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Abstract. The present study was conducted to investigate 
the effects of visfatin on the activation of hepatic stellate 
cells (HSC) and the possible underlying mechanism. HSC 
were isolated from the livers of Sprague-Dawley rats by 
in situ perfusion of collagenase and pronase and a single-step 
density Nycodenz gradient. The culture-activated cells were 
serum-starved and incubated with different concentrations of 
recombinant visfatin (0, 25, 50, 100 or 200 ng/ml) for 24 h. 
The expression of α-smooth muscle actin (α-SMA), collagen 
types I and III and connective tissue growth factor (CTGF) 
were then measured by reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR) and western blot 
analysis. The results demonstrated that 100 and 200 ng/ml 
concentrations of visfatin induced the expression of α-SMA 
in culture-activated rat HSC, which was accompanied by a 
significant increase in collagen types I and III, as confirmed 
by western blot and RT-qPCR analyses. In addition, treatment 
of the HSC with certain concentrations of visfatin upregulated 
the expression of CTGF. These findings suggested that visfatin 
activated HSC and induced the production of collagen types I 
and III.

Introduction

In the past decade, an increasing number of studies have 
demonstrated the involvement of various adipokines in the 
process of liver cirrhosis, of which the most important are 
leptin (1), adiponectin (2), tumor necrosis factor-α, resistin 
and interleukin-6 (3,4). Visfatin, a novel adipokine which has 
insulin-like effects, regulates inflammatory and immunomodu-
latory processes (5,6) and catalyzes the rate-limiting step in the 
production of nicotinamide adenine dinucleotide from nicotin-
amide. Previous studies have identified the potential effects of 
visfatin on the proliferation and collagen synthesis of rat cardiac 

fibroblasts (7). Visfatin is involved in perivascular adipose 
tissue-induced vascular smooth muscle cell proliferation (8) 
and the increased synthesis of profibrotic molecules, including 
transforming growth factor-1 (TGF-1) and plasminogen acti-
vator inhibitor-1 (9). Therefore, there is convincing evidence to 
suggest that visfatin is involved in the initiation and progression 
of fibrosis.

Hepatic stellate cells (HSC) are liver mesenchymal cells 
located in the space of Disse, in close contact with sinusoidal 
endothelial cells and hepatocytes (10). The process of quiescent 
HSC activation into contractile myofibroblasts is an important 
step during liver fibrogenesis (11). Quiescent HSC can trans-
differentiate into α-smooth muscle actin (α-SMA)-positive 
activated myofibroblast‑like cells, which produce a wide variety 
of collagenous and noncollagenous extracellular matrix (ECM) 
proteins. Increased collagen deposition leads to the accumula-
tion of ECM, which is the major cause of liver dysfunction 
during hepatic fibrosis (12).

The association between visfatin and the activation of 
HSC, the key event in fibrogenesis, remains to be elucidated. 
In the present study, culture-activated HSC were treated with 
visfatin. The mRNA and protein expression levels of α-SMA, 
collagen types I and III and connective tissue growth factor 
(CTGF) were then determined using reverse transcription 
quantitative polymerase chain reaction (RT-qPCR) and 
western blot analyses.

Materials and methods

Cell culture. Primary cultures of HSC were isolated from the 
livers of eight healthy male Sprague-Dawley rats (10-12 weeks 
old, weighing 450-500 g), which were obtained from the Animal 
Center of Sichuan University (Sichuan, China), by in situ pronase 
and collagenase perfusion (13) and a single step Nycodenz 
gradient according to previous studies by our group (10,14). The 
HSC were maintained in Dulbecco's modified Eagle's medium 
(DMEM; Gibco-BRL, Grand Island, NY, USA) supplemented 
with 10% fetal bovine serum (FBS; HyClone, Logan, UT, USA), 
2 mmol/l L-glutamine (Gibco-BRL) and 1% penicillin-strepto-
mycin (KeLong Chemical Co., Ltd., Chengdu, China). All cell 
cultures were maintained in a humidified 5% CO2/95% air incu-
bator at 37˚C. The primary HSC were identified by assessing 
the expression of desmin and their activation was determined 
by the level of expression of the specific marker, α-smooth 
muscle actin (α-SMA). The present study was approved by the 
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Medical Ethics Committee of the West China Hospital, Sichuan 
University (Chengdu, China).

