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Effects of hepariri Oil growth factor．induced mitogenic and proliferative 

respOliVes of rat pulmonary artery smooth m uscle cells 
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KEY W ORDS hepat'in； platelet-dea'ived growth 

factor；fibroblastgrowthfactor；interleukin-1；vascular 

smooth~／'D．．1scle；cultured cells；rltls 

AⅡ讧：To invesdgate whether k神 inhibits growth 

factor．inducedmitogenic and prolifelative responses of 

the pulmona13r arterial smoothmuscle cells(t'ASMC)． 

M匝TIKlDS：Rat P  ̂ 氇C 眦 eullmed in mediu~ 

199 c0岫t蛐 g 10％ bovine吕e珊 (FBS) 

IVntogene~ was molfitol'ed from l methyl-~H l 

thymictine (1 methyt-3H l T‘R ) uptake and cell 

proliferatioll ms monitored by cell co,nr~ ． 

RESUI腮 ：FBS (1％ )，platelet-deaived growth 

factor(PtXa~，50鹇·L )，fibroblast growth fact~ 

(FGF，50 g·L_‘)0r intea-leukin la(IL-la，100 

ng·L一 )alone induced both rat PASMC mitogenesis 

and proliferation． H (10％)and the ccll3binlllion 

0f甩S(1％)with脚 (50鹇 ·L_‘)， (50 

鹇 。L )，or IL—la(100 ng’L )in删  

mitogenesisof rat PASMC． Hevam (100 mg·L ) 

