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Abstract. Transforming growth factor (TGF)‑β1 may stimulate 
the activation of hepatic stellate cells (HSCs), resulting in the 
development of liver fibrosis. As micro RNA (miRNA)‑122 is 
known to be associated with liver inflammation, its effects on 
the epithelial‑mesenchymal transition (EMT) of HSCs through 
the inhibition of the TGF‑β1/drosophila mothers against 
decapentaplegic protein 4 (Smad4) signaling pathway were 
investigated. The MTT assay was performed to explore the 
optimum TGF‑β1 concentration suitable for HSC stimulation. 
Fluorescence microscopy was used to observe the transfection 
efficiency and reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR) and western blot analysis were used 
to observe gene and protein expression levels of α‑smooth 
muscle actin (α‑SMA), E‑cadherin, N‑cadherin and Smad4, 
respectively, in HSCs treated with TGF‑β1 or TGF‑β1 
and miRNA‑122. MTT assay results indicated that the 
concentration of 10 µg/l TGF‑β1 was suitable for maximum 
growth and survival of HSCs. Notably, the mRNA expression 
levels of N‑cadherin and α‑SMA were significantly increased 
(each, P<0.05), but the expression levels of E‑cadherin were 
decreased following 10  µg/l TGF‑β1 treatment. Similar 
results were observed regarding the protein expression levels 
of N‑cadherin, α‑SMA and E‑cadherin. Furthermore, the 
expression of F‑actin was increased in the 10 µg/l TGF‑β1 
treated group compared with the 0 µg/l TGF‑β1 treaded group 
and stretching of the muscle fiber filament was observed. 
miRNA‑122 lentiviral vector transfection significantly 
decreased the mRNA expression of N‑cadherin and increased 
the mRNA expression of E‑cadherin in HSCs stimulated with 
TGF‑β1, as evident from RT‑qPCR results. Similar results 
were also observed regarding the protein expression levels of 

N‑cadherin and E‑cadherin. The expression levels of Smad4, 
the primary component of the TGF‑β1 signaling pathway, 
were significantly lower in cells treated with TGF‑β1 and 
miRNA‑122 (P<0.01) compared those treated with TGF‑β1. 
Thus, miRNA‑122 may inhibit the activation and EMT of 
HSCs stimulated by TGF‑β1.

Introduction

Liver fibrosis is an important stage in the development of 
various liver diseases, which is associated with the activa-
tion of hepatic stellate cells (HSCs)  (1), the promotion of 
extracellular matrix synthesis and degradation, the induction 
of inflammatory and fibrous correlation factor expression 
and the mediation of liver cell apoptosis (2). Transforming 
growth factor (TGF)‑β1 serves a vital role in the activation and 
transformation of HSCs, and promotes the expression of extra-
cellular matrix molecules in these cells (3,4). In this process, 
TGF‑β1 combines with the intracellular receptor, drosophila 
mothers against decapentaplegic protein (Smad), and mediates 
TGF‑β1 signaling pathways (5).

A previous study has suggested that the activated TGF‑β1 
signaling pathway may induce epithelial‑mesenchymal transi-
tion (EMT) of HSCs (6). During this process, the expression 
of the epithelial component, E‑cadherin, is downregulated, 
while that of the mesenchymal component, α‑smooth muscle 
actin (α‑SMA)/vitamin E, is upregulated (7,8). The inhibition 
of epithelial‑mesenchymal changes in HSCs may prevent the 
development of hepatic fibrosis (9,10).

