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Abstract: Objectives: Activation of hepatic stellate cells (HSCs) into collagen producing myofibroblasts is critical for
pathogenesis of liver fibrosis. Transforming growth factor-β1 (TGF-β1) is one of the main profibrogenic mediators for
HSC transdifferentiation. Recent studies have shown effect of microRNAs (miRNAs) on regulating TGF-β1-induced
HSC activation during liver fibrosis. Here, we aimed to explore the roles of miR-144 and miR-200c in human liver
fibrosis. Methods: Expression of TGF-β1 was detected in 42 fibrotic and 18 normal human liver tissues by quantitative real time polymerase chain reaction (qRT-PCR) and immunohistochemistry, and its correlation with α-smooth
muscle actin (α-SMA) was calculated. miR-144 and miR-200c expression level in fibrotic liver tissues were also
detected by qRT-PCR. The correlation of TGF-β1 expression with miR-200c and miR-144 in the fibrotic liver was analyzed. Results: The results showed that TGF-β1 expression was much higher in fibrotic liver than that in normal liver
tissues (P<0.05). TGF-β1 protein high expressing liver fibrosis showed α-SMA positive cells in the liver parenchyma
indicating activated HSCs. Expression of TGF-β1 in fibrotic liver was significantly correlated with α-SMA expression
(R=0.633, P<0.001). Furthermore, miR-144 was less expressed in liver fibrosis (P<0.05) and was significantly correlated with expression of TGF-β1 in fibrotic liver tissues (R=-0.442, P<0.01). However, miR-200c did not show
significant difference between normal and fibrotic liver (P=0.48) and correlation with TGF-β1 expression (R=0.106,
P=0.51). Conclusion: All the results indicate that miR-144 can be a novel regulator of TGF-β1-induced HSC activation
during liver fibrosis.
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Introduction
Liver fibrosis is a common outcome of virtually
all chronic hepatic injuries including viral hepatitis, alcoholic or nonalcoholic steatohepatitis,
autoimmune and chronic inflammatory conditions, and metabolic disorders, among others
[1]. Liver fibrosis will finally lead to liver cirrhosis
and liver failure. To investigate the mechanism
of liver fibrosis is important to find new ways to
prevent and treat it.
Fibrosis is an excessive wound healing response that occurs in most forms of chronic liver
disease and results in the deposition of scar
tissue, such as excess extracellular matrix
(ECM). Activation of collagen producing myofibroblast cells is critical for pathogenesis of liver
fibrosis, which has been proved both in animal

models of liver fibrosis and patients liver tissue
[2]. Myofibroblast cells originate from distinct
cellular sources. Hepatic stellate cells (HSCs),
portal fibroblasts and bone marrow-derived collagen producing cells are three cellular populations that mainly contribute to hepatic myofibroblast cells in response to chronic liver injury.
Among these cellular sources, activated HSCs
are the major source of myofibroblast cells in
chronic toxic liver injury, such as hepatitis B
virus (HBV) and hepatitis C virus (HCV) infection, and non-alcoholic fatty liver disease [3].
Targeting hepatic stellate cell activation in
chronic toxic liver injury may be an effective way
preventing and treating liver fibrosis.
Many cytokines, including transforming growth
factor-β1 (TGF-β1), epidermal growth factor
(EGF) and platelet-derived growth factor (PDGF)
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[4], stimulate quiescent HSCs activating into
myofibroblast cells. Myofibroblast cells further
secret cytokines in an autocrine and paracrine
way leading to more sever fibrosis [5]. TGF-β1 is
an important profibrogenic mediator, promoting
HSC activation and proliferation. Absence of
TGF-β1 inhibits hepatic collagen α1 mRNA and
α-smooth muscle actin (α-SMA) protein expression and overexpression of TGF-β1 increases
collagen α1 mRNA and α-SMA protein levels in
vivo [6]. Targeting TGF-β1 could be a potential
way to treat liver fibrosis. However, due to the
essential roles of TGF-β1 in regulating many
cellular pathways, anti-TGF-β1 therapies have
to be carefully focused on specific cell types in
case of producing multiple unpredictable adverse effects. Therefore, it is necessary to find
some specific treatment targeting TGF-β1 in
liver fibrosis.
MicroRNAs (miRNAs) are endogenous ~23nt
RNAs that play important gene-regulatory roles
in animals and plants by pairing to the mRNAs
of protein-coding genes to direct their posttranscriptional repression [7]. In the past few years,
miRNAs were found to be involved in cell proliferation, differentiation, and apoptosis [7]. miRNAs also involve in promoting and suppressing
HSC activation. miRNAs that regulate TGFβ1
expression could be a way modulating TGFβ1induced HSC activation in liver fibrosis. miR146a affects TGF-β1-induced HSC activation,
overexpression of which suppresses TGFβ1induced proliferation and increases HSC apoptosis [8]. Moreover, up-regulation of miR-200a
negatively regulates TGF-β1-induced HSC activation and proliferation [9] while up-regulation
of miR-200b accelerates proliferation and migration of HSC by activating PI3K/Akt signaling
[10]. However, miR-200c belongs to miR-200
family and there has been no report about role
of miR-200c in liver fibrosis. miR-144 is reported to be down-regulated hepatocellular carcinoma (HCC) and one target of miR-144 is TGFβ1 according to miRTarBase [11]. Both miR-144
and miR-200c have been previously reported to
be down-regulated in lung fibrosis [12, 13]. There have been no reports about whether miR144 and miR-200c target TGF-β1 or relate to
liver fibrosis. Besides, there have been only few
reports investigating role of miRNAs in human
liver tissues.
In this study, we quantified the expression of
TGF-β1 in human fibrotic liver and analyzed its
3995

