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Abstract: Background: Restenosis is a common adverse event of endovascular procedures and troubles cardiolo-
gists. However, the mechanism underlying restenosis is still not fully understood. To evaluate whether disheveled-1
(Dvl-1) is involved in the Wnt4/B-catenin signaling pathway to participate in the mechanisms of vascular restenosis.
Methodology: Rat model of balloon-injured carotid artery was established and atorvastatin was used to treat artery
injury. Vascular smooth muscle cells (VSMC) were isolated from rats and cultured in DMEM exposed to Angll. Down-
regulation and overexpression of DvI-1 were conducted in cells to explore the role underlying its effects on VSMC
proliferation and collagen expression. Adenovirus with overexpressing DvI-1 was injected into rats to evaluate the
role of DvI-1 in artery injury rats. Results: The results in vivo found that Wnt4, Dvl-1 and B-catenin expression as well
as collagen volume fraction (CVF) in injured artery were significantly increased. The results in vitro showed that Dvl-
1 overexpression reversed the treatment effects of atorvastatin on VSMCs proliferation and collagen expression. It
was also canceled by overexpressing Dvl-1 that the decrease of B-catenin protein treated with atorvastatin in cells
exposed to Angll. In addition, treated artery injury rats with atorvastatin, the group with injection of Ad-DvI-1 had
higher levels of intima thickness, intimal/medial area ratio and CVF. Conclusion: Dvl-1 was probably a key regula-
tor in the pathway of wnt4/B-catenin to take part in the vascular restenosis partly, and Dvl-1 is a potential gene to
anti- restenosis.
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Introduction It is well known that Wnt signal pathway is
involved in the pathophysiology of many tu-
mors [4, 5]. The role of Wnt signal pathway in

vascular restenosis has recently been recog-

Although the restenosis rate has been reduced
dramatically in the drug-eluting stent (DES) era

[1-3], it is still a major limitation for the long-
term prognosis after percutaneous coronary
intervention (PCI). Intensive study in the genet-
ic mechanisms of vascular restenosis after
injury may be a key to resolve the problem
ultimately.

Base on the fact that mass SMC can be seen
proliferating in artery intima after PTCA; most
scholars believe that vascular restenosis after
PTCA is reduced by neointimal thickening,
which smooth muscle proliferation; migration
and formation of large extracellular matrix
secretion contribute to. Previous experiments
conformed some drugs can ease vascular
restenosis after PCl by inhibiting SMC pro-
liferation.

nized [6, 7]. Wnt signal pathway are a group of
proteins that perform signal transduction in
and out of cells through cell surface receptors.
B-catenin acts as a downstream signaling mol-
ecule of Wnt pathway to enters into the nucleus
and activate the Wnt signaling pathway [8].
Embryonic and developmental study showed
Wnt signal pathway activated in the early stage
of VSMCs formation [9]. The inhibition of Wnt
canonical pathway lead to reduced VSMC prolif-
eration [10]. It was also reported that the
B-catenin/TCF signal in a rat carotid artery inju-
ry model was activated [11].

The family of disheveled (dvl) are cytoplasmic
scaffold protein, contains three members in
human encoded genes, which including dvl-1,
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dvl-2 and dvl-3. Dvl is a key component in Wnt
signaling to both the B-catenin-dependent and
B-catenin-independent pathways [12], playing
important role in cell proliferation. However, if
Wnt/B-catenin mediated by dvl-1 is involved in
VSMC is still unknown.

Atorvastatin effectively alleviates the vascular
smooth muscle cell proliferation and reduces
the incidence of cardiovascular disease [13,
14], which has been widely reported. In this
study, treatment of atorvastatin was used to be
positive control to evaluate the dvl-1 effect on
artery restenosis and explore the mechanisms
of vascular restenosis. The rat model of bal-
loon-injured artery restenosis and cultured
VSMC from rat aorta exposed to Angll were
employed to determine whether dvl-1 is in-
volved in the Wnt4/B-catenin signaling pathway
to participate in the mechanisms of vascular
restenosis.

