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Abstract

MicroRNAs (miRNAs) are small noncoding RNAs.
More than 2500 mature miRNAs are detected in
plants, animals and several types of viruses. Hepatitis
C virus (HCV), which is a positive-sense, single-
stranded RNA virus, does not encode viral miRNA.
However, HCV infection alters the expression of host
miRNAs, either in cell culture or in patients with liver
disease progression, such as liver fibrosis, cirrhosis,
and hepatocellular carcinoma. In turn, host miRNAs
regulate HCV life cycle through directly binding to HCV
RNAs or indirectly targeting cellular mRNAs. Increasing
evidence demonstrates that miRNAs are one of the
centered factors in the interaction network between
virus and host. The competitive viral and host RNA
hypothesis proposes a latent cross-regulation pattern
between host mMRNAs and HCV RNAs. High loads of
HCV RNA sequester and de-repress host miRNAs
from their normal host targets and thus disturb host
gene expression, indicating a means of adaptation for
HCV to establish a persistent infection. Some special
miRNAs are closely correlated with liver-specific disease
progression and the changed levels of miRNAs are
even higher sensitivity and specificity than those of
traditional proteins. Therefore, some of them can serve
as novel diagnostic/prognostic biomarkers in HCV-
infected patients with liver diseases. They are also
attractive therapeutic targets for development of new
anti-HCV agents.

Key words: MicroRNAs; Hepatitis C virus; Host-virus
interaction; Biomarker; Therapeutic targets
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Core tip: Hepatitis C virus (HCV) infection changes the
expression of host miRNAs /n vitro and /in vivo, while
host MicroRNAs (miRNAs) in turn regulate HCV life cycle
through directly binding to HCV RNA and/or indirectly
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targeting cellular mRNAs. The miRNA-centered
competitive viral and host RNA network displays a
cross-regulation pattern between host mRNAs and
HCV genome. Evidence based on the miRNA-mediated
host/viral interactions suggests that specific miRNAs
can serve as novel diagnostic/prognostic biomarkers
in HCV-infected patients with liver diseases and
therapeutic targets for development of anti-HCV agents
in the future.
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INTRODUCTION

Hepatitis C virus (HCV) is a hepatotropic virus
classified in the hepacivirus genus of the Flaviviridae
family, and infection can cause acute or chronic
hepatitis in humans!*!. To date, about 2.8% of the
human population worldwide (> 185 million people)
has been infected with HCV, and about 20% of cases
eventually lead to liver fibrosis, cirrhosis, or even to
hepatocellular carcinoma (HCC)™. The HCV genome
is a positive-sense, single-stranded RNA about 9.6
kb with a conserved 5’ noncoding region (NCR), one
open reading frame (ORF) and following a conserved
3’-NCR. The only ORF encodes a polyprotein of about
3000 amino acids, and its N terminus is cleaved by
endoplasmic reticulum (ER) signal peptidase and/or
signal peptide peptidase (SPP) into three structural
proteins (core, E1 and E2). The other sequence of
the polyprotein is processed by the viral NS2 and/or
NS3/4A protease into seven nonstructural proteins (p7,
NS2, NS3, NS4A, NS4B, NS5A and NS5B), which play
important roles in the HCV life cycle®® (Figure 1). HCV
isolates are grouped into seven genotypes and several
subtypes with distinct geographic distribution and
different response to anti-HCV agents!>**',