inhibited PASMC oroliferation(28％ -i-6％)and 

thymidine inco~'llotalioll(27 ％ ±7％)induced bv 

FBS (10％ )，and also significantly inhibited cell 

prolifelation25 ％ -i-6 ％ ．27 ％ ．4-7％ ．and 20 ％ 

-

i-4％，戤ld l rnea~／． H J T‘R inoorooration 23 ％ 

±7 ％ ，26 ％ -i-6 ％ ，20 ％ ±6 ％ in山●0ed by H 

(1％)in combinationwithHX (SO g·L_‘)，FGF 

(50 g‘L )，0r 1d(100 ng‘L )~peetively． 

1e P  ̂ viability was not affected by heparin． 

C0N【 US10N：Proliferation and mitogenesis of r砒 

P  ̂ 氇C induced bv HX ． R ， and Ⅱ，la was 

augmentedby simultaneousaⅡ 吼n toFBS． Heparin 

produced ∞ inhibition on the oroliferafion and 

n bytheNati~alNatlral Sci~ce Foundaf~ ofOaina． 

№  l70846． 

Phn：86 3雒 3731，ext 5316 Fax：86-24-3875,539 

‘Nowin／X,pa,m,e,a o／Pharmaco／ogy．RacheB／o~-,ncetnst／tute．Po／a 

A／atoLA 94042．USA， 

Nowin／X,pa,m,e,aofPharmaco／ogyt K／rig's Co／／ege，M,xnresaRoad， 

London SWd6 ． 

nfi~ is of rat PASMC caused by these growth 

factors． 

Severalmediators played allimportant rolein the 

development of pulmonal5,hypertension in animal 

models． There was evidence for involvement of 

mitogens， including interleukin-1 ， endothelin- 

1C2,3J
， tunlor necrosis factor n ( ．d)l ，and 

platelet—dea'ived growth factorL in the development of 

pulmonary vascular remodeling in chronic pulmonal5, 

hypertension． Interleukin-1 was a major cytokine 

derivedfrom macrophages andmonocytes and Ⅱrl 

Iec t0r antagonist prevented monocrotaline—induced 

pulmonary vascu]ar remodeling in ratsL ． IL一1 

interactedwithbasicfibroblast growthfactorto arr,olify 

proliferation of primary rat aortic smooth inuscle 

cells． an effect that might he important in vascular 

smooth nlllSCle cell proliferation following 7j． 

Mononuclear cells， including monocyte- 

macrophages and neutroplails pf∞∞t in tlae 

perivaseular cellular infiltrateI- ． These ceUs， when 

activated，could release mitogens that promote vascular 

media remodeling ．rleparin produced partial reve al 

on pulmonal5,hypertension including boltl increased 

pulmon~ altevy presgum and vascIllar remodeling 

induced by hyl~xia in guinea pi ． T0 date，rio 

information is available concerning the potential effects 

of heparin on growth factor-induced mitogenesis and 

proliferation of the pulmoma-y arterial smooltl muscle 

ceUs (PASMC)． Tbe objective of the ixlesent 

investigationwasto detemlinethe effects of heoam  on 

mitogenesis and proliferation of PASMC induced by 

several mitogenic factors with a sll嗣x删 involv~ t 

in the development of vascular remodeling associam：t 

with pulmonary hypertension． 

M aterials Pla warewasobtainedfi'omC~rangCestar 

G[即 USA Tissue cultlre plates(96-well，flat bottom)were 
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忸iI1cdflare Falcon(]~ctonI~ddnson Labware，LincoLn 

NJ) All c怔 ca used were of aIla】 “对 ． 
BSA，fetal bovine sea'um amph~ericin B，~chloroacetlc acid， 

indomeda~in，Chemsa st,am，NaHCO~，fibroblast factc~ 

(from bovine pil埘t ry e：ancts)，collagenase class如， 

trypsin，A-Z547(monoclonal anti o-smoothⅡm actha cl~me 

1A4)，Fc andFabftaLm~ sp ＆ vrrc-c~ ar~-mcmse 

igG an~Ixxlies， 町lpeI n =er~,nycta， }Ⅱ那 ， 

M 199，he阳血 and PBs were all钿 n Sigma 0 al Co 

L-~ ub Life Tedmolo~ ， (Paisley． uK)： 
【， 一 H]Tc：BR．(37 PBq。mol )fromI Radiochemicals， 

B 器捌 ，Inc；龇  d 喇 年0w盘 f c ，i i}出}l 

( ∞ 血ed lammn，E co／／一derived)帅 obtained钿 n R＆D 

Systems,(Ml皿啪 s，MN，usA)． All oezr co硼】0【咄  

includingtt~sue cultt~ w obtained丘咖 Sigma
．  

Cultt~e of rat PA姗  Isol~／oll and cul~me of rat 

5 舵  nude ． Wistar rats wci ng 334± 35 g 

w啦 丘咖 A．ilml Resource Cemer．Kil~s College Lolxkm 

口 Ⅱm arv mery wRs dissected of~ tiv~ 

under ~sepac conditloes trader a ssedi∞ rr1ia 0∞ 

Etdo~ liura惴 removedfromthe hm 目Ⅱ 砭l衄  

with a scalpeI blade． Sections of ∞0rI州 a wHe 

incubatedwith cella~  XI(2，5 g’L )at 37℃ h 

2．5 h 1h：廿sSIl船 w口℃wa出ed in C and Mgz 一free 

曲笳pjl 删 sa1i芷 ( )and t缸幻】一2面 ． 
Smooth muscle ∞us wHe obtah~d from plated expla~s LJ叭 

