
Int J Clin Exp Pathol 2014;7(10):6475-6485
www.ijcep.com /ISSN:1936-2625/IJCEP0001321

Recently, vascular remodeling has drawn the 
increasing attention as its critical role in the 
development of venous diseases [4, 5]. The 
accumulating evidences confer that high preva-
lence of venous diseases is associated with the 
structural reorganization of the venous vessel 
wall. Morphological research suggested that 
these usually appear as bulged and twisted 
corkscrew-like structures with restricted func-
tionality in the lower extremities. Though many 
factors have been confirmed to be associated 
with vascular remodeling, recent researches 
have shown that vascular smooth muscle cells 
(VSMCs) exert pivotal role during the process of 
vascular remodeling in varicose veins by regu-
lating their phenotype state [6, 7]. Unlike many 
terminally differentiated cells, SMCs can trans-
form from the differentiated contractile pheno-
type to a synthetic state, which is characterized 
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Abstract: Recently, the architectural remodeling of venous vessel wall ranks as the basis of varicose veins de-
velopment based on the phenotypic state of vascular smooth muscle cells (VSMCs). In this study, we firstly dem-
onstrated an obvious up-regulation of IQ-domain GTPase-activating protein 1 (IQGAP1) in patients with varicose 
veins. Importantly, following stimulation with PDGF-BB for 4 h, a common inducer of phenotypic switch in VSMCs, a 
dramatically time-dependent increase in IQGAP1 expression was observed in human venous smooth muscle cells 
(HUVSMCs), concomitant with the down-regulation of SMC markers [including α-smooth muscle actin (SMA), smooth 
muscle calponin (CNN), SM22α (SM22)], suggesting a critical function of IQGAP1 during the switch of synthetic 
VSMC phenotype. Further analysis ascertained that IQGAP1 overexpression significantly inhibited the expression of 
SMA, SM and CNN, while its silencing dramatically promoted their expression levels. Moreover, the elevated IQGAP1 
enhanced cell proliferation, migration and rearrangement. Mechanism assay confirmed that IQGAP1 overexpres-
sion notably blocked myocardin levels. Importantly, after transfection with myocardin siRNA, IQGAP1 down-regula-
tion-induced decrease in cell proliferation, migration and cell rearrangement was remarkably attenuated. Together, 
these results demonstrated that IQGAP1 may regulate the phenotypic switch of VSMCs by myocardin pathway, which 
is critical for the pathological progression of varicose vein. Therefore, this study supports a prominent insight into 
how IQGAP1 possesses its benefit function in varicose veins development by regulating vascular remodeling.
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Introduction

Varicose veins rank as a common venous dis-
ease with an estimated prevalence of 5% to 
30% of adult population. In USA, over 25 million 
of adult population with varicose veins has 
been reported. Normally, it is reasonably 
benign; however, some severe varicosities can 
also occur and lead to serious complications 
including deep vein thrombosis, longstanding 
venous ulcers and chronic venous insufficiency 
(CVI), which has high morbidity in middle and 
elderly people [1, 2]. It has been demonstrated 
that more than 2.5 million people suffer from 
progressive venous insufficiency each year [3]. 
Despite the recent advances have been made 
in identifying the risk factors for varicose veins, 
the underlying mechanism involved in the 
pathogenesis and progression of varicose veins 
is still unclearly.
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by high proliferation, migration, and extracellu-
lar matrix production [8]. During this process, 
the contractile ability of SMCs will reduce and 
result in the lack of the resistance to environ-
mental stimulation, and subsequently trigger 
varicose vein. However, the correlated mecha-
nism involved in the switch of SMC phenotype 
remains undefinedly.