MicroRNAs (miRNAs) are small noncoding RNAs
(about 22 nt) firstly discovered in Caenorhabditis
elegans in 1993, which regulate the expression
of complementary mRNA. To date, > 2500 mature
miRNAs have been identified in humans. A cellular
gene encodes primary miRNA transcript (pri-miRNA),
which is recognized and cleaved into a 70-100-nt
hairpin form precursor miRNA (pre-miRNA) by RNase
Il enzyme called Drosha™. The pre-miRNA is then
further processed into a mature miRNA duplex of
about 22 bp by Dicer in the cytoplasm. After strand
separation, only the single-strand mature miRNA is
incorporated into the RNA-induced silencing complex,
which then cleaves the mRNA or induces translational
repression by binding to the target sequences of
complementary mRNAP™, Over the last decade, two
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regulation modes of miRNA have been clarified. One
is that bases of miRNA pair with target sequences of
mMRNA by precise or nearly precise complementarity
in plants, and then trigger the degradation of the
target mRNA. The other is that bases of miRNA pair
imperfectly with target sequences and generally inhibit
the translation of mRNA™?!. The nucleotide sequence
from site 2 to 7 at the 5’ end of miRNA, which is called
the seed region, determines the specificity of miRNA in
miRNA-mediated RNAI'"®!. However, any given miRNA
could theoretically bind to a broad spectrum of mRNAs,
resulting in potentially disturbing enormous regulatory
networks.

Increasing evidence shows that HCV infection
regulates the expression of many cellular miRNAs,
which in turn directly or indirectly up- or down-
regulate HCV replication™*. From the viewpoint of
evolution, it is not difficult to predict that HCV utilizes
cellular miRNAs for its replication, because HCV is an
obligate intracellular microorganism. However, host
cells also change the expression of some miRNAs to
defend against infection. In this review, we describe
the reciprocal interaction mediated by host miRNAs
between host cells and HCV, and then summarize the
predictive applications of miRNAs.

HCV INFECTION ALTERS EXPRESSION
OF HOST miRNAs

Expression of miRNAs in HCV-infected cells in vitro

In 2005, a full-length infectious HCV culture system
was established in hepatoma cells!**, which facilitated
exploring miRNAs and their roles in HCV infection.
After analyzing the HCV-infected human hepatoma
line Huh7.5.1 with a comprehensive microarray, Liu et
al*® found that expression of 108 human miRNAs was
changed more than twofold. Among them, miR-122
was downregulated 2.8-fold, and conversely, miR-351
and miR-296 were upregulated 15.2- and 4.9-fold at
day 4 post-infection, respectively. Similarly, Ishida et
al"”’ demonstrated that HCV infection upregulated
expression of miR-192, miR-194 and miR-215 and
downregulated expression of miR-320 and miR-491
in vitro. Further evidence showed that some of these
changes might, in turn, enhance HCV replication.
Moreover, seven miRNAs (miR-30b, 30c, 130a, 192,
301, 324-5p and 565) were downregulated in Huh7.5
cells infected with HCV genotype 2a, however, those
changes were reversed after subsequent treatment
with interferon (IFN)-a!'*®!. Although the detailed
mechanism is unclear, expression of many cellular
miRNAs is directly changed after HCV infection and
these changes might in turn facilitate or inhibit HCV
replication.

Expression of miRNAs in HCV-induced liver diseases
HCV infection causes liver-specific injury, including
progressive liver fibrosis, cirrhosis and HCC. These
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Figure 1 Hepatitis C virus genome structure and processing of polyprotein. Hepatitis C virus (HCV) genome is a positive-sense, single-stranded RNA about 9.6
kb with a conserved 5-NCR, one ORF and a conserved 3-NCR. The polyprotein is cleaved by host ER signal peptidase (SP) or signal peptide peptidase (SPP) into
three structural proteins (core, E1 and E2) and by the viral NS2 and/or NS3/4A protease into seven nonstructural proteins (p7, NS2, NS3, NS4A, NS4B, NS5A and
NS5B). Arrows denote the cleavage sites of host or virus proteases. NCR: Noncoding region; ORF: Open reading frame; ER: Endoplasmic reticulum.

diseases result from both direct dysregulation of
cellular metabolism by viral proteins and indirect
consequence of the host response to HCV infection.
Cellular miRNAs are important factors in HCV-induced
liver disease progression.

