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Hepatitis C virus (HCV) infection is considered one of the most important causes of chronic liver diseases.
Many reports have shown that the proteins of the HCV via interactions with gene expression regulatory
networks such as cellular pathways and microRNAs can contribute to the development of chronic liver
diseases. The present study aimed to investigate the effects of the HCV NS3 protein on the expression of
miR-150 miR-199a, miR-335, miR-194, miR-27a in a cell culture model. Plasmids expressing the full
length of the HCV NS3 protein were transfected into the LX-2 cell line, while at the same time a plasmid
expressing empty GFP (green ﬂuorescent protein) was used as a negative control group. Subsequently,
total RNA was extracted and real-time PCR was performed to measure microRNA expression levels.
Additionally, the trypan blue exclusion test was performed to examine the effect of the expressing NS3
protein plasmid on cellular viability. The analysis of microRNA gene expression in LX-2 cells indicated
that the NS3 protein, which is endogenous to HCV, can signiﬁcantly upregulate the expression of miR27a and downregulate the expression of miR-335 and miR-150 in comparison with the control
plasmid expressing GFP and normal cells (p < 0.01). These results suggest that the HCV NS3 protein may
play a role in the pathogenesis of chronic hepatic diseases such as liver ﬁbrosis via interaction with
cellular microRNAs and modulation of microRNA gene expressions.
© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction
Hepatitis C virus (HCV) is known as one of the most prevalent
infectious agents affecting liver cells. Most cases of virus-caused
infection progress as a chronic condition, which can have serious
clinical outcomes, including ﬁbrosis, cirrhosis, and hepatic cell
cancer (HCC) [1]. In most cases, acute infection is not identiﬁed.
Infection is mostly detected accidentally by such indirect means as
detecting increased hepatic enzymes, the development of symptoms of chronic infection, or the pathology of hepatic cells [1].
Hepatic ﬁbrosis is one of the clinical complications of chronic liver
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disease. Chronic HCV infection signiﬁcantly contributes to the
development of hepatic ﬁbrosis. The development of hepatic
ﬁbrosis and subsequently cirrhosis is an important predictor of the
prognosis of disease and the resultant mortality [2,3].
Success in the establishment of infection can be attributed to the
ability of the virus to evade the immune system and the interactions of the virus proteins with cellular signaling and regulatory pathways [4,5]. HCV has several structural and nonstructural
proteins, including core, E1/2, NS3/4, NS5, which can play a role in
the development of infection, the pathogenesis of chronic liver
diseases such as HSCs(hepatic stellate cells)-mediated ﬁbrosis, and
the suppression of the innate immune response [6,7]. Studies have
shown that proteins speciﬁc to this virus can interact with various
hepatic cell proteins and regulatory pathways, which can generate
pathogenic molecular processes that positively affect the progression of hepatic ﬁbrosis [5,6], for example, it is observed that HCV
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proteins expressed in HSCs induce these cells [6,7].
MicroRNAs are small noncoding RNA molecules with very high
expression levels [8]. These molecules can regulate the expression
of cellular genes by posttranscriptional regulations and by binding
with the 30 section of the untranslatable region (30 UTR) of the
transcript of the cellular genes. These molecules are linked to many
basic cellular processes, including apoptosis, reproduction, and
differentiation [8]. Many studies have shown that the HCV virus can
communicate with cellular microRNA networks. Moreover, it has
been observed that cellular microRNAs play a considerable part in
HCV infection and the pathogenesis of chronic liver diseases,
including hepatic ﬁbrosis [9,10]. Various reports have shown that
miR-194, miR-150, and miR-335, due to their anti-ﬁbrotic properties, and miR-27a and miR-199a, due to their pro-ﬁbrotic properties, play important roles in the pathogenesis and progression of
hepatic ﬁbrosis [11]. Most studies on HCV proteins have been
conducted on the core protein, while other proteins have been
studied less extensively [12,13]. Nonstructural proteins 3 (NS3) is
one of the nonstructural proteins of HCV, which also known as p-70
plays an important role in viral infection and the pathogenesis of
virus-caused diseases due to its multiple enzymatic. It acts as a
serine protease [14]. The objective of the present study was to
investigate the effect of NS3 on the ﬁbrogenesis of HSCs via modulation of miR-150 miR-199a, miR-335, miR-194, and miR-27a gene
expressions.
2. Materials and methods
2.1. Cell culture
The LX-2 cells (an immortalized human HSC cell line) were
