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Background: Previous studies have confirmed that MicroRNA (miRNA) is a key regulator exhibiting 
different effects in human liver fibrosis. However, the function of miR-34a in liver fibrosis has not been 
reported. Hence, this study aimed to investigate the regulatory mechanism of miR-34a in liver fibrosis.
Methods: The expression of miR-34a was measured in fibrosis tissues via the quantitative real-time PCR 
(qRT-PCR) assay. Subsequently, 30 male C57BL/6J mice were divided into control and treatment groups 
and used to establish animal models of liver fibrosis to explore the expression level of miR-34a. Moreover, 
Cell Counting Kit 8 (CCK-8) and transwell assays were preformed to identify the regulatory mechanism of 
miR-34a in cells. The effect of miR-34a on the activity of transforming growth factor-β (TGF-β) pathway 
was observed by western blot.
Results: Up-regulation of miR-34a was detected in fibrosis cells. Moreover, the cellular phenotype was 
suppressed by miR-34a down-regulation in a primary culture of hepatic stellate cells (HSCs). Besides, it was 
found that increased miR-34a could significantly promote the invasion and migration of HSCs. Moreover, 
miR-34a activates HSCs through transforming TGF-β, α-smooth muscle actin (α-SMA), and Monocyte 
chemoattractant protein-1 (MCP-1), which further affects liver fibrosis.
Conclusions: MiR-34a promotes the fibrosis of HSCs as well as cell proliferation, migration, and invasion.
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Introduction

The histopathological manifestations of cirrhosis are 
extensive necrosis of hepatocytes, nodular regeneration of 
residual hepatocytes, hyperplasia of connective tissue, and 
formation of fibrous septa, resulting in serious damage to 
the hepatic lobule structure and the aberrant generation of 
pseudolobule (1-3). There are approximately 3 million or 
more patients who suffer chronic liver disease worldwide, 

with a huge unmet need for treatment (4). Liver fibrosis can 
be defined as the progressive accumulation of extracellular 
matrix (ECM) and the reduction of its remodeling, which 
leads to the eventual destruction of the normal structure 
of the liver (5). Liver fibrosis is an early reversible stage 
of cirrhosis. If left untreated, it can develop into cirrhosis, 
leading to organ failure and death (6).

Liver fibrosis is a dynamic process involving the synthesis 
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of matrix components and the reduction of physiological 
matrix decomposition (7). During the formation of liver 
fibrosis, hepatic stellate cell (HSC) activation is an important 
molecular event and a determinant of the occurrence 
of liver fibrosis (8-10). The HSC activation process is 
highly complex, and is the synergistic effect of various 
cytokines secreted by Kupffer cells, stem cells, hepatic 
sinus endothelial cells, and HSC paracrine nuclei (11).  
In the initial stage of HSC activation, cells undergo early 
changes in gene expression and phenotype, and some 
soluble stimuli (such as oxidative stress signals, apoptotic 
bodies, and lipopolysaccharides) are involved. In the 
subsequent stages, some specific phenotypic changes occur 
in HSCs, including proliferation, contractile, chemotaxis, 
fibrogenesis, matrix degradation, loss of retinoids, as 
well as the release of leukocyte chemoattractant proteins 
and cytokines, which directly or indirectly maintain cell 
activation and lead to continuous fibrosis (5,11,12). Among 
them, transforming growth factor (TGF-β) is an important 
cytokine promoting liver fibrosis, which mainly enhances 
the aberrant activation of HSCs through the Smad protein 
signaling pathway. Specific blocking of Smad3 protein 
expression may inhibit liver fibrosis (13). MicroRNA 
consists of 21–25 nucleotides (14), and is involved in 
the shearing of message RNA (mRNA), inhibiting or 
enhancing the expression of its regulatory genes in the 
translation process, so as to participate in the processes of 
ontogeny, body metabolism, as well as the occurrence and 
development of diseases (15-17).

