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The migration and proliferation of vascular smooth muscle
cells (VSMCs) are essential elements during the develop-
ment of atherosclerosis and restenosis. An increasing
number of studies have reported that extracellular matrix
(ECM) proteins, including the CCN protein family, play a
significant role in VSMC migration and proliferation. CCN4
is a member of the CCN protein family, which controls cell
development and survival in multiple systems of the body.
Here, we sought to determine whether CCN4 is involved in
VSMC migration and proliferation. We examined the effect
of CCN4 using rat cultured VSMCs. In cultured VSMCs,
CCN4 stimulated the adhesion and migration of VSMCs in
a dose-dependent manner, and this effect was blocked by
an antibody for integrin a581. CCN4 expression was en-
hanced by the pro-inflammatory cytokine tumor necrosis
factor o (TNF-a). Furthermore, knockdown of CCN4 by
siRNA significantly inhibited the VSMC proliferation. CCN4
also could up-regulate the expression level of marker pro-
teins of the VSMCs phenotype. Taken together, these re-
sults suggest that CCN4 is involved in the migration and
proliferation of VSMCs. Inhibition of CCN4 may provide a
promising strategy for the prevention of restenosis after
vascular interventions.

INTRODUCTION

Atherosclerotic stenosis and its ischemic complications neces-
sitate arterial reconstruction. Current therapeutic strategies to
restore blood flow in stenotic coronary arteries include percuta-
neous transluminal angioplasty, intracoronary stents and coro-
nary artery bypass surgery. Although these therapies have
shown considerable promise in reducing the incidence of res-
tenosis (Grinius et al., 2007), it remains a considerable medical
challenge; the incidence of restenosis is high: up to 40% within
6 months after percutaneous transluminal angioplasty (Schillin-
ger et al., 2003) and up to 20% after bypass surgery (Griffiths et
al., 2004). Moreover, the trend towards primary stenting has not
significantly improved the patency rate (Choy et al., 2001; Coo-
long and Kuntz, 2007). Therefore, restenosis remains the

Achilles’ heel of coronary intervention, requiring continuous
advances in our understanding of its mechanism and new in-
novative solutions. A dominant cellular event of restenosis is
smooth muscle cell (SMC) proliferation and migration. After
vascular injury, the SMCs start to proliferate and then migrate
into the developing neointima, thus becoming the major cellular
substrate of the restenotic tissue (Andrés et al., 2012).

Several studies have demonstrated that the extracellular ma-
trix (ECM) plays a major role in the development of restenosis.
CCNs are relatively small among ECM proteins, they regulate a
broad spectrum of cellular responses, including cell adhesion
and migration, differentiation and proliferation, apoptosis and
survival, as well as the generation of reactive oxygen species
and alterations of gene expression (Perbal, 2004). CCNs can
also regulate the activities of other growth factors and cytokines
by modulating their bioavailability and triggering signaling cross-
talk (Brigstock, 2003). Therefore, CCNs may function in a con-
text-dependent manner in vivo, as they modulate the activities
of other growth factors and cytokines that are co-expressed.
Studies in cell culture systems and in animal models have
shown that CCNs play critical roles in angiogenesis and cardi-
ovascular development, chondrogenesis and skeletal devel-
opment, wound healing and tissue repair, and the pathobiology
of chronic diseases such as fibrosis and cancer (ChenlLau,
2009; Rachfal and Brigstock, 2005; Schutze et al., 2005).

CCN4 is a member of the CCN family that is defined by the
first three members of the family, cysteine-rich protein 61, con-
nective tissue growth factor, and Nephroblastoma overexpres-
sed gene (Berschneider and Koénigshoff, 2011). CCN4 was
initially identified as a gene in a mouse mammary epithelial cell
line (Pennica et al., 1998), was later determined to modulate
gastric tumor growth (Davies et al., 2007), and was regulated
by Wnt1, a cysteine-rich glycosylated protein that controls cell
development and survival in multiple systems of the body
(Chong et al., 2011; He et al., 2005; Maiese et al., 2008). CCN4
also promotes TNF-a-stimulated cardiac fibroblast proliferation,
and is up-regulated in myocardial infarction, pulmonary fibrosis
(Kramer et al., 2009) and colitis (Wang et al., 2009a). Knock-
down of CCN1 by siRNA inhibits neointimal hyperplasia after
balloon angioplasty (Matsumae et al., 2008). CCN3 could inhi-
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bit neointimal hyperplasia through modulation of SMC growth
and migration (Shimoyama et al., 2010). According to their
structural similarity, we speculated that CCN4 may play a role
in cardiovascular disease.

