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Antisense oligodeoxynucleotides downregulated c-s／s mRNA expression 

to inhibit proliferation of vascular smooth muscle cells 
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AB I]RACT 

删 ：To assess the inhibitow effect of c．sis 

antisense oligodeo~nueleotides(ODN)on van— 

cular smooth muscle celIs(VSMC)proliferation 

and c—s／s proto．oncogene Ⅱ1刚 A expression． 

M匮T1}II DS： The VSMC were cultured with 

Du113ecco’s modified Engle’s medinm (DMEM) 

contmmng synthesized c—s／s antisense or sense 

oligomers，l H]thymidine( R)incorporation 

into DNA wan determined by liquid seintillation 

counter and the numbers of cells were counted by 

cell counting plate． the rr1RNA leYd was 

obsen,ed by using of reveIse transcription— 

polymeraNe chain reaction ( r．PCR )． 

REsl】I ：C．s／s antis~nse 0DN 2，4，6，8， 

and 1O ／amo1．·LI1 inhibited SMC proliferation 

(10．3％ 4-0．7％ ．22．6％ 4-0．9％，31．0％ 

4-1．1％ ．35．4％ 4-0．9％ ，and 43．3 ％ 4- 

1．2％)and l H rdR incorpomtion(6．8％ ± 

O．3％ ，9．7 ％ 4-0．7％ ，29．0 ％ ±0．6％ ， 

32．O％ ±0．7％．and 50．6％ 4-1．3％)in a 

concentmtion-dependent manner． fi=舵n VSMC 

were treated with antisetlse 0DN 10 tm~ol·L一 

fnr 4 d，the hi est inhibitor)
,

,rate of VSMC 
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卿wth and that of l H rdR incorporation were 

6o．3％ ± 1．O％ and 56．3％ ± 0．9％ ． 

respectively． RT-PCR silowed that c．s／s proto． 

oncogene antisense ODN do,,mregulated c-s／s 

mRNA expression obviously．while c-s／s sense 

ODN did not inhibit VSMC proliferation and 

expression of c-s／s proto—oneogene mRNA． 

C0NCLUSl0N： Ihe c．s／s antisense 0DN 

inhibited VSMC proliferation and dos~qnregulated 

c—s／sⅡ1RNA leve1． 

1 RoDUCI’IoN 

The ntigration and proliferation of vascular 

smooth muscle cells(VSMC)were the key event 

in the development of atheroselemsis and resteno— 

sis after c0nH angioplaNty ’ ． Advanced 

proliferative lesion of VSMC could occlude the 

arte~ by increasing the thickness of the intima of 

the arte~． It wan observed that platelet—derived 

growth factor(PDGF)wan the major seru／n 
mitogen and growth promoting activator for VSMC 

and consisted of two polypepfide chains(A and 

B)，PDGF—B wan the product of e一5 proto- 

oncogene【 - 
． This suggested that the c．s／s 

proto—oncogene played an important role in 

athemgenesis and restenesis afier coron~f 

angioplasty． 

In recent years， using of antisense oligo— 

deoxvnucleotides(ODN)for the inhibition of 

VSMC proliferation has been suggested aN a 

potential therapeutic approach in the prevention 

0f c0“Ⅺlar resterl0sis：5·6]
．  It is based on山e 

findings that these antisense sequences hybridized 

to specific area of DNA or R_NA， disrupted 

normal transcription and lranslation of the 
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targeted gene ． Thus the antisense sequ— 

enees it~hibit the expression of the targeted gene． 

The present studywasto assessthe effect on 

VSMC pmlifemtian by using antisense ODN 

directed against the expression of c—s／s proto— 

oncogene， and to explore a new therapeutic 

approach for athemsclemsis，especially restenosis 

after eoronai)：angioplasty by using antisense 

0DN 

M忸 RIAI AND N娅 rJHoDS 

CeJl cullure VSMC were isolated from 山e 

rabbit(New Zealand white rabbit，n=6，0， 

2．O kg． Certificate No 26—97042． from the 

Experimental &linkal Center of Sun Yat—Sen 

Unive~iW of Medieal Scienees． Gaangzhou) 

