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Influence of PDGF-BB and PKGIαon 岛1orphology and Cytoskeleton of 

Vascular Smooth Muscle Cell 

Jing-Yan Li, Yong-Chang Chen* 

(School of Medical Science and Laboratory Medici肘， Jiangsu Univers町， Zhenjiang 212013, China) 

Abstract Primary rat aortic smooth muscle cells (RASMCs) were prepared by explant-attachment 

method. Both the primary cells and rat pulmonary artery smooth muscle cellline CS-54 were infected with recom

binant adenovirus encoding gene cGMP-dependent protein kinases 1α(pAd-PKGIα) and were treated with plate

let-derived growth factor-BB (PDGF-BB) to study the effects on morphology and cytoskeleton organization. Cell 

morphology was observed by reverse microscope and stress fiber structure was analyzed by fluorescence staining. 

It was found that in both CS-54 cells and RASMCs, PDGF-BB not only caused obvious change of the mo叩hology

but also disrupted the cytoskeleton organization, which was indicated by the change of the amount and the distribu

tion of stress fibers. Infection with pAd-PKGIαand treatment of 8-APT-cGMP resumed the structure of stress 

fibers. These results demonstrated that PDGF-BB has an influence on mo甲hology and cytoskeleton organization of 

CS-54 cells and RASMCs , and increase of the expression and the activity of PKGIαcan reverse the effect. 
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Vascular smooth muscle cells (VSMCs) are highly 

specialized cells whose principal functions are contrac

tion and regulation of blood vessel tone, blood pressure, 

and blood flow . VSMCs within adult blood vessels ex

hibit a low rate of proliferation , low synthetic activity , 

and express a unique repertoire of contractile proteins, 

ion channels , and signaling molecules required for con

tractile function [1]. However, VSMCs are able to modu

late their phenotype in response to the change of local 

environment. There is clear evidence that phenotype al

teration of the VSMC plays a critical role in the patho

genesis of atherosclerosis. 

Platelet-derived growth factor (PDGF) is produced 

by activated platelets and vascular lesion macrophages. 

Increased PDGF activity has been linked with several 

diseases and pathological conditions . It increases 

VSMC's proliferation and migration and appears to be a 

key mediator of VSMC phenotypic modulation in 

atherosclerosis [2]. 

cGMP dependent protein kinases (PKG) are serine/ 

threonine kinases presenting in a variety of eukaryotes. 

Two PKG genes , coding for PKG type 1 (PKGI) and 

type 11 (PKGII) , have been identified in mammals. The 

N terminus (the first 90- 100 residues) of PKGI is en

coded by two alternatively spliced exons that produce 

the isoforms PKGIα and PKGIß [3]. It has been ac

knowledged that PKGIαis a recognized anti-athero

sclerosis factor [4] . 

Many researches have been carried out in this di

rection recently . But studying on the influence of PDGF 

on the change of VSMC morphology and cytoskeleton 

structure , which is an important part of phenotypic 

alternation, was rare. This experiment was designed to 

study the effec t of PDGF on morphological and 

cytoskeletal changes of VSMCs and the reversal role of 

PKGIαin this process. 

1 Materials and 岛1ethods
1.1 Explant culture and growth of rat RAS岛1Cs

Sprague-Dawley rats were provided by Experi

mental Animal Center of Jiangsu University. RASMCs 
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were isolated from the thoracic aorta of the rats in 

reference to Lin's method [51. Briefly , the rat was killed 

by cervical dislocation, and sterilized with 75% ethanol 

for 1-2 min. The thoracic aorta was taken out and the 

attached fat and connective tissue was cut off. Then 

the adventitia and intima of the vessel were removed 

carefully. The remaining 出in ， transparent, flexible mem

brane-like tissue was the required tunica media. The tis

sue was cut into small pieces around 1 mm3. These 

explants were seeded onto bottom of culture flasks and 

cultured in DMEM containing 20% fetal bovine serum 

(Gibco), 0.1 % penicillin and 0.1 % streptomycin at 37 oC 

in a humidified atmosphere with 5% carbon dioxide. 

Cells growth was observed under reverse microscope. 

1.2 Cell culture 

CS-54 (a rat pulmonary artery smooth muscIe cell 

line) cells were cultured in DMEM supplied with 10% 

neonatal bovine serum (Gibco) and maintained in a stan

dard humidified 5% CO2 tissue culture incubator. The 

medium was changed every second day and the cells 

were subcultured in routine procedure at confluence. 

