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Abstract

Hepatitis C virus (HCV) is an important human pathogen that infects as many as 185 million
persons worldwide, In the long-term, this can lead to advanced liver fibrosis, cirrhosis, and
hepatocellular carcinoma HCC, there is currently no vaccine for hepatitis C. About 15-45% of
infected persons spontaneously clear the virus within 6 months of infection without any treatment,
miRNAs are endogenous short single-stranded noncoding RNAs and they are post-transcriptional
negative regulators of gene expression, about18-22 nucleotides long, and play a crucial role in the
regulation of gene expression. Now there are over 2500 mature potential human microRNAs
recorded in miRBase (version 20, accessed January 2014), 84 miRNASs in serum and plasma of
HCV-infected patients to identify miRNAs that correlated with different stages histologically
assessed liver disease severity and during HCV infection, miRNA-122 is the most abundant in the
liver, niRNA-122 is responsible’ for liver homeostasis, several studies showed that miRNA-122 is required
for HCV replication in infected cells, it can use as a serum biomarker over alanine leucine
transaminase(ALT) in predicting the presence of chronic HCV infection, miR-122 also plays a crucial role in
the regulation of cholesterol and fatty acid metabolism in the adult liver, and was identified as a regulator for
systematic iron homeostasis, therapies that target it could present an effective approach for the
development of new HCV antiviral drugs, Recently, the development of the anti-miR122 therapeutic
miravirsen. Miravirsen (formerly SPC3649) is a 15-base oligonucleotide that is complementary to part of
miR-122 and is the first miRNA-targeting agent administered to patients. Miravirsen has demonstrated in
vitro antiviral activity against all HCV genotypes, Miravirsen interferes with the functions of miR-122 both
in viral proliferation and in cholesterol homeostasis, miravirsen has demonstrated broad antiviral activity
and a relatively high genetic barrier to resistance.
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HCV

Hepatitis C virus (HCV) is an important world population is infected with HCV, and
human pathogen that infects as many as 185 the severe consequences of virus infection
million persons worldwide, suffer from make HCV one of the most pressing
chronic hepatitis C. Approximately 3% of the emergencies worldwide (World Health
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Organization, http://www.who.int/). In the
long-term, this can lead to advanced liver
fibrosis,  cirrhosis, and  hepatocellular
carcinoma HCC. HCV is the most common
indication for liver transplantation in
developed countries™). Hepatitis C is a liver
disease caused by the hepatitis C virus: the
virus can cause both acute and chronic
hepatitis, ranging in severity from a mild
illness lasting a few weeks to a serious,
lifelong illness, The hepatitis C virus is a
bloodborne virus, there is currently no
vaccine for hepatitis C, approximately 399
000 people die each year from hepatitis C,
mostly from cirrhosis and hepatocellular
carcinoma®. Hepatitis C virus was first
identified as a non- A, non-B hepatitis ©
About 15-45% of infected persons
spontaneously clear the virus within 6
months of infection without any treatment,
the remaining 60-80% of persons will
develop chronic HCV infection, of those with
chronic HCV infection, the risk of cirrhosis
of the liver is between 15-30% within 20
years®. Hepatitis C virus (HCV) is a
hepatotropic, enveloped, single-stranded, and
positive-sense RNA virus that belongs to the
family Flaviviridae and genus hepacivirus.
The viral genome contains 5 and
Juntranslated regions (UTR) that are
important  for  viral replication and
translation®®.

MiRNAS

MicroRNAs (miRNAs) were discovered in
1993 during a developmental timing
experiment in

