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目的：研究糖基化终产物(AGEP)对主动脉平滑肌 

细胞增殖的影响及其与[Ca2 ]．的关系． 方法： 

采用同位素掺入法分别测定 DNA和蛋白质合成 ； 

Fura 2-AM 测定[Ca2 l。． 结果：AGEP以浓度、 

时间相关的方式促进 [ H]rIdR与[ H]Leu掺人细 

胞，随AGEP作用时问、糖化时间延长，掺入率 

增加明显．AGEP增加[Ca2 ]．，与时间、浓度相 

关，但随AGEP作用时问延长 (40分钟后)而有所 

降低，BSA修饰中葡萄糖浓度的增加，糖基化时 

间延长，[Ca2 ]．也呈上升趋势 结论 ：AGEP刺 

激平滑肌细胞增殖，并与细胞 [Ca2 ]；浓度增加 

有关 ． 
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AD ： To saldy whether there is a lli2h ~T：mity 

0朗灯 for advanced glycosylatio~ end product 

(AGEP) Oil thoracic aol~a smooth mttscle cells 

(ASMC)andtotest ef晰 ofdiltiazem 0n elevation of 

eytosolie free ealcim  induced by AGEP． 

M咂11}加lDS： Interactions of AGt~P-bovine ∞Ⅲ  

albumin (BSA) with ASMC w豇e stlxlied with 

radioUg~  nding assay and cytc~lie free caleitun 

(1c Ji)Ⅵfas examinedin culturedASMCwithFura 

2-AM． RESULTS： AGEP-BSA was speeifieally 

boundto cells at 4℃ andwastaken up and de蛐 d。d 

at 37℃ ． 卫】ese processes 、 concenwation- 

dependent and saturable． Scatchant~alysis iadicaml 

thatthell~ ptorwaswithd s0ci蚯0n oonst~t of65．3 

±1．5 nmol·L一 缸lditsmaximal binding capacity of 

l_57 4-0．04 n~nol／g cell protein． Early glycated low 

densitylipoproteia(LDL)was not唧 砌 bythis 

rec~tor． AGt~P-BsA elevated cytosolicfree cllll3illlll 

in a concenwation-dependent nlaⅢ ． Pteileamlem 

。州 。d sllppo／led by the National Natural Scieace Folltll~ OO of Olina 

NQ 14． 
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with diltiazem inhibited AG田)-BSA．indueed elevatie~ 

in ooncenlr~iola． and time-demndent nIa嘣 s． 

CONCLUSION：There was a high affmity墟0朗灯  

for AGEP on ASMC．wlaieh mediated jntem ad0n 

and d a 0n of AGEP． Ptelrealment with 

diltiazem inhibited the AG同 induced elevati~a of 

cytosoliefree calcium ． 

Advanced glycosylafion end product(AGEP) 

resulted from the prolonged exposure of proteins to 

aldoses，such as glltlC~Se and ribose，astime and hi曲 

glucose concenlrafion function~ ． Accumulation of 

AGEP onlong-livedproteins in vivo has beenfoundto 

increase linearly with age and iS accelerated in~tients 

with dia~tes． AGEP Call form cross．1inks t0 and 

between proteins and interact with a ckass of bindin~ 

sites Oil endothelial cell ． macrophage~ 
． and 

mesangiaJ cellL Patients with diabetes are 

predisposed to atherosclerosis． AGt~P may contribute 

to the pathogenesis of proliferative vascular lesion
． 

ReceptorsforAGEP expressed 0nmesangial cellt and 

macrophage play a potential role in remora] of 

senescent macromolecules andtissuet~nodeling
．
The 

discovery of this receptor Oil vascula~re' reasonably 

link the progressive accumulation of AGEP in patient 

with diabetes and vascular complication Expression 

of receptorforAGEPwasincreasedin endothelial celIs 

in patients with diabetes or extensive peripheral 
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atherc~clerotic vascular diseaseL ． W e proposed that 

