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Background and Aim. Aberrant activation of the TGF- $1/Smad pathway contributes to the activation of hepatic stellate cells (HSCs).
MicroRNA-195 has been shown to regulate the activation of HSCs. The aim of this study was to investigate the role of miRNA-195 in
HSCs activation. Methods. A liver fibrotic rat model induced by diethylnitrosamine was established. Dual luciferase reporter assays
were performed to verify that Smad7 was the target of miRNA-195. The expression levels of miR-195, Smad7, and «-SMA in HSC-T6
transfected, respectively, with miR-195 mimic, inhibitor, or control were measured by qRT-PCR. The protein expression of Smad7
was detected by Western blot analysis. Results. Enhanced miR-195 and decreased Smad7 were observed in diethylnitrosamine-
induced liver fibrotic rats (P < 0.05). Dual luciferase reporter assays showed that the miR-195 mimic significantly suppressed the
luciferase activity of a reporter plasmid carrying the binding site of miR-195 on the 3'UTR of Smad7 (P < 0.05). The miR-195 mimics
activated HSCs, further elevated miR-195 and a-SMA (P < 0.01), and reduced the Smad7 level (P < 0.05). The miR-195 inhibitors
blocked the activation of HSCs, reduced the expression of miR-195 and a-SMA (P < 0.01), and upregulated the expression of

Smad7 (P < 0.05). Conclusion. Collectively, we demonstrated that miRNA-195 activated HSCs by targeting Smad?7.

1. Introduction

The prevalence of liver fibrosis has increased due to hepatitis
B virus, alcohol toxicity, inflammation, and diabetes via
increased synthesis and decreased degradation of extracellu-
lar cell matrix (ECM) in hepatocytes [1-3]. This condition
is associated with an increased risk of diseases, such as
hepatocellular carcinoma (HCC), which is a leading cause of
death worldwide [4]. Hepatic stellate cell (HSC) activation
plays a vital role in the formation of ECM, and these cells
are activated to myofibroblast- (MFB-) like cells progressively
during liver fibrosis [5, 6]. a-Smooth muscle actin («-SMA) is
a key marker of HSC activation. Transforming growth factor-
B (TGF-p,), a major profibrogenic mediator, activates HSCs
through the Smad2/3 pathway [7]. However, the mechanisms
underlying HSC activation-induced liver fibrosis, as well as
structural and functional abnormalities, remain incompletely
understood.

MicroRNAs (miRNAs), endogenous noncoding RNA
molecules of 20-22 nucleotides in length, act as negative
regulators of gene expression by inhibiting protein translation
or inducing mRNA degradation [8]. Growing evidence has
demonstrated that mammalian miRNAs are involved in
various biological processes, such as differentiation, pro-
liferation, immune responses, oxidative stress resistance,
and carcinogenesis [9]. Moreover, most of the studies have
shown that miRNAs regulate the activation of HSCs in
liver fibrosis. For example, microRNA-378 limited the acti-
vation of HSCs and liver fibrosis by regulating expression
of its target glioma-associated oncogene family zinc-finger
3 gene [10]. Overexpression of miR-17-5p promoted HSCs
proliferation and activation by activating the Wnt/f-catenin
pathway [11]. MiR-15b and miR-16 were downregulated when
HSCs were activated, and their overexpression induced HSCs
apoptosis and cell cycle arrest through caspase and Bcl-2
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signaling pathways [12]. Furthermore, miR-194 and miR-150
regulated ECM synthesis and HSCs activation by reducing
Ras-related C3 botulinum toxin substrate 1 and c-myb gene
[13]. Other studies showed that miRNA-195 was upregulated
in hexahydro-1,3,5-trinitro-1,3,5-triazine- (RDX-) treated rats
with liver fibrosis [14].

MiR-195, an important member of the miR-15 family,
plays a crucial role in regulating cell cycle progression and cell
apoptosis [15]. MiR-195 plays various roles in different dis-
eases. In primary peritoneal carcinoma and tongue squamous
cell carcinoma, miR-195 was decreased. In adrenocortical car-
cinoma, breast cancer, and chronic lymphoblastic leukemia,
however, miR-195 was increased (16, 17]. In HCC, miR-195
inhibited the cell cycle by downregulating cell cycle protein D,
the transcription factor E2F3, and cyclin-dependent kinase 6
[18-20]. With regard to HSCs, Sekiya found that, during pri-
mary HSCs (pHSCs) activation, miR-195 was downregulated
on the 10th day compared with the Ist day, and miR-195 could
decrease cyclin E expression and inhibit cell proliferation
induced by interferon-B [21]. Duan and Chen demonstrated
that miR-195 was upregulated by TGF- 1 in a dose-dependent
manner enhancing glioma cell invasion and proliferation in
U87 cells [22]. Growing evidence has demonstrated that miR-
195 plays an important role in the neoplastic disease; however,
studies on the relationship between miR-195 and liver fibrosis
are far from enough.