the nematode Caenorhabditis elegans.
miRNAs are endogenous short single-
stranded noncoding RNAs and they are
post-transcriptional negative regulators of
gene expression, they selectively bond the
complementary 3' UTR mRNAs and target
for translational repression or cleavage ©).
These miRNAs account for only 1% of the
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human genome. mIiRNAs are highly
conserved in nearly all organisms, about18-
22 nucleotides long, and play a crucial role
in the regulation of gene expression®”. In
recent years miRNAs have become firmly
established as key molecular components of
the cell in both normal and pathogenic
states®. It was quickly recognized that
micro- RNAs have a broad functional
significance throughout the animal and
plant kingdoms. Now there are over 2500
mature  potential human  microRNAs
recorded in miRBase (version 20, accessed
January 2014), a searchable database of
published microRNAs and their
annotation®. Recent studies demonstrate
that miRNAs are associated with various
diseases, including cancer, viral infection,
bacterial infection, and chronic diseases,
because a single miRNA can regulate the
expression of many cellular mRNAs,
additionally, circulating miRNAs are also
found in human serum and plasma, so can
be used as candidate biomarkers for many
diseases, also miRNAs increased or
decreased with some diseases so can be
used for the treatment of these diseases by
synthetic miRNAs or using synthetic Anti-
miRNA according to its level with the
disease. Which opens new hope for early
diagnosis of many diseases and treat many
acute and chronic diseases.

Micro-RNAs in Hepatitis C

Shrivastava et al. measured 84 miRNASs in
serum and plasma of HCV-infected patients to
identify miRNAs that correlated with different
stages histologically assessed liver disease
severity and during HCV infection, which
validated by real-time reverse-transcriptase
polymerase chain reaction (PCR), they
reported that serum miR-20a and miR-29a
levels were significantly higher in HCV
subjects with fibrosis®?. (Fig. 1)
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Fig. 1. Association of miRs with HCV infection and disease progression. Various intrahepatic and circulating
miRNAs that are induced or repressed with HCV infection and associated with the progression of fibrosis are

shown. (HEPATOLOGY 2013;58:863-871).
MiRNA-122

Recent studies have reported several miRNAs as
key players in virus-host interactions, which
regulating virus replication and pathogenesis
during HCV infection @Y. MiRNA-122 is
responsible for liver homeostasis®®. Several
studies showed that miRNA-122 is required for
HCV replication in infected cells®¥, It is
positively modulated by direct interaction with
viral RNA and stimulates its translation®®. One
miR-122 molecule binds to the 5 UTR of HCV
RNA with 3/ overhanging nucleotides, masking
the 5/ terminal sequencing of HCV genome during
translation, specific internal nucleotides, as well
as 3/ terminal nucleotides in miRNA-122, were
required for  maintaining HCV  RNA
abundance®®, Expression of miR-122 allows
efficient HCV RNA replication and/or infectious
virion production in a cell line . The serum
level of miR-122 and miR-21 strongly correlates

with serum alanine leucine transaminase levels
(ALT) and higher necroinflammatory activity in
the liver in patients with HCV infection can using
as a serum biomarker over ALT in predicting the
presence of chronic HCV infection®!9, miR-122
is one of the most abundant miRNAs in the liver
and has a liver-enriched expression accounting for
about 70% in adult mice and52% in humans of the
whole hepatic miRNAs?%-22),

Consequently, miR-122 plays a central role in
liver development, differentiation, homeostasis,
and functions (Fig. 2). The fact that the repression
of miR-122 in primary HCC with poor prognosis
was associated with suppression of the hepatic
phenotype ®. miR-122 also plays a crucial role in
the regulation of cholesterol and fatty acid
metabolism in the adult liver and was identified as
a regulator for systematic iron homeostasis (Fig.
2). Indeed, antisense-mediated inhibition of
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hepatic miR-122 markedly lowered plasma
cholesterol levels in both mice and non-human
primates®29,  Although  the  molecular
mechanisms underlying the regulation of lipid
homeostasis by miR-122 are still unclear, both
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AMP-activated protein  kinase (APK) and
circadian

metabolic  regulators of the peroxisome
proliferator-activated receptor (PPAR) family
were suggested to be putative effectors of miR-
122-mediated metabolic control®” (Fig. 2).