AGEP might interact with aortic smooth muscle cells 

(ASMC)and modulate their cellular funotions． In 

present study，the interactions of ASMC with AGEP- 

bovine sel'uln albumin BSA)were characterized and 

the effect of dildazem on AGEP-BSA—induced 

elevation l Caz l WaS tested． 

Cultureof sa：~oth muscle cells A圈眦 was cululred 

with mⅨadc aorta excised froln Swague-Dawley rats by 

substrate-attached explants and incubatedinDlll~ o’smodified 

s meditml(DMEM)． AsMc WaS identified by tyccal 
growth pattern “hills and valleys”under the l~ase-conla-ast 

microsco~． Cells available for 既Dc r盯 硼  6 — 18 

p~ ages andⅥ counted and seeded in the plastic 24 wells 

dish 

PrelJea'atJml and radiolabeling of AG BSA 

A呼 BSA was prepar~ byincubating BSA in PBSIxlffer10 

mmol·L～，pH 7．4，with窖l愀 50 nmlol-L at37 oC for6 

wkin the口 s自 of DheI】Yh憎岫 ku 】“yl fluc~-ide 1．5 mmol- 

L_。．edelJe acid 0 5mmol·L。。and~atibioffcs(benzy~eracillln 

105 U -L and gentamlc~ 40 nag ·L一 、 aS described 

0衅vioI|slvL AGEP_BSA exlfibiu：d characterislic yellow-brown 

pigment and fluorescer~e Aliquots of AG日 BSA were 

d~tyzed extensively鲍岫 PBS Radiolabeling of Al擗 BSA 

was acc~,nplished by the chloramine-T nx蛆．0d with carri盯 

[璐I]-NaI Sarr~es训 di zed ag血皿a lO00-fold吼cess 

PBS 10 tranol·L～ pH 7 4 until at least 95 ％ of the 

radioactivityw Et．$trichl~-oacefic acid pf∞i曲曲k andthe sl皿 嚣 

we iodide free． elforein co~entratlons were d￡衄 r 圳 

Specific activity oflabeledAGEP_BSAWEt．$16．67 C,Bq’g一 ． 

Pre岬  of earlr glycat~l low density 

lipoprol~in f吼 ) Htmlan LDL was isolated from health 

volunteer． Early gtycated LDL WaS e| by aseptically 

i．cu~ IJ)L【2 g‘L )in1J~fer PBS10 nmlol’L ， 
7 4．with glucose∞ nmlol-L一 at 37 oC for l wk in the 

prcsefl~e of ede1]c acid1 rra~ l·L～ Befc~e expellirflents，the 

sampleⅥ dialyzed againstPBS 

llacUol~ana binding 柚d hnenxIliz 童蛳 and 

d| 口幽 doII analysls These studies performed 

described with solne modi~ atiom All e】叩 iID朗 we 

perf~ din uiplicate． 

Binding exD口jn℃n招Ⅵ canled删t at 4 oC Afie~12-h 

seededin 24wellslinbro Dla dishes．1 5×l矿 一2．0 x 

cellsin eachwellwe was} d3 dr s and allowedto eq~alibrate 

at 4℃ infreshDMEM． Binding initla~lby 虹mIlg 
rr L皿 and adbi职 1．0 raL in each well，c。rI ni 

