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Abstract. CCN2 and CCN3 belong to the CCN family of 
proteins, which show a high level of structural similarity.
Previous studies have shown that CCN2 mediates the ability 
of transforming growth factor (TGF)-β to stimulate collagen 
synthesis, leading to keloid formation. CCN2 and CCN3 
are opposing factors in regulating the promoter activity and 
secretion of this extracellular matrix (ECM) protein. Thus, 
we hypothesize that CCN3 possesses an anti-scarring effect. 
However, the exact mechanism of CCN3 in this anti-scarring 
effect remains unclear. The aim of this study was to investigate 
the mechanism of CCN3 in reducing scar formation. Palatal 
fibroblasts were obtained from the explants of the oral palatal 
mucosa of 8-week-old male Sprague-Dawley rats. CCN3 
overexpression vector was constructed and then transfected 
into cells. The inhibitory effects of CCN3 on cell growth were 
detected via the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay. Apoptosis was measured 
using an Annexin V‑fluorescein isothiocyanate (FITC)/prop-
idium iodide (PI) apoptosis detection kit and flow cytometry. 
The expression levels of collagen I, collagen III and α-smooth 
muscle actin (α-SMA) were determined by western blot 
analysis and RT-PCR. Following treatment with TGF-β1, we 
detected the expression of CCN3 and Smad1 in the fibro-
blasts. CCN3 significantly inhibited the growth and induction 
of apoptosis of fibroblasts. The expression of collagen I, 
collagen III and α-SMA was lower in the CCN3-transfected 
group as compared to the control and vector groups. TGF-β1 
stimulation efficiently suppressed the expression of CCN3 at 

the mRNA and protein levels, and CCN3 was required for 
TGF-β1-induced Smad1 phosphorylation. Results of this study 
demonstrated that CCN3 is involved in the proliferation and 
apoptosis of fibroblasts and the synthesis of ECM proteins. 
Therefore, CCN3 may play an important role in the develop-
ment of scar tissue, and may represent a novel therapeutic 
target for reducing scar formation.

Introduction

Orofacial clefts (OFCs), primarily cleft lip and cleft palate, are 
among the most common congenital anomalies in individuals 
in China and worldwide (1). The etiology of clefts in humans 
is a complex interaction between genetic and environmental 
factors (2). Nonetheless, our knowledge of their etiology 
and pathogenesis remains scarce, limiting our efforts at 
prevention (3). In many cases, the underlying molecular and 
cellular mechanisms that result in these debilitating anomalies 
remain largely unknown (4). OFCs lead to many complica-
tions including speech, hearing and feeding problems that 
require a team of maxillofacial and oral surgeons, head and 
neck surgeons, speech therapists and phoniatricians for treat-
ment (2). Although surgical treatment has improved over the 
centuries, facial scarring remains a problem. Facial scars lead 
to cosmetic problems as well as to psychological effects such as 
poor self-esteem, emotional debilitation, embarrassment, and 
social isolation (5). Therefore, identifying ways to reduce scar 
formation is of utmost significance.

Scars are formed via the transformation of fibroblasts into 
myofibroblasts, accompanied by the proliferation of fibroblasts 
and excessive deposition of extracellular matrix (ECM) (6).
Fibroblasts derived from surgical scar tissue produce high 
levels of α-smooth muscle actin (α-SMA) and transforming 
growth factor (TGF)-β1 (7). TGF-β1 is one of the key cyto-
kines in scar formation, and can act at different levels to 
increase collagen deposition. TGF-β1 promotes fibroblast 
transformation into myofibroblasts, induces the synthesis 
of glycoproteins and matrix proteins, and inhibits collagen 
degradation by the reduction of metalloproteases and induc-
tion of protease inhibitors (8). Various anti-TGF-β approaches 
have been successfully used to prevent fibrotic disorders of the 
skin and to reduce scar formation.
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The CCN protein family comprises the members: 
CCN1/CYR61, CCN2/CTGF, CCN3/NOV, CCN4/WISP1, 
CCN5/WISP2 and CCN6/WISP3. These proteins are induced 
by growth factors and cytokines such as TGF-β and endo-
thelin‑1, and affect connective tissues, resulting in fibrosis and 
scarring (9). CCN2 is a member of the CCN family, which 
plays an important role in a variety of cell processes including 
angiogenesis, chondrogenesis and wound healing (10,11). 
Findings of previous studies provided strong evidence that 
CCN2 plays a role in scars, particularly as a co-factor of 
TGF-β1 (12). In addition, CCN2 is likely to mediate the ability 
of TGF-β1 to stimulate ECM synthesis and is a moderate 
inducer of collagen synthesis (11,13). CCN2 and CCN3 are 
opposing factors in regulating collagen promoter activity 
and the secretion of this ECM protein. Riser et al demon-
strated that CCN3, an endogenous regulator of pro‑fibrotic 
changes, markedly downregulates collagen production 
and deposition (14). Collectively, these data suggest that 
CCN3 is a potentially important regulatory molecule in the 
TGF-β1/Smad signaling pathway and a target for treatment in 
scar formation.

