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Glycyrrhetinic acid (GA), a hydrolysate of glycyrrhizic acid from licorice root extract, has been used to treat liver fibrotic diseases.
However, the molecular mechanism involved in the antifibrotic effects of GA remains unclear. The involvement of miR-663a and
its roles in TGF-f-1-induced hepatic stellate cell (HSC) activation remains unclear. In this study, we investigated the roles of miR-
663a in the activation of HSCs and the antifibrosis mechanism of GA. MiR-663a expression was downregulated in TGF-f-treated
HSCs. The overexpression of miR-663a inhibited HSC proliferation. TGF-S-1was confirmed as a direct target gene of miR-663a.
MiR-663a alleviated HSC activation, concomitant with decreased expression of a-smooth muscle actin (a-SMA), human a2 (I)
collagen (COL1A2), TGF-f1, TGF-fRI, Smad4, p-Smad2, and p-Smad3. GA upregulated miR-663a expression and inhibited the
TGF-f/Smad pathway in HSCs. Further studies showed that miR-663a inhibitor treatment reversed GA-mediated down-
regulation of TGF-B1, TGF-fRI, Smad4, p-Smad2, p-Smad3, a-SMA, and CoL1A2 in TGF-f1-treated HSCs. These results show
that miR-663a suppresses HSC proliferation and activation and the TGF-f/Smad signaling pathway, highlighting that miR-663a
can be utilized as a therapeutic target for hepatic fibrosis. GA inhibits, at least in part, HSC proliferation and activation via
targeting the miR-663a/TGF-f/Smad signaling pathway.

1. Introduction

Liver fibrosis, a major health problem worldwide, is the
excessive deposition of extracellular matrix (ECM) proteins
in the liver after chronic liver injury [1, 2]. Advanced liver
fibrosis results in liver cirrhosis, liver failure, and portal
hypertension and may need liver transplantation [3]. The
activation of hepatic stellate cells (HSCs) is an important
event during the progression of hepatic fibrosis. As a result
of liver damage, quiescent HSCs are exposed to inflam-
matory cytokines and growth factors and transdifferentiate
into activated myofibroblast-like cells that are characterized
by the expression of alpha-smooth muscle actin (a-SMA)
and collagen, thereby contributing to hepatic fibrogenesis

[4]. Among the inflammatory cytokines and growth factors,
transforming growth factor-f1 (TGF-f1) is considered to be
one of the main fibrosis-stimulating factors [5]. TGF-
p/Smad signaling plays an essential role in the development
of liver fibrosis [5, 6].

MicroRNAs (miRNAs) are small (about 22nt) RNA
molecules that are associated with the posttranscriptional
regulation of gene expression by affecting both the degra-
dation and the translation of mRNAs [7, 8]. The recent
findings have shown that miRNAs are important regulators
of basic cellular functions, including proliferation, migra-
tion, differentiation, and apoptosis [9-11]. Some studies
have demonstrated that miRNAs can modulate the activa-
tion of HSCs in hepatic fibrosis. Moreover, several studies
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have reported that miRNAs that modulate TGF-f1 ex-
pression can regulate TGF-f1-induced HSC activation in
liver fibrosis [12-14]. For example, miR-29 regulates hepatic
fibrosis through the TGF-B/Smad signaling pathway in
HSCs [12]. MiR-146a inhibits TGF-f1-induced HSC acti-
vation, and miR-146a overexpression decreases TGF-f1-
induced proliferation and increases HSC apoptosis [13].
Overexpression of miR-200a attenuates TGF-f1-induced
HSC proliferation and activation [14]. MiR-663a is reported
to induce immune dysregulation [15] and to suppress
proliferation, migration, and invasion of papillary thyroid
carcinoma [16], glioblastoma [17], and lung cancer [18] cells
via targeting TGF-f1 [15-18]. Our previous study found that
miR-663a is highly expressed in the serum of patients with
chronic hepatitis (CHB) and miR-663a may be a potential
biomarker for traditional Chinese medicine (TCM) differ-
entiation in CHB [19]. The biological functions of miR-663a
in liver diseases remain poorly understood. In our pre-
liminary studies, miR-663a expression is downregulated in
TGF-f1-treated HSCs, and miR-663a can inhibit HSC
proliferation. Therefore, we assumed that miR-663a could
target TGF-/Smad signaling pathway by binding to TGF-f31
and inhibited HSC activation. Therefore, the role of miR-
663a in fibrogenesis needs further investigation, and its link
to TGF-f/Smad signaling also needs further assessment.

Currently, there are still no effective antifibrotic drugs
approved for clinical use in humans. Therefore, it is of the
utmost importance to develop effective and safe antifibrotic
drugs and to reveal their underlying mechanisms. Glycyr-
rhetinic acid (GA), a hydrolysate of glycyrrhizic acid, is a
component of licorice and is derived from licorice root
extract. GA has been reported to have a wide range of
pharmacological effects, including antiallergic, antiviral, and
anti-inflammatory activities [20-22]. Moreover, studies
indicate that GA could suppress the proliferation and ac-
tivation of HSCs through the TGF-f signaling pathway
[23, 24]. However, the molecular mechanism involved in the
anti-liver fibrosis effects of GA remains unclear.