Materials and methods
Animal models of intimal thickening

32 SD rats (weighted 350~400 g, purchased
from the Animal Experiment Center of Zhejiang
Chinese Medicine University) were randomized
into 3 groups: O operation group (n = 6), anes-
thesia was induced by intraperitoneal injection
of 30 mg/kg pentobarbital, the proximal ends
of the right common carotid arteries were
occluded by vascular clamps temporarily. A
1.5x12 mm PTCA balloon catheter was insert-
ed gently from the incision on external carotid
arteries to common carotid arteries of about
2.0 cm, then the balloon was inflated at 5 atm,
drew back and pushed forward for 5 times.
Then withdrew the catheter and ligated the
external carotid arteries. 2 sham operation
group (n = 8), only received the common carotid
arteries clamp and external carotid arteries
ligation. @ atorvastatin group (n = 7): 20 mg/
kg/d atorvastatin was given intragastricly 1
week before balloon injury and 6 weeks later.
All experiments were conducted in accordance
with the Guide for the Care and Use of
Laboratory Animals (NIH publication No. 93-23,
revised 1985) and were approved by the
Institutional Care and Use Committee.

Histochemistry and immunohistochemistry

Ligated carotid arteries were removed at 2 or 6
weeks after balloon injury and embedded longi-
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tudinally in paraffin wax to assess intimal le-
sion size by HE staining. Image analysis was
performed by Image Pro Plus 6.0 software, and
the intimal/medial ratio was calculated: Intimal
thickness = (internal plastic layer surrounding
area/mY?(luminal area/mY?, medial thick-
ness = (external plastic layer surrounding
area/mY2-(internal plastic layer surrounding
area/mY2, neointimal area = internal plastic
layer surrounding area-luminal area. Each mea-
surement was taken 3 times to obtain the
mean.

Immunohistochemistry was performed on rat
carotid artery paraffin-wax-embedded sections
using primary antibodies against B-catenin
(Rabbit mAb, Epitomics, USA), DVL-1 (Rabbit
pAb, Bioss USA), Wnt4 (Rabbit pAb, Bioss USA).
Nonimmune IgG was used as a negative con-
trol. Biotin labeled goat-anti-rabbit 1gG served
as second antibody. Wnt4 was located on cel-
lular membrane as well as in cytoplasm, either
dvl-1 or B-catenin in cytoplasm. Picric acid-siri-
us red staining was also performed on rat
carotid artery paraffin-wax-embedded sections
to stain collagen specifically.

VSMC culture

Aortas were obtained from SD rats, and VSM-
Cs were grown from aortic explants and used
at passages 3 to 6. Cells were treated with
different manners when cells grew to 75%-85%
confluence: O DMEM @) Angiotensin (Ang) Il
(Sigma, USA) at 1x10° mol/L (determined
by pre-study) for 24 h, 48 h or 72 h 3 SiRNA-
dvl-1 + lipofectamine2000 (5-CACGCCUACA-
AAUUCUU-CUTT-3’; GenePharma, China) for 6
h, then Angll (1x10° mol/L) for 24 h, 48 h, 72 h
@ atorvastatin (Pfizer, USA) 0.1 pmol/L, 1
umol/L, 10 umol/L for 24 h, 48 h, 72 h (® ator-
vastatin for 24 h and then 1x10° mol/L Angll
for another 24 h, 48 h, 72 h 6 SiRNA-dvI-1 +
lipofectamine2000 and atorvastatin pre-cul-
tured for 24 h, then Angll (1x10° mol/L) for
another 24 h, 48 h, 72 h. Each group was per-
formed for at least 3 times.

SiRNA to silence dvl-1 gene transcription

Firstly, fluorescently labeled siRNA (FAM-siRNA,
negative control) blended with lipofectami-
ne2000 was adopted to determine cell trans-
fection efficiency. Secondly, optimize the siR-
NA-Dvl-1 oligo among the three siRNA-DvI-1
oligo provided by Shanghai GenePharma
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Figure 1. Representative histological of carotid arteries after balloon injury with or without atorvastatin treatment
in rat. HE-staining was performed to observe the intima and media of carotid arteries in sham-operation group (A),
balloon injury group (B) and atorvastatin group (C). Intimal and medial layer thickness of carotid artery after balloon
injury with or without atorvastatin treatment was showed in (D). Intimal/medial area ratio after balloon injury with
or without atorvastatin treatment was showed in (E). Bars represent means + s.d. ": P < 0.05 versus control, #: P <

0.05 versus balloon injury group.

