to HGV
[40], and may be related to the endogenous IFN response to HGV
and IL28B SNPs [43]. However, we did not find a correlation
between miR-122 expression and serum lipid levels nor identify
miR-122 target genes, including lipid-related metabolic pathways,
which could be considered key molecular signatures contributing
to a null/partial response.

In conclusion, both global mRNA and miRNA expression
profiling analyses increase our understanding of the molecular
mechanisms that underlie refractory treatment responses and are
even applicable to next-generation treatment. The results obtained
in this study also aid the identification of novel features of known
genes and target molecules for future therapeutic intervention.

Supporting Information

Figure S1 Hierarchical cluster analysis of mRNA ex-
pression using microarray analysis. Changes in mRNA
expression levels are presented in graduated color patches from
green (least expression) to red (most abundant expression).

(TIF)
Figure S2 Hierarchical cluster analysis of miRNA
expression using microarray analysis. Changes in gene

~ expression are presented in graduated color patches from blue

(least expression) to red (most abundant expression).

(TIF)-

Figure 83 Relationship between MAP3K8 (Tpl2/Cot)
and related genes in underlying gene regulatory net-
works., MAP3KS8 (Tpl2/Cot) was integrated by Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) Pathways. MAP3KS8
(Tpl2/Cot) was identified as an important node and considered to
be a key regulator.

(TIF) :
Figure $4 Gene networks for MAP3K8 and hsa-miR-17.
MAP3K8 and hsa-miR-17 and array-independent/literature-
based text-mining were integrated into the gene regulatory
network analysis (Agilent Literature Search). The interaction data
were visualized and analyzed by Cytoscape. MAP3K8 and its
related mRINAs were associated with the miR-17 cluster family
and its related miRNAs via IRF6, STAT3, AKTI1, EPHB2,
TIMP1, and VEGFA.

(TIF)

Figure S5 Postulated scheme for HCV replication
regulated by MAP3K8 and hsa-miR-17-5p. IKK, inhibition
of kappa B kinase; NF-«B, nuclear factor kappa B; MAP3KS,
mitogen-activated protein kinase kinase kinase 8; MEK, MAPK/
extracellular signal-regulated kinase.

(TTF)

Table S1 Comparison of baseline profiles between
SVRs/relapsers and null/partial responders.
DOC)

Data S1 List of gene probe sets up- and down-regulated
in sustained virological responders (SVR) and relapsers
compared with those in null responders.

(XLS)
Data 82 List of microRNA probe sets up- and down-
regulated in sustained virological responders (SVR) and

relapsers compared with those in null responders.
(XLS)

Data 83 List of all gene probe sets up- and down-
regulated in sustained virological responders (SVR) and
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relapsers compared with those in null responders, and
gene signatures in previously reported references.

(XLS)
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Abstract

Objective Pegylated-interferon/ribavirin (peg-IFN/RBV) therapy with a protease inhibitor is the standard
therapy for genotype 1b chronic hepatitis C. Despite improving treatment outcomes, patients with thrombocy-
topenia are often difficult to treat because interferon commonly exacerbates thrombocytopenia. In this study,
partial splenic embolization (PSE) was performed in patients with hypersplenism-induced thrombocytopenia
to determine the effectiveness of this method as a potential treatment.

Methods Patients were pretreated with PSE and then received triple combination therapy. The safety and
efficacy of PSE was evaluated.

Results Eighteen patients were analyzed, including 12 patients with the interleukin 28B (IL28B) major
genotype and 12 patients with the inosine triphosphatase (/TPA) major genotype. The median embolization
rate with PSE was 70% (range: 40-85%). PSE increased the patients’ platelet counts from 71.5x10%/uL (53-
99x10°7uL) to 121.5x10%uL (70-194x10°/uL; p=0.0002). The patients’ platelet counts fluctuated above 50x
10°/uL. during the treatment. Specifically, the increase in the platelet count was significantly associated with
the ITPA major genotype compared with the minor genotype (p=0.0057 at 2 weeks, p=0.0031 at 3 weeks,
and p=0.0148 at 4 weeks). Adherence to peg-IFN-o2b was sufficient (1.38 pg/kg/week). The rapid viral re-
sponse rate was 72.2% (13/18), the end of treatment response rate was 88.9% (16/18), and the sustained vi-
rological response (SVR) rate was 66.7% (12/18). The SVR rate for patients with the IL28B major genotype
was 83.3% (10/12). No adverse effect due to PSE pretreatment was found in any patients. Furthermore, no
patient discontinued treatment due to thrombocytopenia.