correlation with HSC activation in liver fibrosis.
Then we evaluated expression of miR-144 and
miR-200c in human fibrotic liver and analyzed
their correlation with TGF-β1. We proved miR144 may be involved in regulating TGF-β1induced HSC activation in liver fibrosis.
Materials and methods
Patients and specimens
Forty-two hepatocellular carcinoma and 18
liver metastasis patients, who underwent hepatectomy at the First Affiliated Hospital of Gannan Medical University from January 2008 to
December 2013, were enrolled in this study. All
non-tumor liver tissues from hepatocellular carcinoma exhibit liver fibrosis and non-tumor tissue from liver metastasis without fibrosis were
taken as normal liver according to pathology
report. Resected liver tissue specimens were
stored at -80°C until RNA extraction. Total RNA
was extracted using the TRIzol reagent (Invitrogen) in accordance with the manufacturer’s
instructions from non-tumor tissue of resected
liver. This study was approved by the Research
Ethics Committee of The First Affiliated Hospital
of Gannan Medical University. Informed consent was obtained from all patients.
Real-time PCR
Gene expression level was checked by quantitative reverse-transcription PCR (qRT-PCR), cDNA for TGF-β1 and α-SMA was prepared using a
reverse transcription kit (Applied Biosystems,
Foster City, CA, USA). cDNA for miRNA was
reverse-transcribed by using the TaqMan MicroRNA Reverse Transcription Kit (Applied
Biosystems). Primers for TGF-β1 (Hs00998133_
m1), α-SMA (Hs00426835_g1), hsa-miR-200c
(002300) and hsa-miR-144 (002676) were
obtained from Applied Biosystems. GAPDH and
RNU6B (Applied Biosystems) were used as
endogenous controls. TaqMan gene expression
assays were performed in duplicate in Taqman
Array 96-well plates using the Applied Biosystems 7500 Real-Time PCR System, in accordance with the manufacturer’s instructions.
Immunohistochemical analysis
Formalin-fixed, paraffin-embedded sections of
the surgical specimens were used for TGF-β1
protein analysis. A rabbit polyclonal antibody
for TGF-β1 (Sigma-Aldrich, St Louis, MO) was
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Table 1. Clinical and Pathological Factors of All
Patients
HCC
Meta
(n=42)
(n=18)
Age (median, range)
67, 50-78 64, 52-77
Gender (male/female)
37/8
16/5
Child-pugh (A/B)
44/1
21/0
Liver cirrhosis
NL
0
17
LF 1, 2
18
1
LF 3, 4
24
0
Virus Infection
HBs Antigen (+/-)
36/6
1/17
HCV Antibody (+/-)
6/36
0/18
Alb (g/dl)
3.7±0.5
3.7±0.5
T-bil (mg/dl)
1.0±0.7
0.7±0.3
GOT (IU/L)
50.9±27.1 20.8±7.9
GPT (IU/L)
41.7±26.4 15.6±7.6
Factors

p
value
0.24
0.57
0.53

0.90
0.01
<0.01
<0.01

Abbreviations: HBs: hepatitis B surface; HCV: hepatitis C
virus; Alb: albumin; T-bil: Total bilirubin; GPT: glutamic pyruvic
transaminase; GOT: glutamic-oxaloacetic transaminase; ICG:
Indocyanine green; HCC: hepatocellular carcinoma.