TGEF-p is a central regulator of HSC activation, and the
TGF-f,/Smad pathway plays a pivotal role in promoting
liver fibrosis [23]. The TGF-f pathway involves the receptor-
activated Smads (Smad2 and Smad3) through direct serine
phosphorylation of the COOH termini by T SRI upon TGF-
B binding [24]. During acute liver injury or external stimuli,
TGEF- 3, promotes collagen synthesis in the activated HSCs
via the pSmad2L/C and pSmad3C pathways. Smad7, an
inhibitory factor, is induced by pSmad3C and terminates the
fibrogenic phospho-Smad signaling and negatively regulates
fibrogenic signaling to avoid excess ECM deposition. In
contrast, Smad7 cannot be induced by the pSmad3L pathway
in chronic liver injury, leading to constitutive fibrogenesis
in MFBs [25-27]. The precise mechanism underlying the
low expression of Smad7 in HSC activation is incompletely
understood.

MicroRNA target prediction analyses indicated that miR-
195 could target the 3'UTR region of Smad7. Previous studies
showed that miR-195 could bind to Smad7 and its target site
was located within 1611 and 1630 nt of Smad7 mRNA 3'-UTR
and miR-195 was possibly a tumor promoter in U87 cells by
targeting Smad7 [22, 28]. However, the precise roles of miR-
195 in the TGF-3,/Smad pathway in HSCs remain unclear to
date. In this report, we confirmed that miR-195 was increased
in TGF-f3,-induced HSCs as well as in diethylnitrosamine-
(DEN-) induced rat liver fibrotic tissues. Overexpression
of miR-195 in HSC-T6 suppressed Smad7 expression and
upregulated «-SMA expression induced by TGF-f,, and
inhibition of miR-195 suppressed a-SMA expression and
increased Smad7 expression induced by TGF-f3,. Further-
more, miR-195 activated HSCs through direct targeting of
Smad7. Identification of miR-195 as a novel marker involved
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in HSC activation and liver fibrosis supports its potential
utility as a therapeutic target.

2. Materials and Methods

2.1. Materials. DEN, TGF-f,, and MTT were obtained from
Sigma (St. Louis, MO, USA). All miR-195 mimic, mimic
controls, inhibitor, inhibitor control, and primers for miRNA
PCR were purchased from RiboBio (Guangzhou, China).
The transfection reagent siRNA-Mate was purchased from
GenePharma (Shanghai, China). Oligonucleotide primers for
a-SMA, GAPDH, U6, and Smad7 were designed by Sangon
Biotech (Shanghai, China). Primary antibodies (rabbit anti-
Smad7 and mouse anti-GAPDH) were obtained from Abcam
(Cambridge, MA, USA). The secondary goat anti-rabbit and
goat anti-mouse IgG antibody were obtained from (Cal-
biochem, CA, USA).

2.2. DEN-Induced Rat Model of Liver Injury. The rat model of
liver injury was established as previously described [29]. Male
Sprague-Dawley rats (180-220 g) were provided by the Exper-
imental Animal Center of The Third Xiangya Hospital, Cen-
tral South University. After a 5-day acclimatization period, 12
rats were randomly divided into two groups: control group
(given the same volume saline as the DEN model group) and
the DEN group (given 0.2% DEN (10 ug/kg) by oral gavage
five times a week until the 4th week). DEN was diluted with
saline. Six rats from each group were sacrificed at the end of
week 4. Blood was collected for laboratory analysis of serum
alanine aminotransferases (ALT) and aspartate aminotrans-
ferases (AST). Liver tissues were harvested for hematoxylin
and eosin (H&E) and Masson staining. All animal experi-
ments were performed according to the Guidelines of Animal
Experiments from the Committee of Medical Ethics at the
National Health Department of China and were approved by
Central South University.

2.3. Histopathological Examination. Histopathological exam-
ination was performed as described previously to observe
the pathological changes in the liver tissues and determine
the extent of liver fibrosis [30-32]. Samples of liver tissue
were fixed in 10% buffered formalin, routinely embedded in
paraffin, cut into 4 mm thick sections, and stained with hema-
toxylin and eosin (HE) and Masson trichrome staining for
examination by light microscopy. A blinded investigator from
pathology department evaluated the slides for inflammation
existence and fibrosis.

2.4. Cell Culture. The rat HSC-T6 cell line was donated by the
Department of Pathophysiology of Xiangya Medical College.
Cells were maintained in DMEM containing 10% fetal bovine
serum, 100 U/ml penicillin G sodium salt, and 100 U/ml
streptomycin sulfate (Gibco, CA, USA) and incubated at 37°C
under an atmosphere of 5% CO,. Exponentially growing cells
were treated with 1, 2, 4, 6, and 8 ng/mL TGF-p, for 24 h, 48 h,
and 72h. Then, MTT assays were performed as described
previously to evaluate cell proliferation. The exponentially
growing cells were treated with 2, 5, and 10 ng/ml TGEF-f3,
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(Sigma, USA) for 24 h to select the optimal concentration for
study. Cells were harvested for RNA/miRNA isolation, and
whole cell extracts were subjected to western blot analysis.

2.5. miRNA Transfection. Cells were seeded in a 6-well
plate at a density of 1 x 10° cells per well. The following
day, the medium was replaced with Opti-MEM (Invitro-
gen, USA), and the cells were transfected with an miR-195
inhibitor (200 nM) and miRNA inhibitor control (200 nM)
(RiboBio, China) using the transfection reagent siRNA-Mate
(GenePharma, China) for 24 h. After 24 h of transfection,
the medium was replaced with DMEM containing 10% FBS,
and TGF-f; was added at a concentration of 5ng/ml. We
select a concentration of 5 ng/ml for TGF-f3;, because TGF-
B, at a concentration of 5ng/ml and 10 ng/ml could both
significantly increase miR-195 expression and there were no
differences between them. Cells were additionally transfected
with miR-195 mimics (100 nM) and miRNA mimic controls
(200 nM) using siRNA-Mate for 24 h.