microRNAs (miRNAs) are 20‑24  nucleotides long, 
endogenous, h ighly conserved, non‑coding smal l 
single‑stranded RNAs that inhibit the regulation of gene 
expression through an interpreter and participate in the 
metabolism of liver cells and physiological processes, 
including the stress response (11). miRNA‑122 accounts for 
70% of all identified miRNAs in the liver and serves a pivotal 
role in liver physiology (12). miRNA‑122 is associated with 
various pathological changes in the liver, including chronic 
inflammation of the liver (13), liver fibrosis (14,15), cirrhosis (16) 
and liver cancer, and is considered a non‑invasive diagnostic 
predictor of liver fibrosis (14). In addition, miRNA‑122 can 
act as a tumor suppressor miRNA and regulate metastasis 
of liver cancer (17,18). Previous findings have indicated that 
the decrease in miRA‑122 expression is negatively correlated 
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with proliferation, migration and hepatocellular carcinoma 
cell invasion  (19). The Wnt/β‑catenin signaling pathway 
regulates miRNA‑122‑mediated regulation of the proliferation 
and apoptosis of liver cancer cells (20) and transformation 
of the epithelium of liver cancer  (21). However, it is not 
known whether microRNA may inhibit the transformation 
of the epithelium of HSCs and suppress the development of 
hepatic fibrosis. Therefore, the effect of miRNA‑122 on EMT 
activation in HSCs was evaluated to explore its therapeutic 
potential for the treatment of liver fibrosis.

Materials and methods

Cell lines and culture. A rat HSC‑T6 cell line (cat. no. FS‑0060; 
American Type Culture Collection, Manassas, VA, USA) 
was maintained in Dulbecco's minimum essential medium 
(DMEM; Hyclone, Logan, UT, USA) supplemented with 
10% fetal bovine serum (Hyclone) and 1% penicillin at 37˚C 
in a humidified atmosphere containing 5% CO2.

MTT assay. The MTT method was used to determine the 
optimal concentration of TGF‑β1 required to induce the 
logarithmic growth phase in rat HSCs. Cells were treated 
with 0.25% trypsin and seeded at a density of 104 cells after 
vaccination in 96‑well plates. Cells were cultured at 37˚C in a 
humidified atmosphere containing 5% CO2 for 12 h and treated 
with 0, 5, 10 and 20 ng/ml of TGF‑β1 (PeproTech, Inc., Rocky 
Hill, NJ, USA). The cells were observed for a total of 4, 8, 24, 
48 and 72 h, and incubated with 20 µl/ml MTT solution at 37˚C 
in a humidified atmosphere containing 5% CO2. Cells were 
treated with 150 µl dimethyl sulfoxide and incubated at room 
temperature for 10 min under constant shaking. The absor-
bance was measured at a wavelength of 490 nm. The survival 
rate of the control group was considered as 100% and used to 
obtain the survival rate of other groups as follows after 12 h 
TGF‑β1 treatment: Cell survival rate (%)=(experimental group 
OD‑blank group OD)/(control group OD‑blank group OD) 
x100. This experiment was repeated four times and the results 
were indicated as the mean ± standard deviation.

Immunofluorescence staining. Cells from the logarithmic 
phase were washed with phosphate‑buffered saline (PBS) and 
treated with 0.25% ethylenediaminetetraacetic acid‑trypsin. 
Cells were seeded at a density of 2x104  cells, following 
vaccination in 6‑well plates and cultured for 24 h at 37˚C in 
a humidified atmosphere containing 5% CO2. Subsequently, 
cells were fixed with 4% paraformaldehyde for 20  min, 
then washed three times with PBS containing 0.1% Triton 
X‑100 for 20 min. Samples were further washed three times 
with PBS and incubated with 7.5% bovine serum albumin 
(cat. no. A3912‑10; Sigma‑Aldrich; Merck KGaA; Darmstadt, 
Germany) at room temperature for 1 h. Following blocking, 
cells were treated with mouse anti‑ F‑actin (cat. no. ab‑205; 
1:100; Abcam, Cambridge, UK) antibody overnight at 4˚C. 
Cells were washed three times with PBS and subjected to 
treatment with FITC‑conjugated IgG (1:50; cat. no. AS001; 
ABclonal Biotech Co., Ltd., Wuhan, China) for 1h at 37˚C. 
Following this, 4',6‑diamidino‑2‑phenylindole nuclear 
staining was performed for 15 min and cells were observed 
using a fluorescence microscope (magnification, x100).

