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The possible role of NS3 protease activity of hepatitis C virus on fibrogenesis
and miR-122 expression in hepatic stellate cells
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Summary. - The various roles of hepatitis C virus (HCV) NS3 protein in viral pathogenesis are emphasized,
especially in the progression of fibrosis and tumors. The levels of miR-122 have been widely accepted as a critical
factor in viral pathogenesis and disease progression. However, the possible correlation between miR-122 levels
and fibrosis state has been less investigated. Therefore, in this study, plasmids expressing protease competent
and protease mutated non-structural proteins 3 (NS3) were transfected into LX-2 cell line. Subsequently, the
total RNA was extracted and real-time PCR was performed to measure the expression level of miR-122, col-
lagen type 1 alpha 1 (COL1AL1), alpha smooth muscle actin (a-SMA), and tissue inhibitor of metaloproteinase
1 (TIMP-1). Moreover, the transforming growth factor beta (TGF-) levels in the supernatants of transfected
cells were evaluated by ELISA. The gene expression analysis of fibrotic genes and TGF-p cytokine in LX-2 cells
showed that protease competent NS3 had a significant fibrogenic impact when compared to protease defective
NS3 or GFP control plasmids (P <0.001). The results also demonstrated that the expression of miR-122 was
downregulated in both versions of the cells transfected with NS3 plasmids (P <0.01) irrespective of protease
function. These results suggested that the protease function of NS3 protein is a crucial factor for the induction
of hepatic fibrosis but it doesn't play a complete role in the expression of miR-122.
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Introduction

Hepatitis C virus (HCV) infection is one of the most
common causes of chronic liver diseases in the world. An
estimated 170 million infected patients worldwide are at
high risk for advanced liver diseases, such as liver fibrosis,
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Abbreviations: COL1A1 = collagen type 1 alpha 1; HCC = hepa-
tocellular carcinoma; HCV = hepatitis C virus; HSCs = hepatic
stellate cells; NS3 = non-structural protein 3; a-SMA = alpha
smooth muscle actin; TGF-B = transforming growth factor beta;
TIMP-1 = tissue inhibitor of metaloproteinase 1

cirrhosis, and hepatocellular carcinoma (HCC) (Sy and
Jamal, 2006).

Although, molecular mechanisms of liver fibrosis,
a relevant consequence of HCV infection, are discussed
frequently/continuously, the issue remains as controversial
and elusive as ever. Alteration of gene expression in HCV
infected liver cells is supposed to play a profound role in the
progression of liver fibrosis, and specific viral proteins are
frequently identified to be responsible for this transforma-
tion. Modulation of gene expression by HCV NS3 protein
is involved in liver disease and counts as a key mediator of
disease progression toward persistent disease and clinical
outcomes such as liver fibrosis, cirrhosis and HCC (Bataller
et al., 2004; Selimovic et al., 2012; Wu et al., 2011; Nguyen et
al., 2003). While hepatocytes are the main site of viral repli-
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cation, some controversial reports have claimed that HCV
virus can infect hepatic stellate cells (HSCs) and modulate
fibrosis signaling pathways and cell activation/transforma-
tion (Selimovic et al., 2012; Wu et al., 2011).
Non-structural protein 3, a bi-functional protein with pro-
tease and helicase activity is proposed to play significant role
in hepatic fibrosis initiation/progression (Sakata et al., 2013).
Different molecular pathways are speculated to be involved in
the role that NS3 plays in liver fibrosis. Endogenous expres-
sion of NS3 protein inside HSC:s is indicated to be fibrotic at
comparable levels with core protein (Selimovic ef al., 2012).
Recent achievements have also suggested that the NS3 protein
enhances liver fibrosis through protease activity and via direct
binding to TGF-p receptors (Sakata et al., 2013). However,
more research is needed to determine the exact role of NS3
protease activity in the initiation and progression of fibrosis.
Numerous studies have shown that microRNAs are
responsible for controlling cellular processes and their
dysregulation has also been associated with a wide range
of disorders, such as tissue fibrosis and cancer (Gurtan
and Sharp, 2013; Wanga et al., 2011; Noetel et al., 2012).
Furthermore, HCV proteins could modulate the expres-
sion of host cell microRNAs and fibrotic genes during liver
fibrosis. Deregulated microRNA expression has been shown
to influence the replication of HCV in liver cells. As a well-
characterized phenomenon, higher expression of miR-122,
aliver-specific microRNA, plays a boosting role in the repli-
cation of HCV (Jiang et al., 2010; Pfeffer and Baumert, 2014;
Li et al., 2012). Recently published findings have indicated
the possible involvement of miR-122 expression in fibrosis
development. These findings have suggested that miR-122
may negatively regulate collagen production in HSCs and
therefore the dysregulation of miR-122 might exacerbate the
fibrosis state in vitro (Li et al., 2013). However, the exact role
of HCV proteins, the effects of NS3 expression on the level
of miR-122 during HSC fibrosis, and the role of its protease
activity in these processes needs to be further clarified.
Here, our aims were to investigate the effects of protease
function of NS3 protein on HSC fibrogenesis and also on the
coincidental expression levels of miR-122 in LX-2 cells.