expla~s 帆 seeded in a 25- tissle culture na5I【 

conmini．g Im 199(Ml99)supplemented wiaa gIlItiⅡ血 

2 r L_。．fet~l bovine sea'um (FBs，l0％ vo／／vo1)． 

珂  删 n l∞ ku’L_。， 出e 啦伽 a 0．1 g‘L aad 

anR~otedcin B O．2 g’L～ ，atpH 7 3—7．4，gassedwith95％ 

埘 4-5％ c0 in a hlmli&fled a乜玎：神 at 37℃ 1he 

Inedi哪  changed ever／ 3 d． Cells migr~xl from the 

explm~ts after 2 wk． wI】cIl cells IDi 咄 from the“PI∞t 

realchcd10％ of eontlucnce．the。cus懈 washed in腭 S and 

incubatedwith 0．05％ n plus ode矗c acid5．3m  ，L．。in 

腭 Sfar5mint ∞  used st!~ssage 3—6
． 

a 磕描 封缸 of 蹦 Mc w嗽 sI_bi 

to_哪珊山口 随ining w．曲 ．鲫埘 h nⅡlacle a-aetln~wj，followed 

by_咖喀ng with nIHe90 is0“∞y蛆a (FⅡc)oD咄l弘坂l 

sec口-血 y antibodi~ sp。ci6c far Fe and Fab p0rd硼  the 

iIn哪 anti，o-,al~ m b0dy． 

h∞叫p日幔In帆 醴[-，I啊， 0H]T4~R．R丑t P,~MC啉  

pIa￡甜 (3×1 cc】ls p盯 )inM l99 o0眦哳Ilg10％ Rls． 

融 姊  【【esⅥ 1删 h  each唧  ． At驰 h 

m山日d∞，the m~[ium wag fe口I州 wiIl1日 Im血 m 

(M 199 supp]cmcmed will1 b。vine s阳肌 且lh加_m『BSA。0．5％ 

wt／vol J)to an-est cell growth． Pole~fiaI i曲i 衄s叫 their 

vehicleswere add~i30 nfia hef~-e m曲 咖 s／~-iulafiollfor 48 

h I， H]1碾 (37 GBq·L— ，l0 ／weⅡ)was added 

茸 ja盘24 b0IⅡs of面 雌 e 呷 Ceilswe∞ wasi．。d 

in PBsto地 地峨 [坍甜研． H]T~BR． Add soluble 

radic~ctivity rem删 by Ⅲ m TI1cIlt w／m 5％ 

订i at 4℃ foUow~ by w蛳 w弛 95％ 

ethanol The Rm E acid insoluble matedal was solubiliz~i 

by 30-min 1Il 嘶 衄 with 2 ％ N_电O in NaOH 0 1 

tool·L一 L e radioactivity was detemained by liquid 

scimillalio~cotmtin~． 

Evaluation 0￡础 prolLferation Cells w甘e 

wim the starting density of100 ceIIs／v,~ll Ceils w∞ arrested 

24 h be addilSoo of mitogen． n蜘 da1 irdaibi~ was ad,t~d 

30ⅡIln before mitogen，which was conducted for 3 d befb畔 

Giemn stain【 Ceu viability was monitored by 啷  blue 

e j瑚i0 ． 

Sta~ liad锄 Iys_嵋 G 平 5衄 of eel1 dcI_sid帮 wimin 

口 a n协 conductedwire IlIr睥Ii1日 ftest 

RESIIII1S 

RatPASMC Cells at c咖 uenoe disD】aved a 

non-parallel distribution of cell growth with regions of 

multilayered cells(“叫 andValley”)． Cells stained 

positive for a-actin ex／fibited disc~．c a曲 fibers． 

Loss of cell dability was not 炮曲。d at hepartn l一 

100mg·L～ ． 

Mitogenle and proliferative rl~'pol'ltse$ t0 

mitogensin rat 舢 PDGF(50 ·L )and 

FGF(50 ‘L )_眦r％jed[w岫 Hj uptake 

into糟t PASMC ∞mDared with c眦l廿0l(P<0 05)． 

FBS(1O％) dthe combination ofFBS(1％)with 

PDGF(5O g’L )，R3F(5O g‘L )，alIdⅡ，lq 

(]00 ng’L-1)sigRificanflyincreasedincorporation of ’ 

f methyl一 Hl T(取 into rat PASMC by 492％±57％， 

3o8 ％ ±34％ ．2 ％ 士35％ ．and 376 ％ ．4-66％ ’ 

coⅡ】1)a咖 with FBS(1％)，of哪 (50 ’L )， 

FGF(50"g·L )，lL-la(100 ng·L-1)alone， ‘ 

Ie卵枷 ve (Tab 1)． 
Effects 0 唧 帆 留 鸯咖 ． 一 

induced mitogenests and proHfea-atiom Hcpmln 

(100mg·L )inhibited proliferation ofratPASMCin ’ 

