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Abst r act . PECAM- 1 i s a 130- 120- kD i nt egr al mem-
br ane gl ycopr ot ei n f ound on t he sur f ace of pl at el et s, at
endot hel i al i nt er cel l ul ar j unct i ons i n cul t ur e, and on
cel l s of myel oi d l i neage . Pr evi ous st udi es have shown
t hat i t i s a member of t he i mmunogl obul i n gene super -
f ami l y and t hat ant i bodi es agai nst t he bovi ne f or m of
t hi s pr ot ei n ( endoCAM) can i nhi bi t endot hel i al
cel l - cel l i nt er act i ons . These dat a suggest t hat
PECAM- 1 may f unct i on as a vascul ar cel l adhesi on
mol ecul e . The f unct i on of t hi s mol ecul e has been f ur -
t her eval uat ed by t r ansf ect i ng cel l s wi t h a f ul l - l engt h
PECAM- 1 cDNA. Tr ansf ect ed COS- 7, mouse 3T3 and
L cel l s expr essed a 130- 12041) gl ycopr ot ei n on t hei r
cel l sur f ace t hat r eact ed wi t h ant i - PECAM- 1 pol y-

ELL- CELL i nt er act i ons ar e medi at ed by at l east f our
di st i nct f ami l i es of t r ansmembr ane gl ycopr ot ei ns :
i nt e ' ns, cadher i ns sel ect i ns Lec- CAMS ' and

cel l adhesi on mol ecul es bel ongi ng t o t he i mmunogl obul i n
super f ami l y ( r evi ewed i n Al bel da and Buck, 1990) . The
i nt egr i n f ami l y i s a br oadl y di st r i but ed gr oup of r ecept or s
composed of homol ogous, noncoval ent l y associ at ed a/ ß het -
er odi mer pai r s t hat medi at e l eukocyt e- l eukocyt e and l euko-
cyt e- endot hel i al cel l adhesi on ( Car l os and Har l an, 1990 ;
Osbor n, 1990 ; Spr i nger , 1990) , as wel l as cel l ul ar i nt er ac-
t i ons wi t h ext r acel l ul ar mat r i x component s such as col l agen,
l ami ni n, f i br i nogen, and f i br onect i n ( Buck and Hor wi t z,
1987; Ruosl aht i and Pi er sbacher , 1987; Hynes, 1987) . The
cadher i n f ami l y i s a devel opment al l y r egul at ed gr oup of
st r uct ur al l y r el at ed, si ngl e chai n 120- 13041) gl ycopr ot ei ns
t hat medi at e cal ci um- dependent cel l ul ar adhesi on i n a homo-
phi l i c and t i ssue- speci f i c manner ( Takei chi , 1988, 1991) .
The sel ect i ns or Lec- CAMS ( i ncl udi ng ELAM- 1, GMP- 140,
and gp90 MEL- 1° ) bi nd l eukocyt es t o endot hel i al cel l s vi a a
l ect i n- l i ke domai n at t he ami no t er mi nus of t he mol ecul e
( Bevi l acqua et al . , 1989 ; Johnst on et al . , 1989 ; Lar sen et al . ,
1989 ; But cher et al . , 1990 ; I mai et al . , 1990 ; Br adl ey et al. ,
1990) .
1 . Abbr evi at i ons used i n t hi s paper : LecCAM, sel ect i n cel l adhesi on mol e-
cul e; PECAM, pl at el et / endot hel i al cel l adhesi on mol ecul e .
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cl onal and monocl onal ant i bodi es . COS- 7 and 3T3 cel l
t r ansf ect ant s f or med cel l - cel l j unct i ons t hat wer e
hi ghl y enr i ched i n PECAM- 1, r emi ni scent of i t s di st r i -
but i on at endot hel i al cel l - cel l bor der s . I n cont r ast , t hi s
pr ot ei n r emai ned di f f usel y di st r i but ed wi t hi n t he
pl asma membr ane of PECAM- 1 t r ansf ect ed cel l s t hat
wer e i n cont act wi t h mock t r ansf ect ant s . Mouse L
cel l s st abl y t r ansf ect ed wi t h PECAM- 1 demonst r at ed
cal ci um- dependent aggr egat i on t hat was i nhi bi t ed by
ant i - PECAM ant i bodi es . These r esul t s demonst r at e
t hat PECAM- 1 medi at es cel l - cel l adhesi on and suppor t
t he i dea t hat i t may be i nvol ved i n some of t he i nt er -
act i ve event s t aki ng pl ace dur i ng t hr ombosi s, wound
heal i ng, and angi ogenesi s .

The cel l adhesi on mol ecul es ( CAMS) bel ongi ng t o t he
i mmunogl obul i n gene ( I g) super f ami l y show di ver si t y i n
f unct i on and t i ssue di st r i but i on . Li ke ot her member s of t he
I g- super f ami l y, CAMS shar e a common st r uct ur e, t he i mmu-
nogl obul i n homol ogy uni t , t hat i s char act er i zed by an ami no
aci d sequence - 100 ami no aci ds i n l engt h, havi ng a cen-
t r al l y pl aced di sul f i de br i dge t hat st abi l i zes a ser i es of ant i -
par al l el ß- st r ands i nt o t he so- cal l ed ant i body f ol d ( Hunkapi l -
l er and Hood, 1989) . The i mmunogl obul i n super f ami l y
CAMS ar e t hought t o have wi de- r angi ng f unct i ons, and par -
t i ci pat e i n a var i et y of homophi l i c and het er ophi l i c cel l ul ar
i nt er act i ons ( Wi l l i ams and Bar cl ay, 1988) , i ncl udi ng t hose
t hat t ake pl ace dur i ng devel opment ( N- CAM) ( Cunni ngham
et al . , 1987; Edel man, 1988) , i nf l ammat i on and wound heal -
i ng ( I CAM- 1, VCAM- 1) ( Wawr yk et al . , 1989 ; El i ces et al . ,
1990) , and possi bl y oncogenesi s ( CEA: col on car ci noma
cel l met ast asi s) ( Benchi mol et al . , 1989) .

PECAM- 1 ( pl at el et / endot hel i al cel l adhesi on mol ecul e- 1)
r epr esent s a r ecent l y char act er i zed member of t he i mmuno-
gl obul i n super f ami l y t hat i s f ound on t he sur f ace of pl at el et s,
some l eukocyt es and at endot hel i al cel l i nt er cel l ul ar j unc-
t i ons i n cul t ur e ( Mul l er et al . , 1989 ; Newman et al . , 1990) .
Ahomol ogous gl ycopr ot ei n, " endot hel i al cel l adhesi on mol -
ecul e7 ( endoCAM) has been descr i bed on bovi ne endot hel i al
cel l s and pl at el et s and has been shown t o medi at e endot hel i al



cel l - cel l i nt er act i ons ( Al bel da et al . , 1990) . I mmunochemi -
cal and bi ochemi cal st udi es ( Al bel da et al . , 1990 ; Newman
et al . , 1990) i ndi cat e t hat PECAM- 1 i s i dent i cal t o t he hec7
and CD31 ant i gens t hat have been descr i bed on human bl ood
pl at el et s, monocyt es, and neut r ophi l s, as wel l as on l ar ge and
smal l vessel endot hel i al cel l s ( Mul l er et al . , 1989 ; van
Mour i k et al . , 1985 ; St ocki nger et al . , 1990) . Bone mar r ow
st em cel l s and t r ansf or med cel l l i nes of t he myel oi d and
megakar yocyt i c l i neage al so expr ess CD31 ( Ohi o et al . ,
1985 ; Goyer t et al . , 1986 ; Cabanas et al . , 1989 ; Si mmons
et al . , 1990) .

Al t hough t he pr eci se f unct i ons of PECAM- 1 ( CD31) have
not been det er mi ned, we have shown ( a) t hat PECAM- 1 i s
concent r at ed on cul t ur ed endot hel i al cel l s at i nt er cel l ul ar
j unct i ons as t hey come t o appose one anot her ( Mul l er et al . ,
1989 ; Al bel da et al . , 1990) ; ( b) t hat PECAM- 1 i s const i t u-
t i vel y expr essed on cont i nuous, but not si nusoi dal , en-
dot hel i um i n si t u ( Mul l er et al . , 1989 ; Al bel da et al . , 1990) ;
and ( c) t hat ant i bodi es agai nst endoCAM, t he bovi ne equi va-
l ent of PECAM- 1, i nhi bi t t he abi l i t y of endot hel i al cel l s t o
f or m a conf l uent monol ayer ( Al bel da et al . , 1990) . These
dat a i ndi cat e t hat t hi s mol ecul e i s i nvol ved i n endot hel i al
cel l - cel l adhesi on.

The homol ogy of PECAM- 1 t o ot her CAMs of t he i mmu-
nogl obul i n super f ami l y, i t s pr esence on pl at el et s, whi t e cel l s,
and endot hel i um, i t s l ocal i zat i on t o endot hel i al cel l j unc-
t i ons, and t he i ni t i al f unct i onal dat a descr i bed above, al l sug-
gest t hat PECAM- 1 i s an i mpor t ant vascul ar cel l adhesi on
mol ecul e . I n t hi s manuscr i pt , we pr esent t he f ul l - l engt h
cDNA sequence, descr i be t he expr essi on of PECAM- 1 i n
het er ol ogous COS- 7, 3T3, and L cel l s, and demonst r at e t hat
PECAM- 1 i s capabl e of medi at i ng t he aggr egat i on of st abl y
t r ansf ect ed mouse L cel l s . These exper i ment s di r ect l y dem-
onst r at e t he r ol e of PECAM- 1 i n adhesi on event s.