kindly gifted by Professor Scott Friedman (Mount Sinai School of
Medicine, New York, USA). They were cultured in the DMEM (Gibco
USA) medium along with a 10% bovine serum (FBS, Sigma, St. Louis
USA), 100 mg/mL of the penicillin-streptomycin antibiotics (Gibco),
and 2 mM of L-glutamine under the atmospheric conditions of 5%
CO2 and the temperature of 37  C. In this stage, the cells were
divided into 4 groups: 1. The ﬁrst group included the cells that were
treated with the ﬁbrotic leptin hormone using a previously
described method [15] and were considered as the ﬁbrosis model.
2. The second group included the cells that were transfected with
the expressing HCV NS3 protein plasmid. 3. The third group was
made up of natural untreated cells used as the normal control
group. 4. The fourth group comprised the cells that were transfected with a blank plasmid expressing GFP and were considered
the negative control group.
2.2. Plasmids and transfection
The plasmids (gWiz) expressing the full-length NS3 protein of
HCV [16] was a kind gift from Dr. Gloria Gonzalez-Aseguinolaza
(CIMA Research Center, Navarra, Spain). On the day prior to the
transfection, about 4.105 LX-2 cells were cultured on 6-well ﬂasks.
When 36 h had passed since cell growth and at the cell growth
density of 70%, the LX-2 cells were transfected with plasmids
expressing HCV NS3 protein using Lipofectamine 2000 (Invitrogen)
in accordance with the manufacturer's instructions and at the same
time a blank plasmid expressing GFP was used as a negative control
group. 6 h after transfection, the cell culture medium was changed,
and then the cells were incubated for 18 h.
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cells, the trypan blue exclusion cell viability test was conducted and
the cell phenotypes were observed under an optic microscope. To
perform this test, 100 cells were stained and examined using the
trypan blue vital stain during cell counting, and the ratio of live cells
to unstained cells was divided by the total number of cells (dead
stained cells þ unstained live cells) and the results were compared
among different groups.
2.4. RNA extraction and reverse transcription reaction
After the transfection stage, total RNA was extracted from LX2 cells using the trizol solution (Invitrogen) in accordance with the
manufacturer's instructions. Next, in order to synthesize the
microRNA cDNAs, the extracted RNA was reverse-transcribed by
the cDNA synthesis kit (Thermo Fisher Scientiﬁc, USA) using the
stem-loop method by means of the stem-loop RT primer speciﬁc to
each microRNA (Table 1), and were converted to cDNA for use in
quantitative investigations. To carry out this stage, ﬁrst 5 mL of the
extracted RNA was added to 1.5 mL of 50 nM primer (RT) and 4 mL
distilled water in a sterile 0.2 microtube devoid of nuclease. Next,
the reaction mixture was incubated in the thermocycler device at a
temperature of 70  C for 15 min. Then, the reaction tubes were
placed on ice. 4 mL of X 5 buffer, 2 mL of the dNTP (10 mM) mixture,
1 mL of the RiboLock RNase Inhibitor (40 U/mL) (Thermo Scientiﬁc™), and 1 mL of RT enzyme (50U/mL) (Thermo Scientiﬁc™), were
added to them, respectively. Then, the reaction mixture was incubated in the thermocycler device for 1 h at a temperature of 42  C
and for 5 min at a temperature of 72  C (in order to deactivate the
polymerase enzyme). In the end, the constructed cDNA was preserved at a temperature of 20  C.
2.5. Real-time PCR
After the generation of the microRNA cDNA, the qRT-PCR technique was carried out using the primers speciﬁc to each microRNA
(Table 1). The primer sequences of each microRNA were designed
using information obtained from the miRbase database (www.
mirbase.org) and also by using the oligoanalyzer and RNAfold
software applications. To conduct this stage on ice, and inside a
sterile microtube, 2 mL of cDNA was added to 10 mL of Real-Time
SYBR green PCR master mix (Roche Diagnostics GmbH Mannheim, Germany). Then, the reaction mixture volume was
increased to 19 mL using water and, in the end, 0.5 mM of each
primer (forward and reverse) was added to the tube. Next, the reaction tubes were subjected to the following thermal conditions: an
initial 95  C for 5 min, 95  C for 20 s (the denaturation phase), 60  C
for 35 s (the annealing phase), 72  C for 20 s (the extension phase).
The ﬁnal extension was repeated for 10 min. To prevent variations
in the measurement of expression levels of microRNAs, primers
speciﬁc to the U6 snRNA gene (R-ACGCTTCACGAATTTGCGTGTC and
F- CTCGCTTCGGCAGCACATATACT) were used in the Real-Time PCR
as the internal control gene.
2.6. Bioinformatics approach
In order to predict miRNA target sequences, the miRNA sequences were analyzed for their predicted target proteins using
miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/) and TargetScan
(www.targetscan.org) version 6.1 algorithms. The major proteins
that were found to be common with most homology to the target
sequences were selected for further analysis.