In this study, we investigated the roles of miR-663a in the
activation of HSCs. MiR-663a can suppress the proliferation
and activation of HSCs and the TGF-f/Smad pathway,
highlighting that miR-663a can be used as a therapeutic
target for hepatic fibrosis. We analyzed miR-663a as well as
TGF-f/Smad signaling pathway-related protein expression
in HSCs after GA treatment. We found that miR-663a was
involved in the effect of GA treatment and targeted the TGF-
p/Smad signaling pathway. Our findings suggest that the
mechanism underlying GA inhibits, at least in part, HSC
proliferation and activation via targeting the miR-663a/
TGF-f3/Smad signaling pathway.

2. Materials and Methods

2.1. Materials. Glycyrrhetinic acid (GA, purity 99%) was
extracted and identified by the Shanghai Research Center for
Modernization of Traditional Chinese Medicine (Shanghai,
China). The molecular weight of GA is 470.69, and its
molecular formula is C30H4604. Antibodies against
COLI1A2, a-SMA, and TGF-f1 were obtained from Abcam
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(Cambridge, MA, USA). Antibodies targeting Smad2,
Smad3, Smad4, p-Smad2, and p-Smad3 were purchased
from Cell Signaling Technology (CST, Boston, MA, USA).
Chemically synthesized RNAs, including miR-663a mimics,
miRNA mimic negative control (miR-NC), miR-663a in-
hibitor (anti-miR-663a), and miRNA inhibitor negative
control (anti-miR-NC), were obtained from Ambion
(Thermo Fisher Scientific, USA) and Ribobio (Guangzhou
RuiBio Corp., Guangzhou, China).

2.2. Cell Culture and Treatments. The human HSC line LX-2
was a gift from Xu et al. [25]. The human hepatocyte L02 cell
line was purchased from the Cell Bank of Chinese Academy
of Sciences (Shanghai, China). Cell culture conditions and
cell treatments were as previously described [26]. Expo-
nentially growing LX2 cells were treated with 10 ng/ml TGF-
B1 (R&D Systems, Shanghai, China) for 24h or 48h, and
then cells were collected for miRNA isolation and RT-qPCR
analysis. LX2 cells were treated with GA for 48 h. The cells
were then harvested for miRNA isolation for RT-qPCR
analysis, and whole-cell extracts were subjected to immu-
noblotting analysis.

2.3. Transfection of miRNA Mimics and Inhibitor. The miR-
663a mimics, inhibitor (anti-miR-663a), and negative
controls were transfected into cells at 50nM or 100 nM
concentrations using lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s in-
structions. Twenty-four hours after transfection, cells were
then exposed to TGF-f1 (10 ng/ml) for 48 h. TGF-f1-treated
cells were also treated with or without GA for 48h. Cells
were harvested for western blot analysis.

2.4. Cell Proliferation Assay. Cell proliferation was assessed
with a MTS cell proliferation assay (Promega), which was
conducted according to the manufacturer’s instructions. For
GA treatment, LX2 cells and L02 cells were plated in 96-well
plates at an approximate density of 1x 10* cells/well, cul-
tured for 24 h, and then treated with different concentrations
of GA (5uM, 10 uM, 15uM, 30 uM, and 60 uM). Cell pro-
liferation was measured using the MTS assay at 24, 48, and
72h.

2.5. RNA Isolation and Quantitative Real-Time RT-PCR
Analysis. RNA isolation and quantitative real-time RT-PCR
(RT-qPCR) was carried out as previously described [26].
Primers for miR-663a and U6 (RT-qPCR Primer Set) were
purchased from Guangzhou RuiBio Corp. (Guangzhou,
China). U6 was used to normalize the relative abundance of
miR-663a. The relative mRNA expression levels were nor-
malized to the internal control GAPDH levels. Primer se-
quences for target mRNAs used for RT-PCR are shown in
Table 1.

2.6. Microarray-Based Gene Expression Analysis. Total RNA
was isolated using the mirVana total RNA isolation kit
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(Ambion). Quantification and qualification of RNA samples
were measured using a NanoDrop ND-2000 (Thermo Fisher
Scientific, Inc.) and the integrity of the RNA was determined
using an Agilent 2100 Bioanalyzer system (Agilent Tech-
nologies, Inc., Santa Clara, CA, USA). The microarray ex-
periments were carried out by OeBiotech Corporation
(Shanghai, China) as previously described [27]. Differen-
tially expressed genes were selected using a fold-change (FC)
in the expression of >2.0.

2.7. Western Blot Analysis. Western blot analysis was per-
formed as previously described [25]. The relative protein
expression levels were normalized to the internal control
GAPDH levels. Relative protein levels were quantified using
Image] software.

2.8. Bioinformatic Analysis and Luciferase Reporter Assay.
To predict the potential targets of miR-663a, bioinformatics
analysis was performed with TargetScanHuman 7.2 (http://
www.targetscan.org/vert_72/). The procedures were per-
formed according to the instructions on the website.
According to these bioinformatics results, wild-type (WT)
and mutant (MUT) seed regions of miR-663a of the full-
length 3'-untranslated region (3'UTR) of TGF-f1 mRNA
were chemically synthesized. The WT and MUT reporter
gene plasmids were synthesized by Guangzhou RuiBio Corp.
(Guangzhou, China). The detailed methods have previously
been described [28].

2.9. Statistical Analysis. Measurement data were expressed
as mean + standard deviation (SD). All data were performed
using GraphPad Prism 5.0 software. Statistical differences
between two groups were performed by unpaired Student’s
t-test with a two-tailed distribution. Differences among
multiple groups were analyzed by one-way ANOVA or two-
way ANOVA. P<0.05 was regarded as statistically
significant.