Mat er i al s and Met hods

Ant i bodi es

The f ol l owi ng ant i bodi es wer e used : hec7 and WM59, mAbs speci f i c f or

human PECAM- 1 ( Mul l er et al . , 1989 ; Newman et al . , 1990) ; a pol y-
cl onal ant i body di r ect ed agai nst bovi ne endoCAMt hat cr oss r eact s wi t h hu-
man PECAM- 1 ( Al bel da et al . , 1990) ; an ant i - CD31 monocl onal ant i -
body gener ousl y pr ovi ded by Jan Si xma ( Uni ver si t y Hospi t al , Ut r echt , t he
Net her l ands) ; a pol ycl onal ant i - human PECAM- 1 ant i body ; and an ant i se-
r umt o von Wi l l ebr and f act or ( vWF) ( Cal bi ochem- Behr i ng Di agnost i cs, La
Jol l a, CA) . FI TC- conj ugat ed ant i - mouse and ant i - r abbi t ant i ser a wer e pur -

chased f r om Or ganon Techni ka Cor p ( West Chest er , PA) .
The pol ycl onal ant i - PECAM ant i ser um was pr oduced usi ng t he same

t echni ques as wer e used t o pr epar e an ant i - endoCAMant i ser um ( Al bel da
et al . , 1990) . PECAM- 1 was pur i f i ed f r om out dat ed human pl at el et s by
af f i ni t y chr omat ogr aphy usi ng t he ant i - PECAM mAb 1 . 3 ( I gGI subcl ass)
and 100- pg al i quot s of pur i f i ed pr ot ei n wer e i nj ect ed i nt o a r abbi t i n combi -

nat i on wi t h Fr eund' s adj uvent at 2- wk i nt er val s f or a t ot al of f our i nj ect i ons .
Pur i f i ed i mmunogl obul i n was i sol at ed by pr ot ei n A ( Phar maci a Fi ne Chem-
i cal s, Pi scat away, NJ) af f i ni t y chr omat ogr aphy . The speci f i ci t y of t he pol y-
cl onal ant i ser um was equi val ent t o t hat of t he monocl onal ant i bodi es ( see
bel ow) .

Cel l s

Human umbi l i cal vei n endot hel i al cel l s wer e i sol at ed and cul t ur ed i n
medi um199 cont ai ni ng 15 %FBS, 75- 100 pg/ ml endot hel i al cel l gr owt h f ac-
t or , 100 pg/ ml hepar i n, and 2 mMt , - gl ut ami ne ( Al bel da et al . , 1989) . COS-
7, 3T3 cel l s, and mouse L cel l s wer e pur chased f r om t he Amer i can Type
Cul t ur e Col l ect i on ( ATCC, Rockvi l l e, MD) . COS- 7 cel l s and 3T3 cel l s wer e
cul t ur ed i n DMEMwi t h 10%FBS. L cel l s wer e cul t ur ed i n RPMI medi um
wi t h 10% FBS.
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Nucl eot i de Sequenci ng

The compl et e nucl eot i de sequence of PECAM- 1 was det er mi ned f r omt hr ee
over l appi ng Xgt 11 phage cl ones ( Newman et al . , 1990) . A ser i es of over l ap-
pi ng nest ed del et i ons wer e gener at ed usi ng exonucl ease I I I . Af t er t hi s di ges-
t i on, t he r emai ni ng si ngl e- st r anded mat er i al was cl eaved wi t h Sl nucl ease,
t he ends made bl unt wi t h T4 DNA pol ymer ase, and t he pl asmi ds r eseal ed
wi t h T4 DNA l i gase. Bot h st r ands of al l over l appi ng cl ones wer e sequenced
by t he di di oxy- chai n t er mi nat i on met hod usi ng Sequenase DNA pol ymer ase
( Uni t ed St at es Bi ochemi cal Co . , Cl evel and, OH) .

Nor t her n Bl ot Anal ysi s

Tot al cel l ul ar RNA was pr epar ed f r om bot h human umbi l i cal vei n en-
dot hel i al cel l s and HEL cel l s usi ng t he met hod of Chi r gwi n et al . ( 1979)
and t he pol y ( A+) f r act i on pur i f i ed on Ol i go d( T) cel l ul ose accor di ng t o t he
pr ocedur e of Avr i l and Leder ( 1972) . 15 pg of t ot al RNA or 3 pg of mRNA
was denat ur ed i n 1 Mgl yoxal i n t he pr esence of 50%DMSO, el ect r opho-
r esed t hr ough 1 %agar ose, and t r ansf er r ed t o ni t r ocel l ul ose accor di ng t o t he
pr ocedur e of Thomas ( 1980) . Bot h pr ehybr i di zat i on and hybr i di zat i on wer e
per f or med at 42° C i n a buf f er cont ai ni ng 40% f or mami de, 4x SSC
( SSC=0. 15 MNaCl , 15 mMt r i sodi umci t r at e, pH 7. 0) , 7 mMTr i s pH7. 4,
l x Denhar dt ' s sol ut i on, and 50 pg/ ml of sal mon sper m DNA. Fi l t er s wer e
washed at hi gh st r i ngency, wi t h t he f i nal t wo washes per f or med at 68° C i n
0. 1 %SSC cont ai ni ng 1 . 0 %SDS. Nor t her n bl ot s wer e al so per f or med usi ng
Genescr een Pl us ( Dupont New Engl and Nucl ear , Wi l mi ngt on, DE) accor d-
i ng t o t he manuf act ur er ' s di r ect i ons .

Ransf ect i on of COS- 7 Cel l s

A 2 . 56- kb cDNA f r agment cont ai ni ng t he ent i r e codi ng sequence f or
PECAM- 1 was subcl oned f r om PEGEM 7Z ( Pr omega Bi ot ec, Madi son,
WI ) i nt o t he Hi nd1I I cl oni ng si t e of t he SV40 expr essi on vect or pESP-
SVTEXP ( Reddy and Rao, 1986 ; Sol owska et al . , 1989) . The r esul t i ng pl as-
mi d was desi gnat ed PECAM/ TEX. COS cel l t r ansf ect i ons wer e per f or med
by cal ci um phosphat e- DNA copr eci pi t at i on ( Sambr ook et al . , 1989) .
Conf l uent T75 f l asks of COS- 7 cel l s wer e spl i t 1: 15 and pl at ed on 100- mm
pet r i di shes i n DMEMwi t h 10 %FBS. Af t er 24 h, t he cel l s wer e t r ansf ect ed
wi t h 6 pg PECAM/ TEX cDNA i n combi nat i on wi t h 17 pg of Bl uescr i pt
pl asmi d DNA ( St r at agene Cor p . , La Jol l a, CA) . Af t er i ncubat i on at 37° C
f or 4 h, t he cel l s wer e washed wi t h PBS, and f r esh DMEM/ 10%FBS was
added . The pl at es wer e mai nt ai ned f or an addi t i onal 36 h bef or e ext r act i on
or i mmunof l uor escence st ai ni ng .

Tl r ansf ect i on of 373 and L Cel l s

To est abl i sh cel l s st abl y expr essi ng PECAM- 1 cDNA, NI H3T3 cel l s wer e
t r ansf ect ed as pr evi ousl y descr i bed ( Sol owska et al . , 1989) . Cel l s wer e
pl at ed at 1 x 105 per 100- mmpet r i di sh i n DMEMwi t h 10%FBS. Af t er
24 h, t he cel l s wer e cot r ansf ect ed wi t h 6 j i g of t he PECAM/ TEX pl asmi d
i n combi nat i on wi t h 100 ng pSV2neo and 17 pg cal f t hymus DNA as a cal -
ci umphosphat e pr eci pi t at e. Cel l s wer e i ncubat ed f or 20- 22 h, washed wi t h
PBS, and f r esh medi um was r epl aced . 2 d l at er , t he t r ansf ect ed cel l s wer e
spl i t 1 : 25 t o 1 : 50 and i ncubat ed i n DMEMsuppl ement ed wi t h 10% FBS
and 1 mg/ ml G418 ( Genet i ci n; Gi bco Labor at or i es, Gr and Jsl and, NY) . Af -
t er - 2 wk, t he G418- r esi st ant cl ones wer e i sol at ed and expanded . The 3T3
cl ones expr essi ng PECAM- 1 wer e i dent i f i ed by i ndi r ect i mmunof l uor es-
cence st ai ni ng usi ng t he PECAM- 1 speci f i c mAb hel l . The most posi t i vel y
st ai ni ng cl ones wer e t hen subcl oned by l i mi t i ng di l ut i on and a cel l l i ne ex-
pr essi ng PECAM- 1 on - 80- 90% cel l s was used f or f ur t her st udi es .

Mouse L cel l s wer e t r ansf ect ed i n a si mi l ar manner as t he 3T3 cel l s wi t h
t he f ol l owi ng changes : ( a) t he pHof t he t r ansf ect i on buf f er was adj ust ed t o
6. 95 r at her t han 7. 2 ; ( b) cel l s wer e pl at ed at 5 x 10 5 per 100 mmpet r i
di sh ; and ( c) cl ones wer e sel ect ed i n RPMI medi a suppl ement ed wi t h 10%
FBS and 0. 5 mg/ ml G418 . Af t er sel ect i on by i mmunof l uor escence, t he most
posi t i ve cl ones wer e f ur t her char act er i zed by FACS anal ysi s ( see bel ow)
usi ng t he and- PECAM mAb hec7.