Accumulating evidence shows that changes of
miRNAs induced by HCV infection subsequently influence
liver fibrosis progression. After comparing chronic HCV
patients with normal controls, Ramachandran et a/*”’
identified 22 upregulated and 35 downregulated miRNAs
(> 2-fold). Among them, miR-200c, which is highly
expressed in chronic HCV patients, down-regulates
fas-associated protein (FAP)-1 and subsequently
activates Src kinases-mediated profibrotic signaling
pathway, suggesting that it is a promoting factor of
hepatic fibrosis. In 2012, Ogawa et al*® reported that
miR-222 and its homolog miR-221 were significantly
increased during liver fibrosis progression in HCV-
infected patients and mice. Further results showed
that miR-221/222 inhibited expression of cyclin-
dependent kinase inhibitor 1B (CDKN1B) via binding
to the 3'UTR of CDKN1B and positively correlated with
the expression of fibrosis-related a-1 type I collagen
(Col1A1l) and a-smooth muscle actin (SMA). Therefore,
miR-221/222 might potentially serve as new fibrosis
biomarkers in HCV-infected patients. By contrast,
in patients infected with HCV, down-regulation of
miR-29 in activated hepatic stellate cells (HSCs)
might potentiate synthesis of collagen by dramatically
derepressing the expression of COL1A1 and COL3A1,
which eventually promotes progression of fibrosis!**??,
In hepatic fibrosis patients infected with HCV, miR-
449a is decreased and thus derepressed expression of
NOTCH1, which results in stabilization of p65 in nuclear
by the NOTCH signaling pathway and eventually
activates the expression of inflammatory biomarker
YKL40™, Recent studies also revealed that, in liver
needle biopsies from patients infected with HCV, the
level of miR-21 is positively correlated with fibrotic
stage and could finally lead to increased fibrogenesis
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by targeting SMAD?7 in the transforming growth factor
(TGF)-B signaling pathway, while the level of miR-122
is negatively correlated with fibrotic stage'*.

miRNAs are directly involved in hepatocellular
carcinogenesis in HCV-infected patients™!. In 2006,
after analyzing the expression profiles of miRNAs in
25 pairs of HCC and adjacent non-tumorous tissues
and nine additional chronic hepatitis specimens with
a human miRNA microarray, Murakami et a/*® found
that eight miRNAs had significantly different expression
patterns. Among them, miR-92, 20, 18 and precursor
miR-18 had a significantly negative correlation with
differentiation of HCC, while expression of miR-99a
was consistent with the degree of tumor differentiation.
Likewise, after investigating the expression of 2226
miRNAs in HCC patients infected with HCV, Diaz et
al®” identified 18 HCC-exclusive miRNAs, including
three new HCC-related miRNAs (miR-497, 1269
and miR-424-3p). Seventeen of these miRNAs were
connected into a regulatory network centered on p53,
phosphatase and tensin homolog (PTEN) and all-trans
retinoic acid, which are three important modulators
in the development of HCC®"?!l, miR-199a-3p, which
is derived from its precursor mir-199a-1 or mir-
199a-2, contains the same base sequences as miR-
199b-3p. Reduction of miR-199a/b-3p in HCC tissues
is dramatically correlated with poor survival of HCC
patients and thus could be a potential biomarker for
predicting prognosis of HCC™”!, miR-199a/b-3p inhibits
HCC growth through targeting tumor-promoting
PAK4 to inhibit the PAK4/Raf/MEK/ERK pathway™® or
through targeting c-Met and mTOR to inhibit HCC cell
cycle progressiont®®3,