3. Results

3.1. MiR-663a Expression Was Downregulated in TGF-f1-
Treated HSCs, and miR-663a Inhibited HSC Proliferation.
MiR-663a expression was measured in human hepatic
stellate LX2 cells and normal human hepatic L02 cells. We
found a significantly lower expression of miR-663a in LX2
cells than in L02 cells (Figure 1(a)). TGF-S1 is one of the
most potent profibrogenic mediators in HSC activation, as
evidenced by the stimulation of collagen production. Col-
lagen type I alpha 2 (COL1A2) and alpha-smooth muscle
actin (a-SMA), widely accepted as key markers of HSC
activation, are often increased in activated HSCs. In this
study, we assessed the stimulatory effect of TGF-f1 on miR-
663a expression in LX2 cells. When LX2 cells were stimu-
lated with recombinant TGF-f1 (10 ng/ml) at 24 h and 48 h,
a-SMA and COL1A2 expression were significantly in-
creased, and miR-663a expression was substantially down-
regulated (Figures 1(b) and 1(c)). To understand the role of

3

TaBLE 1: Primer sequences for RT-qPCR (human).
Name Sequence (5'-3")
TGF-f1-FP GGCCAGATCCTGTCCAAGC
TGF-f1-RP GTGGGTTTCCACCATTAGCAC
TGE-fB1RI-FP AAGTCATCACCTGGCCTTGG
TGF-B1RI-RP GAATGACAGTGCGGTTGTGG
CD209-FP TGCTGAGGAGCAGAACTTCC
CD209-RP GTTGGGCTCTCCTCTGTTCC
GLGI1-FP CCAAGATGACGGCCATCATTT
GLGI-RP AGCCGAATACTGCCACATTTC
INPPL1-FP GTACCCTCGCTACCTCATGC
INPPL1-RP GTCTTGGCCTTACGTGTGGA
ILAR-FP GACGGCGAATGGAGCAGG
IL4R-RP GGCTCCTGCAAGACCTTCAT
KLF10-FP CACATTGCCGCACCTTTCAA
KLF10-RP AGGATGCTGGCTGCTTTCAT
STAM-FP GGACCCTGTAGAGTCGGTCT
STAM-RP TCCTTAGGTCCAGTGCGAGA
TLN1-FP TAGCCTGAAAGGGAACTCGG
TLN1-RP CTTCCGTCCTGGGAACGTC
USF2-FP AACACCCCGAGATGAGAGGA
USF2-RP TGTTGATCTTGTCCCTCCGC
UBA52-FP AAGACAAGGAGGGTATCCCAC
UBA52-RP TGTTGTAGTCTGAGAGAGTGCG
GAPDH-FP TGCACCACCAACTGCTTAGC
GAPDH-RP GGCATGGACTGTGGTCATGAG

FP: forward primer; RP: reverse primer.

miR-663a in regulating HSC proliferation, we detected the
effect of miR-663a overexpression on cell growth. The HSCs
that were transfected with miR-663a mimics had a signifi-
cantly lower proliferation than the HSCs transfected with
miR-NC at 48h, 72h, and 96 h (Figure 1(d)). These results
indicate that miR-663a may be associated with the regulation
of liver fibrogenesis.

3.2. TGF-P1 Is a Target of miR-663a in HSCs. To identify
miR-663a-regulated genes, we generated a gene expression
microarray of LX2 cells transfected with miR-663a mimic or
miR-NC for 72 hours. We obtained 3610 differentially
expressed genes upon miR-663a  reintroduction
(Figure 2(a)), with 1823 upregulated and 1787 down-
regulated (data not shown). We selected 10 downregulated
genes for validation due to their mRNA in the 3'UTR
containing the possible miR-663a binding sites by using the
TargetScan database, including TGF-f1, CD209, GLGlI,
INPPL1, IL4R, KLF10, STAM, TLN1, USF2, and UBAS52.
Although it does not have a predicted binding site for mir-
663a, we also selected TGF-fRI for further detection, which
was also downregulated based on microarray data and was
closely related to HSC activation. RT-qPCR results showed
that TGF-$1, TGF-pRI, GLG1, INPPL1, IL4R, TLN1, USE2,
and UBA52 were downregulated in miR-663a-over-
expressing HSCs (Figure 2(b)).

Previous studies showed that TGF-f1 was a target of
miR-663a in papillary thyroid carcinoma, glioblastoma, and
lung cancer cells [15-18]. To clarify the underlying mech-
anisms by which miR-663a regulates HSCs senescence, we
predicted the target genes of miR-663a by using a
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FIGURE 1: miR-663a was downregulated in TGF-f1-treated HSCs, and miR-663a inhibited HSC proliferation. (a) miR-663a expression was
lower in LX2 cells than in L02 cells (*P <0.05). (b) and (c) MiR-663a expression (b) was inhibited, and a-SMA and COL1A2 protein
expression levels (c) were induced by 24 h and 48 h of TGF-f1 (10 ng/ml) stimulation in LX2 cells. The miRNA level of miR-663a and protein
levels of a-SMA and COL1A2 were examined by RT-qPCR and western blot. *P < 0.05, compared with LX2 cells. (d) Inhibitory effects of
miR-663a overexpression on HSC proliferation. LX2 cells were transfected with miR-663a mimics or miRNA mimic negative control (miR-
NC) for 24h, 48h, 72h, and 96 h using lipofectamine 3000. Cell proliferation is detected by MTS. Each value is the mean + SD of three

experiments. * P < 0.05, compared with the control.