2.6. Quantitative Real-Time PCR. Total RNA was extracted
from HSC-T6 cells with TRIzol (OMEGA, CA, USA) and
a miRNeasy Mini kit (Toyobo, Osaka, Japan). cDNA was
synthesized using a Rever Tra Ace qPCR RT Kit (Toyobo,
Osaka, Japan) in accordance with the manufacturer’s instruc-
tions. Gene expression was measured with real-time PCR
using cDNA and a SYBR Green Real-Time PCR Master
Mix (Toyobo, Osaka, Japan). The RT reaction for miR-195
was performed using a TagMan MicroRNA Assay (Toyobo,
Osaka, Japan) according to the manufacturer’s instructions.
GAPDH and U6 snRNA (Toyobo, Osaka, Japan) levels were
measured and used to normalize the relative abundance of
mRNA and miRNA, respectively. The relative expression
level (2724CY) of target mRNA and miRNA was calculated in
accordance with previous reports.

2.7. Protein Extraction and Western Blot. Tissues were lysed
with ice-cold RIPA lysis buffer containing 1% PMSF after
centrifugation as described previously. Protein concentra-
tions in the samples were measured with a spectrophotome-
ter. Antibodies used in this study included GAPDH and
Smad7 (Abcam, Cambridge, MA, USA). The total protein
(20 pg) was separated by 10% SDS polyacrylamide gel elec-
trophoresis. The resolved proteins were then transferred to a
polyvinylidene fluoride (PVDF) membrane, which was sub-
sequently blocked for 3 h at room temperature with 5% skim
milk in TBS-T (10 mM Tris, 150 mM NacCl, and 0.1% Tween-
20). After washing with TBS-T, the membrane was incubated
with the following antibodies overnight at 4°C: anti-Smad7
at a 1:1000 dilution and anti-GAPDH at a 1:10000 dilution.
The secondary antibodies (Jackson, USA) (goat anti-rabbit
and goat anti-mouse IgG horseradish peroxidase conjugated
antibody) were used at a 1:4000 dilution to detect the
target protein. The reaction was visualized on X-ray medical
film after incubation of the membranes with luminol-based
chemiluminescence reagent (Invitrogen, USA) for 5min.
Experiments were carried out in triplicate at least three times.

2.8. Cell Proliferation Assay. Cells were seeded in a 96-well
plate at a density of 1 x 10° cells per well and treated with 1,
2,4, 6, and 8 ng/mL TGF-f1 for 24 h, 48 h, and 72 h. HSC-T6
cells were transfected with miR-195 mimics, miR-195 mimic
controls, miR-195 inhibitors, and miR-195 inhibitor controls
as described above. MTT assays were performed as described
previously to evaluate cell proliferation using the protocol
from the MTT cell proliferation assay kit (Beyotime Institute
of Biotechnology). Optical density (OD) was measured at
490 nm on an ELx800NB microplate reader (Bio-Rad, USA).
All experiments were performed in triplicate and repeated at
least three times.

2.9. Luciferase Activity Assay. One day before transfection,
HEK 293T cells were seeded in 24-well culture plates in
culture medium without antibiotics. The 3'UTR region of the
Smad7 gene was cloned into the pMIR-REPORT™ Luciferase
plasmid (Applied Biosystems) to generate the pMIR-Smad7
and pMIR-Smad7-Mut vectors. Using Lipofectamine 2000
(Invitrogen), HEK 293T cells were transfected with a mixture
of the pMIR-Smad7 vector and either a miR-195 mimic
(50nM) or the same concentration of scrambled miRNA
(miRNA mimic negative control) as a negative control. At
48h after transfection, the cells were harvested and tested
with a Dual Luciferase Reporter Assay System (Promega)
in accordance with the manufacturer’s protocol. The pMIR-
REPORT-gal control plasmid was used for transfection
normalization. All firefly luciferase activity data are presented
as the mean + SD from at least three experiments.

2.10. Statistical Analysis. Results are expressed as the mean
+ SD. Statistical significance between the control and treated
groups or subgroups was analyzed by Newman-Student-
Keuls or one-way ANOVA. The differences between sub-
groups were analyzed by two-sample Student’s ¢-tests. Data
was considered as significant when P values are <0.05.
Statistical analyses were performed using IBM SPSS Statistics
software 21.0.

3. Results

3.1. MiR-195 Increased in DEN-Induced Liver Injury. DEN is
a potent toxic compound that can cause necrosis and subse-
quent fibrosis in the liver. To generate the experimental model
of hepatic fibrosis, we exposed SD rats to DEN five times
per week for 4 weeks. H&E staining and Masson staining
showed increased centrilobular necrosis and apoptotic hepa-
tocytes in DEN livers compared with the control group (Fig-
ure 1(a)). The plasma concentrations of ALT and AST in the
DEN group significantly increased compared to those rats in
the control group (Figure 1(b)). The mRNA level of a-SMA
was higher in livers of the DEN group than those in the
control group (Figure 1(c)). These results indicated that DEN
induced hepatic fibrosis in rats.

