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Abstract. Hepatic stellate cells (HSCs) are the main extracel-
lular matrix (ECM)‑producing cells in liver fibrosis. Activated 
HSCs stimulate the proliferation and migration of hepatocel-
lular carcinoma (HCC) cells. Cysteine‑rich 61 (CCN1/Cyr61) 
is an ECM protein. Our previous studies demonstrated that the 
expression of CCN1 was significantly higher in benign hepatic 
cirrhosis tissue and cancer‑adjacent hepatic cirrhosis tissues. 
CCN1 is a target gene of β‑catenin in HCC and promotes the 
proliferation of HCC cells. The present study aimed to examine 
whether CCN1 can activate HSCs and affect the function of 
activated HSCs in promoting the progression of HCC. CCN1 
expression was determined during the progression of liver 
fibrosis in a mouse model. LX‑2 cells, which were infected 
with adenoviruses AdCCN1 or AdRFP, and HepG2 cells were 
co‑cultured or subcutaneously co‑implanted into in nude 
mice. MTT assay, Crystal Violet staining, Boyden chamber, 
matrigel invasion and monolayer scratch assays were used to 
analyze the proliferation, migration and invasion capability 
of HepG2 cells. Xenograft sizes were measured and histo-
logical analyses were performed by hematoxylin and eosin, 
immunohistochemical, immunefluorescence and Sirius Red 
staining. It was demonstrated that the expression of CCN1 was 
continually increased in liver fibrosis and the that expression 
may be correlated with the progression of liver fibrosis. CCN1 

affected the function of LX‑2 and enhanced the effect of LX‑2 
on promoting the viability, migration and invasion of HepG2 
cells in vitro. CCN1 enhanced the effect of LX‑2 on promoting 
the growth of HepG2 xenografts in vivo. CCN1 also affected 
the function of activated HSCs and regulated the formation of 
the xenograft microenvironment, including fibrogenesis and 
angiogenesis, which are beneficial for the progression of HCC. 
These findings demonstrated that CCN1 may be involved in 
the progression of the hepatic cirrhosis‑HCC axis through 
regulating HSCs.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
malignant tumor and the third most life‑threatening type of 
cancer worldwide. Almost 78% of global HCC cases were 
reported in Asian countries each year (1). Since the 1990s, 
HCC has become the third leading cause of cancer‑associated 
mortality in China. Liver fibrosis is associated with HCC, with 
90% of HCC cases arising from the cirrhotic liver (2,3).

Liver fibrosis occurs as the result of the chronic 
wound‑healing response of the liver and is associated with 
major alterations of extracellular matrix (ECM) (4). Hepatic 
stellate cells (HSCs) are the main ECM‑producing cell in liver 
fibrosis. In the normal liver, HSCs are found in the space of 
Disse and are the major storage sites of vitamin A. Following 
chronic injury, the HSCs are activated and transdifferentiate 
into myofibroblast cells, acquiring contractile, proinflamma-
tory and fibrogenic properties. The activated HSCs migrate and 
accumulate at sites of tissue repair, secreting large quantities 
of ECM and regulating ECM degradation (5).

Cysteine‑rich 61 (CCN1/Cyr61), a member of the CCN 
family, is an ECM protein and regulates multiple cellular 
activities, including cell adhesion, migration, prolifera-
tion, survival, apoptosis and angiogenesis, through binding 
different integrins (6‑11). Previous studies have demonstrated 
that CCN1 has complex roles in cutaneous wound healing 
fibrosis through binding to different integrins on the fibroblast 
membrane (12‑14).

Several studies have focused on the roles of CCN1 in 
liver disease. A study by Kim  et al  (20) and our previous 
study showed that level of CCN1 was elevated in the cirrhotic 
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liver in humans and in mice with carbon tetrachloride 
(CCl4)‑induced liver fibrosis, with CCN1 protein located 
predominantly in hepatocytes (15). In our previous study, it 
was found that the expression of CCN1 was significantly 
higher in benign hepatic cirrhosis tissue and cancer‑adjacent 
hepatic cirrhosis tissue, compared with that in normal liver 
tissue (15). These results are in accordance with those reported 
by Rashid et al (16). CCN1 is involved in macrophage infil-
tration and the hepatic proinflammatory response  (17). In 
our previous study, it was also found that CCN1 was a target 
gene of β‑catenin in HCC and promoted the proliferation of 
HepG2 cells (15). CCN1 triggers the senescence of activated 
HSCs and promotes the regression of liver fibrosis (18‑20). 
Previous studies have demonstrated that CCN1 induces chol-
angiocyte proliferation and ductular reactions, and identified 
CCN1/αvβ5/nuclear factor (NF)‑κB/jagged 1 (JAG1) as a crit-
ical axis for biliary injury repair (21). CCN1 also suppresses 
hepatocarcinogenesis by inhibiting epidermal growth factor 
receptor (EGFR)‑dependent hepatocyte compensatory prolif-
eration (22).