2.3. Cell viability test
2.7. Statistical analysis
In order to understand the effect of the plasmid expressing HCV
NS3 protein on the viability or apoptosis rates of the transfected

This work was a case e control study. Statistical analysis was
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Table 1
Primer sequences speciﬁc to each microRNA using the stem-loop method.
miRNA

Primer sequences 50 / 30

hsa-miR-27a

RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGCTCA
F: AGAGGGCTTAGCTGCTTGT
RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCCACA
F: GGTGTAACAGCAACTCCATGT
RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAACAG
F: CCCAGTGTTCAGACTACC TGT
RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACTGG
F: CACAGTCTCCCAACCCTTGT
RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACATTT
F: GCAGGTCAAGAGCAATAACGA

hsa-miR-194
hsa-miR-199a
hsa-miR-150
hsa-miR-335

RT: stem loop reverse transcription primer.
Universal reverse primer: GAGCAGGGTCCGAGGT.
miRNA complementary speciﬁc sequences are underlined.

conducted using the Graph Pad Prism software application
(version, 6). To evaluate differences among the data, one-way
ANOVA was used. The statistical differences between the experimental and control groups was determined using the Tukey posttest. The signiﬁcance level was set at p  0.05.
3. Results
3.1. Lack of toxicity and cytotoxicity of the gwis plasmid expressing
the NS3 protein of HCV
In this study, the trypan blue exclusion test was used to assess
the effect of the expression vector of the NS3 protein of the HCV on
the viability of LX-2 cells. The results of this test in different groups
showed that no signiﬁcant difference exists in terms of cell viability
between LX-2 cells transfected by the plasmid expressing the NS3
protein of the HCV and non-transfected cells (p < 0.01) (Fig. 1).
3.2. The effect of the NS3 protein of the HCV on the expression
proﬁles of microRNAs
In order to ﬁnd out whether the NS3 protein of the HCV can
affect the expression of microRNAs or not, the LX-2 cells were
transfected with the Gwis plasmid expressing the complete NS3
protein of the HCV. Next, to analyze the expression of the miR-150,
miR-335, miR-194, miR-27a, and miR-199a genes, the expression of
these microRNAs was measured using the Real Time PCR technique.
As previously mentioned, the LX-2 cells surveyed in this study were
divided into 4 groups. In LX-2 cells that were activated by the
ﬁbrotic hormone leptin and were considered as the model of
ﬁbrosis, it was observed that the expression of miR-150, miR-335
and miR-194, known as anti-ﬁbrotic microRNAs, was signiﬁcantly
downregulated in comparison with untreated cells or normal cells
and the negative control group (LX-2 cells transfected with empty
plasmids expressing GFP), while the expression of miR-27a and
miR-199a, known as pro-ﬁbrotic microRNAs, when compared to
the control groups, was signiﬁcantly upregulated (Fig. 2). It was also
observed that in the cells transfected with a plasmid expressing the
HCV NS3, similar to the activated LX-2 cells in the ﬁbrosis model,
the expression levels of the two microRNAs, miR-335 and miR-150,
was signiﬁcantly downregulated (2.5 and 2 fold, expression levels
of change for miR-335 and miR-150, respectively) compared to
normal cells and the expression of miR-27a was signiﬁcantly
upregulated in terms of fold change (to 2 folds). On the other hand,
the levels of expression of the two microRNAs, miR-194 and miR199a, did not show any signiﬁcant change in terms of fold change
in comparison with the experimental and control groups. These
results show that the expression plasmids of the HCV NS3 were