aorta bv an explant method、 ． Briefly． the 

explants were placed in DuI~ceo’s modified 

En e‘s me~um (DMEM．Gibeo)supplemented 

th 20％ fotal bovine sertui1 (FBS)． 

benzylpenicillirt sodium salt 100 kU ·L 1。． 

streptomycin sulfate l00唱 ’L～ ，and glutamine 

2 · ( ％ FBS—DMEM)． n1,umo]L 20 e culture 

was maintained at 37℃ in a humidified ineubat— 

or ll1 5 ％ Co，+95％ air． n1e celIS showed 

a spindle—shared appearance， and confluent 

VSMC jn culture showed 山e characteristic“hill 

and valley”growth pattem． 11he identification of 

VSMC was eortfirmed by smoo山 muscle d—actin 

stamlng． 

Synthesis of oligomers l8一bier antisense 

and nse 0DN were．synthesized th a gene 

assembler special(Pharmacia U迎 )． rhe io— 

eliBeWas replaced th sulfurto enhance stability 

to exonuclease degradation in serulll while ODN 

synthesized、lOJ
．  e 0DN was lyophilized． 

rdsuspended jEl PBS． and quantified spectra— 

photometrically． ODN from the translated initial 

region of human mRNA nf c—s／s gene(118—135 

bp)were used． e sequences were：antisense 

0DN (3 一TAClTrAGCGACGACCCGC一5 )，and 

sense ODN (3 一GCGGGTCGTCGC 姐 GTA一5 )． 

asslesNlnent of cell proliferation and 

[ H]TdRincorporation VSMC(passages 2— 
4j were suspended in 20％ FBS-DMEM at a 

density of 4 x 107 cell·L～
． One mL of山e 

suspension was distributed to each well of a 24一 

well plate． M'ter plati．g 24 h．cells were 

maintained in 0．5 ％ FBS—DMEM for 24 h． 

Thell the cell proliferation and J HlTdR incor— 

poration were assessed+ Original medium was 

replaced th 20％ FBS-DMEM to stimnlated 

cell growth， nine of the wells were added 

J H lTdR at final mdioaetivity of 37 MBq·L ． 

At the sal／le time of stimulation．ODN(antisense 

0DN orsense ODN)2，4，6，8．and 10#mol· 

L一 re added． In control cells no ODN was 

added． I e cells were incubated for 24 h．then 

VSMC were twpsinized and counted by a blnod 

cell counting plate，the intmcellular mdieaetivity 

of J Hl T(IR was detennined th a liquid 

scintillation counter(U0 1209，Raekbeta)after 

standing ovenfight at 23 oC． I percent 

j~fffibition was ealeulated：％ inhibition=J l一 

(net growth of antisense or sense—treated cells／ 

net growth of control cellsj l x 100 ％． 111e 

Mfibited percentage of[ H]TdR incorporation 
was ealeulated as ll1at of the eel1 proliferation． 

The net gro~Ch of VSMC was obtained by 

subtracting the starti~ cell number from the cell 

number at indieated time points． e net 

l H]TdR incorporation was obtained by 

subtracting the l H J TdR incorporation from the 

stimulated point． ODN-treated (antiseiase or 

sens~ODN)cells 出concentrationof10 umd· 

L were incubatedfor1，2，3，and 4 d． Then 

the cells were tr}~psinized and counted， each 

experiment was triDlieated． 

C．sis mRNA level in cultured VsI讧C 

VSMC weremaintainedin 0．5％ FBS—DbtEM for 

24 h． ThetotalKNAwas extracted with a single 

step procedureE ：to assess c— s／s mRNA level of 

quiescent VSMC． Th en 0 5％ FBS—DMEbl was 

replaced th 2O％ FBS—DblEM to stimulate 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


I N 0253-9756 Acta IJhan— lo a mc且 中国药理学报 t999 Jan；20 l 1) 

E-mall aps@⋯ sh⋯ ∽ c口 Phn／'Fax 86-21—6474-2629 

VSMC proliferation．e．s／s mRNA expression in 

proliferating VSMC was determined at l，2，3， 

and 4 d after stimulation respectively． ODN 10 

· ( ) 2O％ 
,

F

um

BS

o 1

D

L

ME 

antisense or s

i

ense2 0DN th

M was added nto quiescent eultured 

VSMC for 24 h． C sis 【nRNA level was 

detemfine(1 by RT’PCR． 

Rrr_PCR fal RNA from 3×l VSMC 

were use(1 as telig)late for first．stran d cDNA 

svntl1esis witl1 cDNA s)~thesis kit(Boehringer 

Mannheim)．111e primer sequences were：e-sis 

primer 5 CCCAGCCCCCCACCC GCC 3 ．5 

GCG CAATACAGCAAATACCA 3 ： 3 aetin pri． 

iiler 5 AAGGA1][℃CTATG I、：GGC．3 ．5 CA 

C r℃ 兀 CTCGAAGTC．3 ． PCR amplification of 

the eDNA was performed by using the Boehringer 

Mannheim PCR protoco1． Briefly，an aliquot of 

cDNA wan added to a reaction mixture containing 

primers 20 ／~mot‘L一 and Taq polymemse 5 

units． Amplification was performed tl1 a DN_A 

then：hal cycler(PrrC一2oo，Ⅲ Research，UsA) 