1.3 Virus Construction 

The structure of recombinant adenovirus pAd 

PKGIαand pAd-lacZ were kind gifts from Dr. Renate 

Pilz in University of California, San Diego, USA. 

1.4 RNA isolation, reverse transcription and 

PCR 

1.4.1 Total RNA isolation and reverse transcription 

Cells were seeded in a 6-well plate at a final density 

of lxl06 cells/well , and were cultured for 24 h. Ad

PKGIαvirus suspension was added at MOI=100, con

trol group was replaced by equivalent PBS. Total RNA 

in the cells was isolated using BIOzol reagent (BIOER) 

and cDNA was synthesized in 20μ1 of reaction volume 

containing 2μg mRNA and 1μ1 Reverse Transcriptase 

(Fermentas) according to the manufacturer's instructions. 

1.4.2 Primers for PCR GAPDH: sense primer, 5'
GCTGGTCATCAACGGGAAA-3' ; antisense primer, 5'

ACGCCAGTAGACTCCACGACA-3'; productlength is 105 
bp.PKGIα: sense primer, 5'-CTTCTTCGCCAACCTG-3'; 
antisense primer, 5'-TGAAATCGGAATGAGCC-3' , 
product Iength is 369 bp. 
1.4.3 PCR reaction system In 25μ1 of reaction 
mixture, 1 111 cDNA, 0.5μ1 of each primer 2μ1 of 25 

. Research paper. 

mmol/L肌19C12 ， 0.5 μ1 of 10 mmol/L dNTP Mix , and 1 

unit of Taq DNA Polymerase (Fermantas) were incIuded. 
The thermal cycIe profile for PCR was 94 oC for 3 rnin 
followed by 35 cycIes of 30 s at 94 oC , 30 s at annealing 
temperature (49 oC for PKGIαand 55 oC for GAPDH) , 

45 s at 72 oC with an additional 7 rnin of incubation at 
72 oC after completion of the last cycIe. The PCR prod

ucts were separated on 1 % agarose gels, stained with 
EB and observed under UV-light. 

1.5 明Testern blotting 

Sample proteins were separated on SDS-PAGE 

gels and blotted onto polyvinyl difluoride (PVDF) 

membrane. The PVDF membrane was blocked with 3% 

(WIV) bovine serum alburnin (BSA) in TBS-T for lh at 

room temperature. The incubation with the primary an

tibody was at 4 oC overnight, and with the secondary 

antibody was 1 h at room temperature, with three washes 

after each incubation. Electrochemiluminescence re

agents were used to show the positive bands on the 

membrane. The bands were detected by Typhoon 9400 

(GE healthcare, USA). 

1.6 Immunofluorescence assay 

Cells were seeded on coverslips in 24-well plate and 

incubated at 37 oC in DMEM. According to the experi

mentaI design , recombinant virus was added at MOI= 

100. Cells were treated with PDGF-BB at 100 ng/ml 

(Calbiochem) or 8-APT-cGMP at lx 10- 4 mol/L (Biolog) 

respectively. 

The cells grown on coverslips were fixed with 

freshly prepared 40 gιparaformaldehyde in PBS at 4 oC 

overnight. After being penetrated with 0.3% Triton X-

100 and blocked with 30 g/L BSA, the cells were incu

bated with 0.2 mmol/L Hoechst 33342 for 10 min to 

reveal nuclei. Then the cells were incubated with pri

mary antibodies at 4 oC overnight, FITC- or TRITC

conjugated second antibodies for 1 h at room temperature, 

with three washes after each incubation. The morph。

logic changes of the cells were analyzed by fluores

cence mlcroscopy . 

2 Results 
2.1 Culture and identification of RASMCs 

Cells sprout out from the explant edge in about 3 

days by the vertical direction from the edge (Fig.1A). 

、.，
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Fig.l RASMCs generatated from rat aorta 
A: resu lts of reverse microscopic image (200x); B: a typical "hi ll 
va ll ey" growth pattern (200x ); C: identi fication of RASMCS by 
immunofluorescence staining of SM-α-actin (400x) . 

The cell density varied around the identical explant and 

l938 l!!! 