In this study, to test the hypothesis that CCN4 participates in
VSMC migration and proliferation, we characterized the effect
of CCN4 on VSMC migration and proliferation, and investigated
whether the knockdown of CCN4 could inhibit VSMC prolifera-
tion. Furthermore, we examined the effect of CCN4 on VSMCs
markers. These results suggested that CCN4 facilitates VSMC
migration in cultured VSMCs. The application of small interfer-
ing RNAs (siRNAs) targeting CCN4 greatly suppressed VSMC
proliferation. Meanwhile, CCN4 could up-regulate the expres-
sion level of marker proteins of the VSMCs phenotype.

MATERIALS AND METHODS

Materials

Monoclonal antibodies (mAbs) against integrins such as anti-
o5B1, anti-a5, and anti-B1 were purchased from Abcam (USA).
The anti-CCN4 antibody, anti-vascular cell adhesion molecule-
1 (VCAM-1), anti-elastin, anti-osteopontin and anti B-actin anti-
bodies were purchased from Invitrogen (USA). All other chemi-
cals and reagents were purchased from Sigma (USA).

VSMC culture

Primary cultures of rat aortic SMC were isolated from Sprague-
Dawley rats (Chamley-Campbell et al., 1979). In brief, the tuni-
ca media was minced and digested in 5 ml of the digestion
solution (2 mg/ml collagenase, 0.125 mg/ml elastase, 0.25
mg/ml soybean trypsin inhibitor, 2.0 mg/ml crystallized bovine
albumin) for 45 min at 37°C. The cellular digests were filtered
through sterile 100-uM nylon mesh, centrifuged at 1,000 rpm
for 10 min, and washed twice in DMEM medium containing 10%
fetal bovine serum (FBS). All SMC lineage was confirmed by
the presence of immune-reactivity for SM a-actin in > 95% of
the cells. Experiments were performed with mouse SMCs from
3-6 passages. All studies followed the guideline the Animal
Care and Use Committee of Southern Medical University.

Real-time quantitative PCR analysis

Total RNA was extracted using the RNA plus kit (Takara, Chi-
na). One to five micrograms of total RNA per sample was
primed with Oligo dT primer and reverse transcribed using the
AMV Reverse Transcription System (Takara, China). The le-
vels of gene mRNA transcripts were analyzed by using the
specific primers and SYBR Green | reagent and the RT-PCR kit,
according to the manufacturer’s instructions, on Bio-Rad iQ5
Quantitative PCR System (Takara, China). The specific primers
for rat CCN4 were sense, 5-AGAGCCGCCTCTGCAACTT-3
and antisense, 5'-GGAGAAGCCAAGCCCATCA-3'; for osteo-
pontin were 5-CCAGCACACAAGCAGACGTT-3 and anti-
sense, 5'-TCAGTCCATAAGCCAAGCTAT-3'; for elastin were
sense, 5-CCCGCAGTTACCTTTCCG-3, and antisense, 5'-
GGCACTTTCCCAGGCTTC-3’; and for B-actin were sense, 5'-
GATCATTGCTCCTCCTGAGC-3' and antisense, 5-ACTCC
TGCTTGCTGATCCAC-3'. Briefly, 20 ul reactions containing
50 ng of total RNA, 10 pl 2x SYBR Green | reagent, 6.25 U
Multi-Scribe reverse transcriptase, 10U RNase inhibitor and 0.1
mM primers were subjected to one cycle of 94°C for 10 min
and then 40 cycles of 94°C for 30 s, 59°C for 30 and 72°C for
30 s. For relative quantification, the levels of individual gene
mRNA transcripts were firstly normalized to the control -actin.
Subsequently, the differential expression of these genes was
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analyzed by the ACt method and expressed as the fold changes.

Western blotting

Total protein extracts were prepared using RIPA lysis buffer
(Beyotime, China) according to the operating instructions. The
protein concentration in the lysates was evaluated using a BCA
protein assay kit (Beyotime, China). For western blotting, the
proteins lysates (30 ng/lane) were separated by SDS-PAGE
and transferred onto polybinylidene difluoride membranes
(Whatman Schleicher & Schuell, UK). After blocking, the target
proteins were probed with primary antibody (anti-CCN4, anti-
VCAM-1, anti-elastin, anti-osteopontin or B-actin) overnight at
4°C. Then the blots were washed and incubated with horsera-
dish peroxidase-conjugated secondary antibody. After washing,
the sites of antibody binding were visualized by chemilumines-
cence (Boehringer Mannheim, Germany) and the relative levels
of each protein to the B-actin were analyzed.