bioinformatics tool (TargetScan). Target prediction showed
that the 3-UTR of TGF-1 mRNA contains putative miR-
663a binding sites (Figure 2(c)). To determine whether miR-
663a regulates TGF-B1 by binding to the corresponding 3'-
UTR, we cloned the full-length 3'-UTR from TGF-f1 into
the pmiR-RB-REPORT™ luciferase vector and cotransfected
these vectors with miR-663a or control mimics into cells and
evaluated TGF-f1 response to miR-663a by using a double
luciferase reporter assay. Notably, the miR-663a mimics
significantly reduced the luciferase activity driven by wild-
type 3'UTR of TGF-B1 compared with miR-NC in HSCs but
did not affect luciferase activities of mutant type TGF-f1
3'UTR (Figure 2(d)). Taken together, these results dem-
onstrated that miR-663a directly targets the 3'-UTR regions
of TGF-f1 and thus inhibits TGF-B1 expression at the
posttranscriptional level.

3.3. MiR-663a Directly Obstructed the TGF-f3/Smad Signaling
Pathway in HSCs. To further explore whether miR-663a is
associated with the activation of HSCs, LX2 cells were
transfected with miR-663a mimics and miRNA mimic
negative control (miR-NC) for 24h and then treated with
TGF-f1 (10 ng/ml) for additional 48 h. Western blot analysis
indicated that miR-663a overexpression led to the

suppression of the proteins of a-SMA and type I collagen
(Figures 3(a) and 3(b)). Our results suggest that miR-663a
plays a crucial role in the suppression of HSC activation.

We next investigated the mechanisms responsible for the
miR-663a-induced downregulation of a-SMA and COL1A2
expression. TGF-B1 and its downstream Smad signaling
pathway represent key profibrogenic mediators. However,
the involvement of miR-663a and its roles in TGF-fB1-in-
duced HSC activation remain unclear. We found that the
overexpression of miR-663a inhibited TGF-$1, TGF-fRI,
and Smad4 protein expression in TGF-f1-treated LX2 cells
(Figures 3(a) and 3(b)). Besides, the introduction of miR-
663a suppressed the phosphorylation of Smad2 and Smad3
(Figures 3(a) and 3(b)). These results demonstrate that miR-
663a directly obstructs TGF-f1-induced HSC activation by
targeting the TGF-3/Smad signaling pathway.

3.4. GA Inhibited HSC Growth and Activation. To investigate
the effect of GA on human HSC (LX2 cells) and human
normal liver cell (L02 cells) growth, cell proliferation was
measured by MTS assays in the presence or absence of GA at
the indicated concentrations (5-60 uM) for 48 h. As shown
in Figure 4(a), at 48h after treatment with GA at 10 uM,
15uM, 30uM, and 60 uM, LX2 cell growth was markedly
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FIGURE 2: Identification of TGF-f1 as a direct target gene of miR-663a. (a) The relative miR-663a expression in LX2 cells was measured by
RT-qPCR. LX2 cells were transfected with miR-663a mimics and miRNA mimic negative control (miR-NC) for 72 h. U6 was used as an
internal control. (b) The levels of TGF-f1, TGF-SRI, CD209, GLG1, INPPL1, IL4R, KLF10, STAM, TLN1, USF2, and UBA52 were measured
by RT-qPCR after LX2 cells were transfected with miR-663a mimics and miRNA mimic negative control (miR-NC) for 72 h. GAPDH was
used as an internal control. The results are expressed as the mean; error bars denote the standard error of the mean. * P < 0.05, compared with
the miR-NC group. (c) The three potential seed sequences of miR-663a in the 3'-UTR of TGF-f1 are indicated. Wild-type (WT) TGF-f1: the
putative binding site of miR-663a on the 3'UTR of TGF-f1 predicted by TargetScan software. Mutant (MUT) TGF-$1: the mutant sequences
of miR-663a seed region on the 3'-UTR of TGF-f1. (d) Dual-luciferase reporter assay was performed to validate the direct binding between
TGF-B1 3'-UTR and miR-663a. After subcloning the WT or MUT of TGF-1 3'-UTR into a luciferase reporter vector, we cotransfected the
miR-663 mimics or miRNA mimic negative control (miR-NC) with the vector inserted with WT or MUT TGF-$1 3'-UTR into the LX2 cells.

Then, the luciferase activity was examined. *P < 0.05, compared with the WT + miR-NC group.

reduced by 10.17%, 16.23%, 26.18%, and 90.61%, respectively
(P <0.05). However, GA did not have any effect on L02 cell
proliferation. To further evaluate the effect of GA on HSC
activation, serum-free medium-treated LX2 cells were cul-
tured in DMEM or stimulated with TGF-£1 (10 ng/ml) in the
presence or absence of GA at the indicated concentrations
(10uM and 15uM) for 48h, and COLIA2 and a-SMA
proteins were measured. As shown in Figures 4(b) and 4(c),
at 48h after treatment with GA at 10uM and 15uM,
COLI1A2 and a-SMA protein levels were markedly reduced
(P <0.05). The following experiments used 15uM GA.