Fl owCyt omet r y

L cel l s t r ansf ect ed wi t h pSV2neo al one or PECAM/ TEX wer e nonenzymat -
i cal l y r emoved f r om125 f l asks ( see bel ow) , washed i n PBS/ 4%BSA, and
t r eat ed wi t h ant i - PECAM- 1 mAb f or 1 h at 4° C. The pr i mar y ant i body was
r emoved, t he cel l s washed t wi ce wi t h i ce- col d PBS, and a 1 : 200 di l ut i on
of FI TC- l abel ed goat ant i - mouse secondar y ant i body added f or 1 h at 4° C.
Af t er washi ng i n col d PBS, f l ow cyt omet r y was per f or med usi ng an Or t ho
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Cyt of l uor ogr aph 50H cel l sor t er equi pped wi t h a 2150 Dat a Handl i ng Sys-

t em( Or t ho I nst r ument s, West wood, MA) . Fl uor escence i nt ensi t y was ex-

pr essed as ar bi t r ar y uni t s on a l og scal e.

Cel l Label i ng

l b met abol i cal l y l abel cul t ur ed cel l s, conf l uent f l asks wer e washed wi t h

PBS, i ncubat ed i n met hi oni ne- f r ee DMEM suppl ement ed wi t h 10% di a-
l yzed FBS f or 1 h, and t hen l abel ed wi t h 135 Sl met hi oni ne ( New Engl and
Nucl ear , Bost on, MA) ( 200 uCi f or 25 cm2 , 300 ACi f or 75- cm2 f l asks)
i n f r esh medi um. For l abel i ng of human endot hel i al cel l s, t he met hi oni ne-

f r ee DMEM/ 10%FBS was suppl ement ed wi t h endot hel i al cel l gr owt h f ac-
t or and hepar i n as descr i bed ( Al bel da et al . , 1989) . Af t er 24 h, t he cel l s

wer e washed wi t h PBS and ext r act ed as descr i bed bel ow.

Cul t ur ed cel l s wer e sur f ace l abel ed wi t h " I usi ng pr evi ousl y descr i bed
t echni ques ( Al bel da et al . , 1989) . Br i ef l y, t r ansf ect ed COS cel l s wer e
washed t hr ee t i mes wi t h PBS and exposed t o car r i er f r ee " I ( 1 mCi / 100-
mmpl at e) i n t he pr esence of l act oper oxi dase, gl ucose oxi dase, and gl ucose.
Af t er l abel i ng f or 30 mi n, t he r eact i on was t er mi nat ed by t he addi t i on of
f r ee i odi ne and t he cel l s wer e ext r act ed . Membr ane ext r act s wer e pr epar ed
by addi ng smal l amount s ( i . e. , t wo or t hr ee t i mes t he vol ume of t he cel l pel -
l et ) of TNC ( 0. 01 M Tr i s acet at e, pH 8. 0, 0 . 5% NP- 40, 0. 5 mMCaC12)
wi t h 2 mMPMSF t o t he pel l et , pi pet t i nt on i ce f or 15 mi n, and t hen cen-
t r i f ugi ng f or 30 mi n at 12, 000 g. The r esul t i ng super nat ant was used i m-
medi at el y or f r ozen at - 20° C unt i l used .

I mmunopr eci pi t at i on

Noni oni c det er gent ext r act s wer e pr eadsor bed f or 30 mi n at 4° C wi t h Pr o-
t ei n A conj ugat ed t o Sephar ose beads ( Phar maci a Fi ne Chemi cal s) . Af t er
r emoval of t he beads, t he appr opr i at e ant i body was added t o t he pr ecl ear ed
ext r act f or 1 h at 4° C. I mmunocompl exes wer e col l ect ed by pr eci pi t at i on
wi t h f r esh Pr ot ei n A- sephar ose beads f or 1 h at 4° C, washed f i ve t i mes wi t h
a buf f er cont ai ni ng 50 mMTr i s HCl ( pH Z5) , 150 mMNaCl , 1% Tr i t on
X- 100, 5 %deoxychol at e, and 0. 1 %SDS. The sampl e was t hen di ssol ved i n
el ect r ophor esi s sampl e buf f er ( 62 . 5 mMTr i s base, 2 %SDS, 10%gl ycer ol ,
pH 6. 8) , el ect r ophor esed on 6%pol yacr yl ami de gel s and pr ocessed f or au-
t or adi ogr aphy as descr i bed bel ow.

One- Di mensi onal Gel El ect r ophor esi s

Sampl es wer e anal yzed by SDS- PAGE usi ng 6 %pol yacr yl ami de gel s by t he
met hod of Laemml i ( 1970) wi t hout t he use of r educi ng agent s . Gel s wer e
dr i ed and exposed t o Kodak XR5 X- r ay f i l m at - 70° C.

I mmunof l uor escence

Endot hel i al cel l s wer e pl at ed at 4 x 10° cel l s/ cm2 on gl ass cover sl i ps
coat ed wi t h 1% gel at i n i n PBS ( Di f co, Det r oi t , MI ) . Af t er t he cel l s had

gr own t o conf l uence, f i xat i on and st ai ni ng was per f or med usi ng pr evi ousl y
descr i bed met hods ( Al bel da et al . , 1989) . Br i ef l y, cel l s wer e f i xed wi t h 3 %
par af or mal dehyde f or 20 mi n and t hen per meabi l i zed wi t h i ce- col d 0. 5 %
NP- 40 f or 1 mi n . Af t er ext ensi ve washi ng, 50 pl of ant i body was added f or
1 h . Af t er r i nsi ng, t he cover sl i ps wer e st ai ned wi t h 50 pl of a 1: 200 di l ut i on
of FI TC- l abel ed ant i mouse ant i bodi es f or 1 h . Cel l s wer e vi ewed on a Zei ss
phase- epi f l uor escent mi cr oscope usi ng a 63 x pl anapochr omat oi l - i mmer -
si on l ens numer i cal aper at ur e 1 . 4 and phot ogr aphed usi ng Tr i - X f i l m at
400 ASA.

COS- 7 cel l s wer e pl at ed on gel at i n- coat ed gl ass cover sl i ps pl aced i n si x-
wel l pl at es . 1 d af t er pl at i ng, t he cel l s wer e t r ansf ect ed wi t h PECAM- 1 . 48
h af t er t r ansf ect i on, t he cel l s wer e f i xed, st ai ned, and anal yzed as descr i bed

above .
For cocul t ur e exper i ment s, equal number s of endot hel i al cel l s and t r ans-

f ect ed 3T3 cel l s wer e mi xed and pl at ed t oget her t o achei ve a f i nal cel l den-
si t y of 2 x 10° cel l s/ cm2 on gl ass cover sl i ps t hat had been coat ed wi t h 10
pg/ ml of pur i f i ed pl asma f i br onect i n ( New Yor k Bl ood Cent er , NewYor k,
NY) f or 1 h . Af t er over ni ght i ncubat i on i n endot hel i al cel l medi um, t he cov-
er sl i ps wer e f i xed, per meabi l i zed, and st ai ned wi t h bot h ant i - PECAM- 1
mAb ( hec7) and r abbi t ant i - vWF ant i ser um. Af t er washi ng, t he cel l s wer e
t r eat ed wi t h f l uor escei n- conj ugat ed ant i - mouse ant i body and r hodami ne-
conj ugat ed ant i - r abbi t ant i body . Cont r ol exper i ment s demonst r at ed no
cr oss- speci es r eact i vi t y bet ween t he second ant i body r eagent s .

Aggr egat i on of L Cel l Tl r ansf ect ant s

A var i at i on of t he aggr egat i on assay of Takei chi ( 1977) est abl i shed f or t he
st udy of cel l s expr essi ng cadher i n mol ecul es was devel oped . St abl e L cel l
t r ansf ect ant s wer e washed t wi ce i n HBSS wi t hout di val ent cat i ons and t hen
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i ncubat ed f or 10- 20 mi n at 37° C i n 5 mMEGTA i n HBSS, pH 7. 4 . When
i nver t ed phase- cont r ast mi cr oscopy showed t hat t he cel l s had vi si bl y
r ounded and begun t o det ach, t hey wer e r emoved f r omt he di sh by gent l e
pi pet t i ng . The cel l s wer e washed t wi ce i n col d HBSS. I n some exper i ment s,
cel l s wer e i ncubat ed wi t h 25 l ag/ ml of pur i f i ed ant i - PECAM- 1 pol ycl onal
ant i bodi es or noni mmune r abbi t I gGat t hi s poi nt . I n t hese exper i ment s cel l s
wer e t hen r esuspended t o - 106 cel l s/ ml and i ncubat ed wi t h ant i bodi es on
i ce f or 20 mi n. Cel l s wer e subsequent l y washed t wi ce i n col d HBSS t o r e-
move unbound ant i body and r esuspended t o - 106 cel l s/ ml i n HBSS ( 37° C)
wi t h or wi t hout 1 mMCaC12 . Cel l s wer e monodi sper sed and vi abi l i t y was
>95 %, as assessed by Tr ypan bl ue dye excl usi on .

1- ml al i quot s wer e t r ansf er r ed t o wel l s i n a 24- wel l t i ssue cul t ur e t r ay
( Cost ar Cor p . , Cambr i dge, MA) t hat had been pr evi ousl y i ncubat ed wi t h
1% HSA i n HBSS f or at l east 1 h and washed t hor oughl y wi t h HBSS i m-
medi at el y bef or e use. Thi s t r eat ment pr event s nonspeci f i c cel l st i cki ng t o
t he t i ssue cul t ur e di sh ( Tàkei chi , 1977) . The t i ssue cul t ur e t r ays cont ai ni ng
t he suspended L cel l s wer e r ot at ed on a gyr at or y shaker ( 90 r pm) at 37° C.
At desi r ed i nt er val s, aggr egat i on was st opped by addi t i on of gl ut ar al dehyde
t o a f i nal concent r at i on of 2%.