responseto FBs O0％)。and PDGF(5O旭 ‘L )， 

FBF(50 g·L )or rL-!c,(100 昌̂· T一 ) 缸 一 

presence ofFBS(1％)(P<0，05，T出2)． 

H哪 dn(30 mg·L )inhibited proliferation of ， 

ratPASMC in response to FBS(10％)，and PDGF 

(5o ‘一T )，船 (5。 L )inthe 翻 of — 

FBS(1％)(P<0．05．-r曲 2)． I-IeVam crdu'bited 

shnilar potency at inhibiting these growth factor- 
．  

induced rn~togenesis proliferation in a 

conceaaW-~aS．oa-dependentillll／mer(Tab 2，3)．andthere ， 

existed a cl0se correlation between inhibition of 
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Tab 1． Incorporation of[mP卿  - Ⅱ】tt哼n血l int0 
DNA of rat PASMC in the presence of growth f~lgtDrs． 

n = 3 rats 【6 wells for each tl'eatment in each 

experiment)．霉±s． >0．05． <0．05， 《0．01借 

control； ． P， P． <0．毗 1 ％ FBS，PDGF． 

FGF．orEL-1 a]ofte，uespec~vely． 

Ti~ ncnt 
[methyl-3H]T dir 

_ncdp anDn iIlIo DNA l}( weu 

FIBSfree rnedium 

1％ FBS 

PDCA~50“g，L 

f ；50“g，L 

L-la 100 ng·L一 

1％ FIBS+PDGF 50旭 ·L。 

1％ FBS+p 50旭 ，L 

1％ FBS+L-1口100 ng·L。 

l0％ FIBS 

59o±63 

610±日 

1 O6O±l 

l13o±l2 

70o士U0I 

3 270± 

3 070±400口 

2 63O±46Od 

3 000±3 

lab2． Inhibitm'yeffectofhelmrin ∞ mltogenicfactm'- 

induced．mc0 幔a血m of[m § H】l'dR into rat 

PASMC． n=3 rats(6 replicatesfor eachtreatment in 

each experiment)， ±s． >0，05． 《0．05 借 

contro1． 

l 

3 

l0 

30 

100 

3 000±344)‘ 

2 990±42 

2瑚 ±570‘ 

2 40D±5∞‘ 

2 200± 

2 200±6l0 

3 3肿 ± 

3 200±4 

3 200±410a 

2∞0±55oI 

2 600±450b 
2 500±7OOb 

3 300±420 

3 200±370‘ 

3 300±470‘ 

2800±53o 

2 600±344) 

2 400± 

2 500± 

2 700± 

2 500± 

2 600± 

2 400±32 

2 000±3∞‘ 

r~togenesis andproliferation caused bythe4 groups of 

mitogens over the entire concenlration range(r= 

0．989，O．952，O．985，0．800，respectively，Fig 1)． 

Heparin effectively inhibited the mitogenic and 

proliferative responsetoft variety of growlhfltL~OrSin 

the D瞳sence of low 言e帆m1 concentration， including 

PDGF．FGF．and IL-la with si／llilar potency． This 

suggests that hcpam  does not act by blockade of a 

s口∞mc me／／lbl2111~ iIx~ or，but rather via a mole 

~neralized route． A similar conclusion was drawn 

lab3． Inln'bitory effectofheserm onmltogenicfactm'- 

hlduced pmlife．mfima of rat PASMC． n=3 rats (6 

replicates for each tr~lment in each experiment)， 

±s．dataared~rect cell cotmeng． 

>O．05． 《0．05 control 

nfree 

Hem nn 1 

Hemrin3 

n 10 

n 30 

n100 

48D±89 

440±l05‘ 

43O±95~ 

360±9 

320±55b 

310±7了b 

490±63 

430±l15 

460±9ê 

4lO±l0 

370±63 

360±6 

450±75 

460± 

450±65‘ 

390±g1日 

360±785‘ 

32O±66b 

420±77 

420±75- 

39o±94a 

3舯 ±67 

330± 

320±7 

2o ≈ 24 26 ∞ 面 面  

[mlth~*SH]TaR uptake(10- rldlo~ctlvlty．Bqfwltl1] 