3.5. GA Upregulated miR-663a Expression and Inactivated the
TGF-B/Smad Signaling Pathway. We next sought to

examine the regulation of the miR-663a/TGF-f3/Smad sig-
naling pathway by GA. Undoubtedly, GA significantly in-
duced the expression of miR-663a at 10 M and 15uM in
LX2 cells (Figure 5(a)). Furthermore, GA significantly at-
tenuated the TGF-B-induced elevation of a-SMA and
COL1A2 levels (Figures 5(b) and 5(c)). To explore whether
the TGF-f3/Smad signaling pathway is involved in the effects
of GA on hepatic fibrosis, the expression levels of the TGF-
B/Smad signaling pathway-related proteins were detected in
vitro after GA treatment. The protein expression of TGF-f1,
Smad2, Smad3, Smad4, p-Smad2, and p-Smad3 was sig-
nificantly increased in human HSCs stimulated with TGF-f1
(10 ng/ml) (Figures 5(b) and 5(c)). However, the protein
expression of TGF-f1, TGF-fRI, Smad3, Smad4, p-Smad2,
and p-Smad3 was significantly decreased at 48 h (P <0.05)
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FIGURE 3: Overexpression of miR-663a inhibited the TGF-f/Smad signaling pathway in HSCs. (a) and (b) LX2 cells were transfected with
miR-663a mimics or miRNA mimic negative control (miR-NC) for 24 h and treated with TGF-f1 (10 ng/ml) for 48 h. The protein expression
levels of TGF-f1, TGF-BRI, Smad2, Smad3, Smad4, COL1A2, and a-SMA and the protein levels of p-Smad2 and p-Smad3 in the cytoplasm
and nucleus were measured by western blot. Each value is the mean + SD of three experiments. * P < 0.05, compared with the control group.

after GA (15uM) treatment in TGF-f1-treated LX2 cells
(Figures 5(b) and 5(c)). These results showed that GA could
suppress the TGF-f/Smad signaling pathway with an in-
crease in the level of miR-663a.

3.6. GA Inhibited TGF-f/Smad Signaling Pathway-Related
Proteins in HSCs by miR-663a Induction. To further explore
whether miR-663a is associated with the antifibrotic effects of
GA, we transfected LX2 cells with miR-663a inhibitor and
miRNA inhibitor negative control (miR-NC) for 24 h and then
treated them with 15 M GA and 10 ng/ml TGF-f1 for 48 h.
The expression of COL1A2 and a-SMA proteins and the
expression level of TGF-f/Smad signaling pathway-related
proteins were further identified by western blot analysis. We
found that inhibition of miR-663a by miR-663a inhibitors
attenuated the GA-inhibited expression of COL1A2, a-SMA,
and TGF-f/Smad signaling pathway-related proteins at a
15 uM dosage. Notably, the inhibition of miR-663a blocked the
GA-induced downregulation of a-SMA and COL1A2 protein
levels (Figures 6(a) and 6(b)). Moreover, decreased TGF-f1,
TGF-fRI, Smad4, p-Smad2, and p-Smad3 levels in GA-treated
cells were additionally reversed by miR-663a inhibitors
(Figures 6(a) and 6(b)). These results indicated that miR-663a
is associated with GA-inhibited TGF-f/Smad signaling
pathway-related proteins in HSCs.

4, Discussion

Hepatic fibrosis, which is characterized by the excessive
accumulation of dense ECM, is the primary risk factor for
the development of liver cirrhosis, liver failure, and portal

hypertension [1-3]. Activated HSCs have been identified as
the main collagen-producing cells in the development of
liver fibrosis [4]. Understanding of the molecular mecha-
nisms of HSC activation, which plays a crucial role in liver
fibrosis, remains elusive and waits to be elucidated. It
contributes to a better understanding of the pathogenic
mechanisms and develops more effective therapies for liver
fibrosis.

Many studies have indicated that miRNAs are associated
with liver pathophysiology, including HSC activation and
fibrosis progression. For example, miR-29b [12], miR-146a
[13], and 200a [14] may serve as a novel regulator to
modulate HSC proliferation and activation by targeting the
TGEF-f1 signaling pathway. Several studies suggest that miR-
663a is associated with various human diseases
[15-18, 28-32]. MiR-663a has been reported to function as
an oncogene that promotes the malignancy of lung cancer
[18, 29], nasopharyngeal carcinoma [30], and prostate
cancer [31]. MiR-663a may also act as a potential human
tumor suppressor in papillary thyroid carcinoma [16],
glioblastoma [17], gastric cancer [32], and colorectal car-
cinoma [33]. Moreover, some studies have shown that miR-
663a inhibits cell migration and invasion by targeting TGF-
B1 in papillary thyroid carcinoma, glioblastoma, and lung
cancer cells [15-18]. TGF-B1 and TGF-B/Smad signaling
play a crucial role in the process of hepatic fibrosis [5, 6];
however, the relationship between miR-663a and liver fi-
brosis remains unknown.

In this study, we found a significantly lower expression of
miR-663a in LX2 cells than in L02 cells (Figure 1(a)). TGF-
B1 stimulation significantly increased the accumulation of
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collagen and enhanced the expression of a-SMA (markers
for activation of HSCs), widely accepted as key markers of
HSC activation (Figure 1(c)). Notably, miR-663a expression
was decreased in TGF-f1-activated HSCs (Figure 1(b)), and
miR-663a overexpression inhibited HSC proliferation
(Figure 1(d)). We explored the protective role of miR-663a
in HSC and found that miR-663a overexpression could
inhibit the expression levels of a-SMA and COL1A2
(markers for activation of HSCs) (Figures 3(a) and 3(b)),
suggesting an antifibrotic role of miR-663a in HSC activa-
tion. The result suggests that miR-663a might play an es-
sential role in liver fibrosis and that its downregulation
might be associated with HSC activation.