IQ-domain GTPase-activating proteins (IQGAPs) 
are the recently identified protein family with 
the evolutionary conserved multistructural 
domains. Lots of researchers have manifested 
a critical function of this family in adjusting cell 
adhesion, migration, proliferation and other 
biological processes [9-11]. Among of them, 
IQGAP1, as a scaffolding protein, is the most 
ubiquitously expressed and can bind several 
molecules to regulate cell function, such as cell 
proliferaion, invasion and migration [12, 13]. 
Recent study has demonstrated that IQGAP1 
can bind to vascular endothlial growth factor 
receptor 2 (VEGF2) to regulate endothlial migra-
tion and postischemic angiogenesis [12, 14]. 
Furthermore, it is also reported to be associat-
ed with platelet-derived growth factor (PDGF)-
induced focal adhesion formation and VSMC 
migration, and its silencing exhibit impaired 
neointimal formation in response to vascular 
injury, indicating a potential therapeutic target 
against vascular migration-related diseases 
[15]. However, its function in venous disease is 
still unclearly.

In this study, we firstly explored the correlation 
between IQGAP1 and varicose veins. Further-
more, the function of IQGAP1 on VSMC pheno-
typic regulation was further investigated. The 
corresponding underlying mechanism was also 
analyzed.

Materials and methods

Reagents

Rabbit anti-human SMA polyclonal antibody 
was obtained from MyBiosource (San Diego, 
CA). Against human CNN and SM22 antibody 
was from Abcam (Cambridge, MA). Myocardin 
Rabbit anti-human polyclonal antibody was pur-
chased from Biocompare (Foster City, CA). 
PDGF-BB was from R & D company. Horseradish 
peroxidase (HRP) -conjugated goat anti-rabbit 
IgG were from Bio-Rad (Hercules, CA). Rabbit 
polyclonal antibody to cyclinD1 and ki67 was 

seperately bought from Abgent (San Diego, CA) 
and Raybiotech, Inc. (Norcross, GA).

Specimen collections

The obtained human materials were all from 
volunteers and processed according to the rec-
ommendations of The Affiliated Suzhou 
Hospital of Nanjing Medical University. The 
study was conducted in compliance with the 
Helsinki Declaration and all patients gave writ-
ten informed consent. The greater saphenous 
vein (GSV) tissues were obtained from 27 
patients (aged from 30-65 years), consisting of 
those undergoing surgery for primary varicose 
veins. About 25 patients (aged from 29-66 
years) were encompassed and recognized as 
control group, who were performed elective 
coronary bypass surgery and without the clini-
cal, ultrasonographic and intraoperative signs 
of varicosis. All specimens were preserved in 
liquid nitrogen for subsequent experiments.

Cell culture and treatments

Human venous smooth muscle cells (HUVSMCs) 
were purchased from Matsa Biological 
Technology co., LTD and mainted in DMEM sup-
plemented with 10% fetal calf serum and100 
μg/mL streptomycin/ penicillin. Passages from 
6 to 10 were chosen for further study. Cells 
were incubated with 10 ng/mL PDGF-BB for 
various times (0, 4 and 8 h). All cells were main-
tained at 37°C with 5% CO2 humidified atmo- 
sphere.

Expression of IQGAP1 in vitro

The recombinant human IQGAP1 was per-
formed to obtain the protein of IQGAP1 accord-
ing to a method reported previously [16]. Briefly, 
the human the full-length IQGAP1 cDNA was 
amplified with its specific primers using PCR. 
After purification, the PCR products were 
digested with Xho I and Apa l restriction 
enzymes, then the fragments were subcloned 
into the Xho I and Apa l cloning site of the 
pcDNA3.1 (+) vector (Invitrogen, Carlsbad, CA) 
to induce IQGAP1expression. Sequences were 
ascertained by DNA sequencing. The recombi-
nant IQGAP1 protein was purified by Ni-NTA 
magnetic beads (Qiagen) and followed by 
assessed by SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE). The vector-transfected 
groups were used as control.
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Lentivirus construction and transfection