Transfection of miRNA‑122 slow virus vector: miRNA‑122 
s low v i r us  ve c tor  (ca t .   no.   15993 ‑1;  ve c tor : 
Ubi‑MCS‑SV40‑EGFP‑IRES‑puromycin) was designed and 
synthesized by the Shanghai Jikai Medical Laboratory 
(Shanghai Genechem Co., Ltd.; sequence: 5'‑ACC​GGT​CCA​
CGG​AGG​AGT​CTG​TGA​CAA​AGA​AGG​AGG​GTG​AAG​GGG​
AGG​TTA​GCA​CCC​TTG​TGC​CTA​CAG​ACT​CTC​CTT​AGC​
AGA​GCT​CTG​GAG​TGT​GAC​AAT​GGT​GTT​TGT​GTC​CAA​
AAC​ATC​AAA​CGC​CAT​CAT​CAC​ACT​AAA​CAG​CTA​CTG​
CTA​GGC​TAT​CCG​TCT​ACT​CCG​TGC​GCG​ACT​TGA​CGT​CTG​
CCC​TCT​CAG​AGC​AAG​AAG​TTT​TGT​CTT​ATG​TAC​TCT​CCG​
TCA​TAG ​GTA ​AT T ​TAT​G G C​TAG ​C‑3' ).  CON238 
(Ubi‑MCS‑SV40‑EGFP‑IRES‑puromycin) was used as a 
negetive virus vector. In this part, HSC cells treated with 
10  µg/l TGF‑β1 only and HSC cells treated with 10  µg/l 
TGF‑β1 and CON238 were utilized as control groups. HSC 
cells treated with 10 µg/l TGF‑β1 and micro‑122 slow virus 
vector were utilized as experimental groups. First, HSCs were 
diluted to obtain 3x104‑3x106 cells/ml. Following this, a total 
of 2 ml cell suspension was added to each well of a 6‑well 
plate. Cells were allowed to adhere to the surface of the plate. 
HSC cells were then cultivated with 2 ml fresh culture medium 
(DMEM containing 10% fetal bovine serum) containing 
5 ug/ml polybrene (cat. no. REVG0001; Shanghai Genechem 
Co., Ltd.) Preliminary experiments revealed an MOI of 10 
(Drop in the infection by degree of x = virus volume/cell 
number; data not shown), the micro‑122 slow virus vector and 
CON238 negative virus vector were diluted to 1x108 tu/ml 
using Enhanced Infection Solution (cat. no. ENI.S. REVG0002; 
Shanghai Genechem Co., Ltd.). Subsequently, a total of 20 µl 
virus solution was added to the three groups and incubated for 
6 h at 37˚C. HSC Cells were then washed with PBS and further 
incubated with DMEM with 10% fetal bovine serum for 48 h 
at 37˚C. Cells were observed using a fluorescence microscope.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from 1x107 cells/ml using 
the TRIzol reagent (cat. no. 15596‑026; Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) according to 
manufacturer's instructions. The concentration of total RNA 
was measured using an Eppendorf Bio Photometer. First‑strand 
cDNA was synthesized from 5  µg total RNA per sample 
in a 20‑µl system including 1 µl random 6‑mers, 1 µl dNTP 
mixture, 0.5 µl PrimeScript RTase, 0.5 µl Rnase and 17 µl 
ddH20 using an RT‑qPCR kit (cat.  no.  DRRO14A; Takara 
Biotechnology Co., Ltd., Dalian, China). The following 
gene‑specific primers were used: α‑SMA forward, 5'‑CCA​
CTG​CTG​CTT​CCT​CTT​C‑3' and reverse, 5'‑CGC​CGA​CTC​
CAT​TCC​AAT‑3'; N‑cadherin forward,  5'‑TAT​GGT​GGT​
GGT​GAT​GAC​TGA‑3' and reverse,  5'‑CGG​TGC​TAG​TGG​
ACT​ACA​GA‑3'; E‑cadherin forward, 5'‑GCT​CGC​TGA​
ACT​CCT​CTG​A‑3' and reverse, 5'‑TCG​CCG​CCA​CCA​TAC​
ATA‑3'; Smad4 forward,  5'‑ACT​TCC​CCA​ACA​TTC​CTG​
TG‑3' and reverse,  5'‑ATC​CAT​TCT​GCT​GCT​GTC​CT‑3'; 
GAPDH forward,  5'‑ACG​GCA​AGT​TCA​ACG​GCA​CAG‑3' 
and reverse,  5'‑GAA​GAC​GCC​AGT​AGA​CTC​CAC​GAC‑3'; 
miRNA‑122, 5'‑GCT​GTG​GAG​TGT​GAC​AAT​GGT​G‑3'; 
U6 forward,  5'‑CGC​TTC​GGC​AGC​ACA​TAT​ACT‑3' and 
reverse,  5'‑GAA​TTT​GC​GTG​TCA​TCC​TTG​C‑3'. The reac-
tion steps were as follows: Stage 1 Prevariant: 95˚C for 5 min; 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  17:  284-290,  2019286

