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Effects of pentoxifylline and protein kinase C inhibitor 

on phorbol ester-induced intercellular adhesion molecule-1 

expression in brain microvascular endothelial cells1 

CHU Zhi-Yong，RUI Yao—Cheng2(Department ofPharmacology，Col妇e ofPha~ ,， 

SecondMilitaryMedical UniversiO'，Shang~i20043．3，China) 

KEY W ORDS intercellular adhesion molecule一1； 

vascular enduthelium；protein kinase C：tetraducanoyl— 

phorbol acetate；pentexifylline；cultured cells 

A皿Ⅱ．T0 studythe potential roles of protein kinase C 

(PKC) on expression of intercellular adhesion 

molecule-l {l( ．1) in rat brain rnicrovasonlar 

endutheliaJ cells(RBMEC)． M匝T】}如lDS：I[1AM．1 

expression in RBMl￡C was measured bv EUSA 

'analyses． REsUIITS： Phod：~ol ester (PMA) 

enhanced the expression of ICAM—l in a concentration 

(10一l【xl nmo1．L_。)and time(4一l6 h)一~ ndunt 

fflanner in RBMEC． Pentexifylline( ) l—l【xl 

umo1．L一 and the PKC inhibitor H7 5—50 ttmol-L一 

prevented PM A．induced stimulation of I(：AM．1 

expression． A【PTX l【xl“m0l·L一 and H7 50“m0l· 

L一 ，they reached maximal inhibitory effects H二AM．1 

expression(A)from (0．410±0 014)to(0．175± 

O．022)and (0．1艘 ± 0 0l3)，respectively；P < 

0．01 C0NCLUS10N： Activation of PKC in 

RBMEC is associated with increased expression of 

ICAM—lin RBMEC． FIX and H7 preincubation may 

inhibit PKC—induced up-ragulalion of ICAM-1． 

Ⅱ TR0叫 CT10N 

Chronic inflammatory diseases such as multiple 

sclerosis and experimental alle c encephalomyelitis 

(EAE) a characterized by intense leukocytic 
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infilmaionintothecentral nervons system (( S)【 ，引． 

Brain rnicrovessels are the most relevant part of the 

vascular system with regardto CNSinflammation．Cell 

adhesion molecules such as intercellular adh esion 

molecule-1 (I(1AM．1) and vascular cell adhesion 

molecule-1 (VCAM-1)play an important role in 

leukocyte’s adhesion to and Wansrnigation through 

endothelialcellsL ’． Cytokines such as耵 and Ⅱ，l 

induce I(：AM．1 expression in brain rnierovascular 

endothelial cells(B～砸C)and stimulate their adhesion 

t no published article)． However， the signaling 

mechanisms respo nsible for the induction of adh esion 

mo leculesin B～砸C a poorly understood． 

Pentoxi却lline(PTX)，a deriv~ve of the methy1． 

xanthine，hasbeen usedformany yearsin thetreatment 

of peripheral vascular diseases． Inc代as。d red blood 

cell flexibifity， reduction of blood viscosity， and 

decreased potential of platelet aggregation are the basic 

actions of ．resultingintherapeutic benefits dueto 

improved miciocirculalion and tissue oxygenationt 

~orbol ester(PMA)is a protein kinase C (PKC) 

activator 

hl the present study．cultured mt brain micro- 

vascular endothelial cells(RBMEC)were u刚 to Sillay 

the role of PKCin expression ofI( AM．1 and protective 

effects of and PKC inhibitor．H7． 

Rats Wistar rats of either sex．2—3 wk(n= 

36， Grade U， Certificate № I302-25-4)， were 

obtained from the Animal Center of Secon d Military 

Medical University． 

Chemicals PMA． H7． and o．phenylenedia- 

mine(OPD)were purchased from Sigma Co；Anti 

ICAM-1一MAb L1A29，monse IgG)was purchased 
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from Seikagaku Co，Japan；PTX was purchased from 

