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Effect of ant~ense mitogen-activated protein kinase oligonudeofides on 

rat vascular smooth muscle cell proliferation induced by EGF ／n v／go 

HUANG Shao—Ling，DING Bo，YUQin sI1 ，GUO Zhao-Q 
(Laboratory ofMolecular Pharmacology， 一，m  Medical Univers ，Changsha 41O078，China) 

KEY W ORI~ protein kinases； epidermal 

growthfactor-urogastrone；antisense oligonucleot— 

ides ；vascular smooth muscle；cultured cells 

AnI：To study the preventive effect of down- 

re#~inS mitogen-activated protein kinase 
(MAPK) on vascular smooth n1llscle cell 

(VSMC)proliferation． MEⅡI(加Is：CUltured 
I龇 VSMCwas pretreatedwith a phospborothioate— 

protected 17一[ner antisense MAPK oligodeoxy— 

nilcleotides(ODN)directed against the initiation 
of translation sites of the p42-and D44．MAPK 

isoforms by liposomal transfectinon． A 17一met 

sense and a random sequence M Ĵ ODN were 

used as contro1． After liposomal traTlsfection。 

ceils were expo~d to epidermal growth factor 

(EGF) 1 nmol·L for 10 min and then 
harvested in lysis buffer． MAPK activity was 

II sured by W terll blot and PI81 

pbospbocellulose filter pttl~rs method by using 

l 7 P J A rP and myelin basic protein as sub— 
strate． DNA synthesis was measured by 
I Hltbymidine incorporation． RESULTS： 
Antiseuse 0DN O．2 mnol·L一 reduced EGF— 

inducedM 啪 【activitiesby 84％．andinhibited 

vSMC l H Jthymidineincorporation stimulatedby 
EGF． C0NCLIjSl0N： A 17-nler MAPK 
antisense oligonucleotide directed assist the 

initiation oftranslation sites ofthe p44．and P42一 
MAPK inhibited EGF-Sfirm,lated rat VSMC 

proliferation． 

Percutaneous transluminal coronary an#o— 
plasty (FIEA)has become a well—established 
thempy in the ~ ment of core~lal'y artery 

disease． However。 in the last 15 years．the 

frequent OCC~ ce of restenosis following 

30％ 一40 ％ ofinitially successful procodm'~ 

n naiIIed the major limitation of the technique 
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andlittle has been achieved in the prevention of 

the restenosis． In ex~rimen=l models，vascll— 

lar smoothⅡⅡIscle cell(VSMC)proliferation has 
been shown  to be a key event responsible for 

restenosis after balloon angioplasty．J,2j，and the 

involveme m of a complex interaction betw~n 

multiple g~wth factors that promote vsMC 

proliferation including epidermal growth factor 

(E( )， platelet—derived grewth factor，and 
fibrobl~t gowth factoruJ． These factors acti． 

vate membrane tyrosine ki~ coupled receptors 

or heptahehcal G protein-coupled receptors． 

Recepter biodin~ 。in turn’ activates a protein 

kinase cascade linking extracellular si印且l events 

present at the cell membrane with c}mII s in 

gene expression iIl the n~ leus ． Critical 

enzymes jn this cascade are the 42一and 44_kDa 

mitegen-activated protein kinas~s (MAPK )． 
|rIle 42一and 44_kDa MAPK ale serine／threonine 

protein kinasesthat are activated bymany stimull 

involved in cell growth and a8a COlrsEton pathway 

totransmit si印且lforproliferationintothe nucleus 

regulating cell proliferationt．4J
． 0n the basis of 

these 6ndjn犟 ，we hypothe~zed that inhlbition of 

the MAPK activity by its antisense 

oligodeoxyneuleotides(0DN) might suppress 
vsMC proliferation and hence restenoais． rhe 

pIl 0se of this study therefore is to i~gallline the 
inhibitory effect of the translation of and 