Stage 2 Cyclic reaction: 95˚C for 10 min and 60˚C for 30 sec for 
40 cycles. Stage 3 dissociation curve: 95˚C for 15 sec, 60˚C for 
60 sec and 90˚C for 15 sec for one cycle. The 2−ΔΔCq method (22) 
was used to quantify the relative gene expression levels. U6 and 
GAPDH were used as reference genes.

Western blot analysis. Total protein was extracted from 
1x107/ml HSC cells using radioimmunoprecipitation assay 
buffer (cat. no. P0013; Beyotime Institute of Biotechnology, 
Haimen, China). Subsequently, protein concentration was 
determined using a BCA protein kit (Beyotime Institute of 
Biotechnology). Protein (100 µg/lane) was separated on 12% 
SDS‑PAGE and transferred onto polyvinylidene difluoride 
membranes. Following blocking with 5% skimmed milk at 
room temperature for 2 h, the membrane was incubated with 
the following primary antibodies overnight at 4˚C: ianti‑α‑SMA 
(cat. no.  ab5694; 1:500), anti‑N‑cadherin (cat. no.  ab76011; 
1:500), anti E‑cadherin (cat. no. ab76055; 1:1,000; all Abcam), 
anti‑Smad4 (cat. no. 51144‑1‑AP; 1:1,000; Proteintech Group, 
Inc., Chicago, IL, USA) and anti‑GAPDH (cat. no. EM31010‑011: 
1,000; Beijing Emarbio Science & Technology Co., Ltd., 
Beijing, China) overnight at 4˚C. The membrane was then incu-
bated with horseradish peroxidase conjugated goat anti‑mouse 
Immunoglobulin G (1:2,000; cat. no. AS003; ABclonal Biotech 
Co., Ltd.) for a further 2 h at room temperature. An ECL Plus 
ultra‑sensitive luminescent liquid (Applygen Technologies, Inc., 
Beijing, China) was utilized to develop the membrane. Protein 
bands were analyzed using Quantity One v4.6.2 software 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA). The density 
of each target band was calculated relative to GAPDH to deter-
mine relative expression levels.

Statistical analysis. Results were repor ted as the 
mean ± standard deviation and analyzed using SPSS software 
(version 21.0 for Windows; IBM Corp., Armonk, NY, USA) was 
used for all statistical analyses. One‑way analysis of variance 
followed by the least significant difference test. Two‑group 
comparisons were performed using the Student t‑test. P<0.05 
was considered to indicate a statistically significant difference.

Results

TGF‑â1 at 10  ìg/l promotes the viability and survival of 
HSCs. For the effective activation of HSCs, the most suitable 
concentration of TGF‑â1 was determined. Cells were treated 
with different concentrations (0, 5, 10 and 20 ìg/l) of TGF‑â1. 
MTT assay results revealed that treatment with 10 ìg/l TGF‑â1 
for 72 h resulted in maximum cell viability (Fig. 1). Using 
0 ìg/l TGF‑â1 treatment as the control (100% survival), it was 
revealed that 10 ìg/l TGF‑â1 demonstrated the highest survival 
rate after 48 h (Table I).