The mRNA and protein expressions of Smad7 were both
significantly decreased in liver tissues of the DEN group
compared with the control group (Figures 1(d) and 1(e)).
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FIGURE 1: MiR-195 and Smad7 expression in DEN-induced hepatic fibrotic tissues and control tissues. (a) Hepatic fibrotic and control tissues
were detected by hematoxylin and eosin (H&E) staining (x200) and Masson staining (x100) to assess liver fibrosis. Black arrows indicate
hepatic steatosis, necrosis, and inflammatory cell infiltration. (b) The plasma concentrations of ALT and AST in rats. (c) The mRNA levels
of a-SMA in rat liver tissues were detected with qRT-PCR. (d) The mRNA levels of Smad?7 in rat liver tissues were detected with qRT-PCR.
(e) The protein levels of Smad7 in rat liver tissues were detected with Western blotting. (f) The miR-195 expression in hepatic fibrotic tissues
was detected with qQRT-PCR. Each value represents the mean + SD of three experiments. “P < 0.05 versus control.

MiR-195 was significantly increased in the liver tissues of the
DEN group compared with the control group (Figure 1(f)).

3.2. TGF-, Induced a-SMA, miR-195, and Smad7 Transcrip-
tion in HSCs. To determine the optimal TGF-f; concen-
trations for HSC-T6 proliferation and miR-195 expression,
HSC-T6 was treated with different concentrations of TGF-
B, (Ing/mL, 2ng/mL, 4ng/mL, 6 ng/mL, and 8 ng/mL) at
24h, 48, and 72 h. Then, cell proliferation was measured by
MTT assays. MTT analyses showed that TGF-f, promoted
HSC proliferation in a time-dependent and concentration-
dependent manner (Figure 2(a)). Then, HSC-T6 was treated
with different concentrations of TGF-f, (2ng/mL, 5ng/mL,
and 10 ng/mL) for 24 h to detect the miRNA-195 expression.
Figure 2(b) shows that TGF-f; increased miR-195 expression
at 5ng/mL and 10 ng/mL, TGF-f3; significantly increased
miR-195 expression, and there were no differences between
them. Therefore, we selected 5ng/mL as the experimental
concentration. HSC-T6 was treated with 5ng/mL TGF-p;
for 24 h, 48h, and 72h, and qRT-PCR showed that TGF-p,
significantly increased «-SMA and miR-195 expression com-
pared to the control group at 24 h, 48h, and 72h (P < 0.01)
(Figures 3(a) and 3(c)). Compared with the control group,
TGEF-f3, increased Smad7 mRNA expression at 24h (P <

0.05); however, TGF-; reduced Smad7 mRNA expression at
48h and 72h (P < 0.05, P < 0.01) (Figure 3(b)), indicating
an initial increase and later decline. These data clearly
indicated that elevated levels of miR-195 played a vital role in
TGEF- 3, -activated HSC:s.

3.3. MiR-195 Promotes HSC Proliferation and Modulates
TGF-;-Mediated «-SMA and Smad7 Expression. To further
establish the potential role of miR-195 in HSC activation,
HSC-T6 was treated with miR-195 mimics (25 nM, 50 nM,
and 100 nM), miR-195 mimic controls, miR-195 inhibitors
(50 nM, 100 nM, and 200 nM), and miR-195 inhibitor con-
trols for 24 h, and qRT-PCR was used to measure miR-195
expression. The data showed that 100nM of the miR-195
mimic significantly increased the miR-195 level in HSC-Té6,
and 200 nM of the miR-195 inhibitor significantly reduced
the miR-195 level in HSC-T6 (Figures 4(a) and 4(b)). HSC-
T6 was treated with TGF- 3, and miR-195 mimic or miR-195
inhibitor, and we examined their effects on miR-195, a-SMA,
and Smad7 expression. Enhanced miR-195 induced by TGEF-
B was significantly decreased in the presence of the miR-195
inhibitor, and the miR-195 mimic could increase the miR-
195 level compared with the TGF-f3, group at 24 h, 48 h, and
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FIGURE 2: TGF-f3, promotes HSC-T6 proliferation and miR-195 transcription. (a) MTT assays for cell proliferation with different concentrations
of TGF-, (Ing/mL, 2 ng/mL, 4 ng/mL, 6 ng/mL, and 8 ng/mL) at 24 h, 48 h, and 72 h. *P < 0.05 versus control (24 h); P < 0.05, P < 0.01
versus control (48h); P < 0.05, *¥p < 0.01 versus control (72h). (b) miR-195 expression in HSC-T6 cells treated with TGF-f3, (2ng/mL,
5ng/mL, and 10 ng/mL) for 24 h. **P < 0.01 versus control. **P < 0.01 versus TGF-; (2 ng/mL). Each value represents the mean + SD of

three experiments.