Materials and Methods

Cells and plasmid transfection. The plasmids expressing NS3 pro-
tein with functional and mutated protease domain were constructed
in another study (Khanlari et al., 2014). They were designated as
pNS3 and pTNS3, respectively, while the control plasmid expressing
GFP protein was designated as pGFP. The pTNS3 construct har-
bored a critical mutation making NS3 unable to perform protease
activity as confirmed before (Khanlari et al., 2014). The LX-2 cells
(an immortalized human stellate cell line), were kindly provided
by Professor Scott Friedman (Mount Sinai School of Medicine,

New York, USA). The LX-2 cells show the typical features of
partly active stellate cells, hence can be used as a sustained model
for human HSC studies (Xu et al., 2005). The cells were grown in
Dulbecco's modified Eagle's medium (DMEM, Gibco, USA) supple-
mented with 5% bovine fetal serum (FBS, Sigma, USA), 100 U/ml
penicillin-streptomycin (Gibco), and 2 mmol/l L-glutamine, and
were incubated at 37°C in a 5% CO, humidified air atmosphere.
On the day prior to the transfection, the LX-2 cells were seeded
on 6-cm? tissue culture plates at a density of 4x10° cells per well
and left to grow overnight. Cells were transfected with pNS3 and
pTNS3 using the Lipofectamine 2000TM reagent in an incomplete
DMEM medium, according to the manufacturer's instructions,
while the pGFP plasmid was used as the control. The medium was
then replaced with a fresh complete DMEM medium followed by
another 18 hr of incubation. Besides, to prepare fully fibrotic LX-2
cells, a mixture of TGF-B1 and leptin hormone was applied coinci-
dentally. To prepare home-made TGF-f1, LX-2 cells were seeded
into a 75 cm? flask in a serum free medium and were supplemented
with 75 ng/ml leptin (Cao et al., 2004) as a profibrogenic hormone
(Sigma). After 48 hr of incubation, the supernatant containing
TGEF-P1 was concentrated by Amicon® Ultra centrifugal filters for
protein concentration (5 K size) and then it was measured using
the ELISA method. The produced TGF-P1 was kept at -80°C until
use. The mixture of home-made TGF- (1-5 ng/ml) and leptin (50
ng/ml) in serum free media were applied to the culture media to
induce LX-2 activation as the positive control.

RNA extraction and reverse transcription. Total RNA was ex-
tracted using the Trizol reagent (Invitrogen, USA) according to the
manufacturer's instructions and then 1pg of extracted RNA was re-
verse transcribed into cDNA using the Revert aid first strand cDNA

Table 1. The PCR primers used in this study

Gene name
GAPDH

Size  Primer pair

226 5'-GAA GGT GAA GGT CGG AGT C-3'
(sense)
5'-GAA GAT GGT GAT GGG ATT TC-3'
(antisense)

202 5'-TAC TTC CAC AGG TCC CAC AAC-3'
(sense)
5-GTT TGC AGG GGA TGG ATA AAC-3'
(antisense)