In addition, several studies have found that certain inte-
grin subunits are located on HSC membranes and mediate 
the proliferation, migration and fibrogenic activation of 
HSCs (16,23‑25), which suggests that CCN1 may be involved 
in activated HSCs.

It is generally known that activated HSCs can promote 
the progression of HCC. Clinical investigations have found 
that activated HSCs in peritumoral tissues are associ-
ated with earlier recurrence rates, mortality rates and 
high recurrence rates  (26). Activated HSCs are directly 
involved in hepatocarcinogenesis in a transforming growth 
factor  (TGF)‑β‑dependent manner by inducing autocrine 
TGF‑β signaling and nuclear β‑catenin accumulation in 
neoplastic hepatocytes (27). Activated HSCs stimulate the 
proliferation, growth and migration of HCC cells in vitro and 
in vivo through cytokine secretion, whereas ECM regulates 
angiogenesis and tumor immunity inhibition (28‑30). HCC 
cells also stimulate the growth and migration of human 
HSCs (31). HCC cell‑activated HSC cross‑talk in the liver 
promotes the progression of HCC (32). However, whether 
CCN1 can affect these functions of activated HSCs remains to 
be elucidated. The present study investigated whether CCN1 
can activate HSCs and whether it enhances the effect of HSCs 
on promoting the progression of HCC.

Materials and methods

Ethics statement. All animals were purchased from the 
Experimental Animal Center of the Third Military Medical 
University (Chongqing, China). All animal protocols were 
approved by the Ethics Committee of the Third Military 
Medical University. Animal experiments were performed in 
accordance with the China Regulations for the Administration 
of Affairs Concerning Experimental Animals and the 
guidelines of the U.S. National Institutes of Health.

Cell lines. The human hepatic stellate cells LX‑2 or human 
HCC cells HepG2 were cultured in T75 flasks in DMEM 
(Dulbecco's modified Eagle medium, high glucose, HyClone; 
GE Healthcare Life Sciences, Logan, UT, USA) supplemented 

with 10%  fetal calf serum (FCS; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), 100 U/ml penicillin and 
10 µg/ml streptomycin at 37˚C in a humidified 5% carbon 
dioxide atmosphere. The HepG2 cells were used to investigate 
the effects of CCN1 on HSCs in promoting the viability and 
migration of the HCC cells. HepG2‑LX2 cells were co‑cultured 
in 6‑well plates and Transwell inserts.

Establishment of the mouse liver f ibrosis model and 
histological analyses. A total of 100 BALB/c male mice 
were purchased from the Experimental Animal Center of the 
Third Military Medical University (Chongqing, China). Liver 
fibrosis was induced in male mice (~4 weeks of age; 17‑18 g) 
via intraperitoneal injection of 1 ml/kg body weight of CCl4 
(diluted in olive oil, 1:4; 1 ml/kg body weight) twice a week. 
The control animals received an equal volume of olive oil. All 
mice were maintained in barrier environment, received free 
access to sterile feed and water, temperature 24‑26˚C, 12 h 
light/dark cycle. Experimental animals were maintained in the 
EVC Animal Care Systems. The mice were treated for 5 weeks 
and were sacrificed 3 days following injection. Following 
the final injection of CCl4, mice were sacrificed for another 
3 weeks, 3 mice weekly (weeks 6‑8). The liver tissues were 
sectioned (1.2x1.2x0.5 cm) and fixed in 10% formaldehyde, 
and were embedded in paraffin. The tissue sections (4 µm) 
were stained with hematoxylin and eosin (H&E), Sirius red 
and immunohistochemical staining. The tissue structure was 
observed using hematoxylin and eosin. The staining procedure 
was performed as described previously (15).

Analysis of the expression of CCN1 was performed on 
the paraffinized sections of liver tissue using immunohisto-
chemical staining. The staining procedure was performed 
as described previously  (15). The sections were evaluated 
using a standard bright field microscope. Digital images were 
captured using the NIS‑Element Imaging Analysis system 
(Nikon, Tokyo, Japan). Positive staining was defined when 
>10% of cells exhibited brown staining. The degree of the 
staining was digitalized automatically using the NIS‑Element 
Imaging Analysis system when the positive and negative 
points were defined. The mean density of five randomly 
selected microscopic fields was calculated, reflecting the rela-
tive expression level of CCN1. The results are presented as the 
mean ± standard deviation.

The fibrotic regions were observed using Sirius red staining. 
The numbers of fibers were assessed using the NIS‑Element 
Imaging Analysis in six randomly selected regions from each 
tissue section.