MicroRNA plays a pivotal role in maintaining the 
normal physiological functions of organ systems. Defects 
and mutations in the target sites of the maturation process 
of microRNA or the mRNA of its target genes can lead to 
abnormal functions and diseases. Numerous microRNAs 
(miRNAs) are expressed in HSCs and control the progression 
of fibrosis, including miR-29a (18), miR-19b (19),  
and miR-221/222 (20). Based on gene array analysis, 
miR-29a, an inhibitor of a variety of extracellular matrix 
(ECM) proteins, can be down-regulated by TGF-β and 
LPS (18). miR-19b has been found to inhibit the TGF-β 
pathway, which is reduced in the tissues of patients with 
advanced fibrosis, while it is overexpressed in blocking 
HSC activation (19). In contrast, the up-regulated 
expression of miR-221/222 in the human liver is parallel 
to the progression of liver fibrosis (20). Its expression also 
increases with the activation of HSCs, and its participation 
in HSC proliferation has been confirmed by researchers. 
MiR-34a has been found to play key roles in the fibrosis of 

multiple cells. Cui et al. found that miR-34a could promote 
fibrosis in aged lungs via blocking the functions of alveolar  
epithelial cells (21). Bifico is used to treat diarrhea and 
abdominal distention caused by the imbalance of intestinal 
flora, and is also applied in the treatment of mild to 
moderate acute diarrhea. Bifico is made up of Bifidobacteria, 
Lactobacillus acidophilus, and Enterococcus faecalis.  
Some researchers have demonstrated that Bifico can 
improve gastritis caused by pyloric spiral sensation (22). 
Previous study reported that the use of Bifico could reduce 
the plasma ammonia level in patients with cirrhosis and be 
used as an adjuvant therapy for cirrhosis. However, whether 
Bifico is involved in inhibiting cirrhosis and the formation 
of liver fibrosis is currently unknown.

Based on previous studies, we selected miR-34a as the 
target and verified the effect of miR-34a on the fibrosis of 
HSCs through gene expression regulation, CCK-8, and 
other experiments. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at https://dx.doi.org/10.21037/atm-21-5005).

Methods

Sample preparation 

The samples of the 13 healthy donors and 20 patients with 
liver fibrosis from Shandong Provincial Hospital Affiliated 
to Shandong First Medical University were used in our 
experiments. Written consent was obtained prior to sample 
collection, and the Ethics Committee of the Shandong 
Provincial Hospital Affiliated to Shandong First Medical 
University approved this study. The experiment followed 
the Declaration of Helsinki (as revised in 2013) (23). Tissue 
biopsies were immediately frozen at −80 ℃.

Animal models of liver fibrosis

Animal experiments were approved by the Animal 
Experimentation Ethics Committee of Shandong Provincial 
Hospital Affiliated to Shandong First Medical University. 
Moreover, all experiments in this study were performed in 
strict accordance with the Animal Experimentation Ethics 
Committee Guide for the Care and Use of Laboratory 
Animals. A protocol was prepared before the study without 
registration. 30 male C57BL/6J mice (Chengdu Dashuo, 
China), aged 8 to 10 weeks and weighing 20–25 g, were 
randomly divided as control and treatment groups, and then 
the mice in treatment group were injected intraperitoneally 
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with a solution of CCl4 (1:1 in olive oil) twice a week  
(0.2 mL/100 g), while mice only treated with olive oil were 
used as controls. After intervention for 8 weeks, the mice 
were anaesthetized and sacrificed, and the liver tissues were 
obtained and frozen for subsequent experiments. 

Cell culture

All cell lines including LX-1 and HSC-T6 were purchased 
from Tongpai (Shanghai) Biotechnology Co., Ltd (Shanghai, 
China), and all cells exhibited the normal functions and 
phenotype. For rat HSCs (rHSCs) preparation, the liver 
tissues of male Sprague-Dawley rats were obtained and then 
digested with collagenase/pronase, and the cells were then 
centrifugated and isolated by continuous density gradients. 
Next, the HSCs were cultured on plastic culture dishes with 
Dulbecco’s modified Eagle’s medium [DMEM; GIBCO, 
Grand Island, NY; 10% fetal bovine serum (FBS)], and the 
cells were spontaneously activated after culturing for 7 days. 

Cell transfection

MiR-34a mimic, miR-34a silence vectors and the related 
negative control (Shanghai Yubo Biotechnology Co., 
Ltd., Shanghai, China) were used for HSC transfection 
(LX-1, HSC-T6), and Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA) was used as a transfection reagent. Also, the 
transfection efficiency of miR-34a was measured with qRT-
PCR after cell culture for 48 and 72 hours, respectively.