able to signiﬁcantly affect the expression of microRNAs.
3.3. The target sequences of microRNAs
On the basis of bioinformatics methods using the miRTarBase
and TargetScan, TNC, C-MYB, RXRA, RAC1 and ETS2 were identiﬁed
as a target gene of miRNA-335, miRNA-150, miRNA-27a, miRNA194 and miRNA-199a respectively at the highest level of homology
(Fig. 3).
4. Discussion
Many studies have shown that the proteins of the HCV virus play
a crucial role in the development and progression of chronic infections caused by this virus, and the proteins of the virus have
been extensively identiﬁed in infected hepatic cells. A large number
of studies have demonstrated that HCV proteins can affect the
expression levels of the cellular genes via interactions with the
gene regulatory pathways. These events play a considerable role in
persistent viral infections and the clinical consequences of chronic
liver diseases, including liver ﬁbrosis [17e19]. By targeting vital
host cell factors needed for the replication of the HCV virus,
microRNAs can play an important role in the infectivity and pathogenesis of the chronic infection caused by this virus, Many reports
have shown that alteration in the expression of cellular microRNAs
occur during chronic HCV infection [9,10]. For example, in a cellular
culture model using an infectious HCV colon, Rebecca et al. showed

Fig. 1. The effect of the NS3 protein expression plasmids on cell viability. As can be
seen in the ﬁgure, the NS3 protein expression plasmid has shown no left signiﬁcant
cytotoxic and stimulatory effects after trypan blue exclusion tests among different
groups.
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Fig. 2. The results of the analysis of gene expression microRNAs: miR-335 (2A), miR-150(2B), miR-194 (2C), miR-199a (2D), miR-27a (2E) using the Real Time-PCR technique. Each
bar indicates the increases or decreases in the fold change compared to the expression of the control cells. *P < 0.05, **p < 0.01, ***p < 0.001 represents a signiﬁcant change in fold
change of the experimental groups of cells activated with leptin and the control groups. The data were an experiment that was set up as a triplicate.

that viral infection leads to the downregulation of the expression of
miR-122 and upregulation of the expression of miR-21. Further