labeled AG~P-BSA 10，50．100．150．3肿 ，0r 35O rmlol-L_。． 

we佗 Ialb日埘 at 4 ℃ 4 h． 1he radioff蚰Il 

c[n随in g ~ llnl then w嘏 as 删 and ceUs wm  gently 

3 times wim ice-celd HarIl(s’solution Cells well 

weIe dissolvedh 12．h in1．0 raL Na0H 0．1m0l‘L～ ． Cell- 

as~ ated ra~ tivity was dc Ⅱed with m l岫  

(SN-68213) binding was defined aS the amot~t of 

labeled AGEP_1tSA b(̂砌 ． N0II印eci丘c binding was defined as 

radj0Ii刚 b( in pI eDce of arI100-fold of uI山 |od 

A呼 BSA(1，5，10，15，20，25，加，35 ‘L_。)． 

difference between t0【a1 and 瑚憎pe jc biIniI晤 was 

bid血幄 T 衄 0n of sa血 m  bid血1g data was 

ped咖  ngt0 Scatdl~ t0 estimate m麒i biI I晤 

capacity and diss0cia c∞  叫  

F【Ⅱ following exD iID吣 趾 37 ℃ ．cell-ass0cia锄  

radi vi押 was ~videxl iⅡ 2 pools： m衄1hT册 b(̂砌  

r0dlo~ ．eluted bv 2 mla e耶 of∞I1s to bIl脑  

ning hc arin／e c acid solution， and In m 捌  

radjDlig丑Ild． ASMC in幛mali越 e) 坷cn招we l嘎 

at 37℃． Attached ceI1s(2×l旷)in eadlwell瑚 ：incuba~d 

with I-AGⅡ BSA 75，150，225，3肿 ，375，0r 61)0 rIl工l0l· 

L一 h  4 h． 1h：cell rc~nolayer then WaS gently wasbed 3 

dm￡s wi山 ice-cOA HafIb’solution t0 nm ex虹acd Il 

砌 01 aIld and was w雒}吲 wi血 l n，e c acid 

so1． fa t0 remove r眦m a廿 b( r0dioligand． Cells 

lyseg by addId加 of Na0H 0．1 r∞ l·L_。 CeⅡ-ass0ciab 

啪 oac石 Ie ing inⅡac枷 ld a m 山ati0n of 

I-labeled AGⅡ BSA WaS 血衄m ． Ca 廿m of 

~ tion w鹅 studied under the same condition _n 

presence of l A呼 BSA 150 IⅡId -L in each wel1．added 

~yeateaIJ)L0 75，1 5，3，4．5，12 词’L-。． 
Dc肿 dalj棚 e即 田entwas done asfollo~-s：舢 删 ceI1s 

(2 x l )in each well were iIl(址 岫甜 witl1 125I-labeled 3ⅡL 

BSA150 rIl工l0l·L。。at4℃ h 4 h． Cells waIIn。d at 

37℃ t0 c~ iaue_n：ub出 ． 。d associalcd r0dla~ivity 

rep sen Ilg inwaeellular ao~lmlulalion of radi01igaIld and 

面 疆。日 c acid s~able mater~l radioa血vi Ic哪 ∞dIl窖 

metab~llte of ra~ gandin 出 rnedi唧 in each well I埋 l， 

2，3，4，and 5 hwm  dete~nined． 

1he~sults exWessed asld~l／g cell protein 

ka吼盯日nent 0f q 噼otic C e)中盯ir 

℃Ie曲】 ed lilt aS describedt~ with raodificafiom 1t血 nv． 

dc舭b cens(2 x 1旷 。eus／wel1) _ncI】 删 in DM删  

containing FIⅡa_2 acetoxymethyl ester dissolved in M S0 5 

-L。。andBSA 0 l％ at 37℃ in a dark c~ fftrllentf醅 

40min． washed 3 dm￡s witl1 bIl h rnedi唧  

【NaC1145，KC1 5，Mg02l，gl1】∞∞ 5，∞ 2l，N 

0．5，Hl那 10 rr~nol’L～，at 7． by eenlrifuga~ at 50 

g r0r5min and susDended． Loaded0eUs availablef醅 

[ ]．m∞ t at 20—25℃ in 2-h Flm Il。e 

measured咄 F-3(~)0 spectmflu~ eter【ltitacN，Jat~m)at 

340 nm and 500 rim AlJ锄 Ilc sceIIce was血曲mⅡed 

with unleaded cells ：c ] =KD-(F一，眦)／(，一 一 ) 

and by T~ -100 and eg【azic 

acid，res y． 

● 

● 

． t ． ● 二 、 ● ： ． ‘I ， ● ● ： 二 ● 
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A 啦 Fma-2 acetoxymeth：a esccr(Sigma)；IⅫb s 

modified Eagle’S modi~ (Gibco)：Diltiazem (Sigma)； 

[盥I]NaI(with ca er，China hBIJtute of A呦lic Energy)； 

Slxague-Dawley rats( ：3 wt 180—20O g，0 旱，Clean 

animal，AnimalCent~ofRailwayDeparwaent)． 

Statistic analysts Data wet'e expessed ± and 

c0n’pa【ed by t-test andANOVA． 

Binding． internali~ tion， degradation of 

AGEP．BSA by ASMC When ASMC wexc 

incubated at 4℃ with increasing oD玎ceIl怕d册s of 

2zI AGEP-BSA
． specific binding increased in a 

saturablefashion(Fig 1A)． Scatcbard analysis(Fig 

1B)indicatedthatttlem affmity receptorforAGE1)． 

BSA was with a dissociation constant of 65．3± 1．5 

nmol·L一 and maximal s[~ ilIc binding of 1．57± 

0．04 nmoVg cell protein． 

1 

兽{ 
三 

；吾。 
量罢。 
们亘。 

0 

君 

"f-AGEP．BSA／nmol-L 

Bound／L·g 

Fig1． specific bilId of~ I-AGEP-BSA to cultured 

ratAS~~IC and．Scatclm~ onab~ ． n=3．鼍±s． 

WhenASMCweUeincubated at37℃ for4 hwith 

mcreasing concentrations of I-labeled AGEP-BSA． 

intraceU~ accumulation of radioligimdincreasedin a 

saturable fashion(Fig 2A)． AGEP-BSA effectively 
competed with labeled  AGEP-BSA， suppressing 