To silence the expression of IQGAP1 in 
HUVSMCs, the IQGAP1 shRNA lentivirus plas-
mids were constructed according to a method 
reported previously with little changes [17]. 
Briefly, DNA fragments containing 5’-CAACGA-
CATTGCCAGGGATAT-3’ were synthesized from 
Bioscience Corporation and then were sub-
cloned into human U6 promoter–containing 
pBluescript SK (+) plasmid (pU6). Then, IQGAP1 
shRNA was cloned into pRRL plasmid with 
PSMA promoter. The non-specific shRNA 
sequences were subcloned into the same vec-
tor and were tanken as control. The 293 cells 
were then co-transfected with the lentivirus 
plasmids carrying shRNA, packaging vector 
MVR (Beijing Zhongyuan Ltd., Beijing, China) 
and 2 µg of pCMV-VSVG (Clontech, Saint-
Germain-en-Laye, France) using Lipofec-
tamine® 2000 Reagent (Life Technologies, 
Carlsbad, CA) for 48 h at 37°C. The cultured 
medium was collected and filtered using a 0.45 
µm filter (Amicon Ultra-15 100 K, Millipore), fol-
lowed by infecting the cultured HUVSMCs with 
the collected LV-IQGAP1 shRNA virus. The p24 
ELISA kit (Cell Biolabs, Inc., San Diego) was 
used to determine the virus titers and then was 
stored at -80°C until used.

Myocardin siRNA transfection

To targeted silence the expression of myocar-
din, its specific siRNA and scrambled siRNA 
were obtained from Santa Cruz Biotechnology. 
When cells were grown into 40-50% conflu-
ence, about 2 μg/mL myocardin siRNA or 
scrambled siRNA (NC) were added to silence 
the expression of myocardin together with the 
GeneSilencer® siRNA transfection reagent. 
About 24 h later, cells were collected and the 
transfection efficiency was subsequently 
assessed by RT-PCR and Western blotting.

RNA extraction and quantitative real-time poly-
merase chain reaction (qRT-PCR) analysis

Total cellular RNA was extracted from the above 
cells using RNeasy Mini Kit with an on-column 
deoxyribonuclease digestion (QIAGEN, Valencia, 
CA). Then, the obtained RNA was reverse tran-
scribed to synthesize the first strand cDNA by 
the Promega Reverse Transcription System 
(Promega, Southampton, UK). Quantitative 
real-time RT-PCR was performed on an ABI 

PRISM 7000 sequence detection system using 
SYBR Premix Ex TaqTM II Kit (Takara Bio Inc., 
Otsu, Japan) with the specific primers as fol-
lows: SMA (sense: 5’-GCGTGGCTATTCCTTC-
GTTA-3’; antisense: 5’-ATGAAGGATGGCTGG-
AACAG-3’); SM22 (sense: 5’-AACAGCCTGTA-
CCCTGATGG-3’; antisense: 5’-CGGTAGTGCCCA-
TCATTCTT-3’); CNN, sense: 5’-AGCTAAGAGAA-
GGGCGGAAC-3’; antisense: 5’-CATCTGCAGGC-
TGACATTGA-3’); and myocardin (sense: 5’- 
TGCATGCTGCTGTAAAGTCC-3’; antisense: 5’- 
TAGCTGAATCGGTGTTGCTG-3’). GAPDH was 
used for normalization.

Western blotting

Cells were homogenized and lysed with RIPA 
lysis buffer (Beyotime, Nantong, China) to 
extract the total protein, followed by protein 
concentration measurements by the micro-BCA 
protein assay (Pierce). A total of 150 μg protein 
per lane was separately electrophoresed by 
12% SDS-PAGE, and then were transferred to a 
PVDF membrane (Schleicher & Schuell, 
Germany). To blocking the nonspecific binding, 
the membranes were incubated with 5% nonfat 
milk in TBST buffer at 4°C overnight. Then, the 
indicated primary antibodies against IQGAP1, 
SMA, SM-22, CNN, cyclinD1, Ki67 and myocar-
din were added for 1 h. The membrane was 
then incubated with secondary antibodies con-
jugated with HRP (Jackson Immuno Research), 
followed by visualizing with the LumiGLo 
reagent (Pierce).

MTT assay

After precondition with the indicated treat-
ments, the culture medium were replaced with 
fresh medium containing 500 μg/ml MTT 
reagents and incubated for further 5 h at 37°C. 
Then, 200 μl isopropanol was added to dis-
solve formazan production. Cell viability was 
assessed by determining the absorbance of 
MTT at 590 nm using a micro-ELISA reader 
(Bio-Rad). All samples were performed in 
triplicate.