Transwell migration assay

Cellular migration was observed using a transwell assay. 
Briefly, 3×104 cells/well HSCs were cultured with serum-free 
medium in the upper chambers. The medium containing 
10% FBS was added into the lower chambers. The cells were 
cultured at 37 ℃ and 5% CO2. After culturing for 24 hours, 
the cells on the lower surface of upper chambers were fixed 
and then strained with 0.1% crystal violet, and the cells were 
imaged and counted under a light microscope (OPTIKA, 
Thermo Fisher Scientific, USA).

Quantitative real-time PCR

Total RNAs of the cells or tissues were collected using 
QIAzol reagent (Qiagen, Hilden, Germany). qRT-PCR 
was performed with SYBR Green master mixture on 
HT7900 system (Applied Biosystems, Foster City, CA, 

USA), and U6 was used as an internal control. Moreover, 
the comparative ∆Ct method was performed to evaluate 
the expression of miR-34a.

Western blot

Total proteins of all cells or tissues were extracted using 
RIPA Lysis buffer, and the concentrations of extracts 
were then measured using Bicinchoninic acid (BCA) kits 
(Shanghai Jining Biotechnology Co., Ltd., Shanghai, 
China). The samples of 30 μg boiled proteins proteins were 
added and separated with 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), and the 
proteins were then transferred onto the nitrocellulose 
membranes (GE Healthcare, Piscataway, NJ, USA) using 
wet transfer methods. 

Subsequently, the membranes were blocked with 5% 
fat-free milk for 2 hours, and then all membranes were 
incubated with the related primary antibodies at 4 ℃ 
overnight. Finally, the membranes were incubated with 
the second antibodies, and the expressions of the proteins 
were measured under a chemiluminescence imaging system 
(Invitrogen iBright, Thermo Fisher Scientific, USA). 

Cell viability assay

3×103 of the cells were cultured into 96-well plates, and the 
[3-(4,5-dimethylthiazol2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2Htetrazolium, inner salt] (MTS) assay 
was used to observed the viability of the cells. Briefly, the 
cells in each well were incubated with 20 μL of reaction 
solution at 37 ℃ for 1.5 hours. Finally, the absorbance of 
the cells was measured at 490 nm. 

Statistical analysis

All experiments in this study were independently performed 
three times. The data were analyzed using the Student’s 
t-test for single, and were presented as mean ± standard 
deviation. P<0.05 was considered to be statistically 
significant.

Results

The expression of miR-34a in hepatic fibrosis tissues

Firstly, to explore the role of miR-34a in hepatic fibrosis 
tissues, the relative levels of miR-34a in the fibrosis and 
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normal tissues were measured by qPCR. Compared with the 
tissues of healthy donors, the level of miR-34a in fibrosis 
tissues was obviously higher (Figure 1A). HSCs cells in the 
primary culture developed fibrosis and cell morphology 
changes at 21 days (Figure 1B). qPCR detection of primary 
cultured HSCs on day 2 and day 21 showed that the miR-
34a expression increased after HSC fibrosis (Figure 1C). 
MRNA expression was measured for genes involved in 
HSC activation, such as α-SMA, TGF-β, platelet-derived 
growth factor receptor (PDGFR), peroxisome proliferator-
activated receptor (PPAR-γ), and monocyte chemoattractant 
protein-1 (MCP-1), which were increased at 21 days. This 
demonstrated that the primary cultured HSCs developed 
fibrosis at 21 days (Figure 1D).

Overexpression of miR-34a accelerated HSCs fibrosis in vitro

In the in vitro cultured HSCs, miR-34a with strong promoter 

CMV was transfected to overexpress miR-34a (Figure 2A). 
Compared with the cells transfected with negative control 
(NC) of miR-34a, the expression level of the HSC activation 
marker in cells that overexpressed miR-34a was increased 
(Figure 2B). The cell morphology was fibrosis on the  
7th day after transfection, and notable fibrosis was found on 
the 14th day. Meanwhile, obvious fibrosis was not found in 
the control group (Figure 2C).