Aggr egat i on was quant i f i ed by exami ni ng r epr esent at i ve al i quot s of equal
vol umes f r omeach sampl e on a hemacyt omet er gr i d under phase cont r ast
opt i cs . The number of cel l s r emai ni ng as si ngl e cel l s or pr esent i n ag-
gr egat es ( > t hr ee cel l s) wer e count ed i n ni ne squar es . At l east 800 cel l s wer e
count ed f or each sampl e . Dat a ar e expr essed as t he per cent of t ot al cel l s
pr esent i n aggr egat es.

Resul t s

Nucl eot i de Sequence and Message Si ze of PECAM1

To mor e f ul l y char act er i ze t he st r uct ur e and f unct i on of
PECAM- 1 and t o pr epar e a f ul l - l engt h expr essi on const r uct ,
i t s nucl eot i de sequence was det er mi ned f r om t wo over l ap-
pi ng cl ones. As shown i n Fi g . 1, t he 2, 557- bp sequence con-
t ai ns a 141- bp 5' unt r ansl at ed ( UT) r egi on, an open r eadi ng
f r ame of 2, 214 by t hat encodes 738 ami no aci ds ( AA) , and
a 202- bp 3' UT r egi on . The ensui ng 3' UT r egi on has appar -
ent l y been onl y par t i al l y det er mi ned, si nce Nor t her n bl ot
anal ysi s ( Fi g . 2) i ndi cat es t hat t he f ul l - l engt h mRNA f r om
ei t her HEL cel l s or endot hel i al cel l s was - 4 . 2 kb . Asmal l er
mRNA speci es at - 3 . 8 kb was al so consi st ant l y obser ved un-
der hi gh st r i ngency hybr i di zat i on and wash condi t i ons, how-
ever i t s si gni f i cance i s as yet unknown .

Expr essi on of PECAM1 i n COS- 7 and 3T3 Cel l s

To gai n i nsi ght i nt o t he nat ur e of PECAM- medi at ed cel l ul ar
r ecogni t i on event s and t o conf i r m t he val i di t y of our cDNA
sequence, a f ul l - l engt h ' PECAM- 1 cDNA was cl oned i nt o t he
expr essi on vect or pESP- SVTEXP and t r ansf ect ed i nt o COS
and 3T3 cel l s.

PECAM- 1 expr essi on was demonst r at ed by i mmunopr e-
ci pi t at i on of [ 35 S] met hi oni ne- l abel ed ext r act s f r om t r ans-
f ect ed cel l s and human umbi l i cal vei n endot hel i al cel l s usi ng
an ant i - PECAM- 1 monocl onal ant i body ( Fi g . 3, t op) . Pr o-
t ei n bands at 130 and 120 kD wer e det ect ed i n t r ansf ect ed
3T3 cel l s ( Fi g . 3, l ane B) and COS cel l s ( Fi g . 3, l ane C) t hat
behaved i dent i cal l y t o t he mat er i al i mmunopr eci pi t at ed f r om
cont r ol endot hel i al cel l s ( Fi g . 3, l ane A) . The l ower band
l i kel y r epr esent s a pr ecur sor pr ot ei n as i t was not seen when
sur f ace- l abel ed mat er i al was i mmunopr eci pi t at ed ( see Fi g .
3, E- G) . No cr oss- r eact i ng mat er i al of si mi l ar si ze was de-
t ect ed i n cont r ol 3T3 cel l s ( Fi g . 3, l ane D) . Si nce t he cDNA
i t sel f encodes a pol ypept i de cor e of onl y 80 kD ( Newman
et al . , 1990 and Fi g . 1) , t hese dat a suggest t hat t he pr i mar y
sequence of r ecombi nant PECAM- 1 i s suf f i ci ent t o di r ect
nor mal or near - nor mal post i r ansl at i onal pr ocessi ng i n mon-
key ki dney cel l s or mur i ne f i br obl ast s .
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GAATTCCGGGAGAAGTGACCAGAGCAATTTCTGCTTTTCACAGGGCGGGTTTCTCAACGGTGACTTGTGGGCAGTGCCTTCTGCTGAGCGAGTCATGGCCCGAAGGCAGAACTAACTGTG 120

- 27
CCTGCAGTCTTCACTCTCAGGATGCAGCCGAGGTGGGCCCAAGGGGCCACGATGTGGCTTGGAGTCCTGCTGACCCTTCTGCTCTGTTCAAGCCTTGAGGGTCAAGAAAACTCTTTCACA 240

M 0 P R W A 0 G A T M W L G V L L T L L L C S S L E G Q E N S F T

	

6

ATCAACAGTGTTGACATGAAGAGCCTGCCGGACTGGACGGTGCAAAATGGGAAGAACCTGACCCTGCAGTGCTTCGCGGATGTCAGCACCACCTCTCACGTCAAGCCTCAGCACCAGATG 360

1 N S V D M K S L P D W T V Q N G K N L T L 0 © F A D V S T T S H V K P 0 H Q M

	

46

CTGTTCTATAAGGATGACGTGCTGTTTTACAACATCTCCTCCATGAAGAGCACAGAGAGTTATTTTATTCCTGAAGTCCGGATCTATGACTCAGGGACATATAAATGTACTGTGATTGTG 480

L F Y K D D V L F Y N I S S M K S T E S Y F I P E V R I Y D S G T Y K © T V I V

	

86

AACAACAAAGAGAAAACCACTGCAGAGTACCAGCTGTTGGTGGAAGGAGTGCCCAGTCCCAGGGTGACACTGGACAAGAAAGAGGCCATCCAAGGTGGGATCGTGAGGGTCAACTGTTCT 600

N N K E K T T A E Y 0 L L V E G V P S P R V T L D K K E A 1 0 G G I V R V N © S 126

GTCCCAGAGGAAAAGGCCCCAATACACTTCACAATTGAAAAACTTGAACTAAATGAAAAAATGGTCAAGCTGAAAAGAGA

	

TT CGAGACCAGAATTTTGTGATACT TTC 720

V P E E K A P I H F T I E K L E L N E K M V K L K R E K N S R D Q N F V I L E F 166

CCCGTTGAGGAACAGGACCGCGTTTTATCCTTCCGATGTCAAGCTAGGATCATTTCTGGGATCCATATGCAGACCTCAGAATCTACCAAGAGTGAACTGGTCACCGTGACGGAATCCTTC 840

P V E E 0 D R V L S F R QC Q A R 1 I S G I H M Q T S E S T K S E L V T V T E S F 206

TCTACACCCAAGTTCCACATCAGCCCCACCGGAATGATCATGGAAGGAGCTCAGCTCCACATTAAGTGCACCATTCAAGTGACTCACCTGGCCCAGGAGTTTCCAGAAATCATAATTCAG 960

S T P K F H I S P T G M I M E G A 0 L H 1 K ( D T 1 0 V T H L A Q E F P E 1 1 I 0 246

AAGGACAAGGCGATTGTGGCCCACAACAGACATGGCAACAAGGCTGTGTACTCAGTCATGGCCATGGTGGAGCACAGTGGCAACTACACGTGCAAAGTGGAGTCCAGCCGCATATCCAAG 1080

K D K A I V A H N R H G N K A V Y S V M A M V E H S G N Y T © K V E S S R I S K 286

GTCAGCAGCATCGTGGTCAACATAACAGAACTATTTTCCAAGCCCGAACTGGAATCTTCCTTCACACATCTGGACCAAGGTGAAAGACTGAACCTGTCCTGCTCCATCCCAGGAGCACCT 1200

V S S 1 V V N I T E L F S K P E L E S S F T H L D 0 G E R L N L S QC S I P G A P 326

CCAGCCAACTTCACCATCCAGAAGGAAGATACGATTGTGTCACAGACTCAAGATTTCACCAAGATAGCCTCAAAGTCGGACAGTGGGACGTATATCTGCACTGCAGGTATTGACAAAGTG 1320

P A N F T I 0 K E D T I V S Q T Q D F T K I A S K S D S G T Y I Q T A G I D K V 366

GTCAAGAAAAGCAACACAGTCCAGATAGTCGTATGTGAAATGCTCTCCCAGCCCAGGATTTCTTATGATGCCCAGTTTGAGGTCATAAAAGGACAGACCATCGAAGTCCGTTGCGAATCG 1440

V K K S N T V Q I V V C E M L S Q P R I S Y D A Q F E V 1 K G 0 T I E V R Q E S 406

ATCAGTGGAACTTTGCCTATTTCTTACCAACTTTTAAAAACAAGTAAAGTTTTGGAGAATAGTACCAAGAACTCAAATGATCCTGCGGTATTCAAAGACAACCCCACTGAAGACGTCGAA 1560

I S G T L P I S Y 0 L L K T S K V L E N S T K N S N D P A V F K 0 N P T E D V E 446

TACCAGTGTGTTGCAGATAATTGCCATTCCCATGCCAAAATGTTAAGTGAGGTTCTGAGGGTGAAGGTGATAGCCCCGGTGGATGAGGTCCAGATTTCTATCCTGTCAAGTAAGGTGGTG 1680