Spheroid generation assay

To evaluate the effect of the indicated treat-
ment on cell rearrangement, the formation of 
3-dimensional spheroid HUVSMCs was per-
formed according to the previous description 
[18]. Briefly, HUVSMCs were suspended in cul-
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ture medium containing 0.25% (w/v) carboxy-
methylcellulose, and then were seeded in non-
adherent round-bottom 96-well plates with 
3000 cells/spheroid. About 24 h later, the for-
mation of spheroid was analyzed and results 
were exhibited with mean spheroid circumfer-
ence of 14-18 spheroids per experimental 
group.

Cell migration assay

Cell migration was evaluated by the scratch 
wound assay in vitro. After seeded in 24-well 
plates (12, 000 cells/well), cells were treat-
ment with the indicated conditions. Then, a 
single scratch wound was generated with 200 
μl disposable pipette tip and the scratch 
wounds were photographed with an inverted 
microscope and digital camera. The ImageJ 
software was used to quantitate the scratch 
wound widths. The corresponding results were 
shown as the percentage of wound closure set-
ting the initial scratch width as 100%.

Statistical analysis

The results presented are the average of at 
least three experiments and reported as means 
± SD. All experiments were calculated using 
SPSS 11.0. Statistical analyses were per-
formed by an independent Student t-test. A P < 
0.05 was considered as statistically significant 
and is indicated by asterisks.

Results

Elevated IQGAP1 was determined in patients 
with varicose veins

Given that IQGAP1, as a scaffold protein, exerts 
a pivotal role in neointimal formation after vas-
cular injury by regulating cell migration and 
adhesion [12]. However, little is known about 
its roles in varicose veins. To explore the possi-
ble role of IQGAP1 in the development of vari-
cose vein, we collected vein tissues from pri-
mary varicose vein patients and control 
patients. As shown in Figure 1A, an obviously 
higher mRNA level of IQGAP1 was observed in 
varicosity patients, compared with control 
groups. Simultaneously, the protein levels of 
IQGAP1 also dramatically increased in tissues 
from varicose vein patients (Figure 1B). 

Figure 1. Abundant CXCR7 was corroborated in varicose 
vein tissues. The mRNA levels of IQGAP1 in 27 patients 
with varicose vein and 25 control patients were as-
sessed by RT-PCR (A). The corresponding protein levels 
were detected by western blotting  (B). *P < 0.05 versus 
control groups.

Figure 2. IQGAP1 Expression Correlates with VSMC 
Synthetic Phenotype. The cultured HUVSMCs were incu-
bated with 10 ng/mL PDGF-BB for the indicated times 
(0, 4 and 8 h). Then, the mRNA levels of IQGAP1 were 
examined (A). Furthermore, the mRNA levels of SMC-
specific markers (SMA, SM and CNN) were analyzed by 
RT-PCR (B). Antibodies against SMA, SM and CNN were 
used to detect their protein levels (C).
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Together, these results indicated that IQGAP1 
might be possessing a critical function in the 
pathological process of varicose vein.

IQGAP1 expression correlates with VSMC syn-
thetic phenotype

Accumulating evidence has proven that PDGF-
BB is a potential mediator to switch the VSMC 
phenotype to a synthetic state by regulating 
SMC specific gene expression, which is the 
characterization of varicose vein [19, 20]. In 
this study, following stimulation with PDGF-BB 
for 4 h, the mRNA levels of IQGAP1 were signifi-
cantly up-regulated (Figure 2A). Furthermore, a 
higher expression level of IQGAP1 mRNA was 
detected at 8 h post stimulation with PDGF-BB. 

Importantly, with the increasing of IQGAP1, the 
mRNA levels of SMC markers SMA, SM22 and 
CNN were notably down-regulated, suggesting 
an obvious correlation between IQGAP1 and 
SMC marker molecules (including SMA, SM22 
and CNN) associated with the contratile pheno-
type (Figure 2B). The similar results were also 
confirmed in protein levels (Figure 2C), implying 
that IQGAP1 might be positively associated 
with synthetic VSMC phenotype.