Decreased miR-34a inhibited HSCs fibrosis

MiR-34a was down-regulated in HSCs by RNA interference 
technology targeting the miR-34a sequence (Figure 3A). 
Adding miR-34a RNA interference to cultured HSCs 
could inhibit HSC fibrosis in vitro (Figure 3B). Western 
blot experiments demonstrated that the decreased miR-
34a could impede the translation of gene-related proteins 
activated by HSCs (Figure 3C,3D).

Figure 1 MiR-34a expression was increased in liver fibrosis tissue. (A) The level of miR-34a in liver tissue; (B) the fibrosis morphology of 
HSCs cultured in vitro changed over time; (C) miR-34a was up-regulated in the in vitro cultured HSCs at 21 days; (D) TGF-β, α-SMA, 
MCP-1, and PDGFR were up-regulated on day 21. Scale bar =100 μm. **, P<0.01. HSCs, hepatic stellate cells.
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Overexpression of miR-34a promoted the proliferation, 
migration and invasion of HSCs

To further investigate the role of miR-34a in the 
proliferation, migration of HSCs, CCK-8 and transwell 
assay were used to detect cell proliferation and migration 
ability. Using the CCK-8 assay, we found that down-
regulation of miR-34a significantly suppressed cellular 
proliferation, while overexpression of miR-34a increased 
proliferation in HSCs (Figure 4A). Using the transwell assay, 
up-regulation of miR-34a notably increased the invasion 
and migration in HSCs (Figure 4B,4C).

Knockdown of miR-34a inhibited CCl4-induced liver 
fibrosis

The expression of miR-34a was significantly increased 

in the isolated liver tissues of the mice after treatment 
with CCl4 (Figure 5A,5B).  We also found that the 
injection of miR-34a siRNA in the mice treated with 
CCl4 could knockdown the expression level of miR-
34a (Figure 5C,5D). Similarly, CCl4 induction increased 
the expression of HSC activated proteins, while miR-
34a siRNA injection decreased the expression of proteins  
(Figure 5C,5D).

Treatment with Bifico can inhibit liver fibrosis

Gavage of Bifico to CCl4-induced mice decreased the 
expression of miR-34a in the liver (Figure 6A). Through 
western blot detection, we observed that Bifico could inhibit 
the expression of the activated proteins and further inhibit 
the fibrosis of HSCs (Figure 6B,6C).

Figure 2 Overexpression of miR-34a promotes fibrosis of HSCs. (A) The level of miR-34a in the HSCs transfected with miR-34a mimics; 
(B) TGF-β, α-SMA, MCP-1, and PDGFR were up-regulated by miR-34a mimics; (C) HSCs that overexpressed miR-34a became fibrotic at  
14 days. Scale bar =100 μm. **, P<0.01. HSCs, hepatic stellate cells.
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Discussion

HSCs play a role in the formation of the matrix of cells, 
the regulation of hepatic sinus blood flow and hepatocyte 
regeneration, and are also related to the absorption 
and utilization of vitamin A. At present, the phenotypic 
activation of HSCs is considered to be a key pathological 
process in the formation of liver fibrosis (24). Lipid droplets 
in the cytoplasm decrease or disappear. HSCs are converted 
to myofibroblast cells (MFB), which expresses smooth 
muscle α-actin (α-SMA) and leads to the increase of the 
Na+/H+ exchange level. The number of activated HSCs 
is a central condition for liver fibrosis. HSCs is produced 

in the process of liver fibrosis, and extracellular matrix 
(ECM) secreted from HSCs promote the formation of 
liver fibrosis and eventually lead to cirrhosis of the liver, 
which is the main cause of liver failure. Therefore, there are 
two strategies for inhibiting the fibrosis of liver including 
inhibiting the activation of HSCs, and promoting HSC 
apoptosis (5,7,10,25).