Materials and methods

Antibodies and reagents. Mouse anti-collagen I monoclonal 
antibody, mouse anti-collagen III monoclonal antibody, 
mouse anti-α-SMA monoclonal antibody, mouse anti-Smad1 
monoclonal antibody, mouse anti-Bcl-2 monoclonal antibody, 
mouse anti-Bax monoclonal antibody, mouse anti-CCN3 
monoclonal antibody, mouse anti-β-actin monoclonal anti-
body and HRP-conjugated goat anti-mouse IgG were obtained 
from Abcam (Cambridge, UK). Dimethylsulfoxide (DMSO), 
propidium iodide (PI) and 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) assay were purchased from 
Bio-Rad (Hercules, CA, USA). The enhanced chemilumines-
cence western blot analysis detection reagents were obtained 
from Pierce Biotechnology, Inc. (Rockford, IL, USA). The 
fluorescein isothiocyanate (FITC)‑Annexin V/PI apoptosis 
assay kit was purchased from Abcam.

Cell culture. Palatal fibroblasts were obtained from the explants 
of the oral palatal mucosa of 8-week-old male Sprague-Dawley 
rats (Shanghai Laboratory Animal Center, the Chinese 
Academy of Sciences), as reported previously (15), with minor 
modifications. Cells were cultured at 37˚C under a humidi-
fied atmosphere of 5% CO2 and 95% air and were grown in 
Dulbecco's modified Eagle's medium (DMEM; Gibco‑BRL, 
Gaithersburg, MD, USA) supplemented with 10% heat‑inac-
tivated fetal bovine serum (CSL Ltd., Melbourne, Australia), 
2 mM L-glutamine, 50 mg/ml streptomycin and 50 U/ml peni-
cillin (Gibco-BRL). The medium was changed every 2-3 days, 
and the cells were passaged with trypsin-EDTA (Gibco-BRL) 
when they became confluent. Experiments were performed 
using early passage cells (passage 5-10) derived from at least 
three independent animals without freezing.

Construction of CCN3 adenoviral vectors. Recombinant 
adenovirus was constructed as previously described (16).
Briefly, the full length of CCN3 cDNA was amplified and 
subcloned into pAdTrack-CMV, an adenoviral shuttle plasmid. 

A recombinant adenovirus expressing green fluorescent 
protein (GFP) was also used to assess infection efficiency. 
Then, the recombinant shuttle plasmids pAdTrack-CMV 
and pAdEasy-1 were homologously recombined in the 
Escherichia coli strain BJ5183. After sequencing, recombinant 
adenoviruses were packaged and produced in 293A cells.

Determination of cell proliferation. Cell proliferation 
was determined via the MTT assay and cell counting, as 
described previously with minor modifications (17). Briefly, 
2x103 cells/well (3-wells per condition) were seeded in 96-well 
plates, and the cells were transfected with CCN3 adenoviral 
or blank vector, using Lipofectamine 2000 according to the 
manufacturer's instructions (Invitrogen Life Technologies, 
Grand Island, NY, USA). Culture medium was replaced every 
2 days to avoid mitogen deprivation. At the indicated times, 
10 µl of an MTT solution (5 mg/ml in phosphate-buffered solu-
tion) was added to the wells and cells were incubated for 4 h at 
37˚C, 5% CO2. Following incubation, the culture medium in 
each well was replaced with 150 µl of DMSO, and the plates 
were agitated to dissolve the dark blue crystals (formazan). 
Absorbance was measured at 570 nm using an enzyme-linked 
immunosorbent assay plate reader (Roche Diagnostics 
GmbH, Penzberg,Germany). Cell proliferation was expressed 
as the percentage relative to the control. Each concentration 
was analyzed in triplicate and the experiment was repeated 
three times. All the experiments were performed at least three 
times and the results were averaged.