Company. Freeze drying powder of siRNA dis-
solved in RNase-free water (DEPC) to prepare
20 nM storage solutions. Liposome transfec-
tion reagent (lipofectamine2000) of concentra-
tion 1 ymol/L was diluted with 50 pl Opti-MEM
without serum (This liposome concentration
was recommended by the company and showed
minimal cytotoxity in the pre experiment), gen-
tly mix after incubation for 5 min at room tem-
perature. Different volume of FAM-SIRNA was
diluted with 50 pl Opti-MEM without serum to
achieve different final concentration in the
medium. Gently blended the diluted FAM-siRNA
with lipofectamine2000 and standed at room
temperature in 20 min to form FAM-siRNA- lipo-
fectamine2000 mixture. The mixture was
added into the culture system then incubated
on the condition of 37°C, 5% CO2 for 6 h. Cells
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were washed 2 times with sterile PBS and
observed with inverted fluorescence microsco-
py (excited by blue light, excitation wavelength
480 nm, emission wavelength 520 nm).
Transfection efficiency was defined as percent-
age of bright green fluorescence of the trans-
fected cells to total cells. Optimized the most
efficient concentration of FAM-SIRNA. Total
mRNA and protein were extracted from cells
after transfected 24 h and dvl-1 was assayed
by real-time PCR and western blot. Most effi-
cient siRNA-Dvl-1 oligo was selected for later
used.

MTT proliferation assay

The SMCs proliferation was determined by
MTT assay. After being incubated as above

Int J Clin Exp Pathol 2014;7(12):8421-8431
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described, EPC were digested with 0.25%
trypsin and 0.02% EDTA. After centrifugation
and resuspension in DMEM, 10% FBS, 10% cells
were cultured in serum-free medium in 96-
well culture plate (200 ml per well), while
the serum-free medium served as a control.
After being cultured for 72 h, SMCs were
supplemented with 20 ml MTT (5 g/L) and in-
cubated for another 4 h. Then the supernatant
was discarded by aspiration and the SMCs
preparation was shaken with 150 ml MDSO for
10 min, before the OD value was measured at
490 nm.

Real-time quantitative PCR

After reverse transcription, cDNA was subject-
ed to quantitative-PCR for several Wnt genes
using quantitect primers (B-actin: 5-TCATC-
ACTATTGGCAACGAGC, 5-AACAGTCCGCCTAGA-
AGCAC; Wnt4: 5-TCAGGTTGGCCACGCACTAAA-

8424

Figure 2. Collagen volume in carotid artery
after balloon injury with or without atorvas-
tatin treatment in rat. Picric Sirius red specif-
ic staining were used to observe the collagen
volume of carotid arteries in sham-operation
group (A), balloon injury group (B) and ator-
vastatin group (C). Collagen volume integral
(CVF) of carotid artery after balloon injury
with or without atorvastatin treatment were
showed in (D). Bars represent means * s.d.
*: P < 0.05 versus control, #: P < 0.05 versus
balloon injury group.

GGAGAA, 5-AGTCTGGACTTGGCTCCAGGTACA-
CC; B-catenin: 5-GCTGACCTGACGGAGTTGGA,
5-GCTACTTGCTCTTGCGTGAA; Dvl-1: 5-CCTTC-
CATCCAAATGTTGC, 5-GTGACTGACCATAGACTC-
TGTGC; col I: 5-TACAGCACGCTTGTGGATG, 5'-
TTGAGTTTGGGTTGTTGGTC; col lll: 5-TGATGG-
GATCCAATGAGGGAGA, 5-GAGTCTCATGGCCTT-
GCGTGTTT; Sangon, China) and the real-time
PCR Kit (TakaRa, JAPAN), as described in the
instructions of the manufacturer. Quantification
was achieved after normalization using 18S
ribosomal RNA values. The following primers
for 18S ribosomal RNA were used: 5-CT-
CGATGCTCTTAGCTGAGT, 5-CTTCAAACCTCCGA-
CTTTCG (Sigma, USA).

Western blot assay
A total of 20 pg protein was separated on

NuPAGE Novex 4-12% Bis-Tris Gel (Invitrogen,
Carlsbad, CA, USA) and transferred to a polyvi-

Int J Clin Exp Pathol 2014;7(12):8421-8431
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Figure 3. The expression of Wnt4/dvl-1/B-catenin and collagen in carotid artery after balloon injury with or without
atorvastatin treatment in rat. Semi-quantitative immunohistochemistry (A) and Western blotting (B) were used to
determine the Wnt4/dvl-1/B-catenin and col-1/col-3 expression in sham-operation group, balloon injury group and
atorvastatin group. Bars represent means * s.d. *: P < 0.05 versus control, *: P < 0.05 versus balloon injury group.

