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Oxidized low-density lipoproteirls induce apoptosis 

in aortic and endocardial endothelial cells1 

GUO Zhao Gill2，NIU Xi—Lin，GUO Xun 

(Laboratory ofMolecularPharmacology，Hunan Medical University，Changsha 410078，China) 

KEY W ORDS LDL lipoproteim ； endothermm； 

a0rta： ~odoc,atditrm；apoptogls；DNA fi'agmentafion； 

Hoe-~ 258； butylated hydroxytoluene； dextram ； 

cyelolaeximide 

AIM ： To examine whether oxidized low-demity 

lipopmteim (ox-LDL)might induce at,optosis in 
bovine aortic and erId∞aIdial elldothelial cells(BAEC 

and BEFI2) METHODS：Low·density lipopro~m 

(LDL)啊 e isolated from heanby human plasma by 

ultraeentrifugation and oxidized by CuSO4 10 t．tmol· 

L一 ． BAEC andBEEC wereincubatedin a1311~llm 

cont~ling ox-LDL， U)L， oT plx~phate-buffer 

solution(PBS)as contro1． DNA fragmentationⅧ  

visualized by ag~'or,e gel eleetrophoresis and 

detelmined qumr,itatively using Hoeehst一33258 

fiuorochrome． RESUI S： ox_U)L， not LDL， 

elicited typical ~ totJc changes and DNA 

fragmentation in BAEC and BEEC． In BAEC， 

dextran sulfate，and eicloheximide(tic)exhibited IlO 

effect on DNA ~ tion induced by ox-LDL． 

Butylated hyda'oxytoluene (BI-IT)20 ~tmol·L 

etmlpletely inhibited C -mediated oxidation ofLDL 

as well as the apoptos~ iadueing effect of C 

expo~ LDL． I 0ph0叩lIa衄yl出)bne(LPC)did 
not elicitDNA fragmentation in BAEC and in BEEc． 

DNA 五 四丑en嘶 衄 induced by OX．LDL in BAEC and 

inBEEC was bl~ked by ehelafin~ the ealcittm ofthe 

culture inedillm by egtazic acid CONCLUSION： 

Ox-LDL induces apoptosis in BAEC and BEEC 

withoutinvolving吐le LPC． 

Oxidized low—density lipoproteins f。x-LDL)is a 

potent atherogenic agent and carl be regarded as 

endogenously biosynthesized cytotoxin~ 
． Its 

cytotoxic effects to various kinds of cells including 
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endothelial cells were well documenteA ． Apart 

from necrosis．there iS aIl~tI10ther type of cell death， 

aIId many pat~logical coMidons and chemical agents， 

such as anticancer drugs， hyperthermia， and viral 

infection can induce pf01 ed cell death(PCD)u ． 

Oxidized LDL induces a sustained rise of cymsolic 

calcium in endothelial cellsL ， which， i13 turn， 

activates calcium-dependent erm~nuclease potentially 

involved i13 DNA 丘罐 a也Id0n leadi~ to 

alx~tosisL ． In addition． 一LDL WItS alSO shown to 

be able to砸g I?CD in lymphoblastoid cells 0 and 

macr~hages “． This study WItS aimed to investigate 

whether OX LDL 血出 induce alxr0msis in vascular 

and endoca al en&~thelial cells． 

OeⅡ culture BAEc harvested and cull~re．AinM199 

medi啪 with l0 ％ t~eat—inactivated fetal bovine nⅡn All 

cdt~es~lowed typic~ TⅡ0 d0gy． 1k  e~ l：elial ceils 

identified bv~ ssion electron nalcrosc~py and山eNesexlceof 

facetⅧ 一re】删 ~ igen ExperiraentsⅥ岍℃ 伽州 wi血 

cells丘Drn passage 4 to l0 For BEN2 cI1l呲 ，BEl were 

isNat~ bovine ventricles by rise of0 1％ c~Uagemse and 

plated in M 199 med 】m sI】pI m删 wi血 l0％ inac心r删  

fetal Nrcine sen肛n． B雎 cwere also cc匝l】i衄训 by恤 presence 

of factor VⅢ_related a~igen and 仕鲫 s elec咖  

mlcmscopy． ccIls used passage 5一l0 andl一2 d 

alter connuenceL 

Plq m 0fI肌 LDL and ox．LDL[ 
． 

ApD卫 After Ⅱ龇 ， tbe 印0pt c cells 

ex 1 r酣 ~ picauy by hematoxyli~eosin stain． 

DNA 血 坨lI忸曲m At selected tin~$ BAEc and 

B髓 C hea-~sted and at舶0 g forl0 rain，and 8。d 

for15rainin1．5 n l s b曲 (Tfi啪 x_1∞ 5 ％ vol／vol 

and edefic acid 20 rrm~l·L_。， S 5 rrm~l·L一， 8 0)． 

Tk Iysed cells眦  ac15 000 g for20rain 幻 辩邮  

intact DNA 胁 n ~ nted DNA 111c ~enet was then 

s~ catedfor l0 s in 吐ler l 5 n lysis buffer DNA in 

su~ tant and pellet was determined accerdin~ f0 our 

methodt”． Thc data were e 艄删 as Ⅱ ％ of DNA 

apFe删 inⅫp tt0恤 total cellularDNA
． 

D e】ech0pl曲tesis AtⅡ end of incubation perjod， 

d DNA of BABC Or B目自C was extra-ted and ecⅡuDI1【Ⅱ dc lv 
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fractionated on 1．5 ％ agarose gel and visualized by ethidilun 