Analysis of cell apoptosis. The rate of apoptosis was measured 
via Annexin V‑FITC and PI staining, followed by flow cyto‑
metry (Beckman Coulter, Inc., Brea, CA, USA). Briefly, the 
cells were seeded in a 6-well plate at a density of 2x104 cells 
per well. After the cells reached 70% confluency, they were 
transfected with CCN3 adenoviral or blank vector. The cells 
were then trypsinized and suspended in 500 µl of binding 
buffer containing 5 µl Annexin V-FITC and 5 µl PI (Abcam, 
Cambridge, MA, USA). After incubation in the dark for 1 h, 
the cells were subjected to flow cytometry and the rate of cell 
apoptosis was determined.

RT‑PCR. qRT-PCR was performed as previously described (18). 
Total-RNA was isolated using the RNeasy Plus Micro 
kit (Qiagen, Hilden, Germany) according to the manufacturer's 
instructions. Reverse transcription was performed using the 
High Capacity cDNA kit (Pierce Biotechnology, Inc.) 
according to the manufacturer's instructions. Real-time PCR 
was performed using the 7900HT Fast Real-Time PCR 
System (Bio-Rad) and was carried out using the SYBR Premix 
Ex Taq kit [Takara Biotechnology Co., Ltd., Dalian, China] at 
a final volume of 20 µl. Real‑time PCRs were performed in 
triplicate. The expression levels of the relative genes were 
calculated using the 2-ΔΔCT method and the housekeeping gene 
β-actin was utilized as a control. The primer sets used were: 
collagen I forward, 5'-TCCCCAG CCACAAAGAGTCTACA-3'; 
and reverse, 5'-GTGATTGGGTGGGATGTCTTCGTC-3'; 
collagen III forward, 5'-CTGCCATCCTGAACTCAA 
GAGTGG-3'; and reverse, 5'-CCATCCTCCAGAACTGTG 
TAGG-3'; TGF-β1 forward, 5'-CAACAATTCCTGGCG 
ATACCTCA-3'; and reverse, 5'-GGTAGTGAACCCGTTGAT
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GTCCA-3' (19); α-SMA forward, 5'-GACAATGGCTCT 
GGGCTCTGTAA-3'; and reverse, 5'-TGTGCTTCGTCACCC
ACGTA-3' (19); Smad1 forward, 5'-ATGGACACGAACATG 
ACGAA-3'; and reverse, 5'-GCACCAGTGTTTTGGTT 
CCT-3' (20).

Western blot analysis. Total cellular proteins were extracted 
by incubating cells in lysis buffer according to the operating 
protocols. The protein concentrations in the cell lysates were 
determined using abicinchoninic acid assay protein assay 
kit (Hitachi, Tokyo, Japan). The same amount of protein 
from each sample was separated by sodium SDS-PAGE on 
a 12% agarose gel and electrophoretically transferred to a 
nitrocellulose membrane (Olympus, Tokyo, Japan). Mouse 
monoclonal anti-collagen I, anti-collagen III, anti-TGF-β1, 
anti-α-SMA, anti-CCN3, anti-Bcl-2, anti-Bax and anti-Smad1 
were used as the primary antibody and anti-mouse IgG mono-
clonal antibody conjugated with horseradish peroxidase was 
used as the secondary antibody. Protein bands were detected 
using the West Femto system (Pierce Biotechnology, Inc.). 
Bands were visualized using ECL and semi-quantitative 
analysis was performed using β-actin as a protein loading 
control (21).

Statistical analysis. Experiments were carried out at least 
in triplicate and the results were expressed as mean ± SD.
Statistical analysis was performed using the SPSS 16.0 (SPSS,   
Inc., Chicago, IL, USA). Pairs of samples were compared 
using the Student's t-test. P<0.05 was considered to indicate 
statistical significance.

Results

Determination of transfection effects. To test the efficiency of 
CCN3 transfection, western blot analysis and RT-PCR were 
employed to determine the expression level of the protein 

and mRNA. Fig. 1 shows that the fibroblast expressed only 
low levels of CCN3 in the control group. Moreover, transfec-
tion of the cells with adenoviral vector without CCN3 barely 
increased CCN3 expression. Of note, CCN3 expression 
significantly increased following transfection of adenoviral 
vector with CCN3 into fibroblasts. Collectively, these results 
indicate that transfection with CCN3-adenoviral vector effec-
tively increased CCN3 expression in fibroblasts.