Upregulation and morphological changes in F‑actin indicate 
the activation of HSCs. Cell migration is associated with 
cytoskeleton remodeling of actin, including F‑actin upregula-
tion and morphological changes, indicating the activation of 
HSCs (23). Results indicated an increase in the expression of 
F‑actin in HSCs following treatment with 10 µg/l TGF‑β1. 
Notably, increased expression of the stress fiber in the cell is 
indicative of the activation and proliferation of HSCs (24). In 
the control group, the cytoskeleton exhibited diffused distribu-
tion, irregular and uneven length of actin filaments and bright 
nuclei fluorescence (Fig. 2A‑C; magnification, x100). In the 
TGF‑β1 group, F‑actin green fluorescence was concentrated 
and clustered, and the fluorescence intensity was homogenous 
within the cell membrane and cytoplasm (Fig. 2D‑F; magni-
fication, x100); F‑actin was relatively thick and long along the 
longitudinal axis of the cells and arranged parallel to the thin 
strips of stress fibers (Fig. 2G and H; magnification, x100).

TGF‑β1 upregulates á‑SMA but downregulates E‑cadherin 
expression in activated HSCs. RT‑qPCR and western blot 
analysis were used to detect the expression of α‑SMA, 
N‑cadherin and E‑cadherin in HSCs treated with 10 µg/l 
TGF‑β1. The results indicated that the relative expression 
levels of α‑SMA mRNA and protein was significantly higher 
in the treatment group compared with the control group. The 
relative expression of N‑cadherin mRNA was marginally 
higher in the treatment group compared with the control group. 

Figure 1. Detection of HSC‑T6 proliferation by MTT with different concen-
trations of TGF‑β1. TGF‑β1, transforming growth factor‑β1.

Table I. Effect of different concentration of TGF‑β1 on the cell survival rate on 48 h.

Groups	 Concentration (µg/l)	 Absorption value	 Survival rate (%)

Control	   0	 0.615±0.020	 100.00
TGF‑β1	   5	 0.692±0.021a	 112.52
	 10	 0.714±0.022b	 116.15
	 20	 0.668±0.002a	 108.56

aP<0.05 and bP<0.01 compared with control group. Data were presented as mean ± standard deviation (n=4). TGF, transforming growth factor.
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N‑cadherin protein expression was markedly higher in the 
treatment group compared with the control group. The mRNA 
expression levels of E‑cadherin were significantly lower in the 
treatment group compared with the control group (P<0.05), 
and similar results were indicated with regard to E‑cadherin 
protein expression (Fig. 3).

Expression of miRNA‑122 is upregulated in HSCs transfected 
with miRNA‑122 lentiviral vector. Fluorescence micros-
copy revealed green fluorescence in HSCs transfected with 
miRNA‑122 lentiviral vectors into the cell cytoplasm. Nuclei 
exhibited bright fluorescence, and the fluorescence intensity 
was stronger than that of the cytoplasm. The expression level 
of miRNA‑122 in the transfected cells (4.92±0.09) was signifi-
cantly higher (P<0.05) than that observed in cells transfected 
with the negative control vector (1.21±0.08) and the blank 
control group (1.00±0.11; Fig. 4).

Figure 2. Cytoskeletal structure changes of F‑actin induced by TGF‑β1 observed by immunofluorescence. (A‑C) Control group and (D‑F) 10 µg/l TGF‑β1 group. 
(A and D) F‑actin skeletal structure; (B and E) 4',6‑diamidino‑2‑phenylindole stained nuclei; (C) combination of (A) and (B); and (F) combination of (D) and (E) 
(all magnification, x100). (G) Control group (magnification, x100); and (H) 10 µg/l TGF‑β1 group (magnification, x200). TGF‑β1, transforming growth factor‑β1.

Figure 4. miRNA‑122 expression in hepatic stellate cells transfected with 
miRNA‑122 lentiviral vector. Reverse transcription‑quantitative poly-
merase chain reaction was used to compare the expression of miRNA‑122 
in the miRNA‑122 lentiviral vector group compared with control groups 
*P<0.05 vs. TGF‑β1 groups or TGF‑β1 and negative lentiviral vector groups. 