72 h (Figure 5(a)). Enhanced «-SMA mRNA induced by TGF-
B, was significantly decreased in the presence of the miR-
195 inhibitor at 24 h and 48 h and the miR-195 mimic could
increase the a-SMA mRNA expression compared with the
TGE-f3; group at 24h, 48h, and 72h (Figure 5(b)). These
results suggested that miR-195 induced a-SMA expression in
activated HSCs. The miR-195 mimic could decrease Smad7
mRNA at 24 h, 48 h, and 72 h and decrease protein expression
compared with the TGF-f; group at 24h; at the same
time, the miR-195 inhibitor could increase Smad7 mRNA
at 24h and 48h and increase Smad7 protein expression
in comparison with the TGF-, group (Figures 5(c) and
5(d)). Our research showed that miR-195 inhibitor did not
reduce the level of a-SMA or elevate the level of Smad7 at
72h, we conclude that miR-195 inhibitor could not regulate
the a-SMA and Smad7 expression with a time-dependent
manner, on one aspect, the transfection reagents play the best
effect at different time in different cells, and on the other
aspect, TGF-f3; could significantly reduce the Smad7 level
and increase a-SMA level at a time-dependent manner which
may counteract the transfection reagents role in 72 h.

3.4. Smad7 Was the Target of miR-195. To determine whether
Smad7 was the target of miR-195, the 3'UTR of the Smad7
mRNA target region was cloned into the pMIR-REPORT
luciferase plasmid, and the construct was cotransfected into
HEK 293T cells, along with the miR-195 precursor or miR-
NC (Figures 6(a) and 6(b)). Cotransfection of the [-gal
reporter control plasmid was performed to monitor transfec-
tion efficiency. Notably, the miR-195 precursor significantly
reduced the luciferase activity driven by wild-type 3'UTR
of Smad7 compared with miR-NC in HSCs but did not

affect luciferase activities of mutant type Smad7 3'UTR and
the empty vector (Figure 6(c)). These findings collectively
indicated that Smad7 was a direct target of miR-195.

4, Discussion

The aberrant activation of HSCs and subsequent continuous
collagen fiber deposition is the central link to liver fibrosis and
hepatic injury [33]. DEN is the most commonly used chemi-
cal to induce liver fibrosis in rats, and we used it to establish a
liver fibrosis rat model [34]. HSC-T6 was derived from SD
rat hepatic stellate cells transferred with antigen of SV40,
so it possesses both the characteristics of quiescent HSC
and the proliferation and activation ability of myofibroblasts.
These cells could express a-SMA and extra cellular matrix;
thus, we selected HSC-T6 as the liver fibrosis model in vitro.
Liver fibrosis is a complicated pathological process. Various
cytokines and growth factors, including transforming growth
factor- (TGF-) f3, platelet-derived growth factor B and D
(PDGEF-B and PDGEF-D), endothelin-1, and tumor necrosis
factor (TNF)-«, are involved in fibrogenesis. TGF-f3, was
shown to be the fibrogenic master cytokine [35, 36]. TGF-f3;
could activate HSCs to MFBs, accelerate matrix gene expres-
sion, decrease matrix degradation, and disrupt homeostasis,
leading to collagen deposition. At the same time, activation of
HSC can promote the secretion of TGF- 3, forming a positive
feedback loop and accelerating liver fibrosis [37]. Therefore,
we chose TGF-f3; to simulate liver fibrosis in vitro.

TGEF- 3, predominantly promotes liver fibrosis by acti-
vating the downstream Smad signaling pathway, and TGF-
B1/Smads have been considered to be a major player in liver
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fibrosis. Smad?7, an inhibitory factor, is induced by TGEF-f3,
and negatively regulates fibrogenic signaling to prevent excess
ECM deposition. Smad7 cannot be induced by the pSmad3L
pathway in chronic liver injury, leading to constitutive fibro-
genesis in MFBs; thus, the low expression of Smad?7 in liver
fibrosis may promote liver fibrosis progression. Previous
studies have additionally shown that loss of Smad7 expression
results from epigenetic modifications, including microRNAs,
histone modification, promoter hypermethylation, and Smad
phospho-isoforms related to Smad7 expression [5, 38-40].
MicroRNA target prediction analysis indicated that miR-
195 can target the 3'UTR region of Smad7. Other studies
showed that miR-195 could bind to Smad7 and regulate
Smad?7 expression in U87 cells and Caco-2 cells [22, 28]. Thus,
our study aimed to determine whether miR-195 regulated

HSC activation and Smad7 expression. Our study showed
that miR-195 expression was upregulated in liver fibrotic
tissues compared with the control tissues in vivo. The results
indicated that TGF-f; could stimulate HSCs activation and
proliferation and promote miR-195 transcription. We found
that TGF-f, increased Smad7 mRNA expression at 24h
but decreased Smad7 protein expression at 24h and then
decreased Smad7 mRNA expression at 48 h and 72 h, which
was consistent with other studies. Yoshida and Matsuzaki
indicated that Smad7 was transiently increased in a rat liver
injury model and then decreased with chronic liver injury
[41]. Therefore, Smad7 was shown to be an immediate early
gene that maintains the balance of TGF-f,/Smad signaling
pathway by inhibiting signal transduction proteins, such as
Smad2 and Smad3.
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FIGURE 4: Transfection effects of different concentration of miR-195 mimic and inhibitor in HSC-T6 and the cell viability transfected with miR-195
mimic and inhibitor. (a) miR-195 expression was determined in HSC-T6 transfected with different concentrations of miR-195 mimic for 24 h
by qRT-PCR. (b) miR-195 expression was determined in HSC-T6 transfected with different concentrations of miR-195 inhibitor for 24 h by
qRT-PCR. (c) MTT assays for cell viability in HSC-T6 transfected with miR-195 mimic (100 nM)/inhibitor (200 nM). Each value represents
the mean + SD of three experiments. “ P < 0.05, ** P < 0.01 versus control.