1． cI材 日岫 between hepmin．induced jn bi岫  

0fmitogenesis emd珥叫埔绷 caused 10％ FBS 

(B)．emdPDGF 50Itg·L‘ 【b)，FGF 50Ilg·L fc)∞ 

IL-I~100 ng·L。 cd)inthe presenee 0f1％FBS． 

·from ~ Or1．ofanti-mitogenlc effect ofheDari凸on 

bovine mlcilea】 smooth muscle cdJs in cl|ltll撑L"J． 

．n1eiI1l1ibitory~：tion ofl~ erin on the mitogenlc and 

proliferative responses of PA C is not secolx~ to 

cell death． since cell viability was una饪b倒 at 

concentrations of heD which decreased cell 

proliferation． thusthe cu．．-1~at矗ndjl1 are cc吼si咖 t 

withthe directinhibitionofhcpam onproliferation and 

m~togeoesis of PA and mis action h 

responsible，atleast．m part，forthe ability of h印ariD 

／n v／vo toinhibit pulmonary vascular remodeling． 

Endothelin·1 plays a major ro1~in pulmonary 
va )咖 s虹iction and pulmonary va,~ llar rsmode1． 

。 

～ 

一=。} lI． 暑l =8  
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1 ． is， however required fl0r me fu11 

expression of pulmonary arterial smoodl muscle cell 

grow*h-promoting activity of ET-I ． It has been 

reported that hypoxia stimulated the expression of 

P1)( and P1)( played an important role in the 

pulmonary vasctd~ rem0c of hypoxic pulmonary 

hypertension ， As dernonsWate~ in the presl~nt 

~nves6gation．． DGF is a proliferative agent in rat 

pulmonary aiteiy SITIO0th muscle cell lines and othel~ 

demonsWatedthat PIX increased the expression of a 

vadery of immediate-early gene~ 
．  Bv North~  

analysis． it was found that P】X A． and B．chain 

produc~ may be coordinately and sequentiallyinvolved 

in hypoxic pu~ onary Ya．~2ular remodelingL 
． 1k  

present studyfmtherdemonstrated thatthe proliferation 

and mitogenesis of mt PASM C induced by PIX ． 

FGF． and IL-1 were augmented by simultaneous 

exposure to FBS． 

In conclusion， the direct inhibitory action of 

heparm Oil PASMC proliferation and mitogenesis 

sugges~ a potentialmechanism contributingto heparm 

inhibidon of pulmonary vascttlar remodeling． Clearly 

fllrtherinves~gationisIequiredtofully understandthe 

potential activides of heparin and the mechanisms by 

which it may inhibit the development of pulmona~ 

vascular remodeling． 
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肝素对生长因子诱导的大鼠肺动脉平滑肌细胞 

分裂和增殖 
zl R彳7 ，z 

． 
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关键词 堕； ：墼塑 当益里 ； 
细堕生长因子；白细胞介素 1；血管平滑肌； 

培养的细胞；大鼠 

目的：探讨肝素是否能抑制生长因子诱导的大鼠 

肺动脉平滑肌细胞(PAsMc)分裂和增殖． 方法： 

应用 含 10％ FBS的 M-199培 养 液培 养 大 鼠 

PASMC． 细胞分裂及细胞增殖分别用 fmethy1 

]T(R和细胞计数监测． 结果：FBS(1O％)+以 

及 FBS(1％)与 PDGF(50 ·L )，FGF(50 

‘L )，或 l口(100 ng·L )联合应用均能增 

加大鼠 PASMC分裂． 肝素 (100 nag·L )抑制 

lO％FBS诱导的大鼠PASMC增殖(28％±6％) 

和胸腺嘧啶摄取反应 (27％±7％)，抑制 FBS 

(1％)与 PDGF(50 ，L )，N3F(50 ·L。。)， 

或 ln(100 ng·L )联用诱导的大鼠 PASMC增 

殖 (25％±6％，27％ ±7％，20％±4％)．以 

及胸腺嘧啶摄取反应(23％±7％，26％±6％． 

2o％±6％)． 结论：肝素抑制生长因子诱导的 

大鼠PASMC的分裂与增殖． 
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