p42一M 啪 【mRNA onVSMC proliferation． 

厦A11E盈Î I S AND 叨 10DS 

Chlmdeals E( (from rn0use sub- 

maxillary 王u1ds)，anti—mitegen—activated protein 
kinuse，llpofoctin，myelin basic protein，protein 

k2nuse inhibitor( 兀T AAPⅡ GAT GAA 从 I 

HA)，leuptinin，HEPES，Triten X一1130，bovine 
~rtllll albumin，and acid were purchased 

from Sigma． p-81 filter paper was purchased 

from Waterman Go． Western blot chemilun／ne- 

scerlce reagent plus waB purchased from 唧 

Life ScienceProducts． 

Syrahesis 0f 0Ij窖j0I咖ldIeDtides Phosphoro． 
thioate-protected  oligonudeotides were used to 
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inhibit prolifolBlJon of EGF_stimnlatod mt SMCs 

／n v／tro． The 8e口u [Il瑚 ofthe phospherothioate- 

protected 01i 咀uele0 de8 ’veIe 17-Ⅲ盯 rat 

antiseme m  (5 ．GCc GCC cCC GCC GCc 

AT．3’) djH aI i玎或 the initiation of 
啦IllE site of rat p42． and D44_MAPK 

nlRNA． rflfiS0DN has been used successfullyto 

down-regulate both isufom~ of MAPK in 3T3 

cells~5J and rat cs_vdinc myocytesL ． 17-Mer rat 

sense MAPK(5 一AT 0GC 0GC GGC 0GC 0GC- 

3 )and 17．flier mismatch stⅪuence (5 一CGC 
GCG CI．c GCG CAC CC一3 ) weIe used a8 
controls． ODN weIe synthesized and Du曲 ed at 

the DNA Core，University-of Cincinnati． 

0eIl culture VŝIC weIe isolated from 

am'ta of瑚 一250-g SpDl靴 ．Dawley rats(sup— 
plied the Experimental Animal Center of Hu- 

Im  Medical University．grade II，Certificate 
№2蝴 ) and maintained in DⅧ瑚 
supplementedwith 10％ fetal calf s目1ln1． Cells 

W髓 4to 8 passages． 
⋯  

U哪棚岫蚰 trat~ e~litmt ODN 0．8 

ttmol·L～ in antibiotic．and sermn-free D】 M 

were vortex-mixed for 30 s． then mixed with 

equal volume ofDMEM contain~ hpofectin 80 
nag·L and incubatd at 25 for 20 rain． 

VSMC weIe washed gently 3 times in 8Orllnl and 

antibiotic free DMEM． ODN／lipefe~dn mix 

2O0 “L Ⅷ added  for each weal of 12．well 

plates，or75 for each well of 24_well plates， 

with equal volumn of serum and antibiotic—fize 

DMEM． VsMC 雌 incubated at 37 ℃ in 

95％ 02+5％ CO2 for 8 h，ag ed神  
every 2 h． Medium wa8 then replaced with the 

鞠r啦 volume ofliposume-fize DMEM c ning 

t} 蚰啦 concentration of ODN supplemented 

with 10 ％ fetal calf ~run1． Cells 雌  

incubatedfor another24 h．before adding EGF． 

[ H]．I1 血d．眦 ino0印啊咖  C 
wm  phted in 24_well plates at 1 x 1 cells D口 

wel1． Antisense，舢 ，and random 0DN wm  

uamfocted for48 h in DMEM． Cells Sfinn,lnted 

with EGF "16 h，labeled with 【’HJth~ dme 
37 m Ⅱ·L for 8 h ， w~hed with cold 

PBS， 奶rn吕i 目ed， m~ ended in 20 ％ 晡． 

chloroacetic acid ( )， and v0rttⅨed 
vigorouslyto hsethe cells． Ik  cell lysatew舾 

vacuum-filtered t}1wu a glass-fiber filtot． 

After washed with cold 5 ％ T℃A followed by 

70％ ethanol， the filter Ⅷ dried ． Ⅱ 

radioactivity of incorporated l H Jthymidine was 
measured using liquid scintillation counter． 