bromide accordingto ourmethod 

Statistical evaluation All results we∞ ex~_ssea as 

j± and analyzed by ANOVA and ttest 

RESUI S 

Morphologicat char~ s inducedby 一LDL 

Ox—I DL—treated BAEC underwent mo~hological 

changes in cell structure typical ofapo ptosis． n cell 

volume was reduced． indicating shrinkage of 

cytoplasm ． 1he nucleus marginamd to the periphery 

of the cell membrane． Some apoptofic cells were 

phagocytesed by neighboring nolmal cells(Fig l， 

P1ate 2)． 

DNA fragnmntafion elicited by ox．I lL 

DNA eleclrophoresis results showed that preincubating 

BAEC with ox—LDL 200 mg protein ·L一 elicited a 

“ladder”ofDNA bands representing integermultiples 

of山einternucleosomal DNAlength(about180 bD)in 

atime·dependentmalLrler(Fig2)，whereas n．U)L had 

no such effect up协 36 h． The d0se．dependent results 

demonstrated that significant DNA fragmentation was 

first se,ell after 24 h of incubation in the presence of 

ox LDL 100 nag·L～ ．and reached near 50 ％ with 

ox—U)L 200 nag·L (Tab1)． 

ng 2- Kiaetksof ox-~ imluetd DNA 丘 哪血吐i啊t缸 

BAEC． 

Protein synthesis and scavenger receptor 

Pretreamaent of the BAEC with Cie 1 mg r L～ ．a 

protein synthesis inhibitor，for 1 h before adding ox 

LDL did not affect the effect on DNA fragmentation 

pretreated with ox—LDL for 24 h (200 nag·L ) 

(Tab1)． 

Coincubation with dextran sulfate(DS)20 

Tab 1． Effects of ox．LDL．dextran sulfate (OS】， 

cidolmxinlide【Cic)．andBItT onDNA~ tatlonin 
BAEC induced by ox·LDL． 

n：6．嚣 ± ． 叩 <0．01郴 PBS． 

Prclrea~ cm DNA firagmentafi~ ／％ 

PBS 

ox-U )L 50 rng·L 

ox-LDL i00 rng·L 

ox'LDL200 rng·L。 

ox．LDL200mg·L +DS 

ox-LDL 200 mg·L．1+Cic 

oK-U)L 200 mg-L一 +BHT 

4 5±O 5 

4 9±O．9 

30 4±6． 

51．3±4 

52．5±6 

50 4±5 6c 

55 1±6． 

mg L～ ， a scavenger receptor antagonist， dudrtg 

pretreamlant of the BAEC with ox．LDL (200 mg· 

L ) for 24 h exerted no effect on the DNA 

fragmentation(Tab 1)． 

I C Pretreatment of BABC with U℃ at 

concentration  even upto 50mmol·L-。for 36 h did not 

elicitDNA fragmentation(Fig 2)． 

Effect of咖 BHT 20 mmol·L-。com pletely 

inhibited C ．mediated incl'eO．se in U)L ⅡjARs 

matedal( 2)+as well as DlNA fragmentation． 

indacing effect of c 一exposed u)L(Fig 2)，and 

abolished morphological change elicited by CI， 一 

exposed U)L． But BHT．whe n added witb％ ．U )L 

simultaneously to tbe moflilun． did not exert any 

protective effect on the DNA fragmentation induc ed by 

0 一LDL(T曲 2) 

Tab 2． Effeet of anfioxidant(BItT)oltl mddation of 
LDLinducedbyCu2 ． 

n=S． ±s． <0．01 PBs． 

PretreaUnent 

’ 

～Ⅱ)A ex~valent- 
ta~ol／g Pr岫  ■ 

n-LDL8 g‘L。 

C'IaSO4i0 n0l·L。 

CuS 10~,mol·L。 +BHT 

2．15±0 33 

6 33±0 29c 

2 23±0 28 

【C Ji When calcium ofthe culturemediⅢ 

(1．8 mmol’L )was chelated by adding egtazic acid 

(2．5 mmo1．L )at6 h after ox—LDL．the subsequent 

DNAfrag~tentation ofBAECwas abolished (Fig 2)． 

Effect of ox-LDL oll BEEc Similarly with 

BAEC，preincubating BEEC 研 【h ox-LDL 2OO mg· 

L一 also elidted morphological changes in cell 
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stnlcRlre typical of apoptosis and DNA fragmentation 