Recombinant lentivirus construction and CCN4 siRNA
transfection

Lentivirus-mediated siRNA constructs were designed as pre-
viously described (Yoshida et al., 2007). In brief, the annealed
oligonucleotides encoding sense and antisense strands linked
by the loop sequence were sbu-cloned into a pSINsi-Mu6 vec-
tor (Invitrogen). The sequences corresponding to the siRNA of
CCN4 were sense 5-AGGUGGAGUUAACAAGAA-3, and
antisense, 5-UUCUUGUUAACTCCACCU-3'. The siRNA-pro-
ducing construct was introduced into a lentivirus vector, pLen-
ti6/V5-D-TOPT (Invitrogen), and the recombinant lentiviruses
were propagated in 293T cells. Transfection of VSMCs was
incubated in the virus-containing culture medium for 24 h and in
serum-free medium for 48 h; the cells were then used for anal-
ysis. The transfection efficiency was examined by western blot-
ting, as described above.

VSMCs adhesion and migration assay

A solid-phase binding assay was performed as previously de-
scribed with some maodifications to investigate VSMCs adhe-
sion (Cobbold and Waldmann, 1981). Briefly, microtiter wells
were coated with 0.5% BSA and incubated at 4°C overnight.
Recombinant CCN4 (1-40 pg/ml) was added to the wells and
blocked with 1% BSA for 4 h at 4°C. Non-treated VSMCs or
VSMCs treated with function blocking mAbs for 1 h were then
incubated at room temperature for 1 h. After washing, adherent
cells were fixed with 1% glutaraldehyde, stained with crystal
violet, and quantified by dye extraction with the measurement
of absorbance at 595nm. VSMCs migration was measured with
the transwell migration assay (Furukawa et al., 1999). In brief,
VSMCs were added into the upper chamber of a seeded trans-
well containing serum-free medium, while the lower chamber
was supplemented with serum-free medium containing the
indicated recombinant CCN4 or PDGF-BB as a positive control.
VSMCs were subsequently allowed to migrate across a poly-
carbonate filter. After incubation in a humidified atmosphere of
5% CO./95% air at 37°C for 12 h, cells on the upper membrane
surface were removed by washing with PBS, and those that
had migrated on the bottom side of the filter were subsequently
fixed in methanol and stained with Harris hematoxylin solution
for 5 min. The number of cells per four high power fields was
counted under a microscope in order to determine the average
number of cells that had migrated. The number of cells repre-
sented migration activity.

Mol. Cells 113



CCN4 Regulates VSMC Migration and Proliferation

Hao Liu et al.
A 0

E o8

n

[=2]

L 06

@

Q

c

g 0.4

[=]

202

]

0-c L) T T T T 1
0 10 20 30 40 50
CCN4(pg/mi)
B x
0.8 ! * '
T —m——
*
| p——

3 BSA
B CCN4(10pg/m)

I’]i l'l,[

o
(-2
1

absorbance(595nm)
;

%, [
g

0.0- r
» S
G ] o ) .
& .7§"° @t"&o é:a"’ p<0.05
& R )
& ey &
* & &
,b(‘
C control CCN4
VCAM-1 | —

B-actin - —

Fig. 1. The effect of CCN4 on VSMCs adhesion. (A) CCN4 was
bound to VSMCs in a dose-dependent manner. (B) Integrin o531
regulated VSMCs adhesion to CCN4. (C) CCN4 enhanced the
expression of VCAM-1. Data are mean + SD of six dishes from

three separate experiments. *P < 0.05 compared with control group.

VSMCs proliferation assay and BrdU uptake

For the BrdU incorporation, the rat VSMCs were plated at a
density of 1.0 x 10%well in a 24-well tissue culture plate. Cell
proliferation was confirmed by quantifying cell numbers using a
cell counter (Kaihong, China), and BrdU incorporation into DNA
was quantified by using the Cell Proliferation ELISA BrdU kit
(Takara, China). In some cases, cells containing various anti-
integrin antibodies were treated with CCN4 (10 ug/ml); other
cells were treated with siRNA-CCN4 containing CCN4 (0-10
ng/ml). After 24 h serum starvation, the cells were incubated in
the presence of BrdU at 37°C in a humidified incubator contain-
ing 5% CO, for 24 h.