147 5'-GACAATGGCTCTGGGCTCTG -3'
(sense)
5'-CTGTGCTTCGTCACCCACG -3'
(antisense)

140 5'-GAG GGC CAA GAC GAA GAC ATC-3'
(sense)
5'-CAG ATC ACG TCA TCG CAC AAC-3'
(antisense)

95 5'-CTCGCTTCGGCAGCACATATACT-3' U6
(sense)
5-ACGCTTCACGAATTTGCGTGTC-3
(antisense)

TIMP1

a-SMA

COL1A1
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synthesis kit (Thermo Fisher Scientific, USA). The miRNA-122
was reverse transcribed into cDNA using miRNA 1*-Strand cDNA
synthesis kit (Stratagene, USA), then qRT-PCR was carried out
using the high specificity miRNA QPCR core reagent kit (Agilent
Technologies, USA) according to the manufacturer's protocol.
Real-time PCR. The primer pairs for a-SMA, TIMP1, COL1A1,
and also GAPDH (internal control) were designed by NCBI Primer-
BLAST online software and listed in Table 1. The selected forward
primer for miR-122 was: 5-GGAGTGTGACAATGGTGTTTG-3'
and the universal reverse primer as the reverse primer was obtained
from the cDNA synthesis kit. Besides, as the normalization step,
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the expression level of U6 snRNA was used as the internal control
compared with miR-122 expression. The human GAPDH and
U6 snRNA were employed as reference genes for the normaliza-
tion of reactions, while H,O was used as the negative control of
reactions and RNA extracts were used as the negative control of
cDNA synthesis enrolled in all PCR runs. The mRNA levels were
quantified using SYBR green I master mix (Bioneer, S. Korea) by
Applied Biosystems StepOne™ Instrument system. The reaction
mixtures were prepared according to the recommended protocol
and the amplification reactions were performed in 40 cycles of 15
sec at 94°C for denaturation and 25 sec at 60°C for the annealing
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Fig. 1

The effects of protease competent HCV (NS3) and protease defective HCV (TNS3) on collagen (a), a-SMA (b) and TIMP-1 (c) gene expression
was evaluated by real-time PCR

Each bar is representative of the mean for at least 3 experiments and presents the fold increase/decrease compared to the expression of normal cells.

*P <0.05, **P <0.01 and ***P <0.001 indicate the significant fold changes of test groups with empty GFP plasmid and normal LX-2 cells.
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and extension steps. The amplification signals for different samples
were normalized to the relevant GAPDH and U6 snRNA Ct (cycle
threshold), then the delta-delta CT (2-AA CT) method was applied
to compare mRNA levels of tests versus control (normal cells) and
they were finally represented as the fold change in data analysis.

ELISA assay for TGF-f1 measurement. Nearly 24 hr after LX-2
transfection by different plasmids, the released bioactive TGF-f1
in the supernatant was quantified by the help of the human-mouse
TGE-B ELISA kit (eBioscience, USA) according to the manufac-
turer's instructions. All the samples were first acid-activated and the
residual TGF-P1 level (due to the possible presence of home-made
TGF-p or calf serum) was subtracted from the final calculation. The
absorbance was measured at A450 by the ELISA reader (BioTek Elx
808, USA) and then the data were calculated against the standard
curve and adjusted to pg/ml of the culture medium.

Statistical analysis. All data that are presented in the results sec-
tion belonged to at least three independent experiments. Statistical
analyses were performed using the Graph Pad Prism software. They
were analyzed using one-way ANOVA to evaluate the difference
between mediums. The statistical significance between the controls
and the treated groups was further evaluated by the Tukey post-test.
The statistical significance level was set at P <0.05.