Conclusion PSE, in conjunction with triple combination therapy, is a useful and safe method to treat geno-
type 1b chronic hepatitis C patients with hypersplenism-induced thrombocytopenia.

Key words: partial splenic embolization, telaprevir, pegylated-interferon, ribavirin, chronic hepatitis C,
thrombocytopenia

(Intern Med 54: 119-126, 2015)
(DOTI: 10.2169/internalmedicine.54.3066)

tis C'(1), which is known to progress to liver cirrhosis, a
Introduction major risk factor for the development of hepatocellular car-
cinoma, over a time span of several decades (2,.3). Approxi-
Up to 170 million people worldwide have chronic hepati- mately 662,000 people around the world die of hepatocellu-
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lar carcinoma annually (4). Patients with advanced fibrosis
should be treated with antiviral therapy as soon as possible
because of the increased risk of hepatocellular carci-
noma (5-7). However, the efficacy of interferon (IFN)-based
treatment is known to be reduced in patients with advanced
fibrosis (8). Moreover, these patients often develop thrombo-
cytopenia, which results in insufficient IFN-based antiviral
therapy and poor treatment outcomes (9-13).

Therapeutic strategies have recently been reported for the
induction of antiviral therapy following partial splenic em-
bolization (PSE) or splenectomy in patients with advanced
fibrosis. Foruny et al. reported a sustained virological re-
sponse (SVR) rate of 38% with pegylated-IFN/ribavirin
(peg-IFN/RBV) therapy following PSE for cirrhotic patients
with severe hypersplenism (14). Miyake et al. assigned pa-
tients with thrombocytopenia to groups that either received
or did not receive PSE and showed that favorable treatment
outcomes were associated with PSE (15). However, the out-
comes of IFN-based dual combination therapy for PSE-
pretreated patients were unsatisfactory.

The SVR rate of peg-IFN/RBV therapy for chronic hepa-
titis C patients with genotype 1b was shown to be 40-
50% (9, 10), while the protease inhibitor telaprevir, in com-
bination with peg-IFN/RBYV therapy, increased the SVR rate
in these patients to approximately 70-80% (16-18). How-
ever, the total dosage of this triple combination therapy is
often insufficient for chronic hepatitis C patients with
thrombocytopenia caused by hypersplenism. PSE pretreat-
ment prior to triple combination therapy may be useful in
improving the outcomes of these patients. However, it has
yet to be determined whether a pretreatment with PSE could
increase the platelet counts in chronic hepatitis C patients
with thrombocytopenia caused by hypersplenism prior to the
administration of triple combination therapy. Furthermore,
the safety of this pretreatment prior to and throughout triple
combination therapy remains unknown.

To address these issues, we conducted a prospective pilot
study to investigate the efficacy and safety of triple combi-
nation therapy following PSE in chronic hepatitis C geno-
type 1b patients with thrombocytopenia caused by hyper-
splenism.

Materials and Methods

Study subjects

Patients with hypersplenism-induced thrombocytopenia
were pretreated with PSE prior to receiving telaprevir-based
triple therapy. The inclusion criteria for PSE were as fol-
lows: age between 20 and 70 years, high viral load (>5.0
LIU/mL) as quantified by real-time polymerase chain reac-
tion (PCR) for hepatitis C virus (HCV) RNA, monoinfection
with genotype 1b, white blood cell count >1,500/uL, platelet
count £100x10%uL to >50x10%uL, and hemoglobin level
>10 g/dL. Hypersplenism was defined as the presence of a
low platelet count (<100x10%uL) and an enlarged spleen

size (210 cm) as evaluated by computed tomography.
Platelet-associated  IgG  (PAIgG), platelet-binding IgG
(PBIgG), and the anti-glycoprotein IIb/IIla antibody concen-
trations were evaluated, and, as a consequence, idiopathic
thrombocytopenic purpura was ruled out for all patients. The
exclusion criteria were as follows: other liver diseases (in-
cluding autoimmune hepatitis and alcoholic hepatitis), liver
cirrhosis complicated with uncontrollable ascites or/and en-
cephalopathy, severe renal disorders, abnormal thyroid func-
tion, poorly controlled diabetes, poorly controlled hyperten-
sion, medication with Chinese herbal medicine, medical his-
tory of interstitial pneumonia, severe depression, and aller-
gies to interferon, ribavirin, and biological preparations (e.g.,
vaccines).

Eighteen patients who visited the Nippon Medical School
Chiba Hokusoh Hospital, Shinmatsudo General Central Hos-
pital, and Jikei University School of Medicine Katsusika
Medical Center between January 2012 and December 2012
met the inclusion criteria and agreed to receive PSE fol-
lowed by telaprevir with peg-IFN/RBV triple combination
therapy.