IQGAP1 negatively regulated the expression of 
VSMC-specific contractile protein

To evaluate the function of IQGAP1 on VSMC 
contractile phenotype-specific gene expres-
sion, the recombinant pcDNA3.1 (+)-IQGAP1 

Figure 3. Effect of IQGAP1 on the expression of VSMC-specific contractile protein. To investigate the function of 
IQGAP1 on the levels of VSMC-specific genes, cells were transfected with recombinant pcDNA3.1 (+)-IQGAP1 vec-
tors. The corresponding transfection effect was evaluated by western blotting (A). The effect of IQGAP1 overexpres-
sion on SMC-specific marker (SMA, SM and CNN) expression levels of mRNA (B) and protein (C) was validated by 
RT-PCR and western blotting. Additionally, the IQGAP1 shRNA was also introduced to analyze the above results. The 
silencing effect on IQGAP1 protein levels were demonstrated (D). The function of IQGAP1down-regulation in the 
mRNA levels (E) and protein levels (F) of SMA, SM and CNN was also assessed. *P < 0.05.
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was transfected into HUVSMCs. Western blot-
ting analysis demonstrated that the pcDNA3.1 
(+)-IQGAP1 transfection strikingly up-regulated 
IQGAP1 expression, compared with control and 
vector groups (Figure 3A). Simultaneously, 
IQGAP1 overexpression obviously blocked the 
expression levels of SMA, SM22 and CNN 
mRNA (Figure 3B), concomitant with the 
decrease in their protein levels (Figure 3C). 
When transfection with IQGAP1 shRNA, the 
protein levels of IQGAP1 were dramatically 
decreased (Figure 3D). Furthermore, IQGAP1 
silencing induced a 3.45-fold increase in SMA 
mRNA levels, 2.58-fold increase in SM22 mRNA 
levels and 2.21-fold increase in CNN mRNA lev-
els, respectively (Figure 3E). Consistent with 
the above results, the similar up-regulation in 
the protein levels of SMA, SM22 and CNN were 
also observed after transfection with IQGAP1 
shRNA (Figure 3F). Therefore, these results told 
that IQGAP1 could negatively regulate the 
expression of VSMC-specific contractile pro-

tein, indicating a potential role in the regulation 
of SMC phenotype switch.

IQGAP1 overexpression regulated the switch of 
SMC phenotype from contractile to synthetic

It is well accepted that the synthetic SMC is 
characterized with high proliferation, migration 
and remodeling. To assess the putative func-
tion of IQGAP1 on venous remodeling process-
es, the critical functional properties of VSMC 
were explored. Following transfection with the 
recombinant IQGAP1, the relative MTT absor-
bance was gradually increased in a time-depen-
dent manner by MTT assay, compared with con-
trol group (Figure 4A). Furthermore, IQGAP1 
overexpression also enhanced the protein 
expression of cyclin D1 and Ki-67, both are the 
marker for cell proliferation. These results con-
firmed that IQGAP1 up-regulation promoted cell 
proliferation. Further analysis demonstrated 
that the elevated IQGAP1 expression enhanced 

Figure 4. Function of IQGAP1 on the phenotypic switch of SMCs. Following transfection with the recombinant 
IQGAP1 vectors, the effect of IQGAP1 overexpression on cell proliferation was determined by MTT assay (A). The cor-
responding effect on the protein levels of proliferate-related markers (cyclin D1 and Ki67) were analyzed by western 
blotting (B). The scratch wound assay was performed in the presence of 10 ng/mL PDGF-BB to evaluate the effect 
of IQGAP1 on cell migration (C). Furthermore, the corresponding effect on cell rearrangement was also evaulated by 
the 3-dimensional spheroid formation assay (D). *P < 0.05.
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myocardin protein level was also observed in 
IQGAP1 shRNA-treated groups (Figure 5D).