Results

The protease competent NS3 protein induced a noticeable
fibrotic effect

The mRNA expression levels for pro-fibrotic genes includ-
ing a-SMA (Fig. 1a), COL1A1 (Fig. 1b) and TIMP-1 (Fig. 1¢),
were evaluated after the transfection of HSCs with protease
competent and protease mutated NS3. As shown in Fig. 1,
protease competent NS3 showed significant induction of
fibrotic genes compared with normal cells (P <0.001). On
the other hand, mutated NS3 (TNS3) and GFP protein (as
the control plasmid) exhibited a similar pattern of induction
for fibrotic genes in comparison with the normal cell group.
This finding emphasized that the protease domain of NS3 is
the major part of the protein contributing to fibrosis through
up-regulation of corresponding genes.

miR-122 downregulation is NS3 protease function inde-
pendent

The expression level of miR-122 in test groups revealed an
opposite trend in comparison with the expression of fibrotic
genes. While the protease competent NS3 protein exhibited
more significant decrement in miR-122 level when compared
to normal cells (P <0.001), protease mutated NS3 exhibited
ameasurable reduction as well. This qPCR data showed that
the expression of miR-122 in both versions of NS3 expressing
cells compared with the GFP plasmid receiving group was
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Fig. 2

The effects of protease competent NS3 and protease defective TNS3 on
the expression of miR-122 in treated LX2

Each bar is representative of the mean + standard deviation from at least

three measurements and the final results enrolled.*P <0.05 and ***P <0.001

show significant levels compared to the normal cell (untreated-LX2 cell).
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Fig. 3

The impact of protease competent NS3 and protease defective TNS3
on TGF-$ production from LX-2 cells
Each bar is representative of the mean + SD from at least three measure-
ments and the final results enrolled after subtraction of background TGF-
(exogenous sources). **P <0.01 and ***P <0.001 show significant levels
compared to the positive control group (TGF-p1-treated cells).

significantly decreased (P <0.05) (Fig. 2). The finding may
support the less impressive role of protease domain of NS3 in
decreasing miR-122 during fibrosis events, albeit the protease
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competent form of the protein showed a significant decrease
even when compared with the TNS3 form (P <0.01).

The protease competent version of NS3 protein upregu-
lated TGF-$1 production

Asamajor player element in the fibrosis process, TGF-f1
cytokine level was evaluated to monitor the state of fibro-
genesis in LX-2 cells. The ELISA result of bioactive TGF-p1
measurement indicated similar findings with qPCR results
of fibrotic genes. These results showed that the protease
competent version of the NS3 protein can elevate TGF-p1
production from LX-2 cells when compared to normal cells
(P <0.001) and the protease deficient NS3 (P <0.01) (Fig. 3).
The data also indicated no significant difference (P >0.05)
between GFP plasmid and protease defective NS3 plasmids
in TGF-B1 production that emphasized the critical role of
the protease part of the protein for this upregulation.

Discussion

Liver fibrosis, as an extra deposition of the ECM proc-
ess, arises after chronic hepatitis C infection without treat-
ment. HSCs are considered as the major players in the
establishment and development of liver fibrosis. During
the development of liver fibrosis, quiescent HSCs can be
activated by hepatitis C and B viruses and can transform
into a myofibroblast-like phenotype (Bataller et al., 2004;
Schuppan et al., 2003). The molecular basis of HCV-related
hepatic fibrosis is not obviously clarified yet and the direct
role of corresponding viral proteins in these events is also
under investigation (Schuppan et al., 2003; Gutierrez-Reyes
et al., 2007). From limited studies, the HCV proteins includ-
ing NS3, core and NS5 proteins have been ambiguously
supposed to be the direct acting factors involved in the
fibrosis process. It has been demonstrated that the HCV
core protein can directly interact with HSCs via TLR2 and
also through involving the obese receptors which results in
the upregulation of the profibrogenic genes (Bataller et al.,
2004; Wu et al., 2013).

In our work, the aim was to assess the effect of the protease
function of the NS3 protein on the fibrosis induction of HSCs
for the first time. Herein, we observed that the interaction
of the protease competent version of the NS3 protein with
HSC cells leads to increased expression of a-SMA, Col-I or
COLI1A1, TIMP-1 genes and TGF-f cytokine. Our results
revealed that NS3 with protease function is significantly ef-
fective in inducing fibrogenic state in HSCs as compared to
control cells, while the protease mutated form of NS3 has
significantly less fibrotic effect on HSCs. All the expression
assays demonstrated that the protease function of NS3 is the
main prerequisite for fibrosis development. These data were

in agreement with the pioneer study that was performed by
Bataller (Bataller et al, 2004). They evaluated the effect of
NS3 on HSCs by using adenoviruses expressing the NS3-
NS5 proteins and concluded that bioactive TGF-p1 and
other profibrotic genes upregulated following NS3 protein
expression. Recently, another study also showed similar
data and demonstrated that HCV NS3 protease function
increases hepatic fibrosis by activating TGF-B1 type I recep-
tors in HSCs (Sakata et al., 2013) and emphasized the role
of the protease part of NS3 in liver fibrosis via mimicking
the growth factor.