Y 0 QC V A D N C H S H A K M L S E V L R V K V I A P V D E V 0 I S I L S S K V V 486

GAGTCTGGAGAGGACATTGTGCTGCAATGTGCTGTGAATGAAGGATCTGGTCCCATCACCTATAAGTTTTACAGAGAAAAAGAGGGCAAÀCCCTTCTATCAAATGACCTCAAATGCCACC 1800
E S G E D 1 V L 0 © A V N E G S G P 1 T Y K F Y R E K E G K P F Y Q M T S N A T 526

CAGGCATTTTGGACCAAGCAGAAGGCTAGCAAGGAACAGGAGGGAGAGTATTACTGCACAGCCTTCAACAGAGCCAACCACGCCTCCAGTGTCCCCAGAAGCAAAATACTGACAGTCAGA 1920

Q A F W T K Q K A S K E Q E G E Y Y © T A F N R A N H A S S V P R S K I L T V R 566

GTCATTCTTGCCCCATGGAAGAAAGGACTTATTGCAGTGGTTATCATCGGAGTGATCATTGCTCTCTTGATCATTGCGGCCAAATGTTATTTTCTGAGGAAAGCCAAGGCCAAGCAGATG 2040

V I L A P W K K G L I A V V I 1 G V 1 I A L L I 1 A A K C Y F L R K A K A K Q M 606

CCAGTGGAAATGTCCAGGCCAGCAGTACCACTTCTGAACTCCAACAACGAGAAAATGTCAGATCCCAATATGGAAGCTAACAGTCATTACGGTCACAATGACGATGTCAGAAACCATGCA 2160

P V E M S R P A V P L L N S N N E K M S D P N M E A N S H Y G H N D D V R N H A 646

ATGAAACCAATAAATGATAATAAAGAGCCTCTGAACTCAGACGTGCAGTACACGGAAGTTCAAGTGTCCTCAGCTGAGTCTCACAAAGATCTAGGAAAGAAGGACACAGAGACAGTGTAC 2280

M K P I N D N K E P L N S D V 0 Y T E V 0 V S S A E S H K D L G K K D T E T V Y 686

AGTGAAGTCCGGAAAGCTGTCCCTGATGCCGTGGAAAGCAGATACTCTAGAACGGAAGGCTCCCTTGATGGAACTTAGACAGCAAGGCCAGATGCACATCCCTGGAAGGACATCCATGTT 2400

S E V R K A V P D A V E S R Y S R T E G S L D G T

	

711

CCGAGAAGAACAGATAATCCCTGTATTTCAAGACCTCTGTGCACTTATTTATGAACCTGCCCTGCTCCCACAGAACACAGCAATTCCTCAGGCTAAGCTGCCGGTTCTTAAATCCATCCT 2520

GCTAAGTTAATGTTGGGTAGAAAGAGATACAGAGGGG

	

2557

Fi gur e 1. Pr i mar y st r uct ur e and nucl eot i de sequence of PECAM- 1 . The ami no aci d sequence i s number ed f r om t he f i r st r esi due af t er t he
pr edi ct ed cl eavage si t e of t he 27- ami no aci d si gnal pept i de . The hydr ophobi c put at i ve si gnal pept i de and t r ansmembr ane sequence ar e under -
l i ned . Two nat ur al l y occur r i ng Ecol i l si t es ar e boxed . Cyst ei ne r esi dues t hought t o par t i ci pat e i n di sul f i de bond f or mat i on wi t hi n i ndi vi dual
i mmunogl obul i n homol ogy uni t s ar e ci r cl ed . The sequence cont ai ns ni ne pot ent i al N- l i nked gl ycosyl at i on si t es, denot ed by cl osed t r i angl es,
and one pot ent i al t yr osi ne phosphor yl at i on si t e at r esi due 686, i ndi cat ed wi t h a cl osed ci r cl e . The TAG st op codon i s under l i ned and i n
bol d t ype . These sequence dat a ar e avai l abl e f r om EMBL/ GenBank/ DDBJ under accessi on number M28526.

To det er mi ne i f t he pr ot ei n was di r ect ed t o t he pl asma
membr ane of t he t r ansf ect ed cel l s and t o f ur t her conf i r m
t he r el at i onshi p of PECAM- 1 t o endoCAM and t he CD31
ant i gen, ext r act s f r om125 1- sur f ace- l abel ed PECAM- 1 t r ans-
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f ect ed or shamt r ansf ect ed COS- 7 cel l s wer e i mmunopr eci pi -
t at ed wi t h an ant i - endoCAMpol ycl onal ant i body ( Fi g . 3 E) ,
an ant i - CD31 mAb ( Fi g . 3 F) , or an ant i - PECAM- 1 mono-
cl onal ant i body ( Fi g. 3 G) . A MAD pr ot ei n was cl ear l y
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Fi gur e 2 . Nor t her n bl ot anal ysi s of
PECAM- 1 . Tbt al cel l ul ar RNA was
i sol at ed f r omhuman umbi l i cal endo-
t hel i al cel l s, denat ur ed wi t h gl yoxal ,
and separ at ed on a 1 %agar ose gel .
Af t er t r ansf er t o ni t r ocel l ul ose, t he
bl ot was hybr i di zed wi t h a ni ck- t r ans-
l at ed PECAM- 1 cDNA pr obe under
hi gh- st r i ngency condi t i ons ( see Ma-
t er i al s and Met hods) . Si ze mar ker s
i n ki l obases ar e shown on t he l ef t .
Under t hese condi t i ons, a maj or
RNA at 4 . 2 kb and a smal l er band at
3 . 8 kb ar e r eveal ed .

i dent i f i ed on t he sur f ace of t r ansf ect ed COS- 7 cel l s wi t h al l
t hr ee ant i bodi es ( ar r ow) conf i r mi ng t he i dent i t y of CD31,
PECAM- 1, and endoCAMsuggest ed ear l i er ( Al bel da et al . ,

1990 ; Newman et al . , 1990) .

Tr ansf ect ed PECAM- 1 Pr ot ei n I s Concent r at ed at t he
I nt er cel l ul ar Junct i ons of Adj acent TMnsf ect ed Cel l s

When human or bovi ne endot hel i al cel l s wer e st ai ned wi t h
ant i - PECAM- 1 or endoCAMant i bodi es, a st r i ki ng l ocal i za-
t i on t o cel l - cel l bor der s was obser ved ( Mul l er et al . , 1989 ;
Al bel da et al . , 1990) . I t was t her ef or e necessar y t o exami ne
t he cel l ul ar l ocal i zat i on of PECAM- 1 i n t he t r ansf ect ed cel l s .
To accompl i sh t hi s, COS- 7 cel l s, t r ansf ect ed wi t h PECAM- 1,
wer e pl at ed ont o gl ass cover sl i ps . Af t er 48 h, t he cel l s wer e
f i xed, per meabi l i zed, and st ai ned wi t h ant i - PECAM- 1 mAb
f ol l owed by a secondar y FI TC- l abel ed ant i - mouse ant i body.
I n i ndi vi dual t r ansf ect ed cel l s t hat wer e not i n cont act wi t h
ot her t r ansf ect ed cel l s, a br i ght , di f f use pat t er n of f l uor es-
cence was obser ved ( dat a not shown) . I n cont r ast , when
t r ansf ect ed cel l s wer e i n cont act wi t h ot her t r ansf ect ed cel l s,
t he PECAM- 1 ant i gen l ocal i zed t o cel l - cel l bor der s ( Fi g .
4 B) i n a manner ver y si mi l ar t o endot hel i al cel l s ( Fi g . 4 A) .
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Fi gur e 3. Expr essi on of PECAM4 i n COS- 7 and 3T3 cel l s . ( Top)
Noni oni c det er gent ext r act s f r om cel l s met abol i cal l y l abel ed wi t h
[ 35S] met hi oni ne wer e i mmunopr eci pi t at ed wi t h an ant i - PECAM- 1
mAb . Lane A, human umbi l i cal vei n endot hel i al cel l s ; l ane B,
PECAM- 1- t r ansf ect ed 3T3 cel l s ; l ane C, PECAM- 1 t r ansf ect ed
COS- 7 cel l s ; l ane D, neomyci n- t r ansf ect ed 3T3 cel l s . Tr ansf ect ed
cel l s expr essed 130- and 120- kD pr ot ei ns ( ar r ow) si mi l ar i n si ze
t o t hose expr essed by human umbi l i cal vei n endot hel i al cel l s. ( Bot -
t om) Ext r act s f r om 115 I - sur f ace- l abel ed COS- 7 cel l s t hat had been
t r ansf ect ed wi t h PECAM4 cDNA ( +) or sham t r ansf ect ed ( - )
wer e i mmunopr eci pi t at ed wi t h t hr ee di f f er ent ant i bodi es. Lanes E,
ant i - bovi ne endoCAMpol ycl onal ant i ser um; l anes F, ant i - CD31
mAb ; l anes G, hec7, an ant i - human PECAM- 1 mAb . A 130- kD
pr ot ei n ( ar r ow) was r ecogni zed i n t r ansf ect ed cel l s by al l t hr ee ant i -
bodi es conf i r mi ng t he r el at i onshi p among t hese mol ecul es . Mol ec-
ul ar wei ght mar ker s i n ki l odal t ons ar e shown on t he l ef t .

When a t r ansf ect ed cel l cont act ed a nont r ansf ect ed cel l ( Fi g.
4 B, ar r owheads) , t her e was no cel l - cel l l ocal i zat i on, despi t e
t he f act t hat t he same t r ansf ect ed cel l di d l ocal i ze PECAM- i
t o t he cel l - cel l bor der of an adj acent t r ansf ect ed cel l .