Experiments、̂lere performed 6 sin duplicate． 

Prelmrafion of cell lysates M ter 

treated  with 0lDN。cells were washed with PBS， 

and 0．1 mLlysis buffer containing№ 0 50，NaF 

50，sodium pyrophosphate 50， egt~ic acid 5， 

edetic acid 5，N码VO4 2，phenylmethylsulfonyl 

fluoride 0．5．and}ⅢPES 10 waml·L at pH 

7．4． along with 0．1％ Triton X-1O0 and 

leupeptin 10 nag·L～ wag added． Cell lysates 

were fIx)Z~rl on ice，8cmped，sonicated，and 
centrifuged at 18 000 X g for 15 min(4℃)， 
protein concentration wa8 estimated by the (1ve 

_m甜10d( ． 
W estern blot SDS sample buffer 

containirig Tris-HCl 0．33 mol·L_。．SDS 10 ％ 

(wt／vo1)， glycerol 40％ (vol／vo1)， and 
dithiothmitol 20 ％ (vol／vo1) containing 

h~mophenol blue 0．4％ (wt／vo1) of 1／4 
volume was addedtocelllysates． Ⅱle extracted 

protein 10 gg was subjected to SDS-PAGE in a 
10％ SDS ge1．andthe protein wastransf~ to 

nitroceH~ose me mbrane．which wa8 then blocked 

f0r 1 h with 5％ BsA in PB (NazHPO~踟 

mmol·L～ 。NaH2PO4 20 mmol·L_。，№ Q 100 

mmol·L～containing0．05％ Twcen-20)． Ik 
blots incubated at 25 ℃ with the pmnars 

monoclonal antibodies of and p42．MAPK at 

a 1：10 000 dilution f0r 1 h， foilowed by 
incq1]~ on with 8E!。Dnda b0dv(horseradish 
pemxidase conjugated )at a 1：800 dilution for 
1 h． Inununor~,sctiYe bands of p42一and 

MAPK weIe visualized by using enhanced 
chemiluminescence reagents． Quantification of 
p42一and p44_MAPK activi竹 by a scanning 
densitome try of autoradiogrup hs． 

，． 、 

P蠕1 filter硼per ld瑚se地sayL” Fifty 
止 of the cell lysates were mixed with 10 “L 0f 

assay buyer{f删 120， 60，MnC1212， 

[T 12，№ VO4 3 mmol·L～ ，pH7．2，protein 

kinase inhibitor( 兀T 从 P IAS GAT GAA AAI 

HA)12，BsA 3．6只·L_‘，瑚 P 1只·L_。， 

l “P J A]【P 74 kBq 50ttmol}whichis sixi~lles 
of final concentration。then incubated at 30 ℃ 

for 10 min． The reactions， terminated by 
spotl~ 40“L ofthe re∞d0n mixture onto P．8l 
pa l瑁，whichweIeimmediatelyimmersedin ice- 

coldH PO475mmol·L～ ，andw~hed inH3PO4 
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for 10 rain for 6 times and counted． Ⅲle 

re．action blankwas amixture contai~ all ofthe 
reagents butwithout celllysate． 

SlatisU~ 棚埔Iysis Values"Wel~expressed 

88 ±s and assessed b!jr ANOVA 8．rid t—test． 

REsIⅡ IS 

Effect otoligom~eotkles衄 VSM C DNA 

sylnlaesis Pretrealment of cultured VSMC with 

an[Jsel'lSe ODN 0．2 t~aol·L一 reduced 

l H Jthymidine incorporation stimulated bv EGF， 
but neither sense 11o1"random ODN did( 胁 1)． 