Myocardin was accounted for IQGAP1-
mediated SMC phenotype state

To further elucidate the underlying mechanism 
involved in IQGAP1-regulated SMC phenotype 
state, myocardin siRNA was introduced. As 
shown in Figure 6A, IQGAP1 shRNA transfec-
tion obviously promoted the expression of myo-
cardin mRNA; after transfection with IQGAP1 
siRNA, this increase triggered by IQGAP1 silenc-
ing was dramatically decreased. The similar 
down-regulation in myocardin protein levels 
were also determined (Figure 6B). Further 
mechanism analysis confirmed that IQGAP1 
down-regulation notably attenuated cell prolif-
eration, which was evidently ameliorated when 
silencing myocardin expression with myocardin 
siRNA (Figure 6C). Moreover, myocardin was 
related to IQGAP1-regulated cell rearrange-
ment as myocardin silencing remarkably antag-
onized IQGAP1 shRNA-induced inhibitor effect 
on cell rearrangements (Figure 6D). Additionally, 
IQGAP1 shRNA transfection significantly inhib-
ited cell migration (Figure 6E). As expected, 
myocardin siRNA treatment strikingly restored 

the rearrangement of HUVSMCs in 3-dimen-
sional spheroids (Figure 4C). Moreover, 
increased IQGAP1 levels increased the rate of 
cell migration (Figure 4D). Therefore, the above 
results indicated that IQGAP1 up-regulation 
promoted the phenotype switch of SMC from 
contractile to synthetic, suggesting an impor-
tant function in varicose vein.

Expression levels of myocardin was attenuated 
after IQGAP1 overexpression

Myocardin, as a critical regulator of contractile 
and quiescent smooth muscle cell phenotype, 
is known to be down-regulated in SMC of vari-
cose veins and important for maintaining the 
contractile phenotypic state. To further clarify 
the underlying mechanism involved in IQGAP1-
mediated SMC phenotype switch, the expres-
sion levels of IQGAP1 were discussed. As shown 
in Figure 5A, IQGAP1 overexpression inhibited 
the mRNA levels of myocardin, compared with 
control group. Consistently, blocking IQGAP1 
expression significantly up-regulated myocar-
din mRNA levels (Figure 5B). Further protein 
analysis confirmed that IQGAP1 up-regulation 
obviously abrogated myocardin protein levels 
(Figure 5C). The corresponding increase in 

Figure 5. IQGAP1 regulated the expression of myocardin. After overexpression of IQGAP1 in HUVSMCs, the mRNA 
levels of myocardin were analyzed by RT-PCR (A). The corresponding protein levels of myocardin were also detected 
by western blotting (B). Following transection with IQGAP1 shRNA, the corresponding effect on myocardin mRNA 
levels (C) and protein levels (D) was also monitored. *P < 0.05.
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Figure 6. IQGAP1 majorly mediated 
SMC phenotype state by the myocar-
din pathway. To analyze the function of 
myocardin on IQGAP1 silencing-induced 
cell phenotype state, the transfection 
of myocardin siRNA was performed. 
The corresponding effect on myocar-
din mRNA (A) and protein levels (B) 
was evaluated by RT-PCR and western 
blotting. The inhibitor effect of IQGAP1 
down-regulation on cell proliferation 
(C), migration (D) and rearrangement 
(E) was further explored. *P < 0.05.

the above inhibitory effect on cell migration. 
Together, these results suggested that IQGAP1 
majorly regulated SMC phenotype state by 
myocardin pathway.

Discussion

IQGAP1 was identified in 1994 as a widely 
expressed IQ domain-containing protein with a 
similar region sequence to the Ras GTPase-

activating proteins. As a scaffold protein, 
IQGAP1 plays a pivotal role in regulating the 
actin cytoskeleton and cell migration by inter-
acting directly with actin [13]. It is known that 
neovascularization is pivotal for the recurrence 
of varicose veins after operation. Previous stud-
ies have demonstrated that IQGAP1 is demon-
strated to be as a regulator during the process 
of post-ischemic neovascularization by regulat-
ing endothelial cell migration [21]. Furthermore, 
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IQGAP1 functions as a VEGFR2-associated 
scaffold protein to promote endothelial cell 
migration and proliferation, and its silencing 
imparied VEGF-induced angiogenesis, indicat-
ing a critial role of IQGAP1 during vasculogene-
sis [12]. However, the specific function of 
IQGAP1 in vascular biology and disease, such 
as varicose vein, remains unexplored. In this 
study, we firstly confirmed an obvious up-regu-
lation of IQGAP1 expression in patients with 
varicose vein, implying a crucial function of 
IQGAP1 in the development of varicose veins.