Transient infection and collection of conditioned medium 
(CM) from LX‑2. AdCCN1 and AdRFP were acquired from 
Professor Tong‑Chuan He (Molecular Oncology Laboratory, 
Department of Surgery, University of Chicago Medical Center, 
Chicago, IL, USA). The LX‑2 cells were seeded in T75 flasks. 
At 70% confluence, the cells were infected with adenovirus 
AdCCN1 or AdRFP, respectively. Following infection for 24 h 
at 37˚C, the LX‑2 cells were harvested to analyze the expression 
of CCN1 using western blot assays. Following infection with 
AdCCN1 or AdRFP for 20 h, respectively, the LX‑2 cells were 
washed twice with serum‑free DMEM, and then incubated 
for another 24 h with 12 ml serum‑free DMEM; the media 
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were collected as CCN1‑CM and control‑CM, respectively 
(CM was 10X concentrated). Furthermore, half of CCN1‑CM 
was concentrated to 10X concentration by Amicon Ultra 
centrifugal filter (UFC800324; Merck Millipore) following 
the introductions.

Measurement of cell viability. The LX‑2 cells were seeded 
into 96‑well plates (2,000 cells/well) in DMEM supplemented 
with 10% FCS. Following infection with AdCCN1 or AdRFP 
for 20 h, respectively, the LX‑2 cells were washed twice with 
serum‑free DMEM and then incubated for another 0‑72 h with 
DMEM supplemented with 10% FCS. The viability of cells 
was measured using an MTT assay.

The HepG2 cells were seeded into 96‑well plates 
(2,000 cells/well) in DMEM supplemented with 10% FCS. 
After 24  h, the seeded HepG2 cells were washed with 
serum‑free DMEM and were cultured in the CM from the 
different LX‑2 cells or the control medium, following which an 
MTT assay was performed to analyze the viability of the cells.

The HepG2 cells were cultured alone or were co‑cultured 
with the differently treated LX‑2 cells in a 6‑well plate 
(1x103 cells/well) with Transwell inserts. After 5 days, colony 
formation of the HepG2 cells was assayed using crystal violet 
staining.

Migration assays. The migration of the HepG2 cells was 
assessed using two assays. For the analysis of cell inva-
sion capability, a Matrigel invasion assay was performed in 
6‑well Transwell inserts with 8‑µm pore size filters coated 
with Matrigel (diluted 1:6, BD Biosciences, Franklin Lakes, 
NJ, USA). The HepG2 cells were harvested, resuspended in 
serum‑free DMEM and placed in the upper compartment 
(5x105 cells/well). To the lower compartment, DMEM supple-
mented with CM from the activated LX‑2 cells or control 
medium was added. Following incubation at 37˚C for 30 h, the 
filters were collected and cells adhering to the lower surface 
were fixed in formalin and stained with crystal violet. The 
numbers of cells in 12 randomly selected fields in each well 
were counted.

Cell migration capability was assessed using a Boyden 
chamber assay. The HepG2 cells were seeded into 6‑well plates 
at 1x106 cells/well. The HepG2 cells were harvested following 
incubation for 30 h, resuspended in serum‑free DMEM and 
placed in the upper compartment at 5x105 cells/well. The lower 
compartment contained DMEM supplemented with CM from 
the activated LX‑2 cells or control medium. Following incuba-
tion for 24 h, the filters were collected and cells adhering to the 
lower surface were fixed in formalin and stained with crystal 
violet. Cells in 12 randomly selected fields in each well were 
counted.

The LX‑2 cells and HepG2 cells migration capabilities 
were assessed using a monolayer scratch assay. Following 
adherence, the LX‑2 cells were infected with AdCCN1 or 
AdRFP, followed by the same treatments as described for 
the viability experiment described above. The HepG2 cells 
were then washed with serum‑free DMEM and were cultured 
in CM from the activated LX‑2 cells or control medium. 
Subsequently, the cell layer was scratched using a sterile tooth-
pick. The migration into the space was measured at 0 and 48 h 
(LX‑2 cells) or 72 h (HepG2 cells).

Western blot analysis. The LX‑2 cells were seeded into T75 
flasks at 60% confluence in DMEM supplemented with 10% 
FCS. After 24 h, the LX‑2 cells were infected with AdCCN1 
or AdRFP for 72  h. The HepG2 cells were washed with 
serum‑free DMEM, and were cultured in CM from the LX‑2 
cells or control medium. Following incubation for 36 h, the 
HepG2 cells were harvested for subsequent analysis.