The study protocol followed the ethical guidelines estab-
lished in accordance with the 2008 Declaration of Helsinki
and was approved by the Ethics Committee of each institu-
tion. Written informed consent was obtained from all sub-
jects.

Partial splenic embolization (PSE)

PSE was performed at least one month prior to the initia-
tion of triple therapy. A catheter was inserted through the
femoral artery into the main splenic artery and 0.5 g cefa-
zolin (CEZ) was then injected via the catheter. A micro-
catheter (Progreat Series, Terumo Clinical Supply, Tokyo,
Japan) was selectively inserted into the inferior segmental '
branch of the splenic artery, and 70-80% of the spleen was
embolized with gelatin sponge cubes (Gelfoam®, Pfizer, To-
kyo, Japan) which were soaked in 0.5 g of CEZ.

An intravenous infusion of methylprednisolone (125 mg/
day) was administered for three days after the embolization
treatment to suppress excessive immune reactions. A dose of
2 g/day of CEZ was concurrently administered for the same
three days to prevent splenic abscesses. The splenic infarc-
tion volume was estimated by computed tomography one
week after PSE. Triple combination therapy was initiated af-
ter the patient’s platelet count increased to the plateau level.

Antiviral treatment protocol

All patients received combination therapy with peg-IFN-
o2b (PegIntron®, MSD, Tokyo, Japan), ribavirin (Rebetol®,
MSD, Tokyo, Japan), and telaprevir (Telavic®, Mitsubishi
Tanabe Pharma, Osaka, Japan) for 12 weeks, followed by 12
weeks or 36 weeks of peg-IFN-02b and ribavirin. Patients
received a subcutaneous injection of peg-IFN-02b (1.5 pg/
kg/week) and orally administered ribavirin. The dose of
ribavirin was adjusted by body weight (600 mg, 800 mg,
and 1,000 mg per day for <60 kg, 60-80 kg, and >80 kg, re-
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spectively). Telaprevir (750 mg) was administered every 8
hours after meals. The dosages of each drug were reduced
appropriately when a critical adverse event occurred during
the treatment course. Patients were followed for 24 weeks
following completion of the treatment.

Definition of a virological response

A rapid virological response (RVR) was defined as unde-
tectable serum HCV RNA at week 4 of the treatment. Pa-
tients who were negative for the virus at the time of treat-
ment completion were defined as having an end of treatment
response (ETR). Viral breakthrough was defined as undetect-
able serum HCV RNA after the treatment, but with the re-
appearance of serum HCV RNA during the treatment or an
increase in the HCV RNA level of 21.2 log IU/mL from the
lowest value during the treatment period. SVR was defined
as a virus-negative status 24 weeks after treatment comple-
tion. Patients who exhibited an ETR but who were also
positive for the virus 24 weeks after treatment completion
were considered to have relapsed. Patients whose HCV
RNA levels decreased by 2 log IU/mL, but never became
undetectable, were considered to have had a partial re-
sponse. Patients whose HCV RNA levels decreased by at
least 2 log IU/mL during IFN-based therapy were consid-
ered to have had a null response.

Laboratory tests

Peripheral blood examinations and liver function tests
were performed weekly until 12 weeks after initiation of the
treatment and then monthly until 24 weeks after the comple-
tion of treatment. In the biochemical tests performed before
the initiation of treatment, data were obtained from patients
in the fasting state. HCV RNA levels were measured using
real-time PCR (COBAS AmpliPrep, Roche Diagnostics, To-
kyo, Japan). Gene mutations in the core and NSSA regions
of the HCV genome were determined by the direct sequenc-
ing method. Genomic DNA was extracted from whole blood
using a DNA Isolation kit on a MagNA Pure LC instrument
(Roche Diagnostics, Basel, Switzerland). Single nucleotide
polymorphisms (SNPs) at rs8099917, which is located in the
locus adjacent to the interleukin 28B (IL28B) gene on chro-
mosome 19, were determined by real-time PCR using
TagMan SNP Genotyping Assays on a 7,500 Fast Real-Time
PCR System (Applied Biosystems, Foster City, USA). The
rs8099917 genotypes were classified into 2 categories: TT
(major genotype) and non-TT (minor genotype: TG or GG).
SNPs at rs1127354, which is located in the locus adjacent to
the inosine triphosphatase (ITPA) gene, were similarly deter-
mined. The rs1127354 genotypes were classified into two
categories: major genotype (CC) and minor genotype (non-
CC; CA or AA).