Effect of CCN3 on fibroblast proliferation. The impact of 
CCN3 on fibroblast proliferation was determined via MTT 
assay every 24 h after transfection, for up to 72 h. The obtained 
results revealed that cell viability was, to a certain extent, 
inhibited by CCN3 in a time-dependent manner.As shown 
in Fig. 2, the CCN3-transfected group grew more slowly than 
the control groups. These results demonstrated that the over-
expression of CCN3 inhibited fibroblast proliferation.

Effect of CCN3 on fibroblast apoptosis. Fibroblast apoptosis 
was detected via PI staining and the Annexin V method 
after 48 h of CCN3 transfection, followed by flow cytometry.
As shown in Fig. 3A, there was a low level (4.9 and 4.5%) 
of fibroblast apoptosis in the control and vector groups, 
although the percentage of apoptosis significantly increased to 
22% (P<0.05) after 48 h of CCN3 transfection.

To investigate whether CCN3 induces apoptosis in 
fibroblasts, the possible molecular mechanisms of CCN3 asso-
ciated with apoptosis were assessed. Thus, we measured the 
expression of Bcl-2 and Bax proteins in cells 48 h post-trans-
fection (Fig. 3B). The results showed that the expression of 
Bcl-2 decreased and the expression of Bax was simultane-
ously upregulated in the CCN3-transfected group compared 
with the control and vector groups (P<0.05). The apoptotic 
rate was significantly higher because of the upregulation of 
pro-apoptotic genes. These data revealed that CCN3 plays a 
critical role in promoting fibroblast apoptosis.

Figure 2. The effect of CCN3 on fibroblast proliferation. Fibroblast 
proliferation rate ± SD of CCN3 as determined via 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay every 24 h after 
transfection, for up to 72 h. Experiments were repeated at least three times. 
*P<0.05 vs. control.

Figure 1. Effects of CCN3 transfection (48 h) on the expression levels of 
CCN3 in fibroblasts was determined by western blot analysis and real‑time 
RT‑PCR. (A) Western blot analysis of the protein levels of CCN3 in fibro-
blasts, β‑actin was used as a loading control. (B) CCN3 β‑actin relative 
mRNA expression levels ± SD as detected by RT-PCR. Experiments were 
repeated at least three times. *P<0.05 vs. control.
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Effect of CCN3 on collagen I and collagen III. In order 
to evaluate the effects of CCN3 on matrix produc-
tion, we measured the protein and mRNA expression of 
collagen I and III, which constitute the bulk of the scar 
ECM. In RT-PCR and western blot analysis, the protein and 
mRNA levels of collagen I and III were significantly lower in 
the CCN3-transfected group compared with the control and 
vector groups (P<0.05) (Fig. 4).

Effect of CCN3 on α‑SMA. α-SMA, which plays a key role 
in the pathogenesis of scars, is the most widely used marker 
for myofibroblasts. The persistent presence of myofibroblasts 
is a distinctive feature of scars that contributes to exces-
sive matrix production. As shown in Fig. 5, these results 
showed that the levels of α-SMA expression were lower in 
the CCN3-transfected group as compared to the control and 
vector groups.

Figure 4. The effect of CCN3 on collagen I and collagen III. (A) The protein 
level of collagen I and collagen III were determined by western blot analysis, 
β-actin was used as a loading control. (B) Collagen I and collagen III mRNA 
expression level ±SD as detected by RT-PCR. All experiments were repeated 
at least three times. *P<0.05 vs. control.

Figure 5. Effect of CCN3 on α-smooth muscle actin (α-SMA). (A) The 
protein levels of α-SMA was determined by western blot analysis, while 
β-actin was used as a loading control. (B) α-SMA mRNA expression level 
± SD as detected by RT-PCR. Experiments were repeated at least three times. 
*P<0.05 vs. control.