Statistical analysis

All results are reported as means + SD. Statistical analysis
involved use of the Student's #est for the comparison of 2 groups
or 1-way ANOVA for multiple comparisons. P < 0.05 was con-
sidered to be significant.
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RESULTS

Effect of CCN4 on VSMC adhesion in vitro

To examine the effect of CCN4 on adhesion of VSMC, we per-
formed a solid-phase binding assay. As shown in Fig. 1A, CCN4
enhanced the VSMC adhesion in a concentration-dependent
manner; the absorbance showed that the efficiency of VSMCs
adhesion was only 0.17 £+ 0.02 when 1 pg/ml was applied to
VSMCs, which was markedly increased at the concentration of
5 pg/ml and 10 pg/ml CCN4, to 0.45 £ 0.07 and 0.63 £ 0.09,
respectively, reaching a maximum (0.68 + 0.07) when treated
with 20 pg/ml CCN4. In contrast, pretreatment of cells with 40
ng/ml CCN4 slightly decreased the absorbance (0.62 + 0.06).
Furthermore, blocking antibodies against integrins o5, f1 and
ob5B1 were applied to explore the mechanism of CCN4 on
VSMC adhesion; the result indicated that adhesion of VSMCs
to CCN4 was significantly suppressed by anti-integrin antibo-
dies, and pretreatment of VSMCs with anti-integrin antibodies
declined the absorbance by 50% compared to the control group
(*P < 0.05) (Fig. 1B). Then we examined the effect of CCN4 on
expression of vascular cell adhesion molecule-1 (VCAM-1),
western blot results showed that CCN4 significantly enhanced
the expression of VCAM-1 (Fig. 1C). These results suggested
that integrin may play a vital role between CCN4 and VSMCs
adhesion.

Effect of CCN4 on VSMC migration and proliferation
through integrin

Since CCN4 has an effect on VSMCs adhesion, we asked
whether it also has an effect on VSMC migration and prolifera-
tion. To explore the effect of CCN4 on VSMC migration, we
adopted a transwell migration assay. As shown in Fig. 2A, we
found that the enhanced VSMC migration induced by CCN4
was dose-dependent. The number of VSMCs migrating was
greatly increased when various concentrations of CCN4 was
employed as compared with the control group, beginning at the
concentration of 1 ug/ml CCN4 and peaking around at 20 pg/ml
(*P < 0.05, **P < 0.01). Meanwhile, in order to determine the
mechanism of CCN4 on VSMCs migration, we used a blocking
antibody against the integrins o5, 1 and a5p1 to treat VSMCs
(Pickering et al., 2000). As indicated in Fig. 2B, anti-integrin
antibodies decrease the VSMCs migration by 43%, 49% and
56%, respectively, as compared with the control (*P < 0.05).
The result showed that the effect of CCN4 on VSMCs migration
was regulated through integrin o5p81. We next performed a
BrdU incorporation assay to identify the effect of CCN4 on
VSMCs proliferation. As indicated in Fig. 2C, compared with the
control, the application of anti-integrin antibodies markedly de-
clined BrdU incorporation by 46%, 49% and 53%, respectively.
Meanwhile, anti-CCN4 antibody was used to further confirm the
role of CCN4 in VSMCs proliferation, as shown in Fig. 2D, anti-
CCN4 antibody declined BrdU incorporation in a concentration-
dependent manner (*P < 0.05). These results indicated that
integrin o531 regulated the effect of CCN4 on VSMCs migra-
tion and proliferation.

TNF-a induces CCN4 expression in VSMCs

Tumor necrosis factor (TNF)-a is one of the pro-inflammatory
cytokines that mediate a wide range of immune and inflamma-
tory responses and have been found to be involved in the de-
velopment of post-PCI restenosis and atherosclerosis (Bonta et
al., 2010; Maddaluno et al., 2012). It has been reported that
TNF-a stimulates the proliferation and migration of VSMCs,
and is up-regulated at the site of vascular injury and in atheros-
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clerotic plaque specimens (Gupta et al., 2012; Wang et al.,
2009b). CCN4 was also involved in VSMCs adhesion, migra-
tion, and proliferation. Therefore, we examined the response of
CCN4 to TNF-a in cultured VSMCs. As shown in Fig. 3A, after
6 h, TNF-a (20 ng/ml) greatly increased the mRNA level of
CCN4, reaching a peak around 48 h. Then, to determine the
optimal concentration of TNF-a, we used various concentra-
tions. When 10 ng/ml was applied to CCN4, the level of CCN4
mRNA started to increase; while the level was decreased by
treatment with 100 ng/ml TNF-o (Fig. 3C), suggesting that the
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elevated level of CCN4 mRNA by TNF-a was time- and con-
centration-dependent. Moreover, consistent with the mRNA
level, the level of CCN4 protein was also increased by TNF-o
(Figs. 3B and 3D).