used to evaluate TGF-β1 expression in liver tissues. Immunohistochemistry was performed
following standard protocols, using a secondary horseradish peroxidase-tagged antibody
labeled with anti-rabbit/mouse polymers (DAKO A/S, Glostup, Denmark). Fractured bone tissue was taken as a positive control. Staining
was independently evaluated by two trained
pathologists. TGF-β1 expression was evaluated
by positive cell number and staining intensity.
Statistical analysis
All statistical analyses were performed with
statistical software SPSS version 21.0, (SPSS,
Chicago, IL, USA). Experimental results are
expressed as the means ± standard deviation.
The Mann Whitney test or Chi-square test was
used to compare values between the two groups. Correlations between TGF-β1 and α-SMA,
TGF-β1 and miRNAs were calculated by Pearson
correlation coefficients. For all statistical analyses, P<0.05 was considered significant.
Results
TGF-β1 is highly expressed in fibrotic liver and
significantly correlates with HSC activation
HSCs are activated in the fibrotic liver characterized by high expression of α-SMA. Non-tumor
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tissues from 42 hepatocellular carcinoma patients and 18 liver metastasis patients (Table
1) were used to compare TGF-β1 and α-SMA
expression. Gene expression of TGF-β1 was significantly higher in the fibrotic liver tissues (P=
0.04), while expression of α-SMA tended to be
highly expressed (P=0.13, Figure 1A, 1B).
Moreover, TGF-β1 expression in F3-F4 fibrotic
liver was higher than that in F0-F2 (P<0.01,
data not shown). We also compared protein
expression of TGF-β1 and α-SMA by immunohistochemistry. Figure 1C shows the representative staining of TGF-β1 and α-SMA in two
patients. α-SMA is positive in the cells located
at liver parenchyma in the TGF-β1 highly
expressing liver tissue (Figure 1C upper). Then
we compared the correlation of TGF-β1 with
α-SMA expression in the fibrotic liver tissues. It
showed significant correlation between these
two genes (R=0.633, P<0.001, Figure 1D).
These results indicate TGF-β1 may induce liver
fibrosis by activating HSCs.
Expression of miR-200c and miR-144 in
fibrotic liver tissues
To investigate the possible mechanism of upregulated TGF-β1 expression in the liver fibrosis, we analyzed miR-144 and miR-200c
expression in fibrotic liver tissues. We compared miR-200c and miR-144 expression nontumor tissues from HCC and liver metastasis.
miR-144 showed decreased expression in
fibrotic liver tissues compare to normal liver
(P=0.04, Figure 2A). However, miR-200c did
not show significant difference (P=0.48, Figure
2B).
Correlation of miR-200c and miR-144 with
TGF-β1 expression in liver fibrosis
To investigate whether miR-200c or miR-144
regulates TGF-β1 expression, we calculated the
correlation of miR-144 and miR-200c with TGFβ1 expression level. As shown in Figure 3A,
miR-144 was significantly correlated with TGFβ1 expression (R=-0.442, P<0.01). And these
correlation were even stronger in the F3-F4
fibrotic liver tissues (R=0.551, P<0.01, data
not shown). However, miR-200c did not show
any correlation with TGF-β1 (R=0.106, P=0.51,
Figure 3B). These results demonstrate that
miR-144 may regulate TGF-β1 expression in
fibrotic liver.
Int J Clin Exp Pathol 2015;8(4):3994-4000
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Figure 1. TGF-β1 significantly correlates with hepatic stellate cell (HSC) activation. mRNA expression of TGF-β1 (A)
and α-SMA (B) in liver fibrosis and normal liver. (C) Representative immunohistochemical staining of TGF-β1 and
α-SMA in liver fibrosis. (D) Correlation of TGF-β1 and α-SMA in liver fibrosis.