The TGF-β/Smads pathway is the most classic and 
common pathway for the mechanism of action of TGF-β (26).  
Smads protein is the central link of the TGF-β signal 
transduction pathway, which is a TGF-β receptor, and 
is involved in the regulation of cellular proliferation, 
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Figure 3 Knockdown of miR-34a impeded the fibrosis of HSCs. (A) The level of miR-34a in the HSCs transfected with miR-34a siRNA; (B) 
the morphology of HSCs with low miR-34a expression did not change with fibrosis at 14 days; (C) TGF-β, α-SMA, and MCP-1 were down-
regulated on day 14 in miR-34a knockdown HSCs; (D) the relative expression levels of TGF-β, α-SMA, and MCP-1 decreased in miR-34a 
knockdown HSCs. Scale bar =100 μm. **, P<0.01.
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transformation, synthesis, secretion, and apoptosis (13,27). 
Numerous miRNA molecules have been found to 

regulate the TGF-β pathway (28). For instance, miR-33a 
has a pro-fibrotic effect and TGF-β can up-regulate the 
level of miR-33a via the PI3K/AKT signaling pathway (29). 
Our study demonstrated a notable increase in miR-34a level 
in hepatic fibrosis tissues. Considering that the upregulation 
of miR-34a exists in many liver diseases and that TGF-β 
is frequently related, we hypothesize that the activation of 
miR-34a/TGF-β pathway is related to HSCs and plays a 
role in the progress of liver fibrosis. Data also showed that 
overexpression of miR-34a promoted fibrosis of HSCs while 
down-regulation of miR-34a inhibited fibrosis of HSCs. 
Moreover, cell proliferation, migration and invasion were 
suppressed by miR-34a downregulation in primary culture 
of HSCs. TGF-β can also promote the expression of miR-
31 through the Smad3 signaling pathway, and miR-31 is 
also a pro-fibrosis factor, which can activate HSCs by down-

regulating hypoxia-inducing factor 1 inhibiting molecule 
(FIH1) (30). TGF-β can promote the occurrence of liver 
fibrosis by up-regulating miR-199a to inhibit the expression 
of liver cell growth factor (HGF). On the other hand, 
TGF-β can down-regulate the expression of some anti-
fibrotic miRNAs (such as miR-150) in HSCs, as well as the 
expression of miR-150 in HSCs. The anti-fibrotic effect of 
miR-150 is related to its ability to directly bind to collagen 
type I and type IV genes. We wondered to know whether 
the crosstalk between miR-34a and TGF-β exists. We found 
that miR-34a activated HSCs through TGF-β, α-SMA and 
MCP-1, further affecting liver fibrosis. Our data indicated 
that the miR-34a/TGF-β signaling pathway participated in 
the process of liver fibrosis. This signaling pathway may be 
a potential treatment target for liver fibrosis.

The dysfunction of probiotics has been confirmed as a 
major cause of multiple diseases. In this study, Bifico was 
fed to the mice, and we observed that it could decrease 

Figure 4 Overexpression of miR-34a promoted HSCs proliferation, migration and invasion. (A) The proliferation of HSCs with decreased 
miR-34a was significantly inhibited; (B,C) the representative images and quantification of the effects of increased miR-34a on cellular 
invasion and migration in HSCs. Scale bar =100 μm; Staining: 1% crystal violet. **, P<0.01. HSCs, hepatic stellate cells. 
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the level of miR-34a and inhibit the progression of liver 
fibrosis. Bifico is composed of Bifidobacteria, Lactobacillus 
acidophilus, and Enterococcus faecalis. Previous studies 
have indicated that deficiency of these probiotics is closely 
related to liver dysfunction, including liver inflammation 
and cirrhosis (31,32). It seems that the aberrant level of 

miR-34a is related to probiotic imbalance, although more 
evidence is necessary to validate this hypothesis. 

In conclusion, this study revealed the mechanism of 
liver fibrosis development to some degree, and suggested 
that miR-34a could activate the TGF-β signaling pathway 
and the fibrosis of HSCs. This provides a target for the 
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Figure 5 Knockdown of miR-34a inhibited CCl4-induced liver fibrosis. (A) CCl4-induced increased miR-34a expression in mice; (B) the 
addition of miR-34a siRNA inhibited the increase of miR-34a expression in CCl4-induced mice; (C,D) CCl4-induced increased TGF-β, 
α-SMA, and MCP-1 in mice. After injecting with CCl4 and siRNA, the expression of TGF-β, α-SMA, and MCP-1 was decreased. **, P<0.01.
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treatment and prevention of liver fibrosis.
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Figure 6 Treatment with Bifico could inhibit liver fibrosis. (A) The addition of Bifico inhibited the increase of miR-34a expression in CCl4-
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