for 20(B．aetin)and 30(c-sis)cycler． The 

following themml cycle profilewas used：l min at 

94 ℃ for denaturation． 1 min at 60 ℃ for 

aunealing，2 min for mmealing for 0一aetin，and 2 
min at 72℃ fnr extension． The RT PCR 

products were eleetrophoresed in 2％ agamse gel 

Ih ethichum bromide stained． rhe res山Is were 

analvzeel tl1 Bio．gad 100O Gel inmgine 

densitomeler systen1． 

Data were expressed as x±s and compared 

using AN0f 抽 unpaired t．test． 

RESULTS 

VSMC pmhfemtion was lower in antisense 

ODN—treated grotlp than that in control group(P 

<0．01)． Wlfile sense ODN did not inhibit 

VSMC gre~~h(t >0．05)． This肿 wd1一inhibi— 

tory effect was raised th tl1e inereas~ of 

concentration of antisense ODN．i12 a coneentra． 

tion dependent irtartller． rhe％ of inhibition at 

the eoneentration of 2，4，6，8，and 10
,
tsmol‘ 

L～ was 10．3％ 4-0．7 ％ ，22．6％ 4-0．9％ ． 

31．0％ ± 1．1％ ， 35．4％ ± 0．9％ ． and 

43．3％4-1．2％，respectively．(Fig 1) 

。1=『1 

4 6 8 10 

Concentrafion／gmo1．L‘l 

Fig 1． Inhibitory effects of anfisense(x)and 

seuseODN(●)on eultur~V C proliferation． 
n=9 wells per groap．experiment、vas repeated 3 

thnes from 6 rabbits(2 rabbits x3 thnes)． 

±s． P>0．惦， P<0．01 control(0)． 

The inhibitor,"rates of l H}TdR ineor． 

potation at 2，4，6，8，and 10 Mrn0l·L were 

6．8 ％ 4-0．3 ％ ．9．7％ 4-0．7 ％ ．29．0 ％ 4- 

0．6 ％ ，32．0 ％ 4-0．7 ％ ，and 50．6 ％ 4- 

1．3％ ， respectively， while VSMC gmwd1 

treated wi山 seilse 0DN and eontrol medium plus 

l 14]TaR was notinhibiteel(Fig 2)． 

Coneentration／lanol—L。l 

Fig 2． [ H JTdR incorporation into DNA Was 
inhibited bv e-s／s antisense ODN． Experiment was 

repeated 3 lames from 6 rabbits (2 rabbits x 3 

times)． x±s． Control(o)，senseODN(●)， 
an~sense ODN (x)． 

- 一 ．—． —．1 咖 铆 枷 枷 姗 圳 枷 圳 

一苫： 。【， 曲一直 I1；。号 _ 
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rhe VSMC inetd~ated th antisense ODN 

10 Hmol·L ’ )r l，2，3，and 4 d prcdueed an 

inhibition(P<0．0l，Fig 3)． The％ of inhi— 

bition were 43．3％ ± 1．2％ ， 52．1％ 4- 

1．3％ ． 53．1％ ± 0．9 ％ ， and 6O．3％ 4- 

1．0％ ．respectively． Whell VSMC were cul— 

tured th alltisellsc or scllse 0DN 10 rn0l·L-。， 

and control medium plus【 H JTdR fbr l，2，3， 

and 4 d．the％ ofincorporation nf L HJTdR in 

celIs treated by antisense ODN vel~HS the eontrol 

medium weFe 50．6％ ± 0．6％ ，52．7％ ± 

0_8％ ． 54．6 ％ ± 1．0 ％ ， and 56．3 ％ ± 

0．9％，respectively lFig 4)． 

2 

Fig 3． Proliferation of VSM C incubated tlI 

control c0)-sense ODN (●)antisense ODN 

(×)10 itmol‘L- ． H=9 weHs per group— 
experimentwas repeated 3 times from 6 tabbits 

