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0 dized low-density Hpoproteins induce apoptosis in vascular smooth muscle cells 

LIL-Wen-Lan，GUO Xun，GUO Zhao-GLdJ (Laborato~ofMolecular Pharmacology， 
Hu． Medical University．Char~sha 410078．C ina) 
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删 ：To examine whether o~ddized bw density 

lipopmteins(ox．LDL)could induce apoptosis in 
rabbit aortic smooth milscle cells (VSMC)． 

METHODS：Low density lipopmteins(13-Ⅱ)L) 
were isolated from healthy human plasma by 

gradient ultracentrifugation and oxielizeal by 

CuS04 10 址Ⅱ ·L_。． vsMC were exposed to 

ox．Ⅱ)L． n_IDL． or phosphate．buffer solution 

(Pl玛)as contro1． Morphological changes were 

observed under fluoresoene microscope after 

Hoechst 33258 stain~ ． Extracted DNA was 
eleetrophoresized on a卿 se ge1． REsI】I IS： 

Incubation of VS MC with ox．Ⅱ)L 300 IIlg·L_。， 

not 13-Ⅲ L． for 24 h induced morphological 

apoptosis changes (chromatin condensat—ion, 
nucleus fragmentation)and DNA fragmentation， 
which was furthered with the incubation time up 

to 48 h or at a concentration of 400 mg·L_。． 

Dextran sulfate，a scavenger recoptorblockerand 

hutylated hydroxytoluene (BFIT)， an anti． 
oxidant． exhibited no effect o13 DNA 

fragmentation． Lysophesphatidylcholine(Ⅱ)C) 

at a concentration up to 125 wnol·L 

(equivalent to ox一Ⅱ)L 30o I ·L-1)did not 
dicit B A fragmentation． C0NC1 Is10N： 

Ox．U)L indueed apoptosis in VSMC without 

involving oxygenfree radicalsandⅡ)c． 

Oxidized low-density lipopmteins(ox．LDL) 
plays a crocial ix)lein atherogenesisLI1． This ox． 

LDL possessed many potential athemgenic 

pmperlles , eg， the increased uptake rate by 

macmphages ，toxieity to a variety of cell types， 

the ability to both stimulation of mo nocyte 

chemo tactic factors production and the eapacity to 

promo te monocyte endothelium adhesion J． 

Tmdeity to vascular smooth muscle ceUs 

(VSMC) is presumed to be all important 
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athem~mc process because there is、 MC loss 

fiom intimal locations during the development of 

the lipid．rich core region in athem~lemfic 

plaquesL J
． Due to VSMC loss，atheroclemtic 

plaque becolnes unstable and vulnerable to 

mpmIe【 
．  

Apoptosis is a featum of athemsolemsis and 

restenosisL5 J
． Apoptotic SMCs were found in 

advanced atherosclemfic les10nsL ． OX-IDL 

triggered apoptosis in
， 、

macmphages an d 

va$cular endothelial cellsLsJ
．  s study was 

aimed toinvestigatewhetherox-U)L couldinduce 

apoptesis in VSMC． 

M【AfTER 工s AND A哪 oDS 

0出 culture VSMC were isolated hv 

outgrowth from explants of New Zealand rabbit 

thoracicaortaand culturedi13M199medium with 

lO ％ heat-inactivated fetal bovine serlllTl 

(FBS)， lpe cm．m 100 kU·L_。， and 

streptomycin 100 mg·L～ ． After conflueilc~． 

the cultures were Dassaged at a mIi0 0f l：3 with 
O．1％ trypsin． Cells were characterized tis 

VSMC by mo rphological appearance of“valley 

and hill”and by inmamohistochemical st~ lg 
with mo noantihody to a．actin． Exl~rimentswere 

performed with confluent monolayer of cells from 

passage 4—10． 
， 、  

Prelmratlon ofLDL ox-LDLL9j 

Morphological determination ofapopto~  

VSMC were observed under fluorescence 

microscope after Hoechst 33258 stain~ ． 
DNA electrophoresisL At the end of 

each incul~tion．cellular DNA w exttacted by 

salting-out and treated with RNase A 10 mg 
· L_。． DNA was electrophoretically fractionated 

on 1．5％ agarose gel and visualized hv ethidium 

bromide． 

Protocol The effect of ox．IDL o13 DNA 

fragmentation in VSMC was examined i13 

comparison with n-LDL relative to Plls． T0 

anal~e the underlying mechanism：1)Dextran 
sulfate as a scavenger

．

receptor an tagonist was 

usedtotesttherole oft窿se receptorsi13 ox．ID【广 

induced DNA fragmentation； 2) Butylated 
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hvdroxytoluene (Bkit)as an antioxidant was 

usedtotestt}lerole ofoxygenfree础 cal inthis 

event；3)Lysophosphatidvlcholine(LPC)as a／l 
important active compo nent of ox．IDL was used 

to verify whet}ler U)C could mimiek t}le effect of 

ox-U)L． 

REsI】I 

Morphological changes After exposure to 

ox-LDL 300 mg·L f0r 24 h．vsMC became 

contracted and partially detached from t}le culture 

flask and showed typical morphological changes of 

apoptosis． 111e coil volume was reduced ． 

indicating shrinkage of cytoplasm：t}le chromatin 

became condensed and nucleUS fragmented (Fig 
1．P1ate 1)． 

DNA electrophoresis Incubation of 

VSMC wit}l ox．U)L 300n埋·L fl0r24 h elicited 

a characteristie ‘‘ladder” of DNA fragments 

representing integer multi'p!es of the 
intemueleosomal DNA length 【about 180—200 