However, only some abnormal expression of
miRNAs was induced directly by HCV, even though
altered expression of miRNAs in liver diseases has
been reported frequently. HCV-induced changes in
expression of several critical miRNAs highlight their
clinical implications in liver disease progression (Table
1). Analyzing the changes of host miRNAs and mRNAs
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Table 1 Aberrant expression of representative miRNAs after hepatitis C virus infection

miRNA Expression after Target Biological process Clinical relevance Therapeutic  Ref.
HCV infection strategy
miR-200c Up FAP-1 Down-regulate FAP1 and subsequently Promoting factor of hepatic fibrosis Antagonist [19]
activate Src kinases-mediated profibrotic
signaling pathway
miR-221/222 Up CDKN1B Inhibit CDKN1B expression and correlate New marker for stellate cell Antagonist [20]
with expression of fibrosis-related activation and liver fibrosis
CollAl and a-SMA progression
miR-29 Down COL1A1,COL3A1  Decrease collagen synthesis and thus Therapeutic and diagnosis Mimic [21,22]
suppress fibrosis progression biomarker of liver fibrosis
miR-449a Down NOTCH1 Repress YKL40 expression by targeting ~ Negative correlation with HCV- Mimic [23]
components of NOTCH signaling induced liver inflammation and
pathway and then inhibit liver fibrosis fibrosis
miR-21 Up SMAD?7 Enhance TGF-B-mediated fibrosis Positive correlation with fibrotic ~ Antagonist [24]
stage
miR-122 Down HCV RNA, Bachl/ Directly promote HCV replicationand  Inverse correlation with fibrosis ~ Antagonist [24]
HO-1 translation; Enhance HCV replication stages
indirectly through Bachl/HO-1
miR-199a/ Down PAK4, c-Met,  Suppress HCC growth through inhibiting  Potential diagnostic/prognostic Mimic [29-31]
b-3p mTOR PAK4/Raf/MEK/ERK pathway or HCC  marker and therapeutic target in
cell cycle progression HCC
miR-196 Down Bachl, HCVRNA  Inhibit HCV replication directly by Potential predictive/prognostic Mimic  [36,68,73]
targeting HCV NS5A and indirectly factor in HCV infection
through Bachl mRNA suppression
miR-20a Up - - Predictive biomarker in HCV- - [69]
mediated early to late stage fibrosis

miR-618 Up LPR12 Suppress LPR12 and lead to progression ~ Promising biomarker for early - [70]

of HCC detection of HCC among high-risk

HCV-positive population

miR-650 Down TRAF4 Down-regulate tumorigenesis-associated Promising biomarker for the early - [70]

TRAF4 detection of HCC among high-risk

HCV-positive population

miR-155 Up APC Promote hepatocarcinogenesis by Negative predictive/prognostic ~ Antagonist  [71-74]

activating Wnt signaling pathway

marker and therapeutic target in
HCYV infection

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.

in response to HCV infection might provide us with a
deeper understanding of HCV-induced liver diseases.

HOST miRNAs REGULATE HCV LIFE
CYCLE

Virus-encoded and host-gene-derived miRNAs are both
involved in the regulation of viral life cycle. However, it
is now commonly believed that HCV, which is a single-
stranded RNA virus that replicates in the cytoplasm,
does not encode viral miRNAs”®**), Host miRNAs
inhibit or stimulate viral replication in almost all stages
of the viral life cycle by targeting viral RNAs and/or
host mRNAs (Figure 2).

Host miRNAs regulate HCV life cycle via targeting HCV
RNA
The single-stranded HCV RNA genome serves as a
template for its replication and translation and as a
binding site for cellular miRNAs. So, host miRNAs could
theoretically influence HCV replication through directly
targeting the HCV genome.