Figure 3. Expression of α‑SMA, N‑cadherin and E‑cadherin in hepatic stellate cells induced with 10 µg/l TGF‑β1. mRNA and protein expression levels of 
α‑SMA, N‑cadherin and E‑cadherin were determined in hepatic stellate cells using reverse transcription‑quantitative polymerase chain reaction and western 
blot analysis. (A) mRNA Expression of α‑SMA, N‑cadherin and E‑cadherin in hepatic stellate cells treated with 10 µg TGF‑β1. (B) Protein expression of 
α‑SMA, N‑cadherin and E‑cadherin in hepatic stellate cells with different of TGF‑β1 concentrations. *P<0.05 vs. the control group. 
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Smad4 serves as the key protein in the TGF‑â1 signaling 
pathway. The expression of Smad4 may result in the inhibi-
tion of the activation and biological activity of HSCs induced 
by the TGF‑â1 signaling pathway. Therefore, the expression 
of Smad4 was studied following miRNA‑122 transfection in 
HSCs. According to the results in Fig. 5, Smad4 expression 
was significantly (P<0.05) higher in cells treated with TGF‑β1 
compared with cells treated with TGF‑β1 and miRNA‑122. 
Thus, miRNA‑122 inhibited the activation of HSCs induced 
by TGF‑β1.

Downregulation of N‑cadherin expression and overex‑
pression of E‑cadherin in HSCs treated with miRNA‑122 
and TGF‑â1 indicates that miRNA‑122 may inhibit EMT 
of HSCs induced by TGF‑â1. TGF‑β1 and empty plasmid 
groups were used as control groups. The results suggested 
that the mRNA expression of E‑cadherin was significantly 
higher (P<0.05) in the treatment group (2.73±0.16) compared 
with the negative vector transfection group (1.17±0.12) and 

blank control group (1.01±0.20). In addition, E‑cadherin 
protein expression was higher in the treatment group 
(0.87±0.07) compared with the control groups (0.36±0.11 
and 0.41±0.130). The mRNA and protein expression of 
N‑cadherin was lower in the treatment group (0.21±0.13 
and 0.32±0.07, respectively) compared with the two control 
groups (0.92±0.12 and 0.88±0.14, respectively, for negative 
vector transfection group) and (1.02±0.20 and 0.21±0.07, 
respectively, for blank control group; Fig. 6). Notably the 
difference regarding mRNA N‑cadherin expression was 
statistically significant (P<0.05).

Discussion

The activation of HSCs is a major cause of liver fibrosis and 
cirrhosis, and effective inhibition of the proliferation and acti-
vation of HSCs is a key step in the prevention of liver fibrosis 
development (25). EMT in differentiated cells is caused by 
external factors that impart mature epithelial characteristics to 

Figure 5. Expression of Smad4 in hepatic stellate cells treated with TGF‑β1 or TGF‑β1 and miRNA‑122. *P<0.05 vs. TGF‑β1 groups or TGF‑β1 and negative 
lentiviral vector groups. (A) Relative mRNA expression of Smad4 in hepatic stellate cells treated with 10 µg TGF‑β1. (B) Relative protein expression of Smad4 
in hepatic stellate cells.

Figure 6. Expression of E‑cadherin and N‑cadherin in hepatic stellate cells treated with TGF‑β1 or TGF‑β1 and miRNA‑122. (A and B) mRNA and 
(C and D) protein expression levels of E‑cadherin and N‑cadherin were determined using reverse transcription‑quantitative polymerase chain reaction and 
western blot analysis. *P<0.05 vs. TGF‑β1 groups or TGF‑β1 and negative lentiviral vector groups.
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cells, characterized with the loss of cell polarity and change in 
the cytoskeleton structure and migration ability (26). EMT has 
long been determined a characteristic of tumor cells. Previous 
findings on renal fibrosis, pulmonary fibrosis and peritoneal 
fibrosis have focused on EMT (27). A study in the mouse 
model of carbon tetrachloride‑induced liver fibrosis indicated 
that the lower expression of E‑cadherin and higher expression 
of α‑SMA directly affected EMT in liver fibrosis (6). However, 
to the best of our knowledge, no report has described the series 
of processes that lead to the activation of HSCs.