base p出，bp)． rhese changes were furthered 
wit}l t}le incubation time up to 48 h or at a 

concentration of 40O mg·L～ ．whereas at lower 

concentrations(100 and 2o0 mg·L )or wit}l 

relatively short incubation times (6 or 12 h)，no 
DNA “ladder” was observed． These results 

indicated that ox-IDL elieited DNA fragmentation 

、rsMC． However． n．U)L did not elicit a 

DNA “ladder” when treated VSMC at 40O nag 

·L‘。for 48 h(Fig 2，3)． 

ox．LDL／mg。L～ n—LDL／mg。L 

F 2． Amro~窘 dec )ph0r s ~0~-LDL-induced DNA 

∞ inVSMC． 

ControI ox·LDL 

一  1543 bp 
啦 3． DNA 岫啊 hldllced by ox-LDL．mVSMC 

E附 ofdextran sulfale Pretreatment of 

VSMC wit}l a scavenger receptor blocker．dextran 

sulfate(DS)20 mg·L_。，f0r 30 min before 
adding ox．LDL exhibited no effect on DNA 

fragmentation indueed by ox—LDL 300 mg·L 

(Fig4)． 

control Dex Dex LPC BHT BHT M arker 

十 

ox．LDL ox．LDL ox·LDL 

154：3 bp 

994 
695 

515 

377 

237 

rig4． Effect ofLPC，DS，and m tT on DNA framentatim  

VSMc． 

300 mg·L一 )f0r 24 h did not elicit DNA 
fragmentation(Fig4)． 

Effect of butylated hydna'ytauene 

(BHT) Coincubation of VSMC t}l BHT 50 
tnnol·L an d ox-U)L 300 ·L-。for24 hdid 

not abolisht}leDNA fragmentation．inducing effect 

of ox—U)L(Fig4)． 

Effect of lysoplmsphatidylcholine(LPC) In atherosclerosis， there is excessive 
Incubation of VSMC with LPC at a concentration aecumulation of ceLls in the in血Ila mai工llv due t0 

even up to 125 tmaol’LI1(equivalent to -LDL increased migration and／or pmlifemtion o。f VSMC 
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and monocytes／macmphagesL”J． However． 

them is a low density of cells within advanced 

atheroselemtic plaque． We have pmviously 

demonstrated that ox．LDL caused the death of 

macrophages and vascular endothelial cells by an 

apoptotic process 8．1
．  

1he present study 

indicared that OK-IJ)L induced apoptosis in 

V勋 ． which seemed to be time and dose 

related． 

Scavenger receptor was recently demon- 

strated to be expressed in VSMC andⅡ1ediale its 

uptake of modified LDL to form foam cellsL12J． 

The fact that scavenger receptor blocker exhibited 

no effect on ox．IJ)L-induced DNA fragmentation 

suggested that scavenger receptor was not 

involved jn 山e apoptotic process． m s was 

compatible with our previous finding jn 
— r_、 一 

macrophages ． 

Lysophosphatidylcholine (U )is formed 
during the oxidation of U)L due t0 the activation 

nfphopholipose ． U could mimick many of 

the potential pm．atherogemc effects of OK- 

UDLL J． However．the present study showed 

thatU at a concentration even upto 125mnol 
·L一 did not cause DNA fragmentation． Along 

with our pm~ous similar result i13 nlacropha~es。 

this fllrther indicmed that U was not an 

apoptosis．inducing component of ox．IDL． 

The finding  that antioxidant butylated 

hydroxvtoluene(Bm ’)did not affectthe effect of 

DNA fragmentation suggested that oxygen free 

radical generation was not responsible for the 

effects ofox．IDL．whichwasi13 accordancewith 

Diane’s observationthatthe combined addition of 

Bm ’and ox．IDL t0 the culture mediuln did not 

alleviatethe c~otoxicity of ox．LDLt0fibmblasts． 

although the oxidation of LDL was completely 

pmvented by Bm ’2O／zmo1．L L ． 

In conclusion，ox-LDL induced apoptosis in 

VSMC． Scavenger receptor，U ，and oxygen 

free radicals were not involved in this event． 

1Ks may have implications in advanced 

athemselemtic plaque mpture due to V勋 

death． 
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氧化型低密度脂蛋白诱导血管平滑肌细胞凋亡 
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(湖南医科大学分子药理研究室 ，长沙 ，中国) 卜 

关键词 堡童廑墅堡皂类； 笪垩翌题；胸主动 
脉；培养的细胞 ；DNA断片；细胞凋亡 

目的：研究氧化 型低密度脂蛋白(ox-LDL)诱导血 

管平滑肌细胞捅亡． 方法：梯度超速离心分离血 

浆 LDL，以 CuSO410／zmol·L 氧化，观察 ox．LDL 

对培 养 兔 胸 主 动 脉 平滑 肌 细 胞 的损 伤 作 用． 

Hoechst 33258荧光染 色观察形 态学改变 ，抽提细 

胞 DNA进行琼脂糖凝胶 电泳． 结果：ox．LDL 30o 

mg·L。。与 vSMc共温育 24 h诱导典型的凋亡形态 

学变化和 DNA降解，但天然低密度脂蛋白无此作 

用． 当 ox—LDL为 4OO mg·L_。或温育时间延 至 48 

h，上述变化更加明显． 硫酸葡聚糖 2o -LI1和 

BHT 50mnol·L 对此作用无影响． LPC 125 mno] 
· L 无诱导凋亡作用． 结论：ox-LDL诱导血管平 

滑肌细胞凋亡，氧 自由基和 LPC不参与这一过程 
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