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Summar y

I n an endeavor t o f ur t her char act er i ze human i nt er cel l ul ar adhesi on mol ecul e- 2 ( I CAM- 2) , t wo

mur i ne monocl onal ant i bodi es ( mAb) wer e gener at ed t o I CAM- 2 t r ansf ect ed COS cel l s, and

desi gnat ed CBR- I C2/ 1 and CBR- I C2/ 2 . I mmunopr eci pi t at ed, r educed I CAM- 2 mi gr at ed as

a br oad band of M, 60, 000 i n sodi um dodecyl sul f at e- pol yacr yl ami de gel el ect r ophor esi s . Tr eat -

ment wi t h N- gl ycanase r eveal ed a pept i de backbone of MI 31, 000, consi st ent wi t h t he si ze

pr edi ct ed f r om t he cDNA. I CAM- 2 had a br oad di st r i but i on on hemat opoi et i c cel l l i nes and

l i t t l e expr essi on on ot her cel l l i nes, t he sol e except i on bei ng cul t ur ed endot hel i al cel l s whi ch

possess hi gh l evel s of I CAM- 2 . Rest i ng l ymphocyt es and monocyt es expr essed I CAM- 2, whi l e

neut r ophi l s di d not . St ai ni ng of t i ssue sect i ons wi t h ant i - I CAM- 2 mAb conf i r med t hei r st r ong

r eact i vi t y t o vascul ar endot hel i um, but demonst r at ed a l ack of I CAM- 2 expr essi on on ot her t i ssues .

Smal l cl ust er s of I CAM- 2 posi t i ve cel l s wer e, however , seen i n ger mi nal cent er s . I n cont r ast t o

I CAM- 1 t her e was l i t t l e or no i nduct i on of I CAM- 2 expr essi on on l ymphocyt es or cul t ur ed

endot hel i um upon st i mul at i on wi t h i nf l ammat or y medi at or s . One of t he t wo mAb, CBRI C2/ 2,

was f ound t o t ot al l y i nhi bi t bi ndi ng of I CAM- 2 * COS cel l s t o pur i f i ed l ymphocyt e

f unct i on- associ at ed ant i gen- 1 ( LFA- 1) . Usi ng t hi s mAb, LFA- 1- dependent bi ndi ng t o bot h

st i mul at ed and unst i mul at ed endot hel i um was f ound t o be t ot al l y account ed f or by I CAM- 1

and I CAM- 2. Homot ypi c aggr egat i on of an Epst ei n- Bar r vi r us- t r ansf or med B cel l l i ne, JY, was

f ound t o be sol el y I CAM- 1 and I CAM- 2- dependent , whi l e i n t he case of t he T cel l l ymphoma

cel l l i ne, SKW3, ant i - I CAM- 2 mAb i n conj unct i on wi t h ant i - I CAM- 1 mAb coul d not i nhi bi t

t he LFA- 1- dependent aggr egat i on. Thi s suggest s an addi t i onal LFA- 1 l i gand exi st s . Usi ng a cel l

bi ndi ng assay t o pur i f i ed LFA- 1 i n conj unct i on wi t h ant i - I CAM- 1 and ant i - I CAM- 2 mAb, we

have demonst r at ed t hat t hi s put at i ve t hi r d l i gand f or LFA1 exi st s on SKW3 and ot her cel l l i nes.

A

dhesi on mol ecul es pl ay a cent r al r ol e i n t he f unct i ons of

t he i mmune syst em. These mol ecul es di r ect cel l - cel l i n-

t er act i ons cr i t i cal f or ant i gen pr esent at i on, l ymphocyt e act i -

vat i on, l ocal i zat i on, mi gr at i on, and ef f ect or / t ar get f unct i ons

at t he si t e of i nf l ammat i on ( r evi ewed i n r ef er ence 1) . The i nt e-

gr i n f ami l y of adhesi on r ecept or s ar e i nvol ved i n t he cel l - cel l