Statistical analysis

We performed the Wilcoxon signed-rank test to analyze
various factors, such as the platelet count and prothrombin
time, between pre- and post-PSE states. We performed the

Mann-Whitney U test to analyze the change in the platelet
counts during the treatment. We performed Fisher’s exact
test to analyze the SVR rates. All statistical analyses were
performed using IBM SPSS version 17.0 (IBM Japan, To-
kyo, Japan). The level of significance was set at p<0.05.

Results

Background

The patient population consisted of 10 men and 8 women
with a median age of 62 years (range: 40-69 years), nine of
whom were treatment naive and nine who had previously
undergone treatments (five relapsers, two partial responders,
and two null responders) (Table). Twelve patients had the
IL28B major genotype TT and six patients had the IL28B
minor genotype non-TT. Twelve patients had the ITPA major
genotype CC and six had the ITPA minor genotype non-CC.
Eleven patients received the treatment for 24 weeks and
three patients received the treatment for 48 weeks. Four pa-
tients discontinued treatment before completing the 24-week
treatment course.

Efficacy of PSE

The median PSE rate was 70% (range: 40-85%). The me-
dian platelet count was 71.5x10%uL (53-99x10°%/uL) before
PSE and increased significantly to 121.5x10%uL (70-194x
10°/uL) after PSE (p=0.0002) (Fig. 1). Previous studies indi-
cated that the hepatic functional reserve improved before
and after PSE (14); therefore, changes in the prothrombin
time activity (an indicator of hepatic reserve) before and af-
ter PSE were analyzed. The median prothrombin time was
78.7% (62.3-92.3%) before PSE and increased significantly
to 83.3% (64-99.8%) with the administration of triple com-
bination therapy (p=0.0166).

Changes in the platelet count during the treatment
according to the ITPA genotype

Many patients maintained a platelet count of at least 50x
10°/uL during the treatment (Fig. 2). The treatment was not
discontinued due to thrombocytopenia in any patients. Pa-
tients with the major ITPA genotype were more likely to de-
velop RBV-induced anemia but less likely to develop throm-
bocytopenia (19). Therefore, changes in the platelet counts
were evaluated according to the ITPA genotype. The platelet
counts were significantly higher in patients with the ITPA
major genotype than in those with the minor genotype (p=
0.0057 at 2 weeks, p=0.0031 at 3 weeks, and p=0.0148 at 4
weeks) (Fig. 3). '

Virological responses associated with triple combi-
nation therapy

The RVR rate was 72.2% (13/18 patients), ETR rate was
88.9% (16/18 patients), and SVR rate was 66.7% (12/18 pa-
tients). The SVR rate was 83.3% (10/12 patients) in patients
with the IL28B genotype TT and 33.3% (2/6 patients) in
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Table. Baseline Clinical Characteristics and On-Treatment Factors of the Total 18 Patients
Factors n=18
Gender (Male/Female) 10/8
Age (year) 62 (40-69)
Body weight (kg) 58.0 (40-74)
BMI (kg/m?) 21.8(15.1-27.4)
Prior treatment response (Naive/relapse/partial response/null response) 9/5/2/12

White blood cell count (/ul.)
Hemoglobin (g/dL)
Platelet count (x 10%/uL)
AST (TU/L)

ALT QU/L)
v-GTP (U/L)
Albumin (g/dL)

Total Bilirubin (mg/dL)
LDL-Cholesterol (mg/dL)
UA (mg/dL)
Alpha-fetopreotein (ng/mlL)
Creatinine (mg/dL)
Glucose (mg/dL)
"HCV RNA (LogIU/mL)
ISDR (0-1/2</unknown)

Core aa70 (wild/mutant/unknown)
Core aa91 (wild/mutant/unknown)
IL28B genotype (rs8099917) (T'TYnon TT)
ITPA genotype (rs1127354) (CC/CA or AA)
Initiation dose of Telaprevir (mg/day)

Total dose of Telaprevir (mg)
Pegylated interferon (ug/kg/week)

Ribavirin (mg/kg/day)

Duration of treatment (24week/48week/drop out)

3,100 (1,800-4,900)
13.4 (10.9-15.2)
7.2 (5.3-9.9)

68 (36-133)

58 (31-142)

71 (23-267)

4.0 (3.3-4.5)
0.7 (0.4-1.1)

84 (49-136)

5.7 (2.8-7.7)
8.9 (2.0-707.7)
0.66 (0.49-0.88)
98 (72-156)

6.6 (5.1-7.4)
12/5/1
8/9/1
10/7/1
12/6
12/6
1,750 (1,500-2,250)

126,000 (73,500-189,000)
1.38 (0.29-1.63)

7.43 (1.65-12.99)
11/3/4

Categorical variables are given as number. Continuous variables are given as median (range).