nylidene fluoride (PVDF) membrane. The mem-
brane was blocked with 5% nonfat dry milk in
PBS containing 0.05% Tween (PBST) for 1 h.
After being washed with PBST, the membrane
was separately incubated with primary anti-
body overnight at 4°C and washed four times
and incubated with horseradish peroxidase-
conjugated secondary antibody (Santa Cruz,
CA, USA) for 1 h. Film was developed by chemi-
luminescence (Perkin Elmer, Boston, MA, USA).
Primary antibodies against rat Dvl-1 (Santa
Cruz, USA), Wnt4 (Proteintech, USA), COL1A1

8425

(C-18; Santa Cruz, USA), COL3A1 (C-15; Santa
Cruz, USA) and cyclinD1 (C-20; Santa Crugz,
USA) were employed to detect the expression
of protein in SMCs. Anti-B-actin (Abcam) was
used to normalize loading variability.

Statistical analysis

All data were expressed as mean % standard
deviation (SD). Continuous variable were tested
for normal distribution with the Kolmogorov-
Smirnov test. Differences between groups were

Int J Clin Exp Pathol 2014;7(12):8421-8431
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Figure 4. Dvl-1 involves in the atorvastatin regulation of VSMCs prolif-

Pt 4+
+

matrix (ECM) deposition (Figure
1). Compared with the injury
group, the atorvastatin signifi-
cantly decreased the intimal
hyperplasia (46.19 + 4.19 pym vs.
178.56 + 12.22 um, P < 0.05),
while the external elastic plate
was reserved more completely
and the neointimal area as well
as intima/media area ratio were
decreased significantly (0.755 +
0.045 pym vs. 1.592 + 0.206 ym,
- P < 0.05).

Collagen volume in carotid artery
+ of rats

Picric Sirius red specific staining
was used to determine the colla-
gen volume in carotid artery. As
showed in Figure 2A, the regular
collagen and elastic fibers was
visible in carotid artery intima-
media organization in sham-oper-
ation group, while obvious intimal
hyperplasia could be observed in
injury model group (Figure 2B).
Atorvastatin  significantly decr-
eased the collagen volume in inti-
ma (Figure 2C). The results
of collagen volume integral (CVF)
also presented collagen content
in model group were increased

eration exposed to Angll. MTT assay was used to determine the viability compared with sham operation
of VSMCs treated with different interventions for 24 h; all results were group (20.99 + 3.52% vs. 25.23 +

repeated for three times; *: P < 0.05.

assessed by using one-way analysis of variance
(ANOVA), followed by LSD test as post hoc com-
parison; P < 0.05 was considered significant.
All statistical analysis were performed using
SPSS 16.0 for Windows.

Results

Establishment of an intimal thickening rat
model

Six weeks after carotid artery balloon injury, HE
staining showed that carotid artery intima of
rats was markedly thickened, neointima pro-
truding into the lumen, cells and fibers were
irregular, and part of the internal elastic plate
was damaged seriously with extracellular
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4.02%, P < 0.05), and atorvas-

tatin significantly decreased the
CVF (18.26 *+ 3.21% vs. 25.23 + 4.02%, P <
0.05) value in vascular intimal after balloon
injury (Figure 2D).

Expression of Wnt4/dvl-1/3-catenin and col-
lagen in carotid artery of rats

Semi-quantitative immunohistochemistry anal-
ysis and western blotting were performed to
detect the expression of Wnt4/dvl-1/3-catenin
and collagen in carotid artery. The results in
Figure 3A, 3B showed that Wnt4/dvl-1/
B-catenin in balloon injury group had significant
increase than that in sham-operation group,
and the injection of atorvastatin significantly
down-regulated the Wnt4/Dvl-1/B-catenin pro-
teins expression in the injury site of the rat

Int J Clin Exp Pathol 2014,7(12):8421-8431
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Figure 5. DvI-1 involves in the atorvastatin regulation of collagen and -catenin expression in VSMCs exposed to An-
gll. The col-1, col-3, B-catenin and Cyclin-D were detected by western blotting, and with B-Tubulin as control protein;
all results were repeated for three times; *: P < 0.05 vs control without treatment; #: P < 0.05 vs group treated with
Angll and atorvastatin.

carotid arteries. In addition, expression of col-1 showed in Figure 4A, Angll (10-6 mol/L) signifi-
and col-3 in balloon injury group were up-regu- cantly induced the growth of VSMCs, and atorv-
lated and atorvastatin reversed this effect astatin reversed this effect. Overexpressing
(Figure 3B). Dvl-1 plasmid was transfected into VSMCs, the

viability was significantly elevated in atorvas-
tatin treated cells exposed to Angll. Transfected
VSMCs with pcDNA-DvI-1 in the absence of