Liver fibrosis, which is characterized by accumulation of ECM, is a common response to many kinds of liver injuries. During the progression
of liver fibrosis, quiescent HSCs can be provoked by hepatitis B and C viruses and transdifferentiate into myofibroblast cells. Recent studies have been focused on the function of
miRNAs in liver fibrosis [8, 14, 15]. Our study
investigated the role of miR-144 and miR-200c
on TGF-β1-induced HSC activation in liver fibrosis. We confirmed TGF-β1 was up-regulated in
human liver fibrosis and was correlated with
HSC activation. miR-144 was down-regulated in
fibrotic liver and its expression was significantly
correlated with TGF-β1 expression.

cells and sinusoidal endothelial cells triggers
apoptosis of hepatocytes, further inducing activation and recruitment of inflammatory cells
into injured liver and differentiation of liver resident cells, such as HSC [16]. The earliest
changes observed during HSCs activation
result from paracrine stimulation by different
cytokines, including TGF-β1, PDGF and EGF.
TGF-β1 can be secreted by endothelial cells,
platelets and Kupffer cells. TGF-β1 activates
HSC th-rough TGF-β1/Smad signal pathway at
initiating and early step during HSC activation
[17]. Moreover, TGF-β1 stimulates HSCs generate fi-brosis not only by increased cell number,
but also by increasing matrix production per
cell [4] through a hydrogen peroxide- and C/
EBPβ-de-pendent mechanism [18].

Quiescent HSCs reside in the space of Disse in
normal liver, serving as a major storage of vitamin A. In response to hepatic injury, Kupffer

In response to TGF-β1, HSCs undergo rapid
functional and morphological changes and
become collagen secreting and α-SMA positive

Discussion
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Figure 2. Expression of miR-200c and miR-144 in fibrotic liver tissues. A. miR-144, B. miR-200c.

Figure 3. Correlation of miR-200c and miR-144 with TGF-β1 expression in fibrotic liver tissues. miR-144 was significantly correlated with TGF-β1 (A). miR-200c showed no correlation with TGF-β1 (B).

myofibroblast cells. Changes in composition of
ECM can further stimulated fibrogenesis and
HSC activation, which strongly produce TGF-β1
to maintain its elevated level. In our study, gene
expression of TGF-β1 was significantly higher in
human fibrotic liver tissues. Expression of αSMA tended to be high in fibrotic liver tissues.
Immunohistochemistry showed that α-SMA
was positive in the liver parenchyma area in the
TGF-β1 highly expressing liver tissues, indicating activation of HSCs. These results indicate
that TGF-β1 expression was up-regulated during hepatitis liver injury and HSCs transdifferentiate into myofibroblast cells. The significant
correlation of TGF-β1 with α-SMA expression in
fibrotic live indicates that TGF-β1 may induce
HSC activation in liver fibrosis.
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Specific contribution of different miRNAs in
HSC has been described. miRNAs play diverse
roles during liver fibrosis. miR-181b could
induce proliferation or migration of myofibroblastic-like HSC while others such as miR-150
and miR-146a inhibit HSC activation and proliferation by disturbing TGF-β signaling [8, 14,
19]. We investigated the role of miR-144 and
miR-200c in human liver fibrosis. miR-144, one
target of which is TGF-β1 according to miRTarBase [11], was previously reported to be downregulated in lung fibrosis [12]. Previous study
about miR-144 showed that miR‑144 may act
as a tumor suppressor in hepatocellular carcinoma by targeting AKT3, and miR‑144 may be a
potential therapeutic candidate for hepatocellular carcinoma [20]. Our results showed miR-
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144 was down-regulated in fibrotic liver tissue
compared to normal liver tissues. miR-144
expression was significantly correlated with
TGF-β1 expression in liver fibrosis, indicating
that it may be a regulator of TGF-β1-induced
HSC activation. Besides, miR-200c belongs to
miR-200 family. miR-200a and miR-200c were
reduced in the lungs of patients with idiopathic
pulmonary fibrosis and introduction of miR200c diminishes experimental pulmonary fibrosis in mice [13]. Previous study has shown that
endogenous miR-200a expression was decreased in vitro in TGF-β1-induced HSC activation as well as in vivo in CCl4-induced rat liver
fibrosis, while overexpression of miR-200a significantly inhibited α-SMA activity and further
affected the proliferation of TGF-β1-dependent
activation of HSC, revealing the critical regulatory role of miR-200a in HSC activation [9]. In
our study, miR-200c expression did not show
significant difference between fibrotic and normal liver. Moreover, miR-200c did not show any
correlation with TGF-β1 expression in the fibrotic liver. Our results demonstrate that miR-144,
but not miR-200c, regulates TGF-β1-induced
HSC activation in liver fibrosis. However, since
only 42 liver fibrosis and 18 liver metastasis
patients were involved in this study, our results
require further validation in a prospective and
large-scale clinical study. And the underlying
mechanism and function of miR-144 in HSCs
may be more complicated, further functional
studies is required to investigate it in HSCs and
rodent models.
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