Based on previous studies (7,9,15,16), experimental concen-
trations of 0, 25, 50, 100 and 200 ng/ml visfatin were selected 
for the present study. Subsequently, HSC at 90% confluence 
in the culture dishes were serum-starved for 24 h followed by 
treatment with different concentrations of visfatin (25, 50, 100 
or 200 ng/ml; Enzo Biochemical Co., Inc., Farmingdale, NY, 
USA) for 24 h with the exception of an untreated group as the 
control. All animal investigations were approved by the Ethics 
Committee for Animal Care of Sichuan University (Chengdu, 
China).

Immunocytochemistry. For immunocytochemical staining, 
the HSC were cultured on coverslips in six-well plates 
(1x105 cells/well). The cells were fixed by incubation with 
4% paraformaldehyde in phosphate-buffered saline (PBS) for 
20 min stored at 4˚C followed by washing in PBS three times. 
The cells were then rinsed in 0.1% Triton X-100 (Kelong 
Chemical Co., Ltd.) in PBS for 15 min at room tempera-
ture (RT), washed three times in PBS and incubated with 
10% goat serum (Gibco-BRL) for 1 h to block non-specific 
binding sites. The coverslips were incubated with the primary 
antibodies monoclonal rabbit anti-rat α-SMA (Abcam, 
Cambridge, UK) or polyclonal rabbit anti-rat desmin (Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) at working dilu-
tions of 1:100 at 4˚C overnight. Negative controls were included 
by incubation with goat serum (Gibco-BRL) corresponding to 
the primary antibody. Following rinsing three times with PBS, 
the secondary biotinylated goat anti-rabbit secondary antibody 
(1:200; Zhonshan Jinquai Biotechnology Co., Ltd., Beijing, 
China) was applied and incubated at room temperature for 2 h. 
Color development was performed using a DBA kit (Zhonshan 
Jinquai Biotechnology Co., Ltd.) as previously described (17). A 
microscope (TH4-200; Olympus, Tokyo, Japan) was then used 
for image capture.

RT‑qPCR. Total RNA from the HSC was isolated using TRIzol 
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) 
according to the manufacturer's instructions and the purity and 
content of total RNA were determined by spectrophotography 
(SmartSpec Plus; Bio-Rad, Hercules, CA, USA). The A260/A280 
ratio of total RNA was between 1.8 and 2.0. For the first‑strand 
cDNA synthesis, 1 µg total RNA was used in each sample using 
an RT kit (ReverTra Ace; Toyobo, Osaka, Japan) according to the 
manufacturer's instructions. qPCR was performed on a Bio-Rad 
real-time PCR system (CFX96; Bio-Rad, Hercules, CA, USA) 
using the fluorescent dye SYBR‑Green I (SYBR‑Green Real‑time 
PCR Master mix; Toyobo). The sequences of the primers used 
were as follows: α-SMA forward, 5'-CCG AGA TCT CAC CGA 
CTA CC-3' and reverse, 5'-TCC AGA GCG ACA TAG CAC 
AG-3'; collagen I (α1) forward, 5'-ACG TCC TGG TGA AGT 
TGG TC-3' and reverse, 5'-TCC AGC AAT ACC CTG AGG 
TC-3' (18); collagen III (α1) forward, 5'-TCC TCT GTG ATG 
ACA TAA TGT GTG-3' and reverse, 5'-GTA GAA GGC TGT 
GGA CAT ATT GC-3' (19); CTGF forward, 5'-CAG GGA GTA 
AGG GAC ACG A-3' and reverse, 5'-ACA GCA GTT AGG 
AAC CCA GAT-3' (20) and β-actin forward, 5’-ACT ATC GGC 
AAT GAG CGG TTC-3’ and reverse, 5'-ATG CCA CAG GAT 
TCC ATA CCC-3'.  The primers was provided by Invitrogen 

Life Technologies. The amplification conditions for each sample 
were as follows: 95˚C for 1 min and 40 cycles of 95˚C for 15 sec 
and 60˚C for 40 sec. The fluorescence resulting from the incor-
poration of SYBR-Green I into the double-stranded DNA was 
detected at the end of the elongation phase of each PCR cycle 
using an RT-qPCR detection system (CFX96; Bio-Rad). Each 
gene was standardized against the housekeeping gene β-actin. 
The mRNA levels were expressed as a ratio, using the 2-ΔΔCT 
method with Bio‑Rad software (Quantity One 4.62; Bio‑Rad), 
for comparing the relative mRNA expression levels between 
different groups in the qPCR.