Dvl-1 involves in the atorvastatin regulation of
VSMCs proliferation exposed to Angll

To investigate the role of Dvl-1 and Wnt signal- Angll and atorvastatin, the cell viability was
ing in restenosis, cell experiments were slightly higher than control pcDNA group. In
employed. We started with evaluating the effect addition, the down-regulation of Dvl-1 by sSiRNA
of atorvastatin on growth of vascular smooth was conducted in VSMCs, the results showed
muscle cells (VSMCs) exposed to Angll. As that si-Dvl-1 significantly reduced the cell viabil-

8427 Int J Clin Exp Pathol 2014;7(12):8421-8431
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ity induced by Angll. Si-Dvl-1 also markedly
decreased VSMCs viability alone.

Dvl-1 involves in the atorvastatin regulation of
collagen expression inVSMCs exposed to Angll

Collagen expression was detected by western
blotting as shown in Figure 5. The VSMCs
exposed to Angll exhibited a higher expression
of col-1, col-3, B-catenin and Cyclin-D com-
pared with the level in control, and atorvastatin
significantly decreased the protein expression
of them in cells with Angll treatment. However,
the effect of atorvastatin on collagen expres-
sion was reversed by overexpressing Dvl-1
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Figure 6. Overexpressing Dvl-1 involves in
restenosis of balloon injury rat. Intima and
media thickness of rat carotid artery were
showed in (A); Intimal/medial area ratio of
rat carotid artery was showed in (B); Colla-
gen volume integral (CVF) of carotid artery
was showed in (C). : P < 0.05 versus bal-
loon injury group; #*: P < 0.05 versus balloon
injury + atorvastatin group.

(Figure 5A). The down-regulation of Dvl-1 sig-
nificantly reduced the col-1, col-3, B-catenin
and Cyclin-D expression induced by Angll in
VSMCs (Figure 5B).

Effect of si-dvl-1 on the Wnt/dvl-1/[3-catenin
expression of VSMCs exposed to Angll

As showed in Figure 6A, 6B, siRNA-dvl-1 effec-
tively silenced the expression of dvl-1 both in
MRNA and protein levels. Treatment with atorv-
astatin (1 ymol/L and 10 pymol/L) down-regulat-
ed the expression of Wnt/dvl-1/B-catenin in
VSMCs exposed to Angll in a dose-dependent
manner. siRNA-dvl-1 also decreased the mRNA

Int J Clin Exp Pathol 2014,7(12):8421-8431
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and protein expression of dvl-1 and B-catenin,
which was more effective than 10 umol/L ator-
vastatin treatment.

Discussion

Most scholars believe abnormal proliferation
and migration of VSMCs in media result in the
balloon-injured artery restenosis. When intima
was injured by balloon, VSMCs in media may
switch from contractile to synthetic phenotype
following proliferation, migration and collagen
secretion under effects of many cytokines or
growth factors. In this complicated biological
processes, changes in gene expression of
VSMC were inevitable.

At present, the studies on the fields of tumor
and embryonic development suggest that Wnt
signaling pathway is involved in cellular prolif-
eration, differentiation and apoptosis [15-18].
Recent studies showed that Wnt signaling path-
way may also play a role in vascular restenosis
[10, 11, 19, 20]. Tsaousi et al. [7] referred that
the mRNA expression of Wnt2 and Wnt4 were
increased in process of VSMCs proliferation,
but only up-regulation of Wnt4 protein expres-
sion played a key role in this process. Therefore,
the Wnt4 was determined to be discussed in
this study. Canonical and non-canonical Wnt
pathways were contained in Wnt signaling.
B-catenin is regarded as a key gene of canoni-
cal Wnt signaling pathway and the increased
intracellular B-catenin has an effect on its
downstream target gene cyclin D1, regulating
the proliferation of SMC [10]. Dvl is a key com-
ponent in canonical and non-canonical Wnt
pathways, transmitting signals to downstream
effectors from receptors, which affecting cell
proliferation and migration. It is reported that
dvl is involved in the formation of retinal neo-
vascularization in retinopathy [21]. However,
few reports have been published regarding the
effect of dvl on VSMCs.