Aberrantly activated TGF-f/Smad signaling is involved
in the activation of HSCs and contributes to the progression
of hepatic fibrosis [5, 6]. The TGF-f3 family includes multiple
isoforms (TGF-f1, TGF-f2, and TGF-f3), and TGF-f1 is
considered as the major profibrogenic mediator [34].
Generally, TGF-f1 binds to TGF-fRI and then recruits and
activates TGF-BRII [34, 35]. Once TGF-fRI is activated, it
phosphorylates Smad2/3 and then initiates TGF-f/Smad
signaling. Inhibition of TGF- or the TGF-f/Smad signaling

shows antifibrotic effects in fibrotic diseases [35, 36]. In this
study, we found that miR-663a decreased TGF-f1, TGF-SRI,
Smad4, p-Smad2 and p-Smad3, a-SMA, and COL1A2
protein expression levels in TGF-f1-treated LX2 cells
(Figures 3(a) and 3(b)), suggesting that miR-663a could
inhibit HSC activation by targeting the TGF-f/Smad sig-
naling pathway. In addition, target prediction and luciferase
assays have linked the miR-663a and TGF-f1. Our results
indicated that miR-663a could directly target TGEF-f1
mRNA through binding to the 3'-UTR regions of TGF-f1,
and thus TGF-f1 protein expression in HSCs was negatively
regulated by miR-663a (Figures 2(c) and 2(d)). These results
indicated a new role and mechanism of miR-663a in reg-
ulating cell proliferation during HSC activation. However,
another important feature of activated HSCs is diminished
cytoplasmic lipid droplets. A limitation of our study is the
lack of in vivo experiments to confirm the role of miR-663a
on liver steatosis and liver fibrosis. Further studies are aimed
at evaluating the effect of miR-663a on lipid accumulation in
HSCs, and further elucidating the underlying mechanisms.

Hepatic fibrosis is the key stage in the development of
hepatic injury to cirrhosis or hepatocellular carcinoma, and
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there are currently no effective drugs for hepatic fibrosis.
Thus, the prevention and treatment of hepatic fibrosis are
a pivotal therapeutic strategy for liver disease. GA, de-
rived from traditional medicine licorice, has been
identified as a potential antihepatotoxic agent [37] and
has been used in the clinical treatment of liver diseases
[38]. GA can alleviate hepatocyte apoptosis through the
p53 pathway to inhibit the progress of CCl4-induced
hepatic fibrosis in rats [38]. GA could attenuate the
mRNA and protein expression of Smad3 and types I and
III collagen in human and rat HSCs, upregulate Smad7
expression, and inhibit DNA binding activities of SP-1,
AP-1, and NF-xB [23]. Their studies showed that GA
could inhibit HSC activation and proliferation; however,
the molecular mechanism for its antifibrotic effects re-
mains unclear.

Some studies have shown that GA has protective effects
in various liver damage models, such as CCl4-induced liver
damage [39], free fatty acid-induced liver damage [40], and
bile acid-induced liver damage [41]. In this study, we found
that GA did not have any effect on the proliferation of
human normal liver L02 cells (Figure 4(a)). However, GA
treatment suppressed the activation of HSCs, including

HSC proliferation, ECM production (COL1A2), and
a-SMA expression (Figures 4(b) and 4(c)). To further
explore whether the miR-663a/TGF-f/Smad pathway is
associated with the effects of GA on hepatic fibrosis, miR-
663a expression and the TGF-f/Smad signaling pathway-
related protein levels were detected in vitro after GA
treatment. We found that GA induced the expression of
miR-663a and suppressed the TGF-B/Smad signaling
pathway (Figures 5(a)-5(c)). The protein expression of
TGF-p1, TGF-BRI, Smad3, Smad4, p-Smad2, p-Smad3,
COL1A2, and a-SMA was significantly decreased at 48 h
(0.05) after GA treatment in the TGF-f1-treated LX2 cells
(Figures 5(b) and 5(c)). Further studies confirmed that
anti-miR-663a efficiently abolished the inhibitory effect of
GA on TGF-f1, TGF-RI, Smad4, p-Smad2, p-Smad3,
COL1A2, and a-SMA protein expression (Figures 6(a) and
6(b)).

In summary, we found that miR-663a suppresses the
proliferation and activation of HSCs and the TGF-f/Smad
pathway, highlighting that miR-663a may be used as a
potential therapeutic target for hepatic fibrosis. GA inhibits,
at least in part, HSC activation via targeting the miR-663a/
TGF-f3/Smad signaling pathway.



10

Data Availability

All data included in this study are available upon request by
contacting the corresponding author.

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

Xin-Xin Guo and Wen-Na Yang have contributed equally to
this work.

Acknowledgments

The human HSC line LX2 was a generous gift from Professor
Xu L. This study was supported by grants from the National
Natural Science Foundation of China (Grant nos. 81773979
and 81373518).

References

[1] R. Bataller and D. A. Brenner, “Liver fibrosis,” Journal of
Clinical Investigation, vol. 115, no. 2, pp. 209-218, 2005.

[2] R. Bansal, B. Nagoérniewicz, and J. Prakash, “Clinical ad-
vancements in the targeted therapies against liver fibrosis,”
Mediators of Inflammation, vol. 2016, Article ID 7629724,
16 pages, 2016.