Western blot analysis. The treated HSC were lysed with 
radioimmunoprecipitation assay buffer containing 50 mM 
Tris-HCl (pH 7.4), 150 mM NaCl, 1% NP-40, 0.1% SDS and the 
protease inhibitor cocktail cOmplete Mini (Roche Diagnostics 
GmbH, Mannheim, Germany). The protein concentrations were 
determined using a bicinchoninic acid protein assay kit (Pierce 
Biotechnology, Inc., Rockford, IL, USA). The total proteins 
from the cell lysate (30 µg) were separated by 10% SDS-PAGE 
by electrophoresis and then transferred onto a 0.45-µm nitro-
cellulose membrane (Roche Diagnostics). The membranes 
were inhibited by agitation in 5% fat-free milk in tris-buffered 
saline-Tween 20 (TBS-T; KeLong Chemical Co., Ltd.) buffer 
for 2 h at RT and subsequently incubated overnight at 4˚C 
with the following primary antibodies: Rabbit anti-rat α-SMA 
polyclonal antibody (1:1,000; Abcam), mouse anti-rat collagen 
type I monoclonal antibody (1:200), goat anti-rat collagen 
type III polyclonal antibody (1:200), goat anti-rat CTGF poly-
clonal antibody (1:200) and mouse anti-rat β-actin monoclonal 
antibody (1:2,000) all from Santa Cruz Biotechnology, Inc. The 
membranes were then washed with TBS-T buffer and incubated 
with horseradish peroxidase-conjugated secondary antibody 
(1:3,000 in TBST with 5% skim milk) at room temperature 
for 2 h (Zhonshan Jinquai Biotechnology Co., Ltd.). The bands 
were detected using an enhanced chemiluminescence detection 
kit (ECL kit; Pierce Biotechnology, Inc.,). Optical densities of 
the bands were scanned and quantified using the Gel Doc 2000 
system (Bio-Rad). β-actin was used as a loading control.

Statistical analysis. Data are expressed as the mean ± standard 
error of the mean. Each experiment was repeated three times. 
Group means were compared by one-way analysis of variance 
using the statistical software program SPSS 18.0 for Windows 
(International Business Machines, Armonk, NY, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

HSC culture activation and identification. By culturing 
quiescent HSC on uncoated plastic culture wells, spontaneous 
activation was induced, mimicking the process observed 
in vivo, and providing a suitable model for investigating the 
relative factors involved in HSC activation and its underlying 
mechanisms (21). A number of techniques can be used to 
assist in the identification of HSC. The expression of desmin 
and α-SMA remain useful methods for identifying primary 
and activated HSC in vitro (22). In the present study, the cells 
were stained for desmin, which is a marker of HSC that is 
positive in rodent HSC regardless of activation status (23). 
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Figure 2. Visfatin increases the mRNA expression and protein production of 
α-SMA in HSC. (A) Visfatin increases gene and (B and C) protein expression 
of α-SMA in activated HSC in a dose-dependent manner. Experiments were 
performed in triplicate. For the quantitative polymerase chain reaction, values 
were normalized to β-actin. For western blot analyses, β-actin was used as an 
internal control. Error bars represent standard deviation. *,#,&,^P<0.05, vs. 0, 
25, 50 and 100 ng/ml visfatin groups, respectively. α-SMA α-smooth muscle 
actin; HSC, hepatic stellate cells.