In vivo experiments, the pathological intimal
hyperplasia appeared at 2nd week after bal-
loon injured (not shown in the article) and was
aggravated significantly at 6th weeks, some
VSMCs enlarged and disarranged with massive
extracellular matrix deposition among them,
which indicated rats model of balloon-injured
carotid artery restenosis had been made suc-
cessfully. Immunohistochemistry showed that
expression of dvl-1 as well as Wnt4 and
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B-catenin in hyperplasia intima and media were
increased remarkably, especially near the inter-
nal elastic lamina where is the junction of inti-
ma and media. The pathological intimal hyper-
plasia was significantly reduced in the carotid
artery balloon injury site by atorvastatin treat-
ment, and the expression of dvl-1, Wnt4,
B-catenin and collagen by immunohistochemis-
try were also down-regulated in atorvastatin
group: The results above indicated that up-reg-
ulation of Wnt4 signaling pathway modulates
balloon-injured artery restenosis via promoting
VSMCs proliferation and collagen secretion.
This pathological changes can be relieved by
down-regulating Wnt signaling pathway.

Angll was used to induce the VSMCs prolifera-
tion in vitro experiments. It was proved that the
expression of wnt4/Dvl-1/B-catenin in mRNA
and protein levels were significantly increased
in VSMCs exposed to Angll, which was consis-
tent with the results in vivo experiments. To
investigate whether dvl-1 is involved in the
Wnt4d/B-catenin signaling pathway to partici-
pate in the mechanisms of VSMCs prolifera-
tion, siRNA-dvl-1 was employed to silence the
expression of dvl-1. As expected, the expres-
sion of Wnt4 and B-catenin were decreased by
down-regulation of dvl-1. In addition, siRNA-
dvl-1 also inhibited the expression of col-1 and
col-3 in VSMCs, implying dvl-1 is involved in the
production of collagen in VSMCs. In the other
hand, atorvastatin had an inhibitory effect on
cell proliferation, Wnt4/dvl-1/B-catenin and col-
lagen expression in cultured VSMCs exposed to
Angll in dose-dependent manner. Compared
with atorvastatin treatment, siRNA-dvl-1 was
more effective to inhibit the expression of
Wnt4//B-catenin and collagen in cells. Accor-
dingly, we thought Wnt signaling pathway medi-
ated by dvl-1 is involved in the Angll-induced
proliferation of VSMC. Additionally, VSMCs pro-
liferation could be further inhibited by siRNA-
dvl-1 combined with atorvastatin, which sug-
gesting besides canonical Wnt pathway, non-
canonical Wnt signaling pathway and any other
signaling pathways [22, 23] as well were part of
Angll-induced SMC proliferation.

Chen et al [24] found dvI-1 was of importance in
wound-healing response to myocardial infac-
tion through effecting on proliferation and
migration of fibroblast and vascular endothelial
cell. Therefore, up-regulation of Wnt signals in
injured vascular may have many other effects
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on various cells in vascular wall besides VSMC.
Studies have shown that overexpression of
MMP-2 in the injured vascular attributed to
SMC migration and vascular remodeling [25].
Wu et al [26] reported Wnt/B-catenin/TCF/LEF
pathway induced remarkable increasing of
MMPs through acting directly on MMPs promot-
er, which favor T cells migration through base-
ment membrane. The degradation of extracel-
lular matrix is critical to VSMC migration in
vascular wall. Accordingly, Wnt molecules
expression nearby internal elastic lamina sug-
gested Wnt pathway may have dual role on
VSMCs, on the one hand, it promotes prolifera-
tion and collagen secretion of VSMC. On the
other hand, it induces ECM degradation to facil-
itate VSMC migration toward intima. This seems
to be interpreted why VSMCs inhabit in media
can migrate toward intima and why not media
but intima become thickening in process of
restenosis.

At present, injured vascular restenosis is a
pathological process with excessive inflamma-
tory vascular responses [26-28]. Various In-
flammatory factors and cytokines released dur-
ing inflammation can further induce abnormal
expression of certain genes of some histio-
cytes, which aggravate or bring about new
pathological changes. Statins plays a role in
anti-atherosclerosis and anti-restenosis be-
cause of its anti-inflammatory effect. The
experiment showed that siRNA-dvl-1 and atorv-
astatin inhibit vascular restenosis partly
through down-regulation Wnt signaling path-
way. However, further studies are needed to
make clear whether dvl is involved in the mech-
anism of restenosis and VSMC proliferation by
anti-inflammation effect or direct effect.
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