and cel l - mat r i x i nt er act i ons of a wi de var i et y of cel l t ypes

( 1- 4) . A subgr oup of t he i nt egr i ns, consi st i ng of l ympho-

cyt e f unct i on- associ at ed ant i gen- 1 ( LFA- 1) , 1 Mac- 1, and

p150, 95 ( t he " l eukocyt e i nt egr i ns" ) pl ay a maj or r ol e i n l eu-

kocyt e adhesi on ( 5) . They shar e a common 0 subuni t ( CD18)

noncoval ent l y associ at ed wi t h homol ogous cr subuni t s ( LFA1

t Abbr evi at i ons used i n t hi s paper . AP, al kal i ne phosphat ase; FDC, f ol l i cul ar

dendr i t i c cel l s; HUVEC, human umbi l i cal vei n endot hel i al cel l s ; I CAM,

i nt er cel l ul ar adhesi on mol ecul e; LFA, l ymphocyt e f unct i on- associ at ed

ant i gen .

ci , CD11a ; Mac1 u, CD11b ; p150, 95 ci , CD11c) ( 6) . Thei r

i mpor t ance i n l eukocyt e adhesi on i s most apt l y demonst r at ed

by a cl i ni cal condi t i on, known as l eukocyt e adhesi on def i ci ency

( 7) . Pat i ent s have r ecur r ent l i f e- t hr eat eni ng bact er i al i nf ec-

t i ons due t o mut at i ons i n t he common a subuni t , r esul t i ng

i n l ack of expr essi on of al l t hr ee l eukocyt e i nt egr i ns ( 8) .

Of t he t hr ee l eukocyt e i nt egr i ns, LFA1 has t he best char ac-

t er i zed r ol e i n cel l adhesi on . I t was f i r st def i ned by t he abi l i t y

of mAb t o bl ock bot h T cel l - medi at ed ki l l i ng and pr ol i f er a-

t i on, and i s r equi r ed f or numer ous ot her f unct i ons i ncl udi ng

T hel per and B l ymphocyt e r esponses, nat ur al ki l l i ng, Ab-

dependent cel l ul ar cyt ot oxi ci t y by monocyt es and gr anul ocyt es,

and adher ence of l eukocyt es t o endot hel i al cel l s, f i br obl ast s,

and epi t hel i al cel l s ( 5, 9) . An i nduci bl e mol ecul e, i nt er cel -
l ul ar adhesi on mol ecul e- 1 ( I CAM- 1) ( CD54) , was t he f i r st

l i gand di scover ed f or LFA- 1 ( 10, 11) . A member of t he i m-

munogl obul i n super f ami l y ( 12, 13) , I CAM- 1 has f i ve I g- l i ke
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domai ns wi t h t he bi ndi ng si t e f or LFA- 1 l ocal i zed t o speci f i c

r esi dues i n t he f i r st N- t er mi nal domai n ( 14) . Most LFA1- de-

pendent phenomena coul d be i nhi bi t ed by bl ocki ng mAb t o

I CAM- 1 ( 10, 15, 16) . However , bi ndi ng of l ymphocyt es t o

cul t ur ed human umbi l i cal vei n endot hel i al cel l s ( HUVEC)

showed t hat t he I CAM- 1 bl ocki ng mAb, RRl / 1, coul d not

i nhi bi t al l t he LFA1- dependent adhesi on ( 15) . Thi s i mpl i ed

a second l i gand f or LFA- 1 exi st ed on endot hel i al cel l s . Si mi -

l ar l y, LFA- 1 mAb but not I CAM- 1 mAb bl ocked PMA-

i nduced aggr egat i on of a T cel l l ymphobl ast oi d cel l l i ne,

SKW3 ( 10) . Last l y, LFAI - dependent cyt ol ysi s of cer t ai n t ar get

cel l s by T cel l s was not i nhi bi t abl e wi t h mAb t o I CAM- 1

( 16) , f ur t her evi dence f or addi t i onal LFA- 1 l i gands . A cDNA

cl one f or a second LFA- 1 l i gand, t er med I CAM- 2, was ob-

t ai ned by t r ansf ect i ng COS cel l s wi t h an endot hel i al cDNA

l i br ar y and sel ect i ng f or bi ndi ng t o LFA- 1 coat ed pl at es i n

t he pr esence of bl ocki ng I CAM- 1 mAb ( 17) . Li ke I CAM- 1,

I CAM- 2 i s a member of t he i mmunogl obul i n super f ami l y .