Figure 1. Immunocytochemical staining of desmin and α-SMA in HSC. (A) Immunocytochemical staining for desmin in HSC cultured for 7 days following 
isolation; (B) immunocytochemical staining for α‑SMA in cultured‑activated HSC. (Original magnification, x100); scale bars, 1 µm). α-SMA, α-smooth 
muscle actin; HSC, hepatic stellate cells.

Figure 3. Addition of exogenous visfatin increases the (A) mRNA expres-
sion and (B and C) protein production of collagen type I in activated 
hepatic stellate cells. For quantitative polymerase chain reaction, β-actin 
was used as an invariant control for calculating fold-changes in mRNA. 
For western blot analyses, β-actin was used as an internal control for equal 
loading (n=3/group). Error bars represent standard deviation. *,#,&,^P<0.05, 
vs. 0, 25, 50 and 100 ng/ml visfatin groups, respectively.

  A   B
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The immunocytochemical staining by desmin suggested 
that, by day 7 of culturing, HSC accounted for >90% of 
the cells in the cultures (Fig. 1A). The passaged cells were 
also stained for α-SMA, a marker of activated stellate cell 
phenotypes. The passaged cells were markedly positive for 
α-SMA (Fig. 1B).

Visfatin upregulates the mRNA and protein expression 
of α‑SMA in HSC. The expression of α-SMA is a reliable 
marker of HSC activation. To determine whether visfatin had 
modulatory effects on the expression of α-SMA in HSC, the 
rat HSC were treated with different concentrations of visfatin 
for 24 h. The results demonstrated that 100 and 200 ng/ml 
visfatin evoked significant expression of α-SMA in the HSC 
compared with the control group. Additionally, 200 ng/ml 
visfatin had a more marked effect on inducing the gene and 
protein expression of α-SMA compared with 100 ng/ml 
visfatin (Fig. 2).

Visfatin increases collagen production in HSC. When 
activated, HSC transform into myofibroblast‑like cells and 
produce substantial quantities of ECM proteins, including 
collagen, fibronectin, undulin, elastin, laminin, hyaluronan 
and proteoglycans (24). The accumulation of ECM proteins 
distorts the hepatic architecture by forming fibrous scars and 
the subsequent development of nodules in the regenerating 
hepatocytes produces cirrhosis (25).

To determine whether visfatin affected the process of liver 
fibrogenesis through upregulating the secretion of ECM, the 
expression of collagen types I and III in the HSC was assessed 
following treatment with different concentrations of visfatin.

The mRNA expression levels of collagen types I and III 
were increased upon visfatin stimulation (Figs. 3A and 4A). To 
further confirm the effects of visfatin on the protein regulation 
of collagen types I and III, the present study also examined the 
production of protein. The western blot analysis revealed that 
visfatin induced a significant elevation in the protein accumu-

Figure 4. Visfatin increases the (A) gene and (B and C) protein expression of 
collagen type III (α1) in hepatic stellate cells. Experiments were performed 
three times with similar results (n=3/group). Error bars represent standard 
deviation. *,#,&,^P<0.05, vs. 0, 25, 50 and 100 ng/ml visfatin groups, respec-
tively.

Figure 5. Visfatin induces the (A) mRNA and (B and C) protein expression 
of CTGF in hepatic stellate cells. Experiments were performed three times 
with similar results (n=3/group). Error bars represent standard deviation. 
*,#,&,^P<0.05, vs. 0, 25, 50 and 100 ng/ml visfatin groups, respectively. CTGF, 
connective tissue growth factor.
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lation of collagen types I and III in the HSC (Figs. 3B and 4B). 
These data indicated that visfatin was involved in the upregu-
lation of ECM secretion in the HSC.

Visfatin induces the expression of CTGF in HSC. CTGF is 
regarded as the main downstream mediator of the fibrogenic 
master cytokine TGF-β and has been implicated in the patho-
genesis of hepatic fibrosis (26). In HSC, CTGF is important in 
the transition of HSC to myofibroblast‑like cells and stimulates 
the synthesis of ECM protein (23). In the present study, to deter-
mine whether CTGF was regulated in response to visfatin, the 
gene and protein expression of CTGF was analyzed in the HSC 
upon treatment with different concentrations of visfatin. Only 
the concentration of 200 ng/ml visfatin increased the mRNA 
expression of CTGF mRNA after 24 h of treatment (Fig. 5A), 
however, the protein expression of CTGF was significantly 
induced at all experimental concentrations of visfatin (Fig. 5B). 
These inconsistencies in mRNA and protein upregulation may 
be due to post-transcriptional regulation.