Furthermore, we assessed this hypothesis using dual
luciferase reporter experiments. Oligonucleotides containing
the human wild type and mutant Smad7 3'UTR target
sequence were annealed and cloned into the pMIR-Report
Luciferase plasmid. Our preliminary experiments showed
that relative luciferase activity in transfected HSC-T6 was
low; therefore, we utilized HEK 293T cells. The results
confirmed that Smad7 was a target of miR-195, and miR-
195 bound directly to the 3'UTR region of Smad7 mRNA.

Previous studies showed that miRNAs could be utilized as
a novel fibrosis biomarker. However, because it is difficult to
obtain liver tissue samples, our future studies will investigate
the specific role of serum/plasma miR-195 in regulating HSC
activation and liver fibrosis.

In conclusion, our study provides new clues for the role
of miR-195 in HSCs activation, and our results demonstrated
that miR-195 activates HSCs by targeting Smad7 and promot-
ing HSCs activation and proliferation. These findings indicate
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FIGURE 5: Effects of miR-195 on «-SMA and Smad7 in HSC-T6 treated with TGF-f3, (5 ng/ml) for 24 h, 48 h, and 72 h. (a) miR-195 expression
was determined in HSC-T6 transfected with miR-195 mimic (100 nM) or miR-195 inhibitor (200 nM) by qRT-PCR. (b) a-SMA mRNA
expression was determined in HSC-T6 transfected with miR-195 mimic (100 nM) or miR-195 inhibitor (200 nM) by qRT-PCR. (c) Smad7
mRNA expression was determined in HSC-T6 transfected with miR-195 mimic (100 nM)/inhibitor (200 nM) by qRT-PCR. (d) Smad7 protein
expression was determined in HSC-T6 transfected with miR-195 mimic (100 nM)/inhibitor (200 nM) by Western blot. Each value represents
the mean = SD of three experiments. * P < 0.05, ** P < 0.01 versus control; “ P < 0.01 versus TGF-p3,.
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Position 68-75 of rSmad7 3 UTRWT 5 CGTTCAAACTACTTGCTGCTA 3
rmo-miR-195 3’ CGGUUAUAAAGACACGACGAU 5
rSmad7 3'UTRmutant 5 CGTTCAAACTACTATTAGCTA 3

pmirGLO-Smad7 WT primers

Lic-F (Pmel): taattctagttgttt GGTGTGGGGAGAAGAGGACA
Lic-R (Xhol): gactctagactcgag ACCCACTTTCGCACACCAC
Mut-F: caaactacttgec atta aatctttcatgcaaaactctttc

Mut-R: gcatgaaagatt taat gcaagtagtttgaacggtg

(a)

HEK 293T
1.5 —
SV40 late
MCS poly(A) signal
SV40 early .
enhancer/promoter
Iuc2 =
2
<
._.§ 1.0 — 1 —l_
8
. = *
pmirGLO hRluc-neo g
PGK Vector fusion } i
promoter (7350bp) 2
3
2
s 0.5 —
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5'...GCAAG ATCGC CGTGT AATTC TAGTT GTTTA AACGA GCTCG CTAGC
[ | Il |
luc2 Pmel  EcoICRI Nhel 0.0 —
Dral Sacl - -
CTCGA GTCTA GAGTC GACCT GCAGG...3' Smad7 3'UTR WT Smad7 3'UTR mutant
[ Il Il |
Xhol Xbol Sall I—, [ miR-195 mimic control
Accl  Sbfl Bl niR-195 mimic
(b) (c)

FIGURE 6: Interaction of miR-195 with the 3'UTR of Smad7 inHEK 293T cells. (a) miRNA binding sites and mutation site in the 3'UTR of
Smad7 mRNA based on miRDB. Primer sequence for the PCR of Smad7 3'UTR MRE (WT) and the mutant (Mut). (b) Based on the pairing
sites, corresponding luciferase reporter vectors were designed. (c) The graph depicts luciferase activity in cells transfected with Smad7 3'UTR
WT or Smad7 3'UTR Mut as well as the miR-195 mimic or miR-195 mimic control. *P < 0.05 versus miR-195 mimic control.

that miR-195 is a potential biomarker of hepatic pathogenesis ~ Acknowledgments
and a possible therapeutic agent for treating liver diseases.
This study was supported by the National Clinical Pharmacy
. Key Specialty Construction Project and the Natural Science
Contflicts of Interest Foundation of Hunan Province, China (Grant no. 2016]]216).

The authors have no conflicts of interest to declare.

References
Authors’ Contributions

(1] S. A. A. El Bialy, K. E Abd El Kader, and M. B. El-Ashmawy,
Li-Ying Song and Yu-Tao Ma contributed equally as first “Current progress in antifibroitcs,” Current Medicinal Chem-

authors. istry, vol. 18, no. 20, pp. 3082-3092, 2011.