[3] E. A. Tsochatzis, J. Bosch, and A. K. Burroughs, “Liver cir-
rhosis,” The Lancet, vol. 383, no. 9930, pp. 1749-1761, 2014.

[4] Y. Koyama and D. A. Brenner, “Liver inflammation and fi-
brosis,” Journal of Clinical Investigation, vol. 127, no. 1,
pp. 55-64, 2017.

[5] S. Dooley and P. Ten Dijke, “TGF-f in progression of liver
disease,” Cell and Tissue Research, vol. 347, no. 1, pp. 245-256,
2012.

[6] L.Xu, D. Tian, and Y. Zheng, “Pleiotropic roles of TGFf/smad
signaling in the progression of chronic liver disease,” Critical
Reviews in Eukaryotic Gene Expression, vol. 23, no. 3,
pp. 237-255, 2013.

[7] V. Ambros, “The functions of animal microRNAs,” Nature,
vol. 431, no. 7006, pp. 350-355, 2004.

[8] W. P. Kloosterman and R. H. A. Plasterk, “The diverse
functions of microRNAs in animal development and disease,”
Developmental Cell, vol. 11, no. 4, pp. 441-450, 2006.

[9] V. Cesarini, D. A. Silvestris, V. Tassinari et al., “ADAR2/miR-
589-3p axis controls glioblastoma cell migration/invasion,”
Nucleic Acids Research, vol. 46, no. 4, pp. 2045-2059, 2018.

[10] Y. J. Jia, Z. B. Liu, W. G. Wang et al., “HDAC6 regulates
microRNA-27b that suppresses proliferation, promotes ap-
optosis and target MET in diffuse large B-cell lymphoma,”
Leukemia, vol. 32, no. 3, pp. 703-711, 2018.

[11] S. Wiist, S. Drose, J. Heidler et al.,, “Metabolic maturation
during muscle stem cell differentiation is achieved by miR-1/
133a-mediated inhibition of the DIk1-Dio3 mega gene clus-
ter,” Cell Metabolism, vol. 27, no. 5, pp. 1026-1039, 2018.

[12] C.Liang, S. Bu, and X. Fan, “Suppressive effect of microRNA-
29b on hepatic stellate cell activation and its crosstalk with
TGF-B1/Smad3,” Cell Biochemistry and Function, vol. 34,
no. 5, pp. 326-333, 2016.

[13] Y. He, C. Huang, X. Sun, X.-R. Long, X.-W. Lv, and J. Li,
“MicroRNA-146a modulates TGF-betal-induced hepatic

Evidence-Based Complementary and Alternative Medicine

stellate cell proliferation by targeting SMAD4,” Cellular
Signalling, vol. 24, no. 10, pp. 1923-1930, 2012.

[14] X. Sun, Y. He, T. T. Ma, C. Huang, L. Zhang, and J. Li,
“Participation of miR-200a in TGF-B1-mediated hepatic
stellate cell activation,” Molecular and Cellular Biochemistry,
vol. 388, no. 1-2, pp. 11-23, 2014.

[15] L. Geng, X. Tang, K. Zhou et al., “MicroRNA-663 induces
immune dysregulation by inhibiting TGF-f1 production in
bone marrow-derived mesenchymal stem cells in patients
with systemic lupus erythematosus,” Cellular & Molecular
Immunology, vol. 16, no. 3, pp. 260-274, 2019.

[16] Z. Wang, H. Zhang, P. Zhang, W. Dong, and L. He,
“MicroRNA-663 suppresses cell invasion and migration by
targeting transforming growth factor beta 1 in papillary
thyroid carcinoma,” Tumor Biology, vol. 37, no. 6, pp. 7633
7644, 2016.

[17] Q. Li, Q. Cheng, Z. Chen et al., “MicroRNA-663 inhibits the
proliferation, migration and invasion of glioblastoma cells via
targeting TGF-f1,” Oncology Reports, vol. 35, no. 2,
pp. 1125-1134, 2016.

[18] Z. Y. Liu, G. L. Zhang, M. M. Wang, Y. N. Xiong, and
H. Q. Cui, “MicroRNA-663 targets TGFB1 and regulates lung
cancer proliferation,” Asian Pacific Journal of Cancer Pre-
vention, vol. 12, no. 11, pp. 2819-2823, 2011.

[19] H. Zhang, Y. Guan, Y.-Y. Lu et al., “Circulating miR-583 and
miR-663 refer to zheng differentiation in chronic hepatitis B,”
Evidence-Based Complementary and Alternative Medicine,
vol. 2013, Article ID 751341, 8 pages, 2013.

[20] H.-Y.Park, S.-H. Park, H.-K. Yoon, M. J. Han, and D.-H. Kim,
“Anti-allergic activity of 183-glycyrrhetinic acid-3-O-3-D-
glucuronide,” Archives of Pharmacal Research, vol. 27, no. 1,
pp. 57-60, 2004.

[21] C. Fiore, M. Eisenhut, R. Krausse et al., “Antiviral effects of
Glycyrrhiza species,” Phytotherapy Research, vol. 22, no. 2,
pp. 141-148, 2008.

[22] S.-W. Kim, Y. Jin, J.-H. Shin et al., “Glycyrrhizic acid affords
robust neuroprotection in the postischemic brain via anti-
inflammatory effect by inhibiting HMGB1 phosphorylation
and secretion,” Neurobiology of Disease, vol. 46, no. 1,
pp. 147-156, 2012.