The cell lysates were prepared with cell lysis buffer 
containing a protease inhibitor cocktail. Protein concentrations 
of all samples were determined by Bicinchoninic acid Protein 
Assay Kit (Beyotime Institute of Biotechnology, Haimen, 
China). Total protein for each sample (50 µg) was loaded onto 
an 8% SDS‑PAGE gel for electrophoresis and transferred onto 
a PVDF membrane. The membrane was then incubated with 
antibodies against phosphorylated‑β‑catenin (cat. no 9566, 
1:1,000), total‑β‑catenin (cat. no. 8480, 1:1,000) (both from Cell 
Signaling Technology, Inc., Danvers, MA, USA), cyclin D1 (cat. 
no. 60186‑1‑Ig, 1:1,000), VEGF (cat. no. 19003‑1‑AP, 1:1,000), 
CD34 (cat. no. 14486‑1‑AP, 1:1,000), CD31 (cat. no. 66065‑1‑Ig; 
1:1,000) (all from ProteinTech Group, Inc.), survivin (cat. 
no. ab76424; 1:1,000 dilution; Abcam, Cambridge, UK), and 
c‑myc (cat. no. MA1‑980, 1:1,000; Thermo Fisher Scientific, 
Inc.), respectively at 4˚C overnight. The blots were then 
incubated with horseradish peroxidase‑conjugated secondary 
antibodies (cat. nos. SA00001‑1 and SA00001‑2, both 1:5,000; 
ProteinTech Group, Inc.) at room temperature incubation 
for 2 h, following which the immune‑reactive signals were 
detected using an ECL kit (EMD Millipore, Billerica, MA, 
USA).

Subcutaneous tumor models in nude mice. Four groups 
of mice (n=5 per group) were used in the following experi-
ments, respectively. Following the infection with AdCCN1 
or AdRFP for 24 h, LX‑2 cells were harvested. The flank of 
4‑week‑old nude mice were injected subcutaneously with 
HepG2 cells alone, or with HepG2 cells + LX‑2 cells, HepG2 
cells + LX‑2‑RFP cells (LX‑2 cells infected with AdRFP), or 
HepG2 cells + LX‑2‑CCN1 cells (LX‑2 cells infected with 
AdCCN1) at 5.0x106 cells per mouse, respectively.

The length and width of tumor masses were dynami-
cally measured and the tumor volume was estimated using 
the formula: axb2x0.5, where a and b represent the maximal 
and minimal diameters, respectively. The mice were sacri-
ficed on day 26, and growth curves were plotted using the 
tumor volumes for each experimental group at the set points. 
Tumor masses were removed and fixed in 4% formaldehyde. 
Paraffin‑embedded consecutive sections (5 µm) were cut for 
histological analysis, and total proteins of the liver tissues 
were collected for western blot analysis.

The tissue structure of the subcutaneous tumor tissue 
was observed using H&E staining. Collagenous fibers in the 
subcutaneous tumor were observed using Sirius red staining. 
Immunohistochemical staining was performed for Ki67.

The microvessels in the subcutaneous tumor tissues were 
observed by immunofluorescence staining for CD31. The 
sections were visualized and images were captured using a 
Leica light and fluorescence microscope (Leica Microystems, 
GmbH, Wetzlar, Germany). The protein expression of VEGF 
was detected using western blot analysis in the subcutaneous 
tumor tissues.
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Statistical analysis. Data are expressed as the mean ± standard 
deviation. Statistical analysis of the two mean values was 
performed using Student's t‑test. One‑way analysis of variance 
was performed to compare multiple mean values. All calcula-
tions were performed using the SPSS 17.0 software (SPSS, 
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Dynamic expression of CCN1 is observed in mouse fibrotic 
liver tissues. To examine the role of CCN1 in the liver 
fibrosis‑carcinoma axis, the present study observed the 
dynamic expression of CCN1 protein in the liver fibrosis 
mouse model. As shown in Fig. 1A‑C, liver fibrosis continually 
progressed and the expression of CCN1 continually increased 
as CCl4 was injected. However, when there was no CCl4 injec-
tion, the degree of hepatic fibrosis was alleviated, and the 

expression of CCN1 was also reduced (Fig. 1). These findings 
suggested that changes in the expression of CCN1 may be 
associated with the severity of fibrosis during the progression 
of liver fibrosis.

CCN1 activates HSCs and affects cell function. CCN1 
was not expressed in LX‑2 cells prior to infection with 
AdCCN1 (Fig. 2A). LX‑2‑CCN1 cells, comprising LX‑2 cells 
overexpressing CCN1, expressed the markers of HSC activa-
tion and fibrosis, including α‑SMA and collagen I (Fig. 2B). 
LX‑2‑CCN1 also exhibited cell proliferation correlated with 
signaling molecules, including cyclin D1, and angiogenesis 
molecules, including VEGF, CD34 and CD31  (Fig.  2C). 
However, the expression of β‑catenin did not alter when 
phosphorylated‑β‑catenin was downregulated  (Fig.  2C). 
CCN1 also promoted the viability and the migration of LX‑2 
cells. However, viability and migration were inhibited in the 
LX‑2‑CCN1 cells treated by function‑inhibiting monoclonal 