SNiiazhuang NQ 1 Pharmaceutical Co． 

CeII ctdture Prhnary cultures of RB～正C were 

isolated by a modification of the method described by 

dural et al ． Briefly． I cerebral cortex was 

obtained from rats． L．afger blodd  vessels were 

carefully removed Brain specimens were cut jnto 

small pieces and homogenized in Medium l99 

containing 2％ fetal bovine serulT1 (FBS)． e 

hornogenate was．filteredthrough149 um nylon net and 

74 gm nylon net The crude microvessels on 74 gm 

nylon net were collected and digested jn a solution 

containing collagenaseⅡ l g‘L in Medium 199 at 

3了℃ r 40 rain． en the solution was centrifuged 

at 800 g for 10 min The rat brain inicrovessels 

were plated on plastic plate and grown in Medium l99 

wi【h 1 ％ L glutamine．20 ％ FBS．heparin 100 kU· 

L ．benzylpenieillin lo0 kU·L～ ．streptomyein lo0 

mg—L一。and bovine brain extractL。 2OO rag·L for 5 

— 7 d Th锄 the medium  including mium vessels was 

changedwith newmedium ． Cellswere grown at 37℃ 

in a humidified atmosphere th 5 ％ co，and 95 ％ 

air RBⅣ正C were identified with immunofluorescent 

staining with anti—FactorⅧ ． 2 nd一4 th passage 

confluent culRites ofRBⅣ正C were used ， 

"rreal~lent of RB 咂C with PM_A Confluent 

cultures of RB～正C in 96一well plares were stimulated 

for f)一16 h with selxllll—free Med ium  199 containing 

various concentration of PMA． ICAIVl—l expression i11 

RBM_EC was measured with ELlSA． 

Ⅱ 姒  ICAM．1 expression in RBMEC was 

quantitated bymeasuringthe binding of Palmonoc lonal 

antibody to RB～正C on quadruplicate wells of confluent 

mon01ayers of RBⅣ正C iⅡ 96一wel1 fiat．bo ttomed 

platesL ． Bilefly，RBⅣ正C were incubated with PMA 

and／or drugs．then the tissue medium  was removed 

The cells were washed twice with WalTI1 Medium 199 

before fixed with 1％ paraformaldehyde at 25 ℃ for 

15min Afterwashingthefixed ce1Isthreeti／l~Swith 

Medium 199。unbound sites were blocked by adding a 

2％ solution of Bovine Serum A1bumin(BSA)diluted 

'n Mediurn 199 and incubated at 37℃ for l h． After 

removing the blocking solution，a total of 100 “L of 

anti—ICAM—l—MAb wes added and plates were incubated 

at 37℃ for l h． The plates were then washed three 

times with Medium  199，and 100 f L of a 1
．

／l(~10 

dilution of the developing antibody(anti—m1) lgG， 

Hl conjugate)in 1％ BSA-Medium 199 was added 

The plates were then incubated at 37℃ for 1 h e 

enzyme con ugated was removed and the cells were 

washed fouf times with Medium 199 Next lo0“L 0f 

OPD subswate was added to each wel1．mid the plates 

were incubated at 37℃ ． Controls~Tere included jn 

each assay The plateswere read at49'2 urnwith type- 

5II micro-elisa reader (Shanghai № 3 Analytical 

Instmment Factory)betw een 5 mad 30 min after incuba— 

tion． 

Statistics Data were expressed as ± s and 

compared by a paired t test 

RESULTS 

Tirr1e and dose COulee of ICAM ．1 expres． 

sion in RB 匝C induced by PM_A RBM EC call 

express basal ICAM-l at rest． Tim e kinetics studies 

showed that the increasing effect of PMA on ICAM-I 

expression could be detected as early as 4 h after 

trealment(T曲 1)．and reached maximallevels at 8 h 

ICAM．1 expression increased after stimulation of the 

RBⅣ匝cwith PMA (10—100 nmo1．L )( b 2) 