BMI: Body mass index, AST: aspartate aminotransferase, ALT: alanine aminotransferase, y-GTP:
gamma-glutamyltransferase, LDL-cholesterol: low-density lipoprotein cholesterol, UA: urine acid,
ISDR: interferon sensitivity-determining region, aa: amino acid, IL28B: interleukin 28B, ITPA: inosine

triphosphatase

those with the IL28B genotype non-TT. The SVR rate was
numerically higher in the IL28B genotype TT patients; how-
ever, this difference was not statistically significant (p=
0.1073) (Fig. 4). According to the prior treatment response,
the SVR rates were 77.8% (7/9 patients) in treatment naive
patients, 80% (4/5 patients) in relapsers, 50% (1/2 patients)
in partial responders, and 0% (0/2 patients) in null respond-
ers. Four patients relapsed, one developed viral break-
through, and one patient had a null response.

Adherence of each drug

Median drug doses were sufficient at 1.38 pg/kg/week
{0.29-1.63 pg/kg/week) for peg-IFN-02b, 7.43 mg/kg/day
(1.65-12.99) for RBV, and 126,000 mg (73,500-189,000) for
total telaprevir.

Safety

All patients developed mild pyrexia and abdominal pain
following PSE but recovered with symptomatic treatment

and did not develop serious complications.

Four patients discontinued triple combination therapy due
to the occurrence of hepatocellular carcinoma in two pa-
tients, viral breakthrough in one patient, and acute pancreati-
tis in one patient. No patient discontinued the treatment due
to cytopenia.

Discussion

Patients with advanced fibrosis often have thrombocy-
topenia due to hypersplenism (20, 21). These patients cannot
achieve favorable outcomes with antiviral IFN-based therapy
because a reduction in the dose administered or discontinu-
ation of the treatment is frequently needed due to IFN-
induced thrombocytopenia (9-11). This adverse effect re-
duces the effectiveness of the treatment even in telaprevir-
based triple therapy, which has been shown to markedly im-
prove the SVR rate, particularly in patients with advanced
fibrosis complicated by thrombocytopenia. To overcome this
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therapeutic difficulty, surgical splenectomy or PSE has been
performed to artificially increase blood cell counts before
IFN-based therapy (14, 15, 22, 23). However, the efficacy
and safety of PSE before the initiation of triple combination
therapy with the protease inhibitor telaprevir has not yet
been investigated.

In a previous study on triple combination therapy for
treatment-naive chronic hepatitis C patients, 231 of 1,088
(21%) patients had bridging fibrosis or compensated cirrho-
sis (16). These patients achieved a significantly higher SVR
rate when treated with triple combination therapy (62%, 45
of 73 patients) than with peg-IFN/RBV therapy (33%, 24 of

73 patients).

Sherman et al. administered triple combination therapy to
540 treatment-naive patients and noted that the SVR rate in
patients with bridging fibrosis or compensated cirrhosis was
63% when the treatment was completed, but was only 31%
when the treatment was discontinued (18). Furthermore, tri-
ple combination’ therapy was very effective even in patients
with fibrosis; therefore, the scheduled treatment could be
successfully completed. The findings of these studies indi-
cate that triple combination therapy may be more effective
than conventional peg-IFN/RBV therapy in -patients with ad-
vanced fibrosis who are able to complete the treatment.
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Several studies have investigated various approaches to fa-
cilitate interferon-based treatment completion as well as
treatment outcomes. Tahara et al. compared the outcomes of
peg-IFN/RBYV, IFN/RBYV, or peg-IFN therapy in 25 patients
who underwent PSE pretreatment and 23 patients who did
not. Although the platelet counts during the treatment were
significantly higher in the PSE group, no significant differ-
ences were observed in the SVR rate between the PSE (8%)

and non-PSE groups (7%) (22). Foruny et al. reported that
the SVR rate was 38% in eight patients with advanced fi-
brosis who underwent PSE before peg-IFN/RBV ther-
apy (14). Miyake et al. compared the outcomes of ten ‘pa-
tients who underwent PSE followed by peg-IFN/RBV ther-
apy or recombinant IFN/RBV therapy with a ten-patient his-
torical control group that underwent peg-IFN/RBV therapy
or recombinant IFN/RBV therapy without prior PSE. The
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