analyses have demonstrated that miR-21 can upregulate the
expression levels of TGF-b by targeting the SMAD7 gene transcripts,
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and consequently increase the ﬁbrogenesis of hepatic cells [20].
Additionally, other studies have exhibited the ﬁbrotic effects of the
HCV NS3 protein on the hepatic cells [6,21].
In the present study, we investigated the effects of the NS3
protein on the expression proﬁles of miR-335, miR-150, miR-194,
miR-27a, miR-199a in a cell culture model. These microRNAs have
been explored in various studies in the context of hepatic ﬁbrosis
and it is proven that miR-150, miR-194, miR-335 have anti-ﬁbrotic
properties, and when ﬁbrosis occurs in tissues, their expression is
downregulated. On the other hand, the expression of miR-199a and
miR-27a is upregulated during ﬁbrosis [11]. Similar to previous
studies conducted on the ﬁbrotic properties of these microRNAs, in
our study, it was observed that the expression levels of miR-335
and miR-150 were signiﬁcantly downregulated, and the expression levels of miR-27a was upregulated in cells transfected with the
NS3 protein. However, unlike other studies, our observations did
not show any signiﬁcant changes in the expression levels of miR194 and miR-199a in the treated cells by the NS3 protein.
Additionally, in order to make further analyses through bioinformatics, targetscan and miRTarBase algorithms also the results of
other similar studies were used and it was observed that miR-335,
miR-150, miR-27a (Fig. 3) bind to their target sequence in the '3UTR
region in the TNC and C-myb genes respectively and to the alpha X
retinoid acid receptor at the highest hybridization level [11]. Chen
et al. have shown that miR-335 binds to TNC, which is a glycoprotein on the extracellular matrix. The protein product of this gene is
one of the activating factors for the HSCs and consequently the
ﬁbrogenic properties of these cells, which plays a major role in their
division and migration [22]. C-myb is a proto-oncogene, which
encodes a transcription factor, which is important in the replication, differentiation, and viability of hematopoietic cells [23]. Reports suggest that activated HSCs also express this protein, and its
expression in these cells plays a role in the formation of hepatic
ﬁbrosis [24]. Furthermore, studies have shown that hepatic ﬁbrosis
downregulates the expression of miRNA-150, such that the upregulation of the expression of this microRNA in ﬁbrotic liver tissues

is associated with decreased hepatic ﬁbrogenesis [25]. In addition,
previous studies have demonstrated that during chronic infection
of liver cells infected with HCV, the expression of the C-myb protein
is upregulated, and its expression plays a part in the development
and progression of the disease in these cells to more serious complications [26,27]. RXR-alpha is a nuclear receptor, which acts as an
intermediary of the biological effects of the retinoid by intervening
in the cellular activities resulting from retinoic acid. This protein
forms a heterodimer complex with PPARA that is needed for the
PPARA transcription activity in the metabolism of fatty acids [28].
Previous studies have shown that the upregulation of the expression of miR-27a in cultured HSCs can disrupt the pathways of fat
metabolism by affecting the RXR-alpha gene transcription product
and consequently lead to the accumulation of fat in the affected
cells. As a result of this, the cellular oxidative stress is increased and
HSCs are activated [29]. Furthermore, in another study, it was
observed that the Core protein of the HCV can upregulate the
expression of TGF-b via same mechanism and also increase the
oxidative stress in HSCs and as a result intensify ﬁbrogenic activities in these cells [30].

5. Conclusion
In conclusion, according to the results of this study and similar
studies, it seems that the HCV proteins can lead to alterations in the
expression levels of intracellular microRNAs and thus the interactions between the virus proteins with the cellular microRNAs
networks, as gene expression regulation factors, can play an
important role in the persistent progression of chronic liver diseases. However, it is necessary to study the exact hepatic ﬁbrogenic
mechanisms of these proteins as well as the factors and intracellular targets, which affect the expression levels of microRNAs via
these proteins. Overall, the results of this study indicated that the
NS3 protein of the HCV virus can affect the expression levels of
miR-335, miR-150, miR-27a, and thus this mechanism may play a
role in the pathogenesis of chronic liver diseases and the ﬁbrotic

Fig. 3. The predicted sequences for TNC, C-MYB, RXRA, RAC1 and E2S2 for miRNA-335, miR-150, miRNA-27a, miR-194 and miR-199a. Two different bioinformatics approaches
(Targetscan and miRTarBase) were used for the target prediction.
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properties of the NS3 protein. Additionally, these results can provide insights into the pathogenesis of chronic liver diseases caused
by HCV infection and the needed treatment strategies.
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