To det er mi ne i f t r ansf ect ed PECAM- 1 pr ot ei n was abl e t o
i nt er act wi t h i t s nat ur al count er r ecept or on human endo-
t hel i al cel l s, PECAM- 1 t r ansf ect ed 3T3 cel l s wer e co- cul t ur ed
wi t h human umbi l i cal vei n cel l s . Fi g . 5 shows a doubl e- l abel
i mmunof l uor escence exper i ment i n whi ch PECAM- 1 expr es-
si on was det ect ed usi ng an mAb ( Fi g . 5 A) and t he endot he-
l i al cel l s wi t hi n t he cul t ur e wer e i dent i f i ed usi ng a pol ycl onal
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Fi gur e 4. Tr ansf ect ed PECAM- 1 pr ot ei n concent r at es at t he i nt er -
cel l ul ar j unct i ons of adj acent l y t r ansf ect ed COS- 7 cel l s . Human
umbi l i cal vei n endot hel i al cel l s ( A) or PECAM- 1 t r ansf ect ed COS- 7
cel l s ( B) wer e f i xed, per meabi l i zed, and st ai ned wi t h an ant i -
PECAM- 1 mAb f ol l owed by a secondar y FI TC- l abel ed ant i - mouse
ant i body . The endot hel i al cel l s show t he char act er i st i c concent r a-
t i on of pr ot ei n at i nt er cel l ul ar bor der s ( A) . Adj acent t r ansf ect ed
cel l s show a si mi l ar pat t er n of i nt er cel l ul ar st ai ni ng ( B) . I n con-
t r ast , when non- t r ansf ect ed cel l s ( ar r ows) cont act t r ansf ect ed cel l s,
t her e i s no l ocal i zat i on of PECAM- 1 pr ot ei n at t he cel l - cel l bor der .
These f i ndi ngs suggest t hat PECAM- 1 f unct i ons i n a homophi l i c
manner .

r abbi t ant i ser um speci f i c f or VWF t hat i s not expr essed by
t he 3T3 cel l s i n t he same cul t ur e ( Fi g . 5 B) . The VWF- posi -
t i ve endot hel i al cel l s ( Fi g. 5 B, ar r ows) wer e r eadi l y di st i n-
gui shabl e f r om t he t r ansf ect ed 3T3 cel l s ( Fi g . 5 B, ar r ow-
heads) . PECAM- 1 i s seen concent r at ed bet ween apposi ng
endot hel i al cel l s ( Fi g . 5 A, sol i d ar r owhead) and apposi ng
t r ansf ect ed 3T3 cel l s ( Fi g. 5 A, open ar r owhead) . I n addi -
t i on, PECAM- 1 can be f ound l ocal i zed at poi nt s of cont act be-
t ween t he endot hel i al cel l s and t r ansf ect ed 3173 cel l s ( Fi g . 5 A,
ar r ow) . No such l ocal i zat i on of PECAM- 1 was seen at t he
j unct i on of non- t r ansf ect ed 3T3 cel l s and human endot hel i al
cel l s ( dat a not shown) . Thus, t r ansf ect ed PECAM- 1 appear s
t o r ecogni ze i t s l i gand on endot hel i al cel l s i n t he same man-
ner as endogenous endot hel i al PECAM- 1 .

PECAM- 1 Medi at es t he Aggr egat i on
of 71r ansf ect ed L Cel l s

To di r ect l y eval uat e t he abi l i t y of PECAM- 1 t o medi at e adhe-
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si on, cel l aggr egat i on st udi es wer e per f or med . Mouse L cel l
f i br obl ast s do not spont aneousl y aggr egat e wi t h each ot her
( Takei chi , 1977) . However , L cel l s expr essi ng adhesi on mol -
ecul es such as var i ous cadher i ns ( Nose et al . , 1988) or CD44
( St . John et al . , 1990) have been shown t o aggr egat e speci f i -
cal l y . To use t hi s syst em t o t est whet her PECAM- 1 was capa-
bl e of medi at i ng cel l - cel l adhesi on, we st abl y t r ansf ect ed L
cel l s wi t h PECAMcDNA t hat had been i nser t ed i nt o our eu-
kar yot i c expr essi on vect or , pESF- SVTEXP FACS anal ysi s
showed t hat 65%of t he t r ansf ect ed L cel l s expr essed si g-
ni f i cant amount s of t he pr ot ei n on t hei r sur f aces ( Fi g. 6 b) .

Non- enzymat i cal l y r esuspended L cel l s expr essi ng PECAM- 1
r api dl y f or med aggr egat es composed of t hr ee t o sever al
dozen cel l s ( Fi g . 6 d) whi l e cel l s t r ansf ect ed wi t h t he neomy-
ci n gene onl y di d not ( Fi g. 6 c) . Di st i nct aggr egat i on was evi -
dent wi t hi n 5 mi n ( dat a not shown) and near l y maxi mal l ev-
el s wer e achi eved by 15 mi n ( Fi g . 6 a) . Cel l vi abi l i t y was
essent i al l y unchanged over t he cour se of t he assay. The ag-
gr egat i on of t he PECAM- 1 t r ansf ect ant s r equi r ed t he pr es-
ence of cal ci um. The r at e and ext ent of aggr egat i on of t he
PECAM- 1 t r ansf ect ant s was si mi l ar t o t hose r epor t ed f or L
cel l s t r ansf ect ed wi t h t he ot her adhesi on mol ecul es ci t ed
above .

The speci f i ci t y of t he aggr egat i on r eact i on was t est ed usi ng
a pol ycl onal ant i body pr epar ed agai nst pur i f i ed human
PECAM- 1 ( Fi g . 7) . Thi s r eagent r eact ed onl y wi t h PECAM- 1
as assessed by i mmunopr eci pi t at i on of [ 35 S] met hi oni ne- l a-
bel ed cel l s ( Fi g . 7) . The pol ycl onal ant i ser um r eact ed wi t h
t he same mat er i al i n ext r act s of endot hel i al cel l s as di d t he
ant i - PECAM mAb ( Fi g . 7, A and C) . No r eact i vi t y was
not ed wi t h pr ei mmune ser um f r om t he same r abbi t ( Fi g .
7 B) . Si mi l ar l y, t he pol ycl onal ant i - PECAM- 1 ant i ser umi m-
munopr eci pi t at ed a doubl et of t he same r el at i ve mol ecul ar
mass f r omt he t r ansf ect ed L cel l s used i n t he aggr egat i on as-
say ( Fi g . 7 E) . Thi s pr ot ei n was not det ect ed i n nont r ans-
f ect ed L cel l s ( Fi g. 7 G) . No mat er i al was i mmunopr eci pi -
t at ed f r omt r ansf ect ed ( Fi g . 7 D) or nont r ansf ect ed L cel l s
( Fi g. 7 F) wi t h pr ei mmune ser um.

Fi g . 8 demonst r at es t he ef f ect of t hi s ant i body on PECAM-
1 medi at ed L cel l aggr egat i on . As not ed i n Fi g. 6, onl y cel l s
t r ansf ect ed wi t h t he vect or car r yi ng PECAM- 1 par t i ci pat ed
i n aggr egat e f or mat i on whi ch was compl et e by 30 mi n . Ex-
posur e of cel l s t o t he pol ycl onal PECAM- 1 ant i body r educed
aggr egat i on t o t he backgr ound l evel s not ed wi t h cel l s t r ans-
f ect ed wi t h t he neomyci n vect or al one ( Fi g . 8) . Thus, t he
aggr egat i on not ed i n t r ansf ect ed L cel l s i s di r ect l y medi at ed
by PECAM- 1 expr essed on t he sur f ace of t hese cel l s .

Di scussi on

The abi l i t y of ci r cul at i ng bl ood cel l s t o adher e t o one anot her
and t o t he vascul ar endot hel i um i s a hi ghl y r egul at ed pr ocess
f undament al t o i mmuni t y, i nf l ammat i on and t hr ombosi s.
These cel l - cel l i nt er act i ons ar e medi at ed by a var i et y of
speci f i c adhesi on mol ecul es ( r evi ewed by But cher , 1989 ;
Al bel da and Buck, 1990; Car l os and Har l an, 1990 ; and
Spr i nger , 1990) . I nf or mat i on about t hese mol ecul es and t he
mechani sms of t hei r adhesi ve i nt er act i ons i s cr i t i cal t o an
under st andi ng of t he pr ocesses i n whi ch t hey ar e i nvol ved .
PECAM- 1 ( CD31) i s t he newest of t he vascul ar cel l adhesi on
mol ecul es t o be r epor t ed .
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The cDNA sequence of PECAM- 1 cont ai ns t wo eukar yot i c
i ni t i at i on ( AUG) codons i n t he 5' unt r ansl at ed r egi on, one
begi nni ng at base 95 and t he ot her at nucl eot i de 142 . Bei ng
l ar gel y devoi d t o T r esi dues and havi ng a pur i ne at t he - 3
posi t i on, bot h of t hese codons ar e f l anked by nucl eot i des
t hat woul d per mi t f unct i onal i ni t i at i on of pr ot ei n synt hesi s
accor di ng t o t he consensus sequence est abl i shed by Kozak
( 1987) . Fewer t han 10%of ver t ebr at e mRNAs cont ai n mul t i -
pl e upst r eam i ni t i at i on codons, but r i bosomes ar e known
t o i ni t i at e excl usi vel y at t he 5' most ATGcodon when i t l i es
i n a f avor abl e cont ext ( Kozak, 1987) . I nt er est i ngl y, upst r eam
codons t hat do l i e wi t hi n a Kozak sequence ar e al most al ways
f ol l owed by a t er mi nat i on codon ; such i s t he case f or PECM4,
as t he ATGat base 95 i s f ol l owed by a TAA st op codon onl y
16 bases downst r eam. I t i s t her ef or e l i kel y t hat af t er t he t er -
mi nat i on of t r ansl at i on of t hi s 15- bp mi ni ci st r on, r i bosomes
r ei ni t i at e at base 142 and t r ansl at e unt i l t he st op codon at
base 2355.