The present study investigated whether the activation of 
HSCs induced by TGF‑β1 causes the transformation of the 
epithelium. It was first explored whether TGF‑β1 may activate 
HSCs, and results indicated that the activity and proliferation 
of HSCs increased with an increase in the concentration of 
TGF‑β1; however, concentrations higher than 10 µg/l failed 
to induce a significant increase in HSC activity and prolifera-
tion. Therefore, the concentration of 10 µg/l TGF‑β1 was used 
for further experiments. The HSC activation by TGF‑β1 was 
studied, and it was observed that myofibroid cells with stel-
late caused reconstruction of the cytoskeleton. F‑actin is an 
important skeletal protein involved in the formation of the cyto-
skeleton (28). In addition to maintaining the normal morphology 
of the cells, F‑actin also participates in biological processes 
through stress regulation (29). An increase in the expression of 
F‑actin and stretching of the muscle fiber filament was observed 
in a previous study (30). In addition, the effects of TGF‑β1 on 
the expression of E‑cadherin and N‑cadherin were evaluated in 
HSCs. N‑cadherin gene and protein expression levels increased, 
but the gene and protein expression levels of the epithelial 
component E‑cadherin were downregulated. Thus, TGF‑β1 
induced HSC activation and caused EMT.

The inhibition of the TGF‑β1 signaling pathway may 
suppress the activation of HSCs and reduce the development 
of hepatic fibrosis. To identify the target gene or protein that 
effectively inhibited this regulation, miRNA‑122, which is 
expressed specifically in the liver and accounts for 70% of all 
hepatic microRNAs, was used. miRNA‑122 serves an impor-
tant role in liver development, differentiation and maintenance 
under normal physiological processes and may cause a series 
of liver diseases, including inflammation, cirrhosis/liver 
fibrosis, fat metabolism and cancer (13,16). The present study 
indicated miRNA‑122 may inhibit the regulation of the 
TGF‑β1 signaling pathway in HSCs.

A previous study suggested that the expression of 
miRNA‑122 was associated with the inflammatory response 
of the liver  (31). In addition, miRNA‑122 expression is 
significantly lower in chronic inflammation than in normal 
conditions and early inflammation (32). Previous findings 
have indicated that miRNA‑122 is considered a marker of liver 
fibrosis (14). An miRNA‑122 lentiviral vector was constructed 
and successfully transfected into HSCs in the present study. 
Successful transformants were selected using the green fluo-
rescent protein expression method.

The expression of E‑cadherin/N‑cadherin was studied in 
HSCs treated with miRNA‑122 lentiviral vector alone or in 
combination with TGF‑β1. It was revealed that the increase in 
the expression of miRNA‑122 resulted in a significant increase 
in E‑cadherin expression in cells transfected with miRNA‑122 
lentiviral vector when compared with those treated with empty 

plasmid group or TGF‑β1 and miRNA‑122. Conversely, the 
expression of N‑cadherin significantly decreased with an 
increase in miR‑122 expression, resulting in the inhibition of 
EMT of HSCs. Thus, the upregulation in miRNA‑122 expression 
may result in the inhibition of EMT of HSCs. This result was in 
line with reports from Omran et al and Nakamura et al (14,15), 
wherein the morphology and functional study demonstrated 
that the overexpression of miRNA‑122 may effectively promote 
the differentiation and maturation of liver cells. The expression 
of miRNA‑122 at appropriate concentrations may adjust the 
balance between liver cell proliferation and differentiation, as 
well as that between EMT and mesenchymal epithelial transi-
tion. To clarify the role of the TGF‑β1 signaling pathway in this 
process, changes in the expression of the key protein Smad4 in 
the TGF‑β1 signaling pathway were studied. Results indicated 
that HSCs stimulated by TGF‑β1 exhibited upregulated expres-
sion of Smad4; however, miRNA‑122 treatment significantly 
decreased the expression of Smad4, which suggested the inhibi-
tory effect of miRNA‑122 on the activation of HSCs induced 
by TGF‑β1 and EMT.

Taken together, the present findings demonstrated the 
effects of miRNA‑122 on HSC epithelium. However, the 
regulation of HSC activation is typically a complex signaling 
network. It was suggested that miRNA‑122 may regulate the 
activation of HSCs mediated by TGF‑β1 signaling pathways; 
whether the exact mechanism involves direct interactions 
between the two is unknown. Therefore, further studies must 
be performed to study the regulatory effects of miRNA‑122 
in liver fibrosis in order to extend its application as a potential 
agent against liver fibrosis.
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