The phenotypic state of vascular smooth mus-
cle cells (VSMCs) is known as the pathological 
basis of vascular-related diseases, such as 
varicose veins, atherosclerosis and restenosis 
RS [7, 22]. Normally, VSMC exhibited the con-
tractile phenotype by regulating its sepcific 
genes, including α-smooth muscle actin (SMA), 
smooth muscle calponin (CNN) and SM22α 
(SM22). When response to some stimulation 
such as injury, the quiescent contractile vSMCs 
will reduce the expression of SMC-specific 
genes and promote their proliferation, migra-
tion, collagen synthesis to remodel the pheno-
type state into synthetic state, which ultimately 
trigger varicose vein [6, 23]. PDGF-BB is com-
mon inducer to regulate phenotypic switch in 
VSMCs [20]. In this study, the expression levels 
of IQGAP1 were dose-dependently up-regulat-
ed following PDGF-BB stimulation. Importantly, 
this increase was accompanied with the down-
regulation of SMC-specific markers including 
SMA, SM22 and CNN, implying an obvious 
association between IQGAP1 and synthetic 
VSMC phenotype.

To further corroborate the function of IQGAP1 
on vascular remodeling, the IQGAP1 overex-
pression and silencing cell models were con-
structed. Intriguingly, IQGAP1 up-regulation 
attenuated SMC specific maker expression of 
SMA, SM22 and CNN. Consistently, knockdown 
of endogenous IQGAP1 significantly up-regulat-
ed the expression of SMC specific genes, indi-
cating that IQGAP1 may benefit for the forma-
tion of synthetic SMC state. It is widely accept-
ed that the switch of SMC into the synthetic 
state is characterized with higher proliferation 
and migration ability [24, 25]. As expected, 
IQGAP1 overexpression promoted SMC prolif-
eration, concomitant with the increase in cyclin 

D1 and Ki67 expression, both of these are the 
marker for cells. Moreover, higher migration 
ability was also confirmed in this condition. 
Importantly, the corresponding enhanced rear-
rangement of HUVSMCs was also observed in 
IQGAP1-overexpressed groups. The corre-
sponding inhibitor effect on SMC phenotype 
switch was demonstrated following IQGAP1 
silence, indicating that IQGAP1 can positively 
regulate SMC phenotype switch.

Interestingly, the down-regulation expression of 
myocardin was determined when IQGAP1 was 
overexpressed. The similar increased effect on 
its expression was also conferred after silenc-
ing IQGAP1 levels. Myocardin is recognized as a 
critical determinant for maintaining the con-
tractile SMC phenotype by inhibiting NF-κB-
dependent cell cycle progression and stimulat-
ing the specific VSMC gene expression [26-28]. 
Additionally, it is also a strong inhibitor of VSMC 
migration and proliferation. To further clarify 
the underlying mechanism of IQGAP1-triggered 
SMC phenotypic switch, myocardin pathway 
was introduced. As expected, after blocking 
myocardin expression with its specific siRNA, 
IQGAP1 silencing-induced increase in myocar-
din levels was obviously attenuated, accompa-
ny with the corresponding down-regulation in 
cell proliferation, migration and rearrangement. 
Accordingly, we can conclude that IQGAP1 
induces the SMC phenotype switch in part via 
the myocardin pathway.

In conclusion, this research explored a poten-
tial therapeutic function of IQGAP1 in varicose 
veins. Here, IQGAP1 was overexpressed in 
patients with varicose veins. Further analysis 
suggested that IQGAP1 may positively regulate 
the phenotypic switch of SMC by regulating 
myocardin pathway, which is critical for the 
pathological progression of varicose vein. 
Therefore, these findings support a prominent 
insight into how IQGAP1 exerts its beneficial 
role in the development of varicose vein by reg-
ulating vascular remodeling. Recent research 
has confirmed that neovascularization forma-
tion is associated with the recurrence after 
varicose vein operation [29]. Moreover, IQGAP1 
has been proven to be related with post-isch-
emic neovascularization [21]. Whether IQGAP1 
affects the process of varicose vein by regulat-
ing angiogenesis still needs to be further 
explored.
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