CCN4 knockdown by siRNA inhibits VSMC proliferation

in vitro

It is possible that a reduction of CCN4 levels could inhibit
VSMC proliferation in vitro. Therefore, a lentivirus-mediated siR-
NA construct was designed, and transfected into the VSMCs in
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Fig. 4. Knockdown of CCN4 by siRNA inhibited the VSMC prolifera-
tion in vitro. (A) The number of VSMCs. (B) The incorporation of
BrdU by VSMCs. There was a significant reduction in cells numbers
and incorporation of BrdU, while the pretreatment of cells with the
recombinant CCN4 protein reversed the effect of CCN4 knockdown
on VSMC proliferation and BrdU uptake in a dose-dependent man-
ner. *P < 0.05 compared with control.

order to investigate the effect of SiRNA-CCN4 on VSMCs proli-
feration. As shown in Fig. 4, proliferation assay showed that the
number of VSMCs with siRNA-CCN4 was still almost half of
that with control, and the incorporation of BrdU by VSMCs was
also significantly decreased in the siRNA-CCN4 group com-
pared with the control (*P < 0.05). Moreover, to corroborate the
above analysis, we used the recombinant CCN4 protein to treat
the VSMCs, which reversed the effect of CCN4 knockdown on
VSMC proliferation and BrdU incorporation, exhibiting a dose-
dependent manner (*P < 0.05). Taken together, these results
suggested that the knockdown of CCN4 could inhibit VSMC
proliferation in vitro.

Effect of CCN4 on the expression of VSMCs markers

We found that CCN4 was involved in VSMC proliferation, which
was closely connected with the VSMC phenotype. Therefore,
elastin and osteopontin, VSMC marker proteins expressed in
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Fig. 5. Effect of CCN4 on expression of the VSMCs marker proteins.
(A) Representative images of relative mRNA level of CCN4 and
VSMCs marker proteins treated with CCN4 overexpression and
siRNA-CCN4. (B, C, and D) represent Western blots of control,
CCN4 overexpression and siRNA-CCN4. The expression levels of
proteins were normalized based on the B-actin levels. *P < 0.05, **P
< 0.01 compared with control.

the synthetic phenotype, were applied to determine the effect of
CCN4 on expression of VSMCs markers in this study. CCN4,
elastin and osteopontin mRNA levels were significantly de-
creased by siRNA-CCN4 and increased by CCN4 overexpres-
sion (*P < 0.05, **P < 0.01) (Fig. 5A). Consistent with RT-PCR
analysis, the protein level was quantified by the western blot in
three independent experiments and normalized using the (-
actin signal. As indicated in Figs. 5B, 5C, and 5D, down-regu-
lation of CCNA4, elastin and osteopontin was also observed after
treatment of VSMCs with siRNA-CCN4, while pretreatment of
cells with the CCN4 overexpression up-regulated the protein
level of CCN4, elastin and osteopontin (*P < 0.05). Taken to-
gether, these results demonstrated that CCN4 could up-
regulate the expression level of marker proteins of the VSMCs
phenotype.

DISCUSSION
Restenosis is a maladaptive response of the coronary artery to

trauma caused by angioplasty. Inflammation, thrombosis, cellu-
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lar proliferation, and extracellular matrix production contribute to
post-procedural lumen loss (Nikol and Huehns, 1996). Acti-
vated medial smooth muscle cells proliferate and migrate to the
intima and synthesize the extracellular matrix, resulting in res-
tenosis (Weintraub, 2007). In the present study, we focused on
the function of CCN4 in VSMC migration and proliferation. Here
we provide the first evidence that CCN4 expression was in-
duced by TNF-a stimulation in VSMCs. Furthermore, VSMCs
invasion/migration was accelerated by CCN4 up-regulation.
Knockdown of CCN4 by lentiviral delivery of siRNA significantly
inhibited the proliferation of VSMCs. Also, CCN4 could up-
regulate the expression level of marker proteins of the VSMCs
phenotype.