Discussion

The present study identified several significant findings: Visfatin 
upregulated the gene and protein production of α-SMA, a 
marker of HSC activation; visfatin increased the mRNA and 
protein expression of collagen types I and III in the HSC and 
the production of CTGF was increased following exposure to 
visfatin. These observations established the possibility that 
CTGF mediated the visfatin-induced activation of HSC and 
it is therefore suggested that visfatin may be involved in liver 
fibrogenesis.

The interaction between various adipokines, including 
asleptin and adiponectin, is important in the process of hepatic 
fibrogenesis (3). Leptin can directly target HSC via activa-
tion of its receptor and all the features of activated HSC are 
modulated by leptin in a profibrogenic manner (4). Lower 
levels of leptin in quiescent HSC are associated with increased 
expression of adiponectin, an antifibrogenic factor (27). 
Adiponectin‑knockout mice exhibited more extensive fibrosis 
compared with wild-type animals following chronic CCl4 
intoxication (28). Visfatin is a recently identified adipokine, 
which is produced and secreted mainly by visceral adipose 
tissue. It can induce the proliferation of various cell types, 
including human umbilical vein endothelial cells (29,30), 
vascular smooth muscle cells (8) and human osteoblasts (31). 
However, the roles of visfatin in HSC activation, which may 
induce HSC proliferation, remain to be elucidated. To the best 
of our knowledge, the present study was the first to observe 
that visfatin promoted the expression of α-SMA in HSC and 
provided direct evidence that visfatin may be involved in the 
activation of HSC.

When activated, HSC lose their retinoid shape, begin 
to proliferate and the process of ECM synthesis begins to 
produce fibrous scar tissue (32). Collagen types I and III are the 
main components of the resulting ECM. In the present study, 
collagen types I and III were induced upon visfatin stimulation, 
indicating that visfatin may be involved in processes of liver 
fibrogenesis.

Previous pilot studies have confirmed induction of the 
mRNA and protein production of CTGF in cultured HSC in 

response to visfatin (33). HSC are the major cellular source of 
CTGF in the liver during hepatic fibrogenesis (34). CTGF can be 
regulated by TGF-β and is important in the overproduction of 
ECM in activated HSC (35). The mRNA levels of CTGF were 
markedly increased in cultured HSC and fibrotic livers and the 
curcumin-induced inhibition of collagen type I gene expression 
in activated HSC correlates with suppression in the gene expres-
sion of CTGF (36). Knocking down CTGF by small interfering 
RNA inhibited the expression of carbon tetrachloride-induced 
collagen in HSC and in liver fibrosis (37). Certain biological 
functions of CTGF, including the induction of cell adhesion, 
migration, proliferation and DNA synthesis, may explain the 
visfatin-induced activation of HSC. CTGF itself can promote 
cell adhesion and migration in a wide variety of cell types (38), 
induce fibroblast growth factor‑mediated cell proliferation and 
insulin-like growth factor-promoted matrix synthesis (39) and 
enhance DNA synthesis in chondrocytes and osteoblasts (40). 
CTGF-knockout mice exhibited damaged chondrocyte 
proliferation and ECM composition (41). Fibroblasts obtained 
from CTGF‑deficient mice featured impaired induction of 
TGF-β-induced adhesive signaling and were unable to respond 
to TGF-β by inducing α-SMA and collagen type I (42). Based 
on these previous studies, the present study hypothesized that 
visfatin-induced expression of collagen in HSC may be medi-
ated by upregulating the expression of CTGF through TGF-β 
signaling.

In conclusion, the present study provided evidence 
supporting the involvement of visfatin in HSC activation. 
However, the underlying mechanism remains to be elucidated. 
Visfatin may provide a novel potential therapeutic target for 
the treatment of hepatic cirrhosis, particularly in patients with 
obesity and/or diabetes.
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