The effects of PMA showed a concentration—dependent 

tendency． 1CAM．1 expression reached maxim um at 

Tab 1． pMA·induced ICAM-1 e~ ion in RBMEC 

n=4 weⅡs and repeated for 3 indepdndent a印e】 T岫  

±s． cp<0．01 t conlrol f0 h 

Tab 2． Concentration-dependea~e of PMA·induced 

ICAM ·1 expressionin RBbIEC foe 8 h． ／-／=4wells and 

n ea dfor3 independent expet'iraents． 掌±s． 

<0．OS．cp <0．01 conlro1． 

pMA／nmol’L ICAM-l expressiontA) 

0 

10 

50 

00 

0．132±0．Ol0 

0．199±0．0270 

0．354 1 0．(XB 

0．4 ±0 041 
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100 nmol·L-。．so PI A l00 ninol-L ．8 h was 

~lected in our experiments． 

Efleets of 瞰 and H7 on induction of 

ICAM ．1 expression by PM A When RBMEC were 

preincubated with a range of concentrations of 

(1一l00 gmol-L )and H7(5—50,umol·L )for 

15rainfollowed by 8 hwith PJ (100i]illol_L。。)in 

the continued presence of the drugs． ICAM—l 

expression was concentration—dependently inhibited 

( 3) 

Tab 3 Effect of arugs oll ICAM ·1 a ∞ induced 

byIrMA =4wells mad repeated for 3 independealt 

experiments． ±s． <0 O1 w PMA group 

Adhesion of leukocytes to endothelial cells is 

dependent upon the expression of adhesion molecules in 

both endothelial ce1ls(EC)and leokocytes(0,9一
． 

present study found that PI A stimulated ICAM．1 uD— 

regulationin RBMEC andH7 coilldinhibitthis effect． 

PKC had been proven to play an impo rtant role in 

ICAM_l expression in EC． S0 activating PKC might 

be involved in the mechanism of cell adhesion molecule 

expression in EC and adhesion between EC and 

leukocytes． 

Our study also found that inhibited PI 一 

induced 1CAM-I expression in brain EC Thjs might 

explain that might delay infiltration of 

inflammatory celIsintheCNS ofmi ce with EAE／ ⋯
． 

In conclusion， the present study showed the 

inhibitory effects oflYYX andH7 onthe PMA-induced 

ICAM-1 up—mgulation in RBMEC， and provided a 

theoretical basis in the prevention and treatn]erlt of 

cardiovascular and cerebrovascular disellses wi血 PTX 

and PKC inhibitors． 
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己酮可可碱与蛋白激酶 C抑制剂对佛波醇酯诱导 

脑微血管内皮细胞表达细胞间粘附分子．1的影响 

疋 7弓 
缝望勇；蓖 (第二军医大学药学院 
药理教研室，上海 2004~3．中国) 

用．方法：采用 ELISA方法测定培养 RBMEC表 

达 ICAM-1． 结果：PMA在 10—100 nmol·L 范围 

内剂量依赖性地诱导RBMEC表达ICAM-l；在4— 

16 h范围内时间依赖性诱导RBMEC表达 ICAM．1 

和 PTX分别在 5—5o · 和 l一 “Ⅱl01．,rzmo]L 100 

L 范围内剂量依赖性抑制 PMA诱导的 RBIVI]EC 

关键词 细胞问粘附分子．1；血管内皮；蛋白激酶 表达 ICAM-1． x 100 m(11·L～，H7 5o Tn01。 

．  

l4烷基佛波醇乙酸酯；邑 ； 培养的细胞 

目的：研究佛波醇酯(PMA)诱导大鼠脑微血管内 

皮细胞(RBMEC)表达细胞问牯附分子 1(ICAM 1) 

及PKC抑制剂 H7与己酮可可碱(PTX)的抑制作 

本部邮购科学出版社书讯(医学类) 

L 时，抑制作用达最大[吸光度分别从(0 410± 

0．014)降至 (0．175±0．022)和 (O 182±0．013)， 

P<0．O1] 结论：PKC抑制剂及己酮可可碱能抑 

制PMA诱导RBMEC表达ICAM-1，表明PKC参 与 

RBMEC ICAM-l表达调控 (责任编辑 刘俊娥) 
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