PKG lα 

l11 
J 2 3 4 5 6 7 

GAPDH 

Fig.2 PKGIαexpression in CS-54 cells and RAS岛1Cs
1: marker; 2, 5: CS-S4 cell s and RASMCs control; 3, 6: CS-S4 cells 
and RASMCs infected by pAd-PKGIα; 4, 7: CS-S4 cells and RASMCs 
infected by pAd-PKGIα and then stimulated by 8-APT-cGMP 

CS-S4 RASMC 
「一一-一一， r一一一一一，
- + 一 + 8-APT-cGMP 
+ + + + pAd-PKG lα 

--相呻~-圃- p-VASP 

~ _ - '.._.-~ Act in 

Fig.3 Increase of p-V ASP level induced by 8-APT -cG岛1P
treatment in CS-54 cells and RASMCs 

had slight differences in shape and size. Cells approached a member of the Ena-V ASP protein family . V ASP is 

confluence approximately 3 weeks later. After being 

passaged , the cells overlapped in some regions but with 

less appearance in other regions, displaying a typical 

"hill-valley" growth pattem (Fig. IB). 

For identification, the cel1s were imrnunofluorescently 

stained with anti-SM-α-actin antibody and observed by 

fluorescence microscope. The result showed that cul

tured cells were positive for SM-α-actin， confirming 

that they were RASMCs (Fig.lC). 

2.2 Expression and activation of PKGIαin rat 

aortic smooth muscle cells 

CS-S4 cells and RASMCs were infected with 

recombinant adenoviral construct pAd-PKGIαencod

ing rat PKGIα and pAd-lacZ encoding ß-galacotose at 

MOI=lOO. Total RNA of the cells was extracted and 

RT -PCR was performed to detect the expression of 

PKGIα mRNA. 

RT -PCR results showed that the expression of 

PKGIαmRNA in both CS -S4 cells and RASMCs in

fec ted with the pAd-PKGIαwas significantly higher 

than that of control cell s. 8-APT-cGMP (an isozyme

selective activator of PKGIα) treatment had no effect 

on the expression of PKGIα mRNA. GAPDH mRNA 

served as a control (Fig.2). 

Vasodilator-stimulated phosphoprotein (V ASP) is 

regulated by PKG as its major substrate in human 

platelets and other cardiovascular cells . Therefore p

V ASP is a reliable biochernical marker of vascular PKG 

activity . To observe the activation of PKGIα， CS-S4 

cells and RASMCs were infected with pAd-PKGIα Vl

rus at MOI= lOO and then stimulated by 8-APT-cGMP. 

Total protein of the cells was extracted. Western blot

ting with antibody specific for SerlS7 phosphorylated 

V ASP (p-V ASP) was performed to detect the phospho

rylation of this protein. Equalloading was demonstrated 

by blotting with anti-actin antibody. The results showed 

that 8-APT-cGMP treatment can activate PKGIα. This 

suggested that the increase of PKGIαactivity caused 

by 8-APT-cGMP was through affecting the activation 

but not the expression level of the protein (Fig.3). 

2.3 PDGF-BB causes morphological change of 

CS-54 cells and RASMCs 

Our live cell imaging results showed that cell 

morphology of both CS-S4 cells and RASMCs were 

obviously changed after treatment with PDGF-BB. The 

cells changed their forms from spindle-shaped contrac

tile smooth mu scle cell to polygon or flat secretion 

smooth muscle cell. However， 由is mo叩hological change 

disappeared after infection with pAd-PKGIα and treat

ment with 8-APT-cGMP (Fig .4). The se result s 
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provided mo甲hological evidence that PDGF-BB could 

cause the alternation of phenotype in both CS-54 cells 

and VSMCs and PKGIα could reverse this procedure 

2 .4 PDGF -BB induces cytoskeleton change in 

CS-54 cells and RAS岛1CS and the change can be 

prevented by PKGIα 

Fluorescent staining of CS-54 cells and RASMCs 

with phalloidin showed that control groups of both cell 

types had more stress fibers and stronger fluorescence 

intensity. The fibers presented a polar distribution. Longer 

rnicrofilament paralleled the cell axis. In the groups treated 

pAd-LacZ 

pAd-PKGIα 

8-APT-cGMP 
PDGF-BB 

CS-54 

RASMC 

+ + 

+ 

.Research paper. 

with PDGF-BB , both CS-54 cells and RASMCs pre

sented a disordered arrangement and non-polar distri

bution of the structure. Stress fibers were relati vely 

shorter and distributed astatically . Some cells even lose 

their stress fibers. Fluorescence intensity was weak in 

these groups. 