I t has onl y t wo i mmunogl obul i n- l i ke domai ns t hat ar e most

homol ogous t o t he t wo N- t er mi nal domai ns of I CAM- 1, wi t h

35% ami no aci d i dent i t y ( 17) .

I n t hi s st udy we r epor t on t he bi ochemi cal and cel l ul ar

nat ur e of I CAM- 2 usi ng mAb gener at ed t o COS cel l s t r an-

si ent l y expr essi ng t he I CAM- 2 cDNA. Two mur i ne mAb

t o I CAM- 2, CBR- I C2/ 1 and CBRI C2/ 2, wer e gener at ed .

Usi ng t hese ant i bodi es, t he cel l ul ar and t i ssue di st r i but i on,

bi ochemi cal pr oper t i es and f unct i onal r ol e i n cel l - cel l adhe-

si on of I CAM- 2 coul d be st udi ed . I CAM- 2 was f ound t o

di f f er f r omI CAM- 1 i n bot h i t s di st r i but i on and i nduci bi l i t y,

i mpl yi ng a f unct i onal di f f er ence bet ween t he t wo mol ecul es .

Sever al LFA- 1- dependent , I CAM- 1- i ndependent cel l i nt er -

act i ons coul d be account ed f or by I CAM- 2, wher eas ot her s

r eveal ed t he pr esence of a t hi r d, as yet undef i ned, l i gand f or

LFA- 1 .

Mat er i al s and Met hods

Monocl onal Ant i bodi es .

	

The f ol l owi ng pr evi ousl y descr i bed mu-

r i ne mAbs t o human ant i gens wer e used : TS2/ 9 ( ant i - LFA- 3, I gGl )
( 18) , TS2/ 16 ( ant i - CD29, I gGl ) ( 18) , TSl / 22 ( ant i - CDl l a, I gGl )

( 18) , RR1/ 1 ( ant i - I CAM- 1, I gGl ) ( 10) , W6/ 32 ( ant i - HLAA, B, C,
I gG2a) ( 19) , and X63 ( nonbi ndi ng ant i body, I gGl ) .

Cel l Cul t ur e.

	

The mur i ne myel oma P3X63Ag8 . 653 ( 20) was

mai nt ai ned i n DMEMsuppl ement ed wi t h 10%Fet al Bovi ne Ser um

( FBS) , 5 mMgl ut ami ne and 50 kg/ ml gent amyei n ( suppl ement ed

DMEM) at 37 ° C i n a humi di f i ed 10% COZ at mospher e. Hybr i d-

omas wer e i ni t i al l y gr own i n suppl ement ed DMEMunder HAT

sel ect i on ( 100 FMhypoxant hi ne, 400 nMami nopt er i n, 16 / AM

t hymi di ne) , t r ansf er r ed t o suppl ement ed DMEMunder HT sel ec-

t i on ( 100 / AMhypoxant hi ne and 16 AMt hymi di ne) and l at er gr own

sol el y i n suppl ement ed 10%FBS/ DMEM. The human f i br osar -

coma cel l l i ne, FS 1, 2, 3 and epi t hel oi d car ci noma cel l l i ne, HeLa,

wer e gr own i n 10%FBS/ DMEM pl us suppl ement s at 37°Cand

10% C02 . Al l ot her human cel l l i nes wer e gr own i n RPMI 1640

medi umsuppl ement ed wi t h 10% FBS, 5 mMgl ut ami ne and 50

Fcg/ ml gent amyci n at 37 ° C and 5% C02 . Al l cel l l i nes used i n

t hi s st udy ar e l i st ed i n Tabl e 2 .