Cholesterol
and fatty acid
synthesis

Binding to HCV
5'UTR

Fig. 2. miR-122 is a key regulator of liver physiology and disease biology. The scheme illustrates the different roles of miR-122 in liver development
and metabolism (red boxes) as well as in viral hepatitis and liver disease. Activation (+) or inhibition (_) is indicated depending on the effect of miR-
122 on a specific process. While host miR-122 targets are depicted outside of boxes, miR-122 targets of viral origin are indicated within grey boxes.

miR-122 as a therapeutic in HCV

miR-122 is an essential host factor required
for HCV replication, so therapies that target it
could present an effective approach for the
development of new HCV antiviral drugs.
Synthetic  therapeutic  of miRNA-122
employing antisense oligonucleotide
complementary to the 5 -end of miRNA-122,
has been evaluated in HCV infected
Chimpanzees®®. Resulted in a reduction of
HCV viral load in the liver and blood of
chronically infected Chimpanzees, with
normalization of the interferon pathway@®). by

using a mouse model where tumors developed
in the absence of inflammation, it has been
demonstrated that miR-122 has an anti-tumor
function that is independent of its role in
preventing liver disease and inflammation®.
miR-122 mimics represent an interesting
strategy to prevent and treat HCC (Fig. 3).
Recently, the development of the anti-miR122
therapeutic miravirsen. Miravirsen (formerly
SPC3649) is a 15-base oligonucleotide that is
complementary to part of miR-122 and is the first
miRNA-targeting agent administered to patients.
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Miravirsen has demonstrated in vitro antiviral
activity against all HCV genotypes®?, In a
clinical trial in treatment-naive patients with
chronic HCV infection, miravirsen monotherapy
was prolonged, and reversible pharmacodynamic
responses (decreases in cholesterol levels) and
demonstrated continuous and prolonged antiviral
activity with no evidence of genetic resistance GV,
Miravirsen as HCV antiviral drug is the first
miRNA-targeting antisense agent administered to
patients®Y. Miravirsen interferes with the
functions of miR-122 both in viral proliferation
and in cholesterol homeostasis'*®. The study by

miR-122
mimics .

| Fibrosis

| Plasma cholesterol
| HCC | HCV replication
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Sgren Ottosen et al (2015), In Vitro Antiviral
Activity and Preclinical and Clinical Resistance
Profile of Miravirsen, a Novel Anti-Hepatitis C
Virus Therapeutic Targeting the Human Factor
miR-122, showed that miravirsen has
demonstrated broad antiviral activity and a
relatively high genetic barrier to resistance. The
identification of nucleotide changes associated
with miravirsen resistance should help further
elucidate the biology of miR-122 interactions with
HCV®2, (The clinical trial study has been
registered at ClinicalTrials.gov under registration
no. NCT01200420).

Fig. 3. Therapeutic effects of miR-122-modulating agents in liver disease Current state-of-the-art approaches in modulating miRNAs in vivo comprise restoration of miRNA expression,
using synthetic miRNA mimics or viral vectors driving miRNA expression, as well as inhibition of miRNA expression via chemically modified anti-miR 0Iigonuc|eotides‘33). While
antisense-mediated inhibition of miR-122 (anti-miR-122) has been demonstrated of clinical interest to treat chronic HCV infection and to represent a potential therapeutic strategy
against hypercholesterolemia, restoration of miR-122 (miR-122 mimics), was suggested as a therapeutic approach against liver fibrosis and HCC development

The discovery of small-molecule inhibitors of
miRNA-122 function is a novel approach to
inhibit HCV replication in liver cells, no
adverse side effects of miRNA-122 inhibition
have been reported in either chimpanzees or
chronic HCV infected patients, it gives new
hope to treat millions of people infected with
different genotypes HCV in the world,
without any complications caused by some
other drugs for the treatment of HCV
infection as hepatocellular carcinoma(HCC).
Efficacy and safe treatment of HCV-infected
patients will decrease the possibility of the
development of fibrosis or cirrhosis which
develops to HCC. miRNA-122 used as a
serum biomarker for HCV infection and viral

replication also for treatment follow-up, using
anti-miRNA-122 can prevent virus replication
decreasing viral load, and help the immune
system of the infected person to overcome the
HCV virus.

According to studies in animal models and
human clinical trials miravirsen is effective
and safe as a therapeutic in HCV without
toxicity sometimes called genotherapy.

This technology of treatment of HCV virus
can also be used for the treatment of other
viral infection as HBV, HIV, Ebola virus and
other dangerous viruses which still without
treatment drug and open new hope for
effective treatment of these viruses using the
specific miRNA of each virus.
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