After being infected with pAd-PKGIαand then 

stimulated with 8-APT-cGMP before PDGF-BB 

treatment, fluorescent st缸ning with phalloidin in CS-54 

cells and RASMCs exhibited actin cables that extended 

the length of the cell, confirrning that the original stress 

+ + 

+ 

+ + 

Fig.4 Morphology change of CS-54 ceJls and RAS岛1:Cs (400x) 

pAd-LacZ 
pAd-PKGIα 

8-A PT-cGMP 
PDGF-BB 

TGF-ß I 

CS-54 

RASMC 

+ + 

+ + 

+ 
+ + + 

Fig.5 Stress fiber reduction and restoration of CS-54 cells and RASMCs (400x) 

+ 

+ 
+ 

飞J

} 
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fibers were restored . The groups treated with both 

PDGF-BB and TGF-ßl (which could reverse the effect 

of PDGF-BB [61) served as a positive controI (Fig.5) . 

3 Discussion 
Unlike terminaIly differentiated skeletal and cardiac 

myocytes, VSMCs retain remarkable plasticity and can 

undergo rather profound and reversible changes in phe

notype in response to changes in Iocal environmental 

cues [11. Researchers have defined two phenotypes of 

VSMCs: contractile one and synthetic one [71. Contrac

tile phenotype is the m ature type of VSMCs which is 

highly differentiated and characterized by spindle-like 

elongated morphology. On the other hand , however, 

synthetic phenotype is the immature and dedifferenti

ated status with hypertrophic appearance. 

Local environme ntal change could cause the 

dediferrentiantion of VSMCs and this phenotype altema-

飞 tion plays important role in the proce ss of vascular 

diseases, especiaIIy in atherosclerosis. It concluded that 

PDGF is the key factor in this alternation. However, 

morphological evidence for this conclusion was still 

lacking . Our results showed that with treatment of 

PDGF-BB , morphology and cytoskeleton of both CS-

54 celIs and RASMCs changed obviously compared with 

the control group. During this process, stress fibers of 

CS-54 cells and RASMCs were disarranged and reduced, 

and the cells transformed from contractile phenotype to 

synthetic one. This further confirmed that PDGF-BB 

played its role as mediator in modulation of VSMC phe

notype through affecting the arrangement and amount 

of cytoskeleton of the cells . 

Studies indicate that the NO/cGMP/ PKGI path

way inhibits proliferation and dedi旺erentiation ofVSMCs, 

and thereby exhibits anti-atherogenic effect [81. For 

example, neo-intima formation and stenosis after arte

rial injury in intact animals was reduced by restoring 

soluble guanylate cyclase or PKG to the i可 ured blood 

vessels. Other genetic or pharmacological manipulations 

that enhance cGMP production in injured blood vessels 

yield similar results. Analyses of plaque compo sition 

suggest that PKG regulates VSMCs secreted fac tors 

which affect matrix remodeling and recruitment of other 

plaque cells, such as macrophages [91. Our results showed 

that in CS-54 cells and RASMCs infected w ith pAd

PKGIα， stress fibers resumed both in arrangement and 

quantity, especially in the groups with high PKGIα ac

ti vity by extra 8-APT -cGMP. This further confirmed 

that PKGIαplayed its anti-arthroscIerosis role through 

promoting the VSMCs to change their synthetic pheno

type back to the contractile phenotype. 
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102 . Research paper 

血小板源性生长因子 -BB 和 cGMP依赖性蛋白激

酶 Iα 对大鼠血管平滑肌细胞形态和骨架的影响 M 

李璜 为开 陈永昌 *

(江苏大学基础医学与医学技术学院， 镇江 212013)

摘要 原代大鼠主动脉平滑肌细胞采用植块法培养。 用编码 cGMP依赖性蛋白激酶Iα基因

的重组腺病毒(pAd-cGMP dependent protein kinase 1α， pAd-PKGIα)感染原代培养的大鼠主动脉平

;骨肌细胞和常规培养的大鼠肺动脉血管平滑肌细胞林CS-54，并用血小板源性生长因子-BB (platelet

derived growth factor-BB , PDGF-BB)作用细胞，研究 PKGIα 和 PDGF-BB 对形态学和细胞骨架的影

响 。 倒直显微镜观察细胞形态，免疫荧光观察细胞应激纤维结构 。 结果表明 PDG-BB 不仅可以使CS-

54细胞和原代大鼠主动脉平滑肌细胞的形态发生明显的变化，也使得细胞原有的应激纤维的数量减

少，分布紊乱; pAd-PKGIα 感染并经 8-APT-cGMP 剌激后应激纤维又可以重新恢复。 这些结果证

明 PDGF-BB对大鼠血管平滑肌细胞林 CS-54和原代大鼠主动脉平滑肌细胞形态和细胞骨架结构有

影响， 这些影响可以因 PKGIα 的表达和活性的增加而逆转。

关键词 PDGF-BB ; PKGIα; 大鼠血管平滑肌细胞; 应激纤维
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