internalization to about 8 ％ ofmaximal accumulation． 

The early glyeated LDL did not competed wi th labeled  

AGEP-BSA(Fig 2B)． 

1IS|．AGEP-BSA／nmo1．L。’ 

Hg 2． (A ) Inlracellulm" m oon of 

I~I．AGEP．BSAby cultured ratASMC． (n=3wells．i 

±s)；cB)h蛔卫fd缸I of 岱I．AGEP-BsA byA蛐  

iIl 廿1e Dn罄眦 0e of unk山 kd competitors． The 

iIl缸|D印 l-lar 瑚di帼 iIl each 删 oo咀t血 _mg 

荩I．AGEP-I~ 150 娜 1 ·L一 and the i卫dicated 

00n0自 a 衄 sof AGEP-BSA or g[J)L w懿 Ⅱ蟹asIIred 

a 4hiIKm t ． 

n=3 wel1s．霉±s． 

Ⅵ 1erI cells weIe incubated wiIl1 曲I．1abeled  

AGEP-BSA (150 nmol·L )at 4℃ for 4 h and 

warmed at 37℃ to continue incubating． Cel1． 

associated radioacfivity declined，while uichforoacetic 

acid ~luble radioactivity in the ii~ llln increased 

conctxnimnfly(Fig 3)． 

AGEP-BSA-induced 【Ca2 ]；elevation 

The resting[Ca2 ]{W3S 110±10 nmol·L一 in buffer 

1m diurn cout~fining 1．0 nmaol·L_。． AGEP-BSA 

c；I口Jd l10u口＼F∞羞 

一uJ∞苦La=∞0伪＼ E u】 
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脚 3． Degradalion at 37 ℃ of 璐I-．4,GEP-BSA 