winch was also abolished by egta~c acid． 

Pre e{ 曲tof BEEC with LPC at concentration even 

up to 50 mmol·L一 for 36 h did not elicit DNA 

fragmentation(Fig 3)． 

Control LPc - Q Q Egtazlc acid 

TJmelh 36 36 6 12 24 36 Marker 

994bp 

695 
515 
研  
237 

ng 3． Ki 0f ox-LDL-k~duced DNA 缸 粤嗍 枷 m -m 

B眦  

DISCUSS10N 

Cytotoxicity of ox．IDL off endothelial cells plays 

an important role in initiating atherosclerosisf9,10】
， but 

its mechanism is still unclear． In this stuay we have 

verified that the erldOtlielial cell Inimy induced by 

ox．LDL is related to its apoptosis．inducing effect． 

Apoptosis is considered to be a controlled mechani~an 

of cell death． and has been best characterized 

bioehemically by the cleavage of genomic DNA into 

nuc lensomal si= fragments of l舯 bD o1"multiples of 

thereof．which are demeted by gel eleetrophoresis as a 

DNA l~derL 
．  Resul in this study demonstrated 

that rnetreating BABC with ox LDL elicited DNA 

fragmen tation and typical apoptotic morphological 

changes including shi'inkage of cytoplasm ， 

condensation of chlor~ and margination of nucleus 

in BABC． 1tlese results providefurtheT evidencethat 

ox-U)L plays a critical role in the pathogenesis of 

atherosclerosis． 

1tle fact that scavenger receptor blocker and 

protein synthesis inhibitor did not affect the effect of 

oxoLDL oi2 DNA fragmentation reasoned that 

apo ptosis-inducing effect of ox-LDLwas not dependent 

upon scavenger receptor． and that 出 no-do protein 

synthesis in the BAEC w丑s not required． 11 se 

瞄 ults plus our further finding that antioxidant BHT 

completely inhibited C -mediated oxidetion of U)L 

as well as the apoptos]s-inducing effect of C - 

exposed UDL suggest妇 t lipid pcrorddetion pr~b3cts 

ofLDLmightbe an impo rtantfactorforthe action of 

ox U)L． However B}rr， when added to medium 

simultaneously with ox-LDL． did not inhibit DNA 

fragmen tation． nIus it was most likely that an  

oxidized lipid in ox LDL an d no t a free radioal 0r 

intermediate substance generated during preincubation 

wi th ox．LDL was responsibleforthetoxicity． 

U℃ in ox．LDL could be transferred and 

incoworated into cell surface membrane in an  

apoprotein-independent 1Tlallller． 1t transferred U℃ 

carI modulates vad us cell function(11,12 J
． However， 

the present study showed that U℃ at coneena"ation  

even up to 50  mlYlOI·L did not elicit DNA 

fragmentation．indicating that LPc is not responsible 

forthe effectsofox．LDL． In agreementwith previous 

reportsthat calcium．dependentendcoueleaseisinvolved 

in DNA fragmentation leading to apo pt~,is ， our 

results showed that when the calcitma of the rlledinm 

was chelated by adding egtazicacid．subsequentDNA 

fragmentation was abolished． ．It1is suggests that the 

rise in l Caz l elicited by ox-LDLmay be involvedin 

the activation of endonuelease． 

In addition，we also reported for the first time 

that ox LDL induced apo ptosis in endocardial 

endothelial cells，indicating that ox LDL may have 

certain effectonmyocardial performance bymodulating 

enducardial endothelial cell releasefunctionL ． 
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氧化型低密度脂蛋白诱导 

主动脉和心内膜内皮细胞凋亡 

郭兆责 ，牛喜林，郭 迅 

(湖南医科大学分子药理研究室，长沙416078，中国) 

‘ 静 

关键词 堡童廑堕垩皂类；内发；圭型 ；生 
膜；细胞凋亡；DNA断片；Hoe-33258；丁羟甲苯； 

右旋糖苷类；环己米特 
p 

目的：研究氧化型低密度脂蛋白(ox．LDL)诱导血 

管和心内膜内皮细胞凋亡． 方法 ：用超速离心法 

分离健康人血浆低密度脂蛋白(LDL)，以 CuSO4 

10Ⅱtool·L 氧化．观察ox-LDL对培养新生小牛 

主动脉内皮细胞及心内膜细胞的损伤作用． 琼脂 

糖凝胶电泳和 } Ist 33258荧光密度法定性与定 

量分析DNA降解． 结果：OX—LDL诱导血管内皮 

细胞及心内膜细胞典型凋亡形态学改变，DNA降 

解呈时间和剂量依赖性 环己米特和硫酸葡聚糖 

对此作用无影响． BttT 2O~rnol·L 可取消 DNA 

降解． 溶血性磷脂酰胆碱 50Nnol-L-1无诱导凋 

亡作用． OX LDL诱导的DNA降解可被依他酸取 

消． 结论：ox-LDL诱导血管内皮细胞及心内膜 

细胞凋亡． 
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