Figure 1. CCN1 is expressed in mouse fibrotic liver tissue. Liver fibrosis was induced in mice by intraperitoneal injection of 1 ml/kg body weight of CCl4 twice 
a week. (A) Liver tissue sections were stained with H&E (magnification, x400), Sirius red (magnification, x100) and with immunohistochemical staining for 
CCN1 (magnification, x400). (B) Liver sections were stained with Sirius red to reveal collagen deposition. The numbers of fibers were assessed via NIS‑Element 
Imaging analysis of six randomly selected regions. Data are presented as the mean ± standard deviation. (C) Analysis of the expression of CCN1 was performed 
on paraffinized sections of mice liver tissues via immunohistochemical staining. The degree of staining was digitalized automatically using the NIS‑Element 
Imaging Analysis system. The mean density of random five microscopic fields was calculated as the relative expression level of CCN1. Data are presented as 
the mean ± standard deviation; 6, 7 and 8 weeks refer to the weeks 1, 2 and 3, respectively, following the final injection of CCl4. CCN1, cysteine‑rich 61; CCl4, 
carbon tetrachloride; H&E, hematoxylin and eosin.
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anti‑CCN1, which was obtained following recombined CCN1 
protein treatment (Fig. 2D‑F).

CCN1 enhances the effect of activated HSCs on promoting 
the viability of HCC cells in vitro. Activated HSCs acquire 
fibrogenic properties but also can promote the progression of 

HCC. The present study aimed to determine whether CCN1 
enhances the functions of activated HSCs. First, the effect of 
CCN1 on activated HSCs in promoting the viability of HCC 
cells was examined. The HepG2 cells were incubated with CM 
collected from the three treatment groups of LX‑2 cells. The 
MTT assay revealed that the effect of CM from LX‑2‑CCN1 

Figure 2. CCN1 activates HSCs and affects cell function. LX‑2 cells were infected with adenovirus AdCCN1 or AdRFP, respectively. (A) Following infection 
for 24 h, western blot analysis was performed to detect the expression levels of CCN1 in LX‑2 cells, LX‑2‑RFP cells and LX‑2‑CCN1 cells. (B) Following 
infection for 72 h, α‑SMA and collagen I, which are markers of HSC activation and fibrosis, were detected in the LX‑2‑CCN1 cells. (C) Expression levels 
of p‑β‑catenin, β‑catenin, cyclin D1, VEGF, CD31 and CD34 were analyzed. CCN1 antibody (0.5 µg/ml) was used to neutralize CCN1 in control groups. 
(D) Viability of LX‑2‑CCN1 cells was analyzed using MTT assays. (E) Following treatment with RCCN1 (0.6 µg/ml), LX‑2 cells were analyzed using MTT 
assays. CCN1 antibody (0.5 mg/ml) was used in assays. The final concentrations were 0.5 and 2.5 µg/ml. (F) Monolayer scratch assay was used to analyze the 
migration of LX‑2‑CCN1 cells. *P<0.05 and **P<0.01. HSCs, hepatic stellate cells; CCN1, cysteine‑rich 61; VEGF, vascular endothelial growth factor; SMA, 
smooth muscle actin; p‑, phosphorylated; RCCN1, recombined CCN1; OD, optical density.

https://www.spandidos-publications.com/10.3892/ijmm.2017.3356
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cells on increasing HepG2 cell viability was more marked 
compared with cells incubated with CM from LX‑2 and 
LX‑2‑RFP cells (Fig. 3A and B). In addition, the HepG2 cells 
and three LX‑2 cell groups were co‑cultured in a Transwell 
insert plate. The HepG2 cells co‑cultured with LX‑2‑CCN1 
cells formed more clones than those cultured with the other 
LX‑2 groups (Fig. 3C).

To gain insight into the molecular mechanisms under-
lying the effects described above, the present study analyzed 
the activation of several correlated signaling molecules, 
which are known to be important in HCC. The results of 
the western blot analysis revealed that stimulation with 
CM from LX‑2‑CCN1 cells reduced the expression of 
phosphorylated‑β‑catenin in the HepG2 cells, whereas the 
level of total‑β‑catenin remained unchanged  (Fig.  3D). 
The expression levels of cyclin D1 and c‑myc, which are 
target genes of β‑catenin, were upregulated (Fig. 3D). This 
indicated that stimulation of CM from LX‑2‑CCN1 cells 
significantly induced β‑catenin signaling transduction in 
HepG2 cells. The western blot analysis revealed that there 
was a significant increase in the expression of survivin 
in the HepG2 cells treated with CM from LX‑2‑CCN1 
cells (Fig. 3D).