BioMed Research International

[2] B.-B. Wang, J.-Y. Cheng, H.-H. Gao, Y. Zhang, Z.-N. Chen,
and H. Bian, “Hepatic stellate cells in inflammation-fibrosis-
carcinoma axis,” Anatomical Record, vol. 293, no. 9, pp. 1492
1496, 2010.

[3] R. A. Hannivoort, V. Hernandez-Gea, and S. L. Friedman,
“Genomics and proteomics in liver fibrosis and cirrhosis,”
Fibrogenesis and Tissue Repair, vol. 5, no. 1, article no. 1, 2012.

[4] M. Murata, K. Yoshida, T. Yamaguchi, and K. Matsuzaki,
“Linker phosphorylation of Smad3 promotes fibro-carcino-
genesis in chronic viral hepatitis of hepatocellular carcinoma,”
World Journal of Gastroenterology, vol. 20, no. 41, pp. 15018-
15027, 2014.

[5] Q. Zhao, C.-Y. Qin, Z.-H. Zhao, Y.-C. Fan, and K. Wang,
“Epigenetic modifications in hepatic stellate cells contribute to
liver fibrosis,” Tohoku Journal of Experimental Medicine, vol.
229, no. 1, pp. 35-43, 2012.

[6] O. A. Gressner, R. Weiskirchen, and A. M. Gressner, “Evolving
concepts of liver fibrogenesis provide new diagnostic and
therapeutic options,” Comparative Hepatology, vol. 6, article 7,
2007.

[7] G. Wang, I. Matsuura, D. He, and E. Liu, “Transforming growth
factor--inducible phosphorylation of Smad3,” Journal of Bio-
logical Chemistry, vol. 284, no. 15, pp. 9663-9673, 2009.

[8] T. Katsuda and T. Ochiya, “MicroRNAs act as a fine-tuner
of liver development, regeneration, and carcinogenesis,” Seik-
agaku, vol. 84, no. 8, pp. 666-674, 2012.

[9] A. ]. Asirvatham, C. J. Gregorie, Z. Hu, W. J. Magner, and
T. B. Tomasi, “MicroRNA targets in immune genes and the
Dicer/Argonaute and ARE machinery components,” Molecular
Immunology, vol. 45, no. 7, pp. 1995-2006, 2008.

[10] J. Hyun, S. Wang, J. Kim et al., “MicroRNA-378 limits activation
of hepatic stellate cells and liver fibrosis by suppressing Gli3
expression,” Nature Communications, vol. 7, Article ID 10993,
2016.

(11] E Yu, Z. Lu, K. Huang et al., “MicroRNA-17-5p-activated Wnt/
&beta;-catenin pathway contributes to the progression of liver
fibrosis,” Oncotarget, vol. 7, no. 1, pp. 81-93, 2016.

[12] R. M. Akhavan, A. A. Movassaghpour, M. Soleimani et al.,
“MicroRNA-15b target Sall4 and diminish in vitro UCB-derived
HSCs expansion,” EXCLI Journal, vol. 14, pp. 601-610, 2015.

[13] J. Wallace, R. Hu, T. L. Mosbruger et al, “Genome-wide
CRISPR-Cas9 screen identifies microRNAs that regulate
myeloid leukemia cell growth,” PLoS ONE, vol. 11, no. 4, Article
ID 0153689, 2016.

[14] B. Zhang and X. Pan, “RDX induces aberrant expression of
MicroRNAs in mouse brain and liver,” Environmental Health
Perspectives, vol. 117, no. 2, pp. 231-240, 2009.

[15] M. Kitano and P. M. Bloomston, “Hepatic Stellate Cells and
microRNAs in Pathogenesis of Liver Fibrosis,” Journal of Clini-
cal Medicine, vol. 5, no. 3, 2016.

[16] Y. Murakami and N. Kawada, “MicroRNAs in hepatic patho-
physiology;,” Hepatology Research, vol. 47, no. 1, pp. 60-69, 2017.

[17] J.-E He, Y.-M. Luo, X.-H. Wan, and D. Jiang, “Biogenesis
of MiRNA-195 and its role in biogenesis, the cell cycle, and
apoptosis,” Journal of Biochemical and Molecular Toxicology, vol.
25, no. 6, pp. 404-408, 2011.

[18] M. Wang, J. Zhang, L. Tong et al., “miR-195 is a key negative reg-
ulator of hepatocellular carcinoma metastasis by targeting FGF2
and VEGFA,” International Journal of Clinical and Experimental
Pathology, vol. 8, no. 11, pp. 14110-14120, 2015.

(19]

(20]

[22]

(24]

[25]

(26]

(31]

(33]

[34]

1

K. Ujifuku, N. Mitsutake, S. Takakura et al., “MiR-195, miR-
455-3p and miR-10a* are implicated in acquired temozolomide

resistance in glioblastoma multiforme cells,” Cancer Letters, vol.
296, no. 2, pp. 241-248, 2010.

P.S. H. Soon, L. J. Tacon, A. J. Gill et al., “miR-195 and miR-483-
5p identified as predictors of poor prognosis in adrenocortical
cancer; Clinical Cancer Research, vol. 15, no. 24, pp. 7684-7692,
20009.