Recent l y, t wo ot her gr oups have r epor t ed t he mol ecul ar
cl oni ng of PECAM- 1 ( St ocki nger et al . , 1990 ; Zehndar ,
L . J. , K. Hi r ai , J . L . McGr egor , L . J . Levi t t , and L . I . K.
Leung. 1990 . Bl ood ( Suppl . 1) . 76 : 225a . ) and not ed sever al
mi nor di scr epanci es wi t h our ear l i er publ i shed ami no aci d
sequence f or t hi s pr ot ei n ( Newman et al . , 1990) . The var i -
ances not ed by each of t hese gr oups wer e at di f f er ent nucl eo-
t i des, suggest i ng t hat PECAM- 1 may have sever al pol y-
mor phi c f or ms wi t hi n t he human gene pool . Whet her t hese
pot ent i al l y al l el i c f or ms al t er t he f unct i on or speci f i ci t y of
PECAM- 1 medi at ed i nt er act i ons i s not yet known .

Tr ansf ect i on of COS, 3T3 or L cel l s wi t h a eukar yot i c ex-
pr essi on vect or cont ai ni ng PECAM- 1 cDNA r esul t ed i n t he
pr oduct i on and sur f ace expr essi on of a 130- kDgl ycopr ot ei n
( Fi g . 3 A) . The abi l i t y of t hi s pr ot ei n t o cr oss- r eact wi t h ant i -
PECAM- 1 ant i bodi es and t he ant i - CD31 mAb conf i r ms t he
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Fi gur e 5. Tr ansf ect ed PECAM- 1 pr ot ei n
can i nt er act wi t h nat i ve PECAM- 1 pr ot ei n
on human endot hel i al cel l s. 3T3 cel l s t r ans-
f ect ed wi t h PECAM- 1 cDNA wer e co- pl at ed
wi t h human umbi l i cal vei n endot hel i al cel l s
and si mul t aneousl y st ai ned wi t h an ant i -
PECAM- 1 monocl onal ant i body ( A) and an
ant i - von Wi l l ebr and' s f act or ( vWF) pol y-
cl onal ant i ser um ( B) . I dent i cal f i el ds con-
t ai ni ng f our cel l s ar e shown i n Aand B. The
cel l s wer e t hen t r eat ed wi t h FI TC- l abel ed
ant i - mouse ant i body ( A) and r hodami ne-
l abel ed ant i - r abbi t ant i body ( B) , Four cel l s
can be vi sual i zed . The r eact i vi t y wi t h vWF
ant i body ( B, sol i d ar r ows) demonst r at es
t hat t he t wo cel l s on t he l ef t ar e endot hel i al
cel l s and t he t wo cel l s on t he r i ght ar e 3T3
cel l s ( B, sol i d ar r owheads) . PECAM- 1 pr o-
t ei n i s l ocal i zed t o t he i nt er cel l ul ar bor der s
on t he t wo endot hel i al cel l s ( A, sol i d ar r ow-
head) and t he t wo t r ansf ect ed 3T3 cel l s ( A,
open ar r owhead) . I n addi t i on, t he pr ot ei n i s
l ocal i zed t o t he bor der of one of t he endo-
t hel i al cel l s and a t r ansf ect ed 3T3 cel l ( A,
sol i d ar r ow) , demonst r at i ng t hat t he t r ans-
f ect ed pr ot ei n f unct i ons i n a si mi l ar manner
t o t he nat i ve endot hel i al cel l pr ot ei n .

i dent i t y of t he expr essed pr ot ei n as PECAM- 1 . I n addi t i on,
t he r eact i vi t y of t he t r ansf ect ed pr ot ei n wi t h t he ant i bodi es
agai nst endoCAM, a si mi l ar mol ecul e t o PECAM- 1 ex-
pr essed i n bovi ne cel l s, conf i r ms t hat i ndeed, t hese t wo pr o-
t ei ns ar e homol ogous ( Fi g . 3 B) .

The exper i ment s descr i bed i n t hi s r epor t pr ovi de f ur t her
evi dence t hat PECAM- 1 f unct i ons as a cel l - cel l adhesi on
pr ot ei n . Anal ysi s of t he cel l ul ar di st r i but i on of t he t r ans-
f ect ed pr ot ei n cl ear l y shows t hat PECAM- I i s concent r at ed
at t he per i pher y of adj acent t r ansf ect ed COS and 3T3 cel l s
i n a manner r emi ni scent of i t s di st r i but i on i n endot hel i al
cel l s ( Fi g . 4) . When t r ansf ect ed cel l s cont act nont r ansf ect ed
cel l s, no cel l - cel l l ocal i zat i on of PECAM- 1 occur s . The con-
cent r at i on of PECAM- 1 at i nt er cel l ul ar j unct i ons of t r ans-
f ect ed cel l s and endot hel i al cel l s when t hey ar e co- cul t ur ed
suggest s t hat t he pr ot ei n i n t r ansf ect ed cel l s can r espond t o
i t s nat ur al l i gand on adj acent endot hel i al cel l s . Mor e di r ect
evi dence t hat PECAM- 1 f unct i ons ' as a cel l - cel l adhesi on
pr ot ei n i s pr ovi ded i n exper i ment s showi ng t hat t he mol ecul e
suppor t s cal ci um- dependent cel l - cel l aggr egat i on when ex-
pr essed i n mouse L cel l s ( Fi g . 6) and t hat t hi s aggr egat i on
can be i nhi bi t ed by an ant i - PECAM- 1 ant i body ( Fi g . 8) . A
si mi l ar assay has been used t o demonst r at e t he abi l i t y of a
number of mol ecul es, i ncl udi ng N- CAM ( Cunni ngham et
al . , 1987) , cadher i ns ( Takei chi , 1988 ; Nose et al . , 1988) ,
and CD44 ( St . John et al . , 1989) t o par t i ci pat e i n cel l - cel l
adhesi on .

Al t hough t he mechani sm( s) wher eby PECAM- 1 par t i ci -
pat es i n cel l - cel l adhesi on i s not yet cl ear , t her e ar e sever al
possi bi l i t i es, t he most obvi ous bei ng homophi l i c bi ndi ng i n
whi ch PECAM- 1 on one cel l bi nds t o anot her mol ecul e of
PECAM- 1 on an adj acent cel l . Thi s possi bi l i t y i s suggest ed
by t he f i ndi ng t hat PECAM- 1 l ocal i zes t o cel l - cel l bor der s
onl y when a f i br obl ast t r ansf ect ed wi t h PECAM- 1 i s i n con-
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Fi gur e 6. PECAM4 medi at es t he cal ci um- dependent aggr egat i on
of t r ansf ect ed L cel l s. L cel l s t r ansf ect ed wi t h PECAM- 1 cDNA
( PECAM) or wi t h t he neomyci n r esi st ance gene onl y ( Neo) wer e
nonenzymat i cal l y r esuspended f r omt i ssue cul t ur e di shes, washed,
and i ncubat ed at 37° Cunder gent l e agi t at i on i n t he pr esence ( + Ca)
or absence ( - Ca) of 1 mMCal ' as descr i bed i n Mat er i al s and
Met hods . ( a) The per cent age of cel l s i n aggr egat es was det er mi ned
as a f unct i on of t i me. The dat a f r omone r epr esent at i ve exper i ment
i s shown . St andar d devi at i ons ar e not i ndi cat ed i n t he f i gur e, but
wer e al ways < 5- 10%. ( b) Expr essi on of PECAM- 1 by t r ansf ect ant s
used f or t hi s f i gur e was assessed by f l uor escence act i vat ed cel l sor t -
i ng usi ng mAb he67. Open cur ve r epr esent s st ai ni ng pr of i l e of
cont r ol ( Neo) t r ansf ect ant s ; shaded cur ve r epr esent s pr of i l e of
PECAM- 1 t r ansf ect ant s . 65 %of t he t r ansf ect ed L cel l s showed l ev-
el s of f l uor escence gr eat er t han t he cont r ol cel l s. Human umbi l i cal
vei n endot hel i al cel l s show a peak f l uor escence of 45 on t hi s scal e .
( c) Appear ance of L cel l s t r ansf ect ed wi t h neomyci n r esi st ance
gene af t er 30 mi n i n t he pr esence of Caz+ . Ar r ows poi nt t o occa-
si onal aggr egat es t hat ar e f or med by cont r ol cel l s . ( d) Appear ance
of L cel l s t r ansf ect ed wi t h PECAM- 1 cDNA af t er 30 mi n i n t he
pr esence of Cal ' . Ext ensi ve aggr egat i on i s seen . Bar s, 100 am.

t act wi t h anot her t r ansf ect ed cel l ( Fi g . 4) or i n cont act wi t h
a cel l t hat nor mal l y expr esses PECAM- 1 on i t s sur f ace such
as an endot hel i al cel l ( Fi g . 5) . I n addi t i on, t he expr essi on of
PECAM- 1 i n nor mal l y nonaggr egat i ng L cel l s pr omot es
t hei r sel f aggr egat i on . The cal ci um dependence of t hi s pr o-
cess ( Fi g . 6) , however , di f f er s f r omt he wel l - document ed abi l -
i t y of member s of t he i mmunogl obul i n super f ami l y t o medi -
at e homophi l i c aggr egat i on i n t he absence of cal ci um. For
exampl e, cal ci um- i ndependent aggr egat i on has been dem-
onst r at ed f or N- CAM, myel i n Po pr ot ei n, Ll , Fasci cl i n 1,
Thy 1, CEA, and myel i n- associ at ed gl ycopr ot ei n ( Edel man,
1988 ; Fi l bi n et al . , 1990 ; Rat hj en and Schachner , 1984 ;
El ki ns et al . , 1990 ; He et al . , 1991; Benchi mol et al . , 1989 ;
Pol t or ak et al . , 1987) .