Tab1． 目Ibct MAP 醯 憾 曲 嗽 棚 郾de硼瓤皿曲删 曙 

珥叫n 加咖 皿 FP．I,Fo mI劬。d[1I]曲 珊呻 ∞p删 岫 
哺 删 c曩nD嚏hinuBele。db． ± 0f 6i,lcleoend~  

啊挪 r E如 棚 №删 哺 V ． A孵瓣  击中瞄曲如 

珈 嘣 曲 岫 帅 e de虹  呻 Ⅱ． >0．惦 ． 《0．惦 晤 EGI 

’0．惦 ． 《0．惦  ∞ Ⅱ d． 

[ H]田 nidiIle 瑚p姗 oI| 
^棚  

C叫血0l 

EcF 

EGF+lit,ffoetin 

EGF+ d 

EGF+ser~e 

EGF+random 

256±33 

2 205±埘  

2040±495‘ 

259±75M 

2 840±414a 

2073±404日 

W estern blot 如 aIysis The monoelonal 

Ⅲ bodies Were dlreeted against MAPK protein 

identifiedthe42一and44_kDa bandsin extractsof 

rat SMC． Antisense 0DlN O．2 p．mol·LI1 

reclueedNAPK aetivity by 84 ％ afterlipo~omal 

tran~feetiort． Ⅵ5MC Do to lipofeetin 

without ODN had no inhibition effect on MAPK 

content c0l】∞ared with EGF_~imulated 、得MC． 

Sense and random seqllenc~ 0lDN also had nO 

inhibition effect(Fig 1， I 2)． 
P_81 filter paper 岫辨 酗鞠 

Pre~,alment with ltn1．Jsel'lSe 0DN 0．2“m0l·L一 

inhibited EGF stimulated—oho6ohorylation activity 

0f朋 I’K． Neither Sense nor illndom ODN had 

a significant effoct m the NAPK phosphor,ylation 

aedvity( I 3)． 一 ’ 