[23] L. Zong, Y. Qu, M.-Y. Xu, Y.-W. Dong, and L.-G. Lu, “18a-
glycyrrhetinic acid down-regulates expression of type I and III
collagen via TGF-B1/smad signaling pathway in human and
rat hepatic stellate cells,” International Journal of Medical
Sciences, vol. 9, no. 5, pp. 370-379, 2012.

[24] Y. Zhou, X. Tong, S. Ren et al., “Synergistic anti-liver fibrosis
actions of total astragalus saponins and glycyrrhizic acid via
TGF-B1/Smads signaling pathway modulation,” Journal of
Ethnopharmacology, vol. 190, pp. 83-90, 2016.

[25] L.Xu, A. Y. Hui, E. Albanis et al., “Human hepatic stellate cell
lines, LX-1 and LX-2: new tools for analysis of hepatic fi-
brosis,” Gut, vol. 54, no. 1, pp. 142-151, 2005.

[26] H. Zhang, X. L. Yan, X. X. Guo et al., “MiR-27a as a predictor
for the activation of hepatic stellate cells and hepatitis B virus-
induced liver cirrhosis,” Oncotarget, vol. 9, no. 1,
pp. 1075-1090, 2017.

[27] J. Yan, D. Chen, X. Chen et al., “Identification of imatinib-
resistant long non-coding RNAs in gastrointestinal stromal
tumors,” Oncology Letters, vol. 17, no. 2, pp. 2283-2295, 2019.

[28] L. Wang, H. Huang, Y. Fan et al., “Effects of downregulation
of microRNA-181a on H202-induced H9c2 cell apoptosis via
the mitochondrial apoptotic pathway,” Oxidative Medicine
and Cellular Longevity, vol. 2014, Article ID 960362, 16 pages,
2014.



Evidence-Based Complementary and Alternative Medicine

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

M. E. Fiori, L. Villanova, C. Barbini, M. L. De Angelis, and
R. De Maria, “miR-663 sustains NSCLC by inhibiting mi-
tochondrial outer membrane permeabilization (MOMP)
through PUMA/BBC3 and BTG2,” Cell Death & Disease,
vol. 9, no. 2, p. 49, 2018.

S. Liang, N. Zhang, Y. Deng et al., “miR-663 promotes NPC
cell proliferation by directly targeting CDKN2A,” Molecular
Medicine Reports, vol. 16, no. 4, pp. 4863-4870, 2017.

S. Wang, J. Liu, C. Li et al., “Research of the effect of miR-663
on the proliferation of prostate cancer cells, and the corre-
lations of miR-663 with pathological grade and clinical stage,”
Journal of the Balkan Union of Oncology, vol. 22, no. 4,
pp. 10111016, 2017.

J. Pan, H. Hu, Z. Zhou et al., “Tumor-suppressive mir-663
gene induces mitotic catastrophe growth arrest in human
gastric cancer cells,” Oncology Reports, vol. 24, no. 1,
pp. 105-112, 2010.

K. Kuroda, T. Fukuda, M. Krstic-Demonacos et al., “miR-663a
regulates growth of colon cancer cells, after administration of
antimicrobial peptides, by targeting CXCR4-p21 pathway,”
BMC Cancer, vol. 17, no. 1, p. 33, 2017.

T. Huang, S. L. Schor, and A. P. Hinck, “Biological activity
differences between TGF-f1 and TGF-$3 correlate with
differences in the rigidity and arrangement of their compo-
nent monomers,” Biochemistry, vol. 53, no. 36, pp. 5737-5749,
2014.

G. Giannelli, W. Mikulits, S. Dooley et al., “The rationale for
targeting TGF-f in chronic liver diseases,” European Journal
of Clinical Investigation, vol. 46, no. 4, pp. 349-361, 2016.
K. Breitkopf, S. Haas, E. Wiercinska, M. V. Singer, and
S. Dooley, “Anti-TGF-beta strategies for the treatment of
chronic liver disease,” Alcoholism: Clinical & Experimental
Research, vol. 29, no. 11, pp. 121S-131S, 2005.

M. Nose, M. Ito, K. Kamimura, M. Shimizu, and Y. Ogihara,
“A comparison of the antihepatotoxic activity between gly-
cyrrhizin and glycyrrhetinic acid,” Planta Medica, vol. 60,
no. 2, pp. 136-139, 1994.

J. Y. Li, H. Y. Cao, P. Liu, G. H. Cheng, and M. Y. Sun,
“Glycyrrhizic acid in the treatment of liver diseases: literature
review,” BioMed Research International, vol. 2014, Article ID
872139, 15 pages, 2014.

X.-L. Guo, B. Liang, X. W. Wang et al,, “Glycyrrhizic acid
attenuates CCl4-induced hepatocyte apoptosis in ratsviaa
p53-mediated pathway,” World Journal of Gastroenterology,
vol. 19, no. 24, pp. 3781-3791, 2013.

X. Wu, L. Zhang, E. Gurley et al., “Prevention of free fatty
acid-induced hepatic lipotoxicity by 18f-glycyrrhetinic acid
through lysosomal and mitochondrial pathways,” Hepatology,
vol. 47, no. 6, pp. 1905-1915, 2008.

E. Gumpricht, R. Dahl, M. W. Devereaux, and R. J. Sokol,
“Licorice compounds glycyrrhizin and 18B-glycyrrhetinic
acid are potent modulators of bile acid-induced cytotoxicity in
rat hepatocytes,” Journal of Biological Chemistry, vol. 280,
no. 11, pp. 10556-10563, 2005.

11