CCN1 enhances the function of activated HSCs in promoting 
the migration and invasion of HCC cells. In the present study, 

HepG2 cells were incubated with CM collected from the three 
groups of LX‑2 cells, following which the migratory activity 
of the HepG2 cells was analyzed. The Boyden chamber and 
Matrigel invasion assays demonstrated that CM from the 
LX‑2‑CCN1 cells significantly stimulated the migratory 
potential of HepG2 cells (Fig. 4A and B). These data were 
confirmed by scratch‑healing assays, which revealed signifi-
cantly faster wound healing in the HepG2 cells treated with CM 
from LX‑2‑CCN1 cells (Fig. 4C). In order to understand the 
molecular mechanism of the above, the present study analyzed 
the activation of ERK, and the expression of E‑cadherin and 
MMP‑9, which are known to be important in HCC metas-
tasis and invasion. The results of the western blot analysis 
showed that stimulation with CM from the LX‑2‑CCN1 cells 
enhanced the expression of phosphorylated‑ERK and MMP‑9 
in HepG2 cells., whereas the expression of E‑cadherin was 
reduced (Fig. 4D).

CCN1 enhances the function of HSCs in promoting the 
proliferation of HCC cells in vivo. The present study also 
examined the effect of CCN1 on HSCs in promoting the 
proliferation of HCC cells in vivo. The HepG2 cells were 
implanted subcutaneously into nude mice, either alone or in 
combination with three different LX‑2 cells (LX‑2, LX‑2‑RFP 
and LX‑2‑CCN1). As shown in Fig. 5A, the implantation of 
LX‑2 cells alone did not result in tumor formation, but all of 

Figure 3. CCN1 enhances the function of hepatic stellate cells in promoting the viability of HCCs. (A) Western blot analysis was used to detect expression 
levels of CCN1 in the original CM and 10X concentration CM collected from LX‑2 cells infected with AdCCN1 or AdRFP. Expression levels were also 
detected following treatment with 2.5 and 5 µg. HepG2 cells were cultured with or without CM. (B) Viability of HepG2 cells, analyzed using MTT assays. 
*P<0.05 and **P<0.01 vs. the CM‑LX‑2‑RFP group. (C) HepG2 cells were cultured alone or were co‑cultured with different LX‑2 cells in a 6‑well plate 
with Transwell inserts. After 5 days, colony formation of HepG2 cells was examined using crystal violet staining (magnification, x100). (D) Expression of 
p‑β‑catenin, β‑catenin, survivin, cyclin D1 and c‑myc in HepG2 cells were analyzed using western blot analysis. CCN1, cysteine‑rich 61; CM, conditioned 
medium; HCCs, hepatocellular carcinoma cells; p‑, phosphorylated; RCCN1, recombined CCN1.
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the mice developed tumors at the site of implantation in the 
other groups. The tumor size was significantly larger in the 
group subjected to subcutaneous co‑implantation of LX‑2 and 

HepG2 cells, compared with that in the group subjected to 
single subcutaneous implantation of HepG2 cells. The injection 
of HepG2 cells + LX‑2‑CCN1 cells promoted more marked 

Figure 4. CCN1 enhances the function of hepatic stellate cells in promoting the migration and invasion of hepatocellular carcinoma cells. HepG2 cells 
were cultured with or without CM collected from LX‑2 cells infected with AdCCN1 or AdRFP. (A) Boyden chamber (magnification, x100), (B) Matrigel 
invasion (magnification, x100) and (C) monolayer scratch assays were used to analyze the migration and invasion capabilities of the HepG2 cells. *P<0.05. 
(D) Expression of p‑ERK1/2, MMP‑9 and E‑cadherin in the HepG2 cells were analyzed using western blot analysis. CCN1, cysteine‑rich 61; CM, conditioned 
medium; ERK, extracellular signal‑regulated kinase; MMP, matrix metalloproteinase; p‑, phosphorylated.

https://www.spandidos-publications.com/10.3892/ijmm.2017.3356
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tumor growth, compared with that in the group injected with 
HepG2 cells + LX‑2 or HepG2 cells + LX‑2‑RFP (Fig. 5B).

H&E staining of the subcutaneous tumor tissue revealed 
that the tissue structure was more complex in the HepG2 