D噩sCUS 0N 

Antisense ODN complementary to．~ lllences 

in specific genes are useful probesfor expression 

of those genes in various biological proeesse~． 

— — EGF — —  

kDa

kI)a

譬 I - 譬 一 一  

l 2 3 ● 5 6 

FI窖1． EI蜘 0fMAP醯雌 蜘 e缸嘲血倒 ∞ the 

exprl~ m 0f rat删 c an袖 m Ⅺd oeⅡ po．-|Dd o44- 

MAPKta~ot~ s by Western blot． 1 J∞删 ． 2)鲫  

或I 岫蝴 ．3)踞 F+ ．4)EGI + 0 血． 
5)lDGF+蝴 e．6)E( +目口lm ． 

T曲 2． 0fM  ODN 衄 曲 删 ∞ 嘲 瞳' 吡  l曩  

删 c蜘∞曲 脚啊de oeⅡp|二 曩Dd p“_̂ K p 曲帕 

Wl咖 姒 ． ±?0f6 de坤岫 a 而 岫  州  

哺 V ． A代日孽  0f ■n阻te 删 瑾岫 瞄 暇  

de蛔 皿 h 吐l叫 ．‘P >O．惦 ， P ‘0．惦 w EGF 窖r唧 ． 

P’0．惦 ．。P‘0．0S 坩 脚口trd ． 

C 

EGF 

EGF+bpa 血  

胁 F+删凼 erHe 

ECF+目erbe 

胁 F+Ⅲ  

35±8 

l54±33| 

l就 ±l7 

± 

l75±lo-。 

l25±l丘。 

T曲 3． E嘲 0fM枷 (∞t 曲目删 m MAPI【 

妯 姆 虹 r畦 坩 tIc 锄州 h 曲础 odk．霉 士 0 西 6 
h 峥  吐 a p|而 啦出  曲 哺 V _c． A代哺擎 0f 

血 h吐e 珈嘣 帅 蛔 帅 e 出 悃 皿h  呲 ． >O．惦 ， 

《0．惦 憎 EGF 窖r唧 ． >0．惦 - 《0．惦 w 舯 Ⅱ州 ． 

[7- P]̂四 jn∞pm ∞ 

·Ⅲrm ，g n 

0ll血d 

阱  

EGF+lip蜘  
EGF+删庙 er* 

m F+目erbe 

阱 +Ⅲ ld0m 

2 550±ll59 

25 6卵 ±55l2． 

21 010±4 7 ‘ 

3 015±1 l 

22 741±3 723- 

39B±55 80I 

枷 8t憾 strategies havebeen~eeeMully 10 

investigate ~i．gle gene funeti~ in VSMC al1d 

inhibition of VSMC D瑚血f 0n alld hence 0f 

regten0日isL”J． Cell D瑚 ff 彻 involves the 

eomple~ interaedom of mitten binding to 

reeept~,s，iIIha ULdar si 叫 h c 0n path— 
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ways，and ch,~ s in the expression of specific 

genes． Block of a si~,le receptor or si~ ng 
pathway will not be sufficient to suppress 

proliferation． A largo numberofantirense ohgo— 

nucleotides targeting the cell cycle mRNA such 

as normmscle n】y0s．m heavy chain， d畸  

cell nuclear antigen(PcNA)，and c—myc l̈，c一 
， y6 were used to inhibit VSMC pm~emfion ． 

Inthe present studv．we sdected a critical final 

COlllnlon mediator of growth factor signal 

trsn~uction， MAPK a吕 the target，and used 

MAPK antirense 0DN to inhibit VSMC 

pmlifemfion ． Recent evidence indicated that 

many growth factors which caused VSMC 

pmlifemfion wa$ mediated by MAPK cascade． 

Transient early activation of MAPK uccured 

within 5 to 10 nfin of agonist admini8tration， 

whereas a sustained late activation p1)eared after 

1 to 2 h and a8 requiredfor con cyde progres— 

sionL ． Specific growth related events that&re 

regulated by MAPK include induction of mRNA 

lotproto-~  c-trffc，c-los’and c-myO，． 
hl the present study． the ODN aIe 

Ohespherothioate pmtected  to be ~ stant to 

nuc leaees． 1b co]'l~tt1．the~ encc specificity． 

two control oDN 岛e and random were used． 

1l1e activity ofMAPK are identitled by p-81 filter 

paper kinase assay combin~ with the W砖teⅡ1 

blot method． 111e mechanism by which antirense 
oDN inhibited expression oftarget genes within 

cells was thought to invdve interfereuce with 

translation of the target mRNA rigid／or induction 

of cleavage of DN̂ ／tuRNA hybrids by RNAase 
H[ ． 

In conclusion， the results of the present 

叫dv demonstrated that the MAPK pathway 

p~yed  all important role in EGF-induced 

pmliferatlon of rat VSMC and implied that a 17一 

Ⅱ r aIld lse MAPK oligedcoxynudeotide s 

directed against the initiation of translation sites 

of the MAPK mRNA could inhibit EGF_ 

stimulated rat VSMC proliferation  and thus might 

be a possible strategy"for inhibition of VSMC 

proliferation and hence of restenosis． 
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丝裂素活化的蛋白激酋反义寡核苷酸抑制裹皮生 
长 园子诱导体外培养太■血管平滑肌细胞增生 

， 丁 波，金遗 _郭兆贵 ，己7_7 
(湖南医科大学分子药理研究室，长沙 410078，中国) 

关键词 童自塞孽类；表皮生长因子一屎抑胃激 
素；反义寡核苷酸类；血管平滑肌；培养的细胞 

—  一 4牟 J事 

目的：探讨丝裂素活化的蛋白激酶(MA 望寡 
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核苷酸(ODN)对表皮生长 因子( )诱 导的培养 