Y. Sekiya, T. Ogawa, M. lizuka, K. Yoshizato, K. Ikeda, and
N. Kawada, “Down-regulation of cyclin El expression by
microrna-195 accounts for interferon-S-induced inhibition of
hepatic stellate cell proliferation,” Journal of Cellular Physiology,
vol. 226, no. 10, pp. 2535-2542, 2011.

Y. Duan and Q. Chen, “TGF-f1 regulating MIR-205/MIR-195
expression affects the TGF-f3 signal pathway by respectively
targeting SMAD2/SMAD?7,” Oncology Reports, vol. 36, no. 4, pp.
1837-1844, 2016.

L. D. Presser, S. McRae, and G. Waris, “Activation of TGF-f1
promoter by hepatitis C virus-induced AP-1 and Spl: role of of
TGF-p1 in hepatic stellate cell activation and invasion,” PLoS
ONE, vol. 8, no. 2, Article ID 56367, 2013.

J. L. Wrana, “Regulation of Smad activity;” Cell, vol. 100, no. 2,
pp. 189-192, 2000.

K. H. Wrighton, X. Lin, and X.-H. Feng, “Phospho-control of
TGF-f superfamily signaling,” Cell Research, vol. 19, no. 1, pp.
8-20, 2009.

K. Breitkopf, P. Godoy, L. Ciuclan, M. V. Singer, and S. Dooley,
“TGF-B/Smad signaling in the injured liver; Zeitschrift fur
Gastroenterologie, vol. 44, no. 1, pp. 57-66, 2006.

K. Yoshida, M. Murata, T. Yamaguchi, and K. Matsuzaki, “TGF-
f/smad signaling during hepatic fibro-carcinogenesis (review),”
International Journal of Oncology, vol. 45, no. 4, pp. 1363-1371,
2014.

G. Chen, S. Cao, F Liu, and Y. Liu, “miR-195 plays a role
in steroid resistance of ulcerative colitis by targeting Smad7,”
Biochemical Journal, vol. 471, no. 3, pp. 357-367, 2015.

X. Hu, W. Rui, C. Wu et al,, “Compound Astragalus and Salvia
miltiorrhiza extracts suppress hepatocarcinogenesis by modu-
lating transforming growth factor-3/Smad signaling,” Journal of
Gastroenterology and Hepatology (Australia), vol. 29, no. 6, pp.
1284-1291, 2014.

G. L. Oktar, N. Demir Amac, C. Elmas et al., “The histopatho-
logical effects of levosimendan on liver injury induced by
myocardial ischemia and reperfusion,” Bratislava Medical Jour-
nal, vol. 116, no. 4, pp. 241-247, 2015.

Y. Hong, Y.-Q. Han, Y.-Z. Wang et al, “Paridis Rhizoma
Sapoinins attenuates liver fibrosis in rats by regulating the
expression of RASALI/ERK1/2 signal pathway, Journal of
Ethnopharmacology, vol. 192, pp. 114-122, 2016.

S. Zhang, Y. Zheng, L. Zhang et al., “In vitro and in vivo
corrosion and histocompatibility of pure Mg and a Mg-6Zn
alloy as urinary implants in rat model,” Materials Science and
Engineering C, vol. 68, pp. 414-422, 2016.

T. Amann, F. Bataille, T. Spruss et al., “Activated hepatic stellate
cells promote tumorigenicity of hepatocellular carcinoma,”
Cancer Science, vol. 100, no. 4, pp. 646-653, 2009.

T. Uehara, I. P. Pogribny, and I. Rusyn, “The DEN and
CCl4 -Induced Mouse Model of Fibrosis and Inflammation-

Associated Hepatocellular Carcinoma,” Curr Protoc Pharmacol,
vol. 66, pp. 14-30, 2014.



12

(35]

(36]

(37]

(38]

(39]

W. Oehrl and G. Panayotou, “Modulation of growth factor
action by the extracellular matrix,” Connective Tissue Research,
vol. 49, no. 3-4, pp. 145-148, 2008.

M. Pinzani and E Marra, “Cytokine receptors and signaling in
hepatic stellate cells,” Seminars in Liver Disease, vol. 21, no. 3, pp.
397-416, 2001.

X. Guo and X. Wang, “Signaling cross-talk between TGF-
B/BMP and other pathways,” Cell Research, vol. 19, no. 1, pp. 71-
88, 2009.

E.-B. Bian, C. Huang, H. Wang et al.,, “Repression of Smad7
mediated by DNMT1 determines hepatic stellate cell activation
and liver fibrosis in rats,” Toxicology Letters, vol. 224, no. 2, pp.
175-185, 2014.

E Yu, Y. Guo, B. Chen, P. Dong, and J. Zheng, “MicroRNA-17-
5p activates hepatic stellate cells through targeting of Smad7,
Laboratory Investigation, vol. 95, no. 7, pp. 781-789, 2015.

Y. Inoue and T. Imamura, “Regulation of TGF- family signal-
ing by E3 ubiquitin ligases,” Cancer Science, vol. 99, no. 11, pp.
2107-2112, 2008.

K. Yoshida and K. Matsuzaki, “Differential regulation of TGF-
B/Smad signaling in hepatic stellate cells between acute and
chronic liver injuries,” Frontiers in Physiology, vol. 3, article 53,
2012.

BioMed Research International