Figure 5. CCN1 enhances the function of hepatic stellate cells in promoting the proliferation of hepatocellular carcinoma cells in vivo. (A) Nude mice and 
tumor tissues of animals following injection at 26 days. (B) Tumor sizes were measured at a 4‑day interval from day 6 post‑injection. The graph shows the 
tumor volumes for each treatment group. *P<0.05 and **P<0.01 vs. the CM‑LX‑2‑RFP group. (C) H&E staining of tumor tissues showed hyperplasia of fibrous 
connective tissues, inflammatory cell infiltration and multinuclear tumor cells in subcutaneous tumor samples (magnification, x200). Immunohistochemical 
detection of Ki67 in subcutaneous tumor samples (magnification, x200). Collagenous fibers in subcutaneous tumor were observed using Sirius red staining 
(magnification, x200). (D) Microvessels in subcutaneous tumor tissues were observed using immunofluorescence staining for CD31 (magnification, x200). 
Data were quantified as the number of microvessels (CD31‑positive endothelial cells). *P<0.05. (E) Protein expression of VEGF in subcutaneous tumor tissues 
was detected using western blot analysis. CCN1, cysteine‑rich 61; H&E, hematoxylin and eosin; VEGF, vascular endothelial growth factor.
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cells + LX‑2‑CCN1 cells, compared with that in the other 
groups. There was more marked hyperplasia in multinuclear 
tumor cells, fibrous connective tissue and infiltration of 
inflammatory cells in the HepG2 + LX‑2‑CCN1 cells group, 
compared with the other groups (Fig. 5C).

To determine whether CCN1 promotes the proliferation of 
HCC xenografts, the present study examined the expression of 
Ki‑67, a nuclear protein necessary for tumor cell proliferation, 
in subcutaneous tumors with immunohistochemical staining. 
Subcutaneous tumors from the HepG2 + LX‑2‑CCN1 group 
exhibited more marked Ki‑67‑positive staining, compared 
with those from other groups (Fig. 5C).

According to the results of the Sirius red staining, collag-
enous fiber was significantly increased in the subcutaneous 
tumors of the HepG2 + LX‑2‑CCN1 co‑transplantation group, 
compared with than that in the other groups (Fig. 5C).

Microvessel density and protein expression of VEGF in 
subcutaneous tumors. The microvessel density in the subcu-
taneous tumor tissues was examined by immunofluorescent 
staining for CD31 which is a specific endothelial marker. 
As shown in Fig. 5D, CD31‑positive cells and the number 
of microvessels were higher in the subcutaneous tumors of 
HepG2 cells + LX‑2‑CCN1 cells, compared with those in other 
groups. In addition, the expression of VEGF, an important 
molecule for angiogenesis, was examined. The western blot 
assay showed that the expression of VEGF was upregulated 
in the subcutaneous tumors of the HepG2 cells + LX‑2‑CCN1 
cells (Fig. 5E). It has been reported that CCN1 can induce the 
expression of VEGF, EGF and other growth factors, which is 
expressed by HSCs induced by CCN1, promotes the forma-
tion of blood vessels (6). Therefore, the above data indicated 
that co‑transplantation of HepG2 cells and LX‑2‑CCN1 cells 
significantly promoted tumor angiogenesis.

Discussion

It is known that CCN1 is an extracellular matrix protein, 
and its involvement in tumors progression through binding 
different integrins is complex (7,8,33). Previous studies have 
demonstrated that CCN1 has various effects on the fibrosis 
of cutaneous wound healing through binding different inte-
grins on the fibroblast membrane. CCN1 can stimulate skin 
fibroblast migration, adhesion and proliferation through 
binding integrins αvβ5 and αvβ3 (12‑14). However, CCN1 also 
restricts fibrosis through inducing skin fibroblast senescence 
and apoptosis through binding integrin α6β1 (34).

Increasing studies have shown that CCN1 can regulate several 
types of liver cell. According to a study by Bian et al, CCN1 
was expressed in the hepatocytes of mice with non‑alcoholic 
fatty liver disease, and was involved in macrophage infiltration 
and the hepatic proinflammatory response (17). In our previous 
study, it was found that the protein expression of CCN1 was not 
detected in the liver tissues of healthy individuals, but its expres-
sion level was elevated in hepatic cirrhosis tissue and markedly 
increased in cancer‑adjacent hepatic cirrhosis tissue (15). It was 
also found that CCN1 is a target gene of β‑catenin in hepato-
celluar carcinoma and promotes the proliferation of HepG2 
cells (15). Kim et al demonstrated that CCN1 triggers cellular 
senescence through the accumulation of reactive oxygen species 

in activated HSCs, which limits fibrogenesis and promotes the 
regression of liver fibrosis induced by diverse injuries. It was 
suggested that chronic persistent liver injuries might overwhelm 
the antifibrotic activities of CCN1 despite the elevated accumu-
lation of CCN1 (20).

Previous studies have demonstrated that CCN1 induces 
cholangiocyte proliferation and ductular reaction, and identi-
fied CCN1/αvβ5/NF‑κB/JAG1 as a critical axis for biliary 
injury repair (21). CCN1 also suppresses hepatocarcinogenesis 
by inhibiting EGFR‑dependent hepatocyte compensatory 
proliferation (22). These results indicate that CCN1 has various 
effects on the liver inflammation‑fibrosis‑carcinoma axis.