I n addi t i on t o i t s pr esence at t he i nt er cel l ul ar j unct i ons of
cel l s t hat gr ow i n monol ayer s ( i . e . , endot hel i al cel l and
t r ansf ect ed f i br obl ast s) , PECAM- 1 i s al so expr essed on t he
sur f ace of cel l s t hat nor mal l y exi st i n suspensi on, i ncl udi ng
per i pher al bl ood monocyt es, neut r ophi l s, pl at el et s, and cer -
t ai n T cel l subset s . I n t hi s l i ght , i t i s not abl e t hat PECAM- 1
medi at ed aggr egat i on of t r ansf ect ed L cel l s, whi ch al so gr ow
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Fi gur e 7. Pol ycl onal ant i - PECAM- 1 ant i body speci f i cal l y r ecog-
ni zes PECAM- 1 i n human umbi l i cal vei n endot hel i al cel l s and L
cel l s t r ansf ect ed wi t h PECAM- 1 . Human umbi l i cal vei n endot hel i al
cel l s ( A- C) , L cel l s t r ansf ect ed wi t h PECAM- 1 ( Dand E) , and non-
t r ansf ect ed L cel l s ( F and G) wer e l abel ed met abol i cal l y wi t h
[ 35 S] met hi oni ne . Noni oni c det er gent ext r act s wer e t hen i ni muno-
pr eci pi t at ed wi t h ant i - PECAMmAb ( A) , a 1 : 250 di l ut i on of pr e-
i mmune r abbi t ser um ( B, D, and F) or a 1 : 250 di l ut i on of ant i -
PECAM- 1 pol ycl onal ant i body ( C E, and G) . Bot h t he mAb and
t he pol ycl onal ant i ser um i dent i f i ed t he char act er i st i c doubl et at
130- 120 kD i n human endot hel i al cel l s. Pr ei mmune ser um was
nonr eact i ve . I n addi t i on, t he pol ycl onal ant i - PECAM ant i ser um
i dent i f i ed PECAMpr ot ei n i n t he t r ansf ect ed L cel l s used i n t he
aggr egat i on assay but not i n nont r ansf ect ed L cel l s . No pr ot ei ns
wer e det ect ed i n ei t her cel l l i ne wi t h pr ei mmune ser um. Mol ecul ar
wei ght mar ker s i n ki l odal t ons ar e shown on t he l ef t .

i n suspensi on, was f ound t o be cal ci um dependent ( Fi g . 6) .
Thi s r ai ses t he i nt er est i ng possi bi l i t y t hat PECAM- 1- medi -
at ed cel l ul ar i nt er act i ons may be het er ophi l i c i n cer t ai n cel l
t ypes, t hat i s, PECAM- 1 on one cel l bi nds t o a di f f er ent mol -
ecul e on t he cel l i t cont act s . Consi st ent wi t h t hi s i dea, a num-
ber of cal ci um dependent het er ophi l i c i nt er act i ons medi at ed
by member s of t he i mmunogl obul i n super f ami l y have been
descr i bed . These i ncl ude I CAM- 1 and I CAM- 2 bi ndi ng t o
ßz i nt egr i ns ( St aunt on et al . , 1990) , and VCAM- 1 bi ndi ng
t o VLA- 4, a ß, i nt egr i n ( El i ces et al . , 1990) . Whet her t hi s
r ef l ect s t he r equi r ement f or di val ent cat i ons of onl y t he i nt e-
gr i n i nvol ved or al so t he i mmunogl obul i n super f ami l y coun-
t er - r ecept or i s not known . Recent l y, a mouse car ci noembr y-
oni c ant i gen gene f ami l y member ( mmCDM2) , al so a member
of t he i mmunogl obul i n super f ami l y, was shown t o r equi r e
cal ci um t o per mi t aggr egat i on ( Tur bi de et al . , 1991) . How-
ever , i t was not det er mi ned i f t hi s r epr esent ed a homophi l i c
or het er ophi l i c i nt er act i on .

I f PECAM- 1 par t i ci pat es i n het er ophi l i c bi ndi ng, t he ques-
t i on ar i ses as t o t he i dent i t y of t he count er r ecept or . One pos-
si bi l i t y, as di scussed above, i s t hat i t coul d be a member of
t he i nt egr i n f ami l y . The pr esence of a consensus gl ycos-
ami nogl ycan r ecogni t i on sequence i n i t s ext r acel l ul ar domai n
al so r ai ses t he possi bi l i t y t hat PECAM- 1 bi nds t o a pr ot eo-
gl ycan expr essed on an adj acent cel l . Thi s sequence, X- B- B-
X- B- X, wher e B i s a basi c r esi due and Xi s a hydr opat hi c r es-
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Fi gur e 8. Aggr egat i on of PECAM- 1 t r ansf ect ant s i s sel ect i vel y i n-
hi bi t ed by ant i - PECAM- 1 ant i body. L cel l s t r ansf ect ed wi t h
PECAM- 1 cDNA ( PECAM) or wi t h neomyci n r esi st ance gene onl y
( NEO) wer e nonenzymat i cal l y r esuspended f r om t i ssue cul t ur e
di shes, washed, i ncubat ed i n 25 gg/ ml r abbi t ant i - PECAM- 1 I gG
( ANTI - PECAMI gG) or t he same concent r at i on of noni mmune r ab-
bi t I gG( CONTROL I gG) f or 20 mi n at 4° C, washed agai n, and i n-
cubat ed at 37° C under gent l e agi t at i on i n t he pr esence of 1 mM
Caz+, as descr i bed i n Mat er i al s and Met hods . Dat a poi nt s wer e
t aken as f or Fi g . 6. The dat a ar e r epr esent at i ve of many exper i -
ment s . St andar d devi at i ons wer e l ess t han t he di mensi ons of t he
symbol s on t he gr aph .

i due, as descr i bed by Car di n and Wei nt r aub ( 1989) , i s l ocat ed
i n a hydr ophi l i c segment at t he t r ansi t i on bet ween pr oposed
f l - pl eat ed sheet Dand E i n l oop 2 of PECAM- 1 ( Newman
et al . , 1990) at ami no aci ds 151- 156 ( LKREKN) . A si mi l ar
gl ycosami nogl ycan r ecogni t i on sequence i s l ocat ed i n al most
t he same pl ace i n l oop 2 of t he N- CAMmol ecul e ( Reyes et
al . , 1990) . I n t hi s case, N- CAMhas been shown t o i nt er act
wi t h hepar an sul f at e gl ycosami nogl ycan ( Col e et al . , 1986) .
Thus, i t i s possi bl e t hat PECAM- 1 coul d medi at e het er o-
phi l i c adhesi ve event s ei t her vi a pr ot eogl ycan or i nt egr i n
count er r ecept or s .

The i nvol vement of a second, di f f er ent mol ecul e such as
a pr ot eogl ycan does not necessar i l y i ndi cat e het er ophi l i c
adhesi on . I t may be t hat t he second mol ecul e i s r equi r ed as
a cof act or . Thi s mechani smhas been evoked t o expl ai n t he
hepar an sul f at e pr ot eogl ycan dependence of N- CAM( Col e
and Gl aser , 1986 ; Col e et al . , 1986 ; Reyes et al . , 1990) and
Ll ( Kadmon et al . , 1990) medi at ed neur al cel l adhesi on .
Thi s mechani sm, or a st r i ct l y het er ophi l i c mechani sm,
coul d f unct i on i n t he case of PECAM- 1 medi at ed L cel l
aggr egat i on gi ven t he ubi qui t ous di st r i but i on on pr ot eogl y-
cans on cel l sur f aces .

The mechani sms wher eby an i mmunogl obul i n super f am-
i l y mol ecul e may pr omot e i nt er cel l ul ar adhesi on ar e bot h
many and compl ex . At l east one member of t hi s super f ami l y,
Neur al - gl i al CAM( Ng- CAM) can act as bot h a homophi l i c
and het er ophi l i c r ecept or dependi ng upon t he t ype of cel l
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wi t h whi ch i t i nt er act s ( Gr umet and Edel man, 1988) . Gi ven
t hat PECAM- 1 i s expr essed on t he sur f ace of a wi de var i et y
of cel l s, some of whi ch ar e or gani zed i nt o t i ssues, such as
endot hel i al cel l s, and ot her s of whi ch i nt er act wi t h di f f er ent
cel l s onl y under speci f i c condi t i ons of i nf l ammat i on or bl ood
cl ot t i ng, i t i s possi bl e t hat a di f f er ent mechani smmay be i n-
vol ved dependi ng upon t he speci f i c adhesi ve event . Regar d-
l ess of t he mechani smby whi ch PECAM- 1 pr omot es adhe-
si on, i t s pr esence i n r el at i vel y l ar ge quant i t i es on pl at el et s,
l eukocyt es, and endot hel i al cel l s suggest s t hat i t may be i m-
por t ant i n a wi de var i et y of vascul ar pr ocesses .
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