Most host miRNAs prevent HCV replication through
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directly targeting HCV RNAs. The highly conserved
internal ribosome entry site (IRES) is in the 5'-un-
translated region (UTR) of the HCV genome, and it
recruits ribosomes to initiate translation of the HCV
genome into a single polyprotein. Several miRNAs
target the 5'-UTR region and thus inhibit translation
of HCV polyprotein. Representatively, miR-199a*
targets domain I of the HCV 5'-UTR IRES region,
overexpression of miR-199a* decreases HCV replica-
tion in HCV 1b or 2a replicon cells while silencing
expression of miR-199a* by specific antisense
oligonucleotides facilitates viral replication™*. Similarly,
let-7b suppresses HCV replication and downregulates
HCV accumulation by targeting the 5-UTR and NS5B
region in the HCV genome®®!. Pedersen et a/©*®
identified about 30 miRNAs differentially expressed in
interferon-stimulated lymphocytes using miRNA array
analysis. Among them, eight miRNAs (miR-1, 30, 128,
196, 296, 351, 431 and miR-448) displayed nearly
perfect complementarities in their seed sequences with
the HCV genome. The following study verified that
miR-448 and miR-196 directly targeted the core and
NS5A coding region in the HCV genome, respectively,
and thus showed antiviral activity"®..
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Figure 2 Effect of some cellular miRNAs on hepatitis C virus life cycle. Host miRNAs inhibit or promote hepatitis C virus (HCV) replication through targeting
entry, translation, replication, or assembly. Red blunt arrows denote anti-HCV effects and the blue solid arrows denote promotion effects on HCV replication.

In contrast, a few miRNAs can facilitate HCV
replication by directly targeting HCV RNA. For instance,
liver-specific miRNA-122 positively modulates HCV
replication, mainly through cooperatively binding
to two targets in the 5-UTRP”\. Although it has not
been confirmed, miR-192/miR-215 might bind to the
HCV genome and thus enhance HCV replication!'”’.
In addition, overexpression of miR-923 or inhibition
of miR-149%*, 373*, 638, 888, 940, 1181 and 1234
enhances the entry into cells of HCV pseudotype
particles, though the detailed mechanism remains
unclear®,

Host miRNAs regulate HCYV life cycle via targeting host
mRNAs
Generally, drug treatment or HCV infection induces
host physiological changes and alters miRNA expression.
The changes in miRNAs partly act on regulatory genes
associated with host signaling pathways to regulate
HCV life cycle indirectly.

Abnormal expression of miRNAs is closely related
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to innate immunity, in which type I IFN signaling
pathway and inflammatory cytokines play essential
roles®®*, IFN-induced transmembrane (IFITM)
1 protein disrupts the process of viral entry by
interacting with HCV co-receptors, such as CD81
and occluding™®. miR-130a was the first reported
miRNA to be directly involved in HCV-mediated innate
immune response. Upregulation of miR-130a induced
by HCV infection blocks expression of IFITM1 protein
and thus subsequently facilitates HCV entry into host
cells through an IFN signaling pathway'”***J, The
JAK/STAT signaling pathway plays critical roles in
transcription of IFN-stimulating gene and initiation
of host antiviral response!*?.. The expression level of
Janus kinase (JAK) 1 and the phosphorylation status of
signal transducer and activator of transcription (STAT)
1 were significantly decreased because upregulation of
miR-373 resulted from HCV infection. On the contrary,
knockdown of miR-373 in hepatocytes enhances type-
I-IFN-mediated antiviral response through directly
targeting JAK1 and IRF9 and thus reduces HCV RNA
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replication™. miR-30 targets SOCS1 and SOCS3 and
influences the helper T cell differentiation and the
cytokine-activated JAK/STAT signaling pathway!™®*,
Therefore, down-regulation of miR-30 in HCV-infected
Huh7.5 cells might finally create a permissive environ-
ment for viral replication®..

However, miRNAs also affect HCV replication
through other signaling pathways. For instance,
miR-491 promotes HCV replication possibly through
regulating the viral-entry-associated PI3K/Akt pathway,
although the target gene has not been verified™"*,
Putative target genes of miR-320c and miR-483-5p are
involved in the PI3K/Akt, NF-xB and MAPK signaling
pathways, which contribute to HCV pathogenesis or
participate in host defense against infection™, HCV
infection or lipid overload up-regulates expression
of miR-27a, and this change in turn inhibits the
expression of many genes related to lipid metabolism
signaling pathways, such as ApoA1, ApoB100 and
ApoE3, and consequently represses lipid storage in
cells and production of infectious HCV particles™***,
This negative feedback mechanism has the benefit of
maintaining a low viral load to escape host immune
surveillance and thus establish persistent HCV
infection.