Figure 3. Effect of CCN3 on fibroblast apoptosis. (A) Fibroblast apoptosis was detected via propidium iodide (PI) staining and the Annexin V method after 
48 h of CCN3 transfection, followed by flow cytometry. (B) CCN3 modulates the expression of Bcl‑2 and Bax in fibroblasts. The expression of Bcl‑2 and Bax 
were determined by western blot analysis. All experiments were repeated at least three times. All data are the means ± SD (n=3).
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CCN3 induces cell apoptosis and downregulates collagen I, 
collagen III and a‑SMA via TGF‑β1/Smad signaling pathway. 
TGF-β1 promotes fibroblast transformation into myofibroblasts 
and the synthesis of collagen (8). Therefore, we investigated 
the role of CCN3 in mediating the TGF-β1-induced formation 
of collagen and α-SMA. Under exogenous TGF-β1 stimula-
tion, we determined the protein and mRNA levels of CCN3.
TGF-β1 stimulation efficiently suppressed the expression 
of CCN3 at the mRNA and protein levels (Fig. 6A and B). 
Previously it was shown that the classical Smad1 pathway 
plays a role in the TGF-β1 regulation of collagen and α-SMA 
expression (11). We then determined the activation of Smad1 
pathways in response to TGF-β1 stimulation. As shown 
in Fig. 6C, the phosphorylation of Smad1 was significantly 
lower in the CCN3-transfected group compared with the 
control and vector groups. Furthermore, the phosphorylation 
of Smad1 in response to TGF-β1 was higher than that without 
TGF-β1 stimulation. However, there was no apparent change 
in the protein level of Smad1 following TGF-β1 stimulation.

Discussion

To the best of our knowledge, this study has shown for the 
first time that CCN3 induces cell apoptosis and downregulates 
collagen I, collagen III and α-SMA via the TGF-β1/Smad 
signaling pathway.

Treatment of scars following cleft lip and palate operations 
is problematic, with no single modality having uniformly 
satisfactory results. The techniques currently used to correct 

cleft lip cannot successfully solve the problem of scarring. 
Several effective therapeutic measures can be offered for the 
clinical treatment of exuberant scars; however, these thera-
pies are far from satisfactory. Therefore, there is a need to 
find approaches that are suitable for the treatment and better 
control of scars.

Studies on the mechanism of scar formation have shown 
that TGF-β1 is one of the most important elements in the 
process of scar formation (22). Previous studies have shown 
that CCN2 plays a crucial role in concert with TGF-β1 during 
the formation and development of fibrotic disorders or scar-
ring (18). CCN2 is known to mediate the ability of TGF-β to 
stimulate ECM synthesis, leading to keloid formation (13). 
However, CCN3 may perform opposing functions that modu-
late the effects of CCN2. Thus, we hypothesize that CCN3 
exerts an anti-scarring effect. However, the exact mechanism 
of involvement of CCN3 in scarring is poorly understood. This 
study aimed to address this issue.

In the present study, we evaluated the effects of the 
overexpression of CCN3 on the inhibition of proliferation 
and promotion of apoptosis in palatal fibroblasts, along with 
its mechanism of action. The results showed that the over-
expression of CCN3 inhibited palatal fibroblast proliferation 
and induced cell apoptosis. Overexpression of CCN3 can 
dowregulate Bcl-2 expression and upregulate Bax expression. 
It is likely that CCN3 induces palatal fibroblast apoptosis by 
inhibiting Bcl-2 expression and activating Bax.

Type I and III collagens are the major proteins comprising 
the ECM (23). However, excess deposition of ECM compo-
nents, particularly collagen, can result in scarring (24). 
Therefore, we assessed the protein and mRNA expression of 
collagen I and III, and found that CCN3 downregulates the 
expression of the two proteins.

α-SMA is a hallmark of myofibroblast differentiation, 
which plays a key role in the pathogenesis of scars (25). The 
persistent presence of myofibroblasts is a distinctive feature of 
scars that contributes to excessive matrix production. In our 
study, the downregulation of α-SMA by CCN3 was considered 
one of the signals inhibiting fibroblast differentiation. These 
results suggest that CCN3 is crucial in scarring.

Moreover, results of this study suggest that CCN3 induces 
cell apoptosis and downregulates collagen I, collagen III 
and α-SMA via the TGF-β1/Smad signaling pathway. Under 
exo genous TGF-β1 stimulation, CCN3 expression was 
suppressed and Smad1 phosphorylation increased. Thus, 
CCN3 induces cell apoptosis and downregulates collagen I, 
collagen III and α-SMA via the TGF-β1/Smad signaling 
pathway.

In summary, this study has demonstrated that CCN3 is 
involved in the proliferation and apoptosis of fibroblasts and 
the synthesis of ECM proteins. Therefore, CCN3 may play an 
important role in the development of scars, and may represent 
a novel therapeutic target for reducing scar formation.
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