大鼠血管平滑肌细胞增生的抑制作用 ． 方法 ：用 

脂质体将 p42．和 p44_NAPK ODN 0．2,umol‘L 转染 

人大鼠血管平滑肌细胞，设正义及随机 ODN为对 

照，用 '~grestem Blot法结台 P-81滤纸法以髓磷脂碱 

性蛋白为底物测定 NAPK活性． [ H]胸腺嘧啶核 

苷酸掺 人 测 定平 滑肌 细 胞 DNA台 成 ． 结果： 

NAPK ODN能明显抑制 EGF诱导的 NAPK蛋 白表 

达及 NAPK活性 ，并明显抑制血管平滑肌细胞的 

[ H]胸腺嘧啶核苷酸掺人． 结论：针对 p42-和 

p44_NAPK起始部位设计 的 17．ine．1r ODN能有效抑 

制 EGF诱导的血管平滑肌细胞的增生． 
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EITect of histidine 011 myocardial mitochondria and platelet aggregation 

during thrombolic cerebral ischemia in rats 
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cerebral ischemia； pl~elet 
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IlistidiⅡe 

删 ：To studythe effect of histidine on eea'ebral 

tIlr0nIb0sis and possible mechanism． 

Ⅱ̂Ⅱ目旧旺，s： Cerebra1．carolJlg．c stroke was 

orodueed by photoehemieaUy induced thrombotic 

eea'ebral isehemia in rats． RES哪 S：Platelet 

aC#；regation i13 whole blood ine1~ased markedly， 

peak heights at 4 and 24 hwere(5．1±0．5)n 

and (4．3±0．5) n，respectively． Heart 
mitochondria volume (V)， volttme density 
( )，surface density (Nm)，and surface 

demity of outermembl'flll~(S 1)irlCl'PAised(8．2 
±5．5，0．59±0．16，0．11±0．03，and 0．22± 

0．05，respectively，P<0．O1)，but numerical 

den8ity (  ̂)， specific $11iface of inl~l- 

membrane(如)and ofthe eristae(83)dec1~ased 
(0．07±0．02．2．8．4-0．8，and 2．4±0．7， 
respectively．P<0．O1)after cerebral throml~- 
sis． The myocardial histopathologlc character- 

istics ere different hom those of isehemic 

necrosis and myocardial ,tamage caused by 

isehemie reperfusion． In rat treated with 

histidine after photochemical reaction， platelet 

aggregation decreased markedly l(2．93．4-1．08) 
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n，P<0．01 1．reversible chailge often we玎twith 
parameters related to the ir1ner mitochondrial 

membrane but not the outer mitochondrial 

／／l~'lbr'drle． 0叫 C US∞0N： Hisfidine de- 
pressed platelet aggregation and reduced 

myocardial mitochondrial damage resulted frown 

cerebralisehemia． 

In “cerebra1．cardiac stroke’’induced by 

photochemical reactionll1． we observed that 

cardiac systolic and diastolic dysfunctions 

recovered completely in 5—7 d． HistidiTie 

shortened the reversible injury． known as 
“

stunning’ by improving the myocardial 

contractility ， suggesting that the functional 

heart depression but not morphologie changes 

occurred at cerebral thrombosis． To further 

elicit the nallll~ of c~rdiac complication of 

stroke．we observed the change~of myocardium 

ultrastruetla'e and whole blood aggregation after 

cerebral thrombosis，and it might be helpful to 

clarify the D088ible mechanism of histidine in 

improving myocardial stunning． 

1]EI A【s AND Ⅳ匝田 Ⅲ，s 

Thrombotic cerebral isehemia The 

cerebralthrombosisw舾producedin45 0 VCistar 
rats(Grade Clean)weighing(280±2o)g under 
anesthesia with 2．5％ thiopental flodill／n(40 n 
· kf； )ip． The ratswere given rose beI (10 

蝉 ·妇 )in 7．5 g·L 8aline soludon and the 
intact skaU was irradiated with green tight(560 
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