ptt~viously botmd at 4 ℃ by AS~~IC． Cells incubated 

th J2sI．AGEP_BSA 150mr,ol·L一 at4 ℃ f叫 4 h w日 

then warmed at 37 ℃ ． At indicated intelwa1． cell 

ass~ mted radioactivity 胁 d a 0r帕 oetic acid soluble 

radiq~tctJ',rity in the 111~dJllln were determined in 

triplicate samples． 1,1=3wells。 ±s． 

increased the[ ]．in a concentration dependent 

ma瑚埘 ， n 110± 10 n ·L一 to 150±10．200± 

6，241±9，269± 18，321±20 runol-L一 at AGEP- 

BSA ：加 ，75，150，2O0，3O0 rnnol·L～ ，respectively 

(Tab 1)． 

1． Effect 0fAC3EP-BSA 蚰  t0训 cfree 衄Jd哪  

-山 t'at cultmt~t．~SMC． ( =3wells． ±s． cP<O．01 
t 。0nb ．F=66．22 

Ililtia~m ∞ AGEP-BsA．induced[Ca2 】i 

ele~ tlon Pretreatment with diltiazem 50 umn1-L一 

for0，10，舯 ，30，40 min ir~hibited tI1e AGEP．BSA— 

induced l C l，elevation， respectively． After 

ASM were stimulated by AGEP_BSA for 10 mil1． 

dⅡtiazem had no effect on AG日P．BSA—induced 

【Ca2 f．eleva~on (1铀 2)． Pretreabllent with 

d订tiazem for 20 rain inhibited the A BSA-ind~ ed 

【C J，elevation in a concentration-dependent 

rnaili~r，from 321±20 llmol·L一 to 284±9．246± 

13，222±7，185±7，152±9 nmol·L一 at 10．25． 

40，50，60扯Il ·L-。，respectively(Tab 3)． 

， 

呦 2． T dl 臼．ddlt e胁 0f d 血 咖 1 f50 JIln0l- 

LI】) 蚰 ．4,13EP-lISA--mdI】脚 [ +】≤d哪  in 

AsM ． (n=3砌 s， ±s． >0．05， <0．05， 

<0．O1掰 啪 叫 ．F=51．3o】fl砣础 ven k 0fd廿 

iIldicah 口re扫 ah咖 t 虚m dilda船 n be s6nⅡlIa嘲  

bvAQ BP-lISA；zer0 D，础 d dilda船 n胁 d．4,GE,P-lISA 

added~ m tlyl 

T 3 

fro"20 n血 wldI d司血 z锄 蚰 AGEP_BSA_ind1-0ed 

[( ]i d a血m in AsMc． (n=3汕 ． ±s． 

cP<0．ol掰 00n r01．F=79．鹤)． 

Dilfiazem／Nmol-L [c ]．／rm~l。L 

Cxmm~l 

10 

25 

40 

50 

60 

321±舶  

284±9c 

246±13c 

2盟 ± 

1踮 ±7c 

159±9c 

DI‘ 嘲 H，N 

Inthis work．it has been demonstratedthatthere 

is a sp 丘c lligh atSmty rec印 for AGEP．BSA 吼  

ASMC． That intraceUular accumuh~ion ofra~ofigand 

increases in a saturable 吼 and is inhibited by 

unlabeled AGEP_BSA show that this process is 

receptor-mediated． Meanwhile， aD1x 啪 ce of 

trichloroacetic acid soluble rnaterial slmws that 

intenmlized radioligand will gradually degraded
．  

These facts suggest that AGEP-BSA is taken up and 

degraded by ASMC through this kind of receptor． 

Some experts discovered that early Illycated LDL 

induced oxidant sⅡ s on endoll~elial cellsL1oJ Our 

~esult showed岫 early glycatedU )Lwas nottltk~nIlD 

by this k．md of receptor． The mechanism that cared 

LDL exerts its cellular effect remains f1
．1r~ r 

investigation． In this work， it is also showed that 

receptors for AGEP oil ASMC have similar diss0cjatjm  

’ 

’ 

， ． ● ： ： 蛐 ： ～ C t ．． ， ； _| 

c一∞_0 = 口口＼ ∞j 
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constant with that on macrophage． s receDtot 

expressed oft ASM may olay SOITI~role in valof 

excess accumulation of AGEP in patients with diabetes 

and contribute to athemgenosis The identification and 

isolation  oftwoAGEP binding proteins on animal and 

humanma crophage and vascular endothefial cellfurther 

supportthe conceptthatthe receptorf0rAGEP plays a 

central role in specific effects of AGEP on target 

cells I]J
． 

But the physiological significance of the 

receptor for AGEP on ASMC remains elucidated． 

Further investigations are needed to isolate and analyze 

吐le receptor onASM0c． 

AGEBBsA induced l Ca2 】．elevation． AGEP 

mmm~ ngwith their ende tbelial receptor o0uld iiKhlce 

expression of vascular call adhesion molecule-l 12J
． 

which has been associated with early stage of 

atheroselerosis，and their interaction oould also induce 

inc as。d vascular permeability／laJ． which is 

characteristic of diab~ic vasculopathy． Overload of 

l Ca2 j．is involved in atherosclerosis． It is 

reasonable to propose that AGEP-induced[Ca2 ] 

elevation in ASM_C at least partially con tribute to 

patients with diabetes being predi印osed to 

atherosclerosis． Pmtreatment with dil~azem 

significantly， but not completely， inhibited AGEP- 

induced[Ca2 ] elevation，suggesting that calcium 

channel is involved in AGEP-induced [ca2 ]． 
elevation． How calcium channel is stimulatedi-i~lains 

~ clear． Intracellular mechanimm involved in AGEP- 

induced[Ca2 ]。elevation arebeinginvestigated．But 

the effect of diltiazem shows a new light into 

prevention  of diabe tic vascular complication
． 

It is 

Ⅱ1uch better to bear the mind that this is in vitro 

information． Further in vivo studies remain to be 

p~fomaed． 

Our observation s sugg est that there is a specific 

high affmity receptorforAGEP-BSA onASMC which 

not only mediates inmmalization and degr'ddation of 

AG日P-BsA， but also mediates AG日P-BSA．induced 

【Ca2 Ji elevation ． Diltiazem significanay． not 

completely，inhibits AGEP-BSA—induced [c ]． 
e1evati0n． 
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