In liver f ibrosis, activated HSCs are the main 
ECM‑producing cells and are important in promoting the 
progression of HCC (35). Several integrin subunits are located 
on the HSC membrane, mediating the proliferation, migration 
and fibrogenic activation of HSCs (16,23‑25). Therefore, CCN1 
may have various effects on activated HSCs through binding 
to different integrins at different stages of liver disease. In 
addition, proteomic analyses of ECM from the LX‑2 human 
hepatic stellate cell line and human foreskin fibroblasts 
revealed that certain components were found in both, but they 
exhibited different connectivities within each protein‑protein 
interaction network (16). This indicates that the role of CCN1 
in HSCs may be different from those of skin fibroblasts.

In the present study, it was shown that CCN1 was not 
expressed in the liver tissues of normal mice, but was over-
expressed in the mouse model of liver fibrosis, with the 
expression tendency closely associated with the severity of 
liver fibrosis. Rashid et al (16) and Kim et al (20) also found 
that CCN1 accumulated at higher levels in the livers of patients 
with cirrhosis and murine models of hepatic injury and 
fibrosis. These results indicated that CCN1 may be involved 
in the process of hepatic fibrosis. CCN1 is an immediate‑early 
gene and is transcriptionally activated on stimulation by serum 
growth factors within minutes (6). Therefore, CCN1 may be 
a suitable marker for diagnosing and predicting prognosis of 
liver fibrosis.

The present study also found that CCN1 activated 
LX‑2 cells and affected their function. CCN1 promoted 
the viability and migration of LX‑2 cells, induced the fiber 
differentiation of LX‑2 cells and increased the expression of 
proliferation‑correlated signaling molecules and angiogenesis 
molecules in LX‑2‑CCN1 cells. The animal experiments 
performed in the present study revealed that the expression 
of CCN1 was directly correlated with the progression of liver 
fibrosis in mice. On the basis of these findings, it was hypoth-
esized that CCN1 can promote HSC fibrosis, which differs 
from the results reported by Kim et al (20). CCN1 may have 
complex effects through binding different integrins on the HSC 
membrane during liver inflammation‑fibrosis‑cirrhosis‑cancer 
progression.

The activated LX‑2 cells promoted the prolifera-
tion of HepG2 cells in vitro and in vivo, and CM from the 
LX‑2‑CCN1 cells stimulated the expression of cyclin D1, 
c‑myc and survivin, and the activity of β‑catenin signaling 
in HepG2 cells. These proteins are all factors promoting cell 
proliferation. β‑catenin is a key molecule in the canonical 
Wnt signaling pathway. Aberrant activation of canonical 
Wnt/β‑catenin signaling has been shown to contribute to the 
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development of HCC (36,37). Cyclin D1 and c‑myc are known 
tumor‑associated signaling molecules  (38,39). Survivin is 
an important inhibitor of apoptosis and is overexpressed in 
several types of tumor; it can promote the invasion, metastasis, 
growth and survival of malignant cells, and confer resistance 
to specific chemotherapeutic drugs  (39,40). The present 
study also found that CM from LX‑2‑CCN1 cells promoted 
the migration and invasion of HepG2 cells, stimulated the 
expression of phosphorylated‑ERK1/2 and MMP‑9, and 
inhibited the expression of E‑cadherin. Phosphorylated‑ERK 
and MMP‑9 are invasion‑associated signaling molecules and 
are crucial in the progression of HCC (29,41). The findings 
indicated that the malignant phenotype of HepG2 cells was 
promoted by CM from LX‑2‑CCN1, which demonstrated that 
CCN1 enhanced the function of activated HSCs in promoting 
the progression of HCC.

Activated HSCs promote the progression of HCC in part 
through regulating the formation of the tumor microenviron-
ment, including regulating ECM and angiogenesis (28‑30). 
In the present study, it was found that CCN1 enhanced this 
function. Histological analysis of the subcutaneous tumors 
revealed that the tissue structure was more complex in the 
HepG2 + LX‑2‑CCN1 cell group, compared with that in the 
other groups. The hyperplasia in multinuclear tumor cells, 
fibrous connective tissue and infiltration of inflammatory 
cells were more marked in the HepG2 + LX‑2‑CCN1 cell 
group. In addition, increased numbers of collagenous fibers 
and microvessels were found in the subcutaneous tumors 
of the HepG2 + LX‑2‑CCN1 cell group. This indicated 
that CCN1 has an effect on activated HSC‑regulated tumor 
microenvironment formation, which is conducive to the 
progression of HCC. These findings indicated that CCN1 was 
involved in the progression of the hepatic cirrhosis‑HCC axis 
through regulating HSCs.

In conclusion, the results of the present study indicated 
that CCN1/Cyr61 activated LX‑2 cells and affected the cell 
function. CCN1 enhanced the function of HSCs in promoting 
the progression of HCC. Therefore, CCN1 may be important 
during the progression of the hepatic cirrhosis‑HCC axis 
through regulating HSCs.
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