(2 rabbits×3times)． ± ． 

>0．05． <0．01 contro1． 

VSMC cw in sens~OD and血e contml 

rrledium treatment wert not much difierent(P> 

O．05，Fig 3，4)． The decrease ofincorporation 

of H]TdR was essentially in good agreement 
th 山e decrease of number of VSMC after 

an tis~ase，sense ODN，and eonffo1． 

．~unplificd products showed a single band 

corresponding to the predicted size of 866 bp 

lFig 5，6)． 

In quiescent cultured VSMC，c．s／s mRNA 

was not detemnned after agamse gel eleetrophore一 

言 
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Fig 4． [ H]TdR incorporation ofVb3VlC incu— 
bated with c-s／s anlisense or Sellse l0 Fmol‘L’。 

plus[ H]TdR．D 州mel1t、vas repeated 3 thnes 
from 6 rabbits【2 rabbits×3times)． 

564 

}}31 

947 

Fig 5． C- mRNA (866 bp)】evd in VSMC 

incubated with 20 ％ FBS．D IEⅥ wi thout oDN 

at 24，48，72，96 h．andqlliescentperiod． Lane 

1)qulescent VSMC；2)e- mRNA level in 96 h 

after 20％ FBS．D 匝M stimulation：3)C-s／s 

mRNA level in 72 h a r 20 ％ FBS-D ⅢM 

stimulation；4l C-s／s mRNA 】evel in 48 h a r 

20％ FBS．DMEM stimulallon：5)C-s／s mRNA 

levelin 24h after 20％ H塔 -D 伍M  stimulation； 

6】marker． 

sis．after VSMC was stimulated 山 2O％ FBS． 

DMEM．expression of c—s／s nlRNA was increased 

圳 __ 

一_1-ll。 ))(卜。一 
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at 24 h and decreased at 72 h．the highest level 

was shown at 48 h．fFig 5) 

564 

l 

947 

1 2 3 4 5 6 7 

Fig 6． E胁 of anfisense 0DN on c-sh mRNA 

(866 bp) expression in V ． Lane 1) 

marker：2】V UC 邢 treated with sense ODN 

10ltmol·L ：3】V wasincubaledwithout 

ODN：4】V was incubated with 20％ FBS． 

DMF2~I plIls antisemeODN 10／unol·L。。；5)B— 

actlnmRNA(532 b口)in v C treated with 15o 

ODN；6) actin mRN^(532 bp)in vSM_C 

treatedwith seIlseODN；7) actinmRNA (532 

bp)inVSMCtreatedwitll蛐出蚰se 0DN． 

C—s／s antisellse ODN 10~,mol’L reduced 

mRNA level markedly，while sense ODN did not 

atilt c—sLs expression． 0一Actin mRNA in the 
antisense-， sense．treated， and control VSMC 

presented 1'1o,mjor differences．(Fig 6) 

Ⅱ CUSS10N 

Recently． antisense 0DN were widely 

researched jn vaseul81"proliferating disease． Our 

studv showed that VSMC pmliferatian was asso． 

eiated 山 inereased expression of c．sis proto． 

oncogene， and supported the potential 

applicability of the antisense as a therapeutic 

approach in the restenosis after eoronaty 

angioplasb'． 

1n t}lis studv． e．sis antisense 0DN were 

used．because VSMC deIived from injured artep,' 

produced a 5．fold inerease of PDGF．B mR_NA as 

compared th those from normal vessel⋯J．this 

revealed that increased expression of e—sis II】RNA 

was veⅣ important in VSMC proliferation． We 

hypothesized that upregtflafion of e-sis expression 

would be able to stimulate proliferation of VSMC 

and do~nregulafion of c—sis expression weuld be 

able to inhibit proliferation of VSMC． The result 

demonstrated that c．s／s transcripts were elevated 

in proliferative，but not quiescent VSMC(Fig 

5)． Whether enhanced c-sis expression was the 

only reason to cause VSMC proliferation was still 

unknown，because the previous studv showed that 

PDGF could increase significantly e-rnyc pinto— 

oncogene expression ． Now e—myc proto— 

oncogene is believed to reguJate gene expression 
on transcriptional and posltranseriptional levels， 

which result in cell proliferation and 

difkrenfiaⅡ彻【 ， 引
．  ]'nus． there inav be a 

regu】ato~-linkage between c-sis and e-myc 
oncogene． This part of study is being invesfi— 

gated in our study． 

=Antisense 0DN exerts jnhibitorv effect． 

there are several possible mechanisms： 1) 

antisense 0DN Knds to double—stranded DNA． 

theninhibitstheregeneration andtranscription of 

gene ； 2 j antisense ODN abelishes mRNA 

processing，maturation and trmaslation’ ；3) 