MIRNAS MEDIATE HOST/HCV
INTERACTIONS V/A COMPETITIVE VIRAL

AND HOST RNA (cvhRNA) NETWORK

Although the biological functions of miRNAs in
regulating HCV replication have been intensely
studied, the potential roles of miRNAs in the genome-
wide gene regulatory networks are not exactly
defined. Many miRNAs, such as miR-122, can both
positively and negatively modulate tens or hundreds
of mRNAs, and several miRNAs can also regulate
the same mRNAP**%, During HCV infection, many
cellular miRNAs are involved in regulatory networks.
After reviewing experimental evidence of reciprocal
interactions between viral and host mRNAs during viral
infections, Li et al®® proposed a cvhRNA hypothesis
that exogenous viral RNAs harbor the same miRNA-
binding sites as cellular RNAs and act as competitors
with host RNAs for the common miRNA pools in
infected cells. The crosstalk mechanisms of cvhRNAs
are dependent on the ability to sequester or degrade
the common miRNAs by binding to viral RNAs and the
extent of de-repression for host mRNAs by miRNA
down-regulation'™. Many factors might contribute
to cvhRNA interactions, such as recognition/pairing
ability, relative abundance, and intracellular localization
of common miRNAs and the number of miRNA
recognition elements in virus/host RNAs®***, In fact,
cvhRNA networks are present in many viral infections,
such as hepatitis B virus, herpesvirus saimiri, lytic
murine cytomegalovirus and human cytomegalovirus
infections®>%,
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miRNA-mediated cvhRNA networks exist in
HCV-infected hepatocytes. HCV RNA can specially
sequester and de-repress miR-122 from its normal
host targets®™®). miR-122 positively modulates HCV
replication by cooperatively binding to two sites on
the 5-UTR sequence, while the sequence binding
with it in the 3’-UTR does not appear to have any
functional relevance®™”. However, the well-conserved
fourth miR-122 recognition element in the NS5B
coding region of the HCV genome potently inhibits
HCV replication at the level of both translation and
replication. This negative feedback regulation of
miR-122 might contribute to immune evasion of HCV
infection and progression to chronic HCV infection®”.
As the key element of the miR-122-centered cvhRNA
network, miR-122 also regulates replication of HCV
and host gene expression by targeting host mRNAs.
Shan et af®! showed that miR-122 indirectly promoted
HCV replication partly through Bachil-mediated
upregulation of heme oxygenase-1. miR-122 can
also lead to low expression of endogenous cationic
amino acid transporter (CAT)-1 by targeting the
3’- of CAT-1 mRNA™®), Through targeting cyclin
G1, miR-122 indirectly influences the stability and
transcriptional activity of p53 protein and thus reduces
the invasiveness of HCC-derived cells'®". miR-122
participates in the whole regulatory network through
targeting other non-liver-specific genes, such as
the prominent proliferation- and differentiation-
associated transcriptional repressor gene CUTL1,
lipid-metabolism-associated genes FASN, ACC1,
ACC2, SCD1 and ACLY, and apoptosis- and cell-
cycle-associated genes Bc/l-w, ADAM10, SRF and
Igf1RP*>%71 Al the targets serve as endogenous
competitors for miR-122 and thus jointly form the miR-
122-centered cvhRNA network, which can alter host
homeostasis and thus contribute to the establishment
of persistent viral infection (Figure 3).

Analogous to miR-122, miR-196 inhibits HCV
replication by directly targeting the HCV genome or
indirectly binding to two sites of the Bach1 3'-UTR, and
might also form the cvhRNA network™®, In principle,
numerous host miRNAs, which could bind to host and
HCV RNAs, potentially form cvhRNA networks. The
phenomenon that virus-specific host miRNAs regulate
the HCV life cycle through the cvhRNA networks
might also reflect a means of immune evasion and
adaptation for HCV to establish a persistent infection.