Recently, dozens of experiments have been performed,
investigating the role of microRNAs on liver fibrosis dur-
ing hepatitis virus infection (Li et al., 2012; Vettori et al.,
2012). It was noticed that miRNAs regulate the signaling
of inflammatory cytokines and the IFN pathway in HSCs
during liver fibrosis (Vettori et al., 2012). It has been shown
that HCV infection leads to the modulation of the expres-
sion of microRNAs by affecting the main cellular signaling
pathways. In spite of some reports about the role of the
HCV core protein in the fibrogenesis of HSCs and also the
modulation of microRNAs, the impact of the HCV NS3
protein on HSCs has been described poorly (Jiang et al.,
2010; Shrivastava et al., 2013).

The role of miR-122, as the most abundant microRNA
in the hepatocytes had been highlighted in HCV infection,
so that its regulation has been applied as a new therapeutic
strategy for virus eradication (Pfeffer and Baumert, 2014;
Li, 2013). It was demonstrated that miR-122 promotes
HCV replication via post-transcriptional suppression of the
heme oxygenase enzyme and other mechanisms (Pfeffer and
Baumert, 2014).

There is, however, only limited information about the state
of miR-122 expression during the fibrotic stage of an HSC
and following HCV protein expression. It is not clearly dem-
onstrated 1) if miR-122 can directly modulate fibrosis and 2)
what would happen after its expression in the fibrotic state,
3) what is the NS3 protein impact on miR-122 level during
expression in HSC and 4) what is the role of the protease part
of NS3 in this possible impact? In our study, the expression
level of miR-122 was measured intracellularly, following
the transfection of HSCs with complete and mutated forms
of NS3. The gene expression analysis of miR-122 in LX-2
cells showed that both versions of NS3 proteins can lead to
the downregulation of miR-122 expression in HSCs when
compared to normal cells or GFP control plasmids (P <0.05).
Previous studies have shown that miRNA-122 expression
could be decreased in Huh7.5.1 cells transfected with HCV
core protein, which corresponds with our results emphasiz-
ing the possible role of miR-122 in fibrogenesis and liver cir-
rhosis (Li et al., 2013; Ezzat et al., 2014). Furthermore, other
studies in mouse HSCs have shown that the overexpression
of miRNA-122 reduced the collagen level, and lower ECM
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deposition is an indicator of less liver fibrosis related diseases
(Jopling, 2008; Li, 2013; Bandiera et al., 2015). Furthermore,
our achievements also indicated that, while both versions
of NS3 proteins downregulated miR-122, a measurable dif-
ference between protease competent and protease mutated
forms was observed as is indicated by the more but not fully
dependent role of protease in this function (P >0.01).

In conclusion, the results of our study indicated that
protease competent HCV NS3 protein, unlike NS3 without
protease function, can induce fibrogenic state in human
HSCs. Hence, while both versions of NS3 lead to decreased
expression of miR-122 in HSCs following cell transfection,
the competent form of NS3 had a more suppressive role
on miR-122. Therefore, we can conclude that possibly 1)
miR-122 can directly modulate fibrosis, 2) its expression
is significantly suppressed in fibrotic state, 3) NS3 protein
impacts on miR-122 level in HSC and 4) the protease part of
NS3 exhibits some but not total possible impact on miR-122
expression. The exploration of the interaction between HCV
proteins and HSCs may facilitate our understanding of the
causes of chronic liver diseases and provide new opportuni-
ties for the treatment and management of disease. However,
further studies are required to find out the precise basis by
which HCV protein functions.
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