31'ltJsense ODN activates RNAase H which shears 

RNA strand without binding with 3n~sense 

ODN ；4) antisense ODN antipmliferati0n 

activity is not due to a hybridization，rather，a 

stretch of four contiguous guanosine residues【 ]： 

but the view on the research was not supported 

f rtherJ ． According to our results．jt was 

eertain tllat c．sis antisense 0DN inhibited 

tran scription of c-sis pinto—oncogene and d0、、11一 

regulated the expression of e．s／s rrlRNA． 

Therefore．we postulated tllat downregulatien of 
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c S／S expression msulted iI1 decreased VSMC 

produetion ot’e．s／s protein — PDGF．B． a 

t-~)werful stimulant proliferation and migration 

0f VSMC． Ⅵ ether c s／s antisense ODN inhi一 

bited repnMuefion， posttranseriptional raRNA 

processing 0i e。sts pinto oneogene or c。 nr 

expression needed to be researched iI1 the future． 3 

0ur result showed that the CaUSe．and-effect 

relation between c．s／s expression and VSMC 

proliferation was obvious． Ihese observations 

suggested strongly that the inhibition of VSMC 

proliferationⅥas probably caused by a sequence一 

specific effect of e s／s antisense ODN de9~31． 

regLdati~g e-sis expression． 

The advantage of antisense ODN may be 

high specific inhibition of the target gellorae 5 

~dthout influencing other genes， and selective 

suppression of proliferating VSMC without 

inhibiting quiescent VSMC．because quiescent 

VSMC have not an enhanced mRNA level(Fig 。 

5)． I11 our stud)。，the proliferation of VSMC WaS 

inhibited ii1 a concentration-dependent IYla／lller by 

c—s／s antisense ODN t Fig 1，3)，the inhibiteD' 

rate of VSMC gro~h was 60．3％ ±1．O ％ th 7 

c． antisense ODN 10 tanol·L一 ．and the 

inifibitory effect of e．s／s antisense ODN was 

observed in a lOW concentration range (2—10 

umol‘L ) i11 this studv． Prm ious report 

showed that high concentration of c m 

antisense ODN could inhibit the Dmliferation of 

VSMC【 1 
， it suggests that c ／s anlisense ODN 

ma be lllOre effecti~，e than c m~c antisense ODN 

in inhilfiting VSMC proliferation． In addition． 9 

the difference of the used pmto-oncongene 

antisense ODN and cell lines rnav cause different 

antipmliferative effect，thus，the postulation that 

c． ODN was nlore effective than c m ODN 

in inhibiting、瑁MC gro,~h needed to be further 

investigated． 
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反义寡脱氧核苷酸下调c-硫 基因表达 

抑制血管平滑肌细胞增殖 ；， |r 
．  1 

V 

唐其末 ，林曙光，余细勇 (广东省心血管病 

研究所药理室，广州 510100，中国) 

～ 

关键词 原癌基因类 ；反义寡核苷酸类；血管平 

滑肌；遗传的转录 聚合酶链反应；培养的细胞； 

信使RNA；细胞分裂i胸苷；下调(生理学) 

啦 已t 且 

目的：’研究 c． 反义寡脱氧桉苷酸(ODN)对 c一 

表达及血管平滑肌细胞(VSMC)增殖抑制效应． 

方法：用合成 c- 正、反义 ODN培养 VSMC；用液 

闪测定[ HITdR掺入并细胞计数，观察细胞增殖； 

用逆转录PER，评价 c．幽 表达． 结果：c．睹 反义 

ODN 2，4，6，8，10~anol’L 抑制 VSMC(10．3％ 

±0．7 ％ ，22．6 ％ ±0．9 ％ ，31．0 ％ ± 1．1 ％ ， 

35．4％ ±0．9％，43．3％ ±1．2％)和 降 低 

[ H]TdtL~入(6 8％±0．3％，9．7％±0．7％， 

29．0％ ±0．6 ％ ．32．0 ％ ±0．7 ％ ．50．6 ％ ± 

1．3％)呈有剂量依赖性． 反义 ODN 10#anol·L 

培养细胞 4 d，最大抑制率达 6o．3％ ±1．0％， 

[ H]TdR~A降低56．3％±0．9％，c．su mRNA表 

达明显降低；而正义 c．5 ODN对 VSMC无抑制， 

细胞数和[ H]TdR掺入及 c．su mRNA水平与对照 

无差异． 结论：c．5 反义 ODN明显下调 c． 

mRNA表达，显著抑制 VSMC增殖． 

(责任编辑 杨如华) 
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