MIRNAS ARE PREDICTIVE BIOMARKERS
AND DRUG TARGETS

Expression profiles of miRNAs are significantly changed
after HCV infection and can be partly reversed by drug
treatment®®. Therefore, it is possible to define specific
miRNAs as diagnostic/prognostic biomarkers, and
assessment indicators of drug therapeutic effects as
well (Table 1).
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Clinically, alterations of circulating miRNAs are
associated with HCV infection and disease progression.
For instance, upregulation of miR-134, 198, 320c
and 483-5p in serum might be predictive biomarkers
reflecting the pathophysiology after HCV infection™*.
Likewise, miR-20a might serve as a good predictive
biomarker in HCV-mediated early to late fibrosis,
because its expression is significantly elevated in
the fibrotic stage of HCV infection®. The putative
targets of miR-650 and miR-618 are tumorigenesis-
associated gene TRAF4 and tumor-suppressor gene
LRP12, respectively. Down-regulated miR-650 and up-
regulated miR-618 in urine are strongly associated
with HCC in high-risk HCV patients and thus might
serve as early diagnostic biomarkers, whose changes
show even higher sensitivity and specificity than those
of traditional o-fetoprotein”®. Likewise, HCV-induced
miR-155 expression promotes hepatocarcinogenesis
by inhibiting expression of adenomatous polyposis
coli (APC) and activating Wnt/p-catenin signaling
pathway!"’?. Increased expression of miR-155 in
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serum, peripheral mononuclear cells, and liver tissues
of patients with chronic HCV genotypes 1, 2 and 3
infection could be a negative prognostic marker, which
suggests incomplete virus elimination, and increased
risk of liver damage and HCCV*7¥, Also, miRNAs might
be biomarkers for evaluation of drug therapeutic
effects. Kaluzna reviewed a large number of studies
and suggested that overexpression of miR-196, in
response to IFN-B treatment, might serve as a positive
prognostic marker indicating decreased inflammation,
inhibition of HCV replication, and an efficacious
response to IFN-based therapy*”.,

miRNAs have gradually emerged as promising
drug targets. Miravirsen (SPC3649), a locked nucleic
acid form of anti-miR-122 oligonucleotides, decreases
HCV viral load in a genotype-independent manner
through inhibiting the biogenesis of miR-122, and it
has been approved for clinical trial”®. This provides
a molecular rationale for combination therapy with
silencing of miR-122 function during HCV infection.
In contrast to the high level of miR-122 in the liver,
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miR-199a* is expressed at a low level in liver tissues,
but in high quantities in extrahepatic tissues. miR-
199a* also precludes efficient HCV replication through
multiple mechanisms and thus might potentially be
another anti-HCV therapeutic target'*7’®””), In recent
years, investigators have proposed a miRNA-based
decoy mechanism in cvhRNA networks as therapeutic
approaches for human diseases!”®®",

CONCLUSION

The replication of HCV in liver cells differentially
triggers extensive expression of host miRNAs, which
in turn positively or negatively regulate HCV life cycle
through directly targeting the HCV genome and/or
genes associated with cellular signaling pathways. This
interaction makes miRNAs regulatory intermediates
and finally develops a genome-scale regulatory
network. miRNAs play important roles in disease
progression and drug treatment, and they can be
predictive and prognostic biomarkers and even drug
targets. However, research on miRNAs associated with
HCV is still in the early stage, and their functions are
still to be clarified, especially in cvhRNA networks. The
complicated cvhRNA networks mediated by miRNAs
possibly indicate an adaption of HCV infection and host
resistance. miRNAs will undoubtedly be useful tools for
selecting agents to combat HCV infection in the future.
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