Integrins link the ECM with the actin cytoskeleton within
VSMCs. The B1 subunit is the main  subunit in VSMCs both in
vivo and in vitro; the major a-integrin subunits expressed in
VSMCs in vivo are a1, a3, and a5 (Moiseeva, 2001). Ono et al
reported that CCN4 has a positive influence on bone cell diffe-
rentiation and function and may work by enhancing the effects
of bone morphogenetic protein 2 (BMP-2) to increase osteoge-
nesis through a mechanism potentially involving binding to
integrin a5B1 (Ono et al., 2011). Hou et al demonstrated that
pretreatment of OASFs (osteoarthritis synovial fibroblasts) with
avp5 but not a581 and avB3 integrin antibodies reduced CCN4-
induced IL-6 (interleukin-6) production (Hou et al., 2013). In this
study, to specify the underlying mechanism of the effect of
CCN4 on SMC proliferation, blocking antibodies against the
integrins o5 or 31 were used to determine whether they regu-
late the effect of CCN4 on VSMCs. The result showed that
CCN4 support VSMC adhesion and migration through the a5p1
integrin, and it is noteworthy that CCN4 also has a function on
VSMC proliferation through the o531 integrin.

Recently, a research reported that although the pro-inflam-
matory cytokine TNF-a alone is not cytotoxic, the presence of
CCN1, CCN2, or CCN3 can unmask TNF-a cytotoxic effects
and induce fibroblast death. These authors show that CCN1
stimulates reactive oxygen species (ROS) generation and sug-
gest that the high and sustained levels of ROS induced by
CCN1/TNF-o result in the oxidative inactivation of JNK phos-
phatases, leading to the persistent activation of JNK and sub-
sequent cell death (Bai et al., 2010). Although the induction of
CCN family members by pro-inflammatory cytokines has al-
ready been reported, the novel result of this study is that a
combination of TNF-o. and CCN4 induce VSMCs proliferation;
that is to say, CCN4 expression was induced by TNF-a stimula-
tion in primary VSMCs.

Excessive proliferation of SMCs with the deposition of ECM
proteins at the arterial anastomotic site is a critical problem
during cardiovascular diseases (Janssens et al., 1998; Zahed-
manesh and Lally, 2009). In this study, the direct contribution of
CCN4 to VSMCs proliferation was examined using RNA inter-
ference. RNA interference is a new modality in gene therapy
which can elicit down-regulation of gene expression and has
enormous potential in the treatment of cardiovascular diseases
(Fountaine et al., 2005). Many studies have demonstrated the
power of in vivo administration of RNA interference in mammals,
and the stability of the siRNA, the route of administration, and
the choice of delivery tool are also crucial for success (Behlke,
2006; Rubinson et al., 2003). For example, CCN5 is required
for the anti-proliferative effect of heparin in VSMCs by using
RNA interference. The knockdown of CCN5 in VSMC causes
changes in VSMCs morphology and cytoskeletal organization
(Lake and Castellot, 2003). In this study, CCN4 knockdown
was achieved by lentiviral transduction of small interfering RNA.
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The results demonstrated that RNA interference (RNAI)-
mediated CCN4 knockdown may suppress VSMCs prolifera-
tion.

Early morphological and biochemical studies indicated that
VSMCs exhibited two distinct phenotypes and that a change
from the contractile to the synthetic phenotype was a prerequi-
site for progression of vascular disease (Shanahan and Weiss-
berg, 1998). In this study, we adopted elastin and osteopontin
as marker proteins of the VSMC synthetic phenotype to deter-
mine the effect of CCN4 on VSMCs marker proteins. The re-
sults indicated that CCN4 could up-regulate the expression
level of marker proteins of the VSMCs phenotype. Matchkov et
al reported that different Ca* transport proteins not only control
averaged intracellular Ca* but also through their differences in
the character of the Ca® signal modulate the activity of tran-
scription factors and thus initiate phenotype switch (Matchkov
et al., 2012). Li et al demonstrated that CCN3 physically inte-
racts with the calcium binding protein S100A4 and induces a
significant transient increase of intracellular calcium in patholog-
ical conditions (Li et al., 2002). However, the precise mechan-
ism of CCN4 on marker proteins remains to be elucidated.
Therefore, careful understanding of the cross talk between
CCN4 and marker proteins of VSMCs phenotype is very impor-
tant for more effective therapies.

In conclusion, this report demonstrates that CCN4 is involved
in the migration and proliferation of VSMCs. Therefore, CCN4
may play an important role in human cardiovascular disease
states such as atherosclerosis and restenosis after angioplasty,
and may represent a novel therapeutic target in the prevention
of restenosis after vascular interventions.
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