Human umbi l i cal vei n endot hel i al cel l s ( HUVEC, passage

number 2- 4) wer e mai nt ai ned as a monol ayer on f i br onect i n- coat ed

di shes i n M199 medi um, 20%PBS ( Hycl one Labor at or i es, I nc . ,

Logan, UT; LPS = 0 . 025 ng/ ml ) , 5 mMgl ut ami ne, 50 14g/ ml
gent amyci n, 100 Pg/ ml endot hel i al gr owt h suppl ement ( Bi omed-
i cal Technol ogi es, I nc. , St ought on, MA) and 100 j i g/ ml hepar i n

at 37° C and 5%CO2 . For st i mul at i on, 5 U/ ml of r ecombi nant
human I I r 1s ( Boehr i nger Mannhei m, I ndi anapol i s, I N) , 10, ag/ ml

of LPS ( Si gma Chemi cal Co . , St . Loui s, MO) , 20 ng/ ml of r ecom-
bi nant human TNF- a ( Genzyme, Bost on, MA) or 103 U/ ml of
r ecombi nant I FN- y ( Genzyme) was added t o t he medi um at ei -
t her 4 or 24 h bef or e har vest i ng . St i mul at i on of HUVECwas moni -
t or ed by f l ow cyt omet r y anal ysi s of I CAM- 1 on t r eat ed and un-
t r eat ed cel l s .

Per i pher al bl ood mononucl ear cel l s ( PBMC) wer e obt ai ned by
dext r an sedi ment at i on and Fi col l - Hypaque ( 1 . 077) cent r i f ugat i on
as descr i bed ( 15) . Gr anul ocyt es wer e r ecover ed f r omt he cel l pel l et ;
cont ami nat i ng er yt hr ocyt es wer e r emoved by hypot oni c l ysi s . Lym-
phocyt es wer e enr i ched by i ncubat i ng t he PBMC i n 10%
FBS/ RPMI 1640 on t i ssue cul t ur e- t r eat ed pl ast i c Pet r i di shes f or

2 h and savi ng t he nonadher ent cel l s . To enr i ch f or T l ymphocyt es,
t he nonadher ent cel l s wer e passed t hr ough nyl on wool ( 21) . NK

cel l s wer e f ur t her i sol at ed f r ompl ast i c and nyl on wool nonadher ent
mononucl ear cel l s by Per col l ( Phar maci a Fi ne Chemi cal s, Pi scat away,
NJ) gr adi ent cent r i f ugat i on as descr i bed ( 22) . CD3' cel l s wer e r e-

moved by l abel l i ng wi t h CD3 mAb ( OKT3) and r emovi ng t he
mAb bound cel l s by r oset t i ng wi t h magnet i c beads ( Dynal ; Bob-
bi ns Sci ent i f i c, Mount ai n Vi ew, CA) coat ed wi t h F( ab' ) 2 goat
ant i - mouse I gG and I gM( Tago I nc. , Bur l i ngame, CA) . I mmuno-

f l uor escence f l ow cyt omet r y showed t he pur i f i ed NK cel l s t o be

>75%CD16' wi t h f ew ( <10%) cont ami nat i ng CD3' cel l s. PHA

bl ast s wer e pr epar ed f r om i sol at ed PBMC, i ncubat ed i n suppl e-
ment ed RPMI , pl us 10%FBS and 10 Fi g/ ml PHA- P ( Si gma Chem-

i cal Co. ) and assayed at t he i ndi cat ed t i mes ( 23) . Pl ast i c adher ent

monocyt es wer e ei t her anal yzed i mmedi at el y or cul t ur ed i n vi t r o

f or 10 d t o i nduce di f f er ent i at i on t owar ds macr ophage- l i ke cel l s

( 24) . The adher ent cel l s wer e r emoved wi t h HBSS/ EDTA and sur -

f ace ant i gen expr essi on exami ned by i mmunof l uor escence f l ow
cyt omet r y .

cDNA and Tr ansf ect i on .

	

I CAM- 1 and I CAM- 2 cDNAs i n t he
t r ansi ent expr essi on vect or CDM8 ( 13, 17) or vect or al one ( mock)

wer e t r ansf ect ed i nt o COS cel l s usi ng DEAE- dext r an ( 25) . 3 d af t er

t r ansf ect i on, cel l s wer e det ached wi t h 10 mMHBSS/ EDTA, washed

t hr ee t i mes i n 10%FBS/ RPMI 1640 and t hen used f or i mmuni za-
t i on, f l ow cyt omet r i c anal ysi s, " 5 I - l abel i ng, or bi ndi ng t o LFA-

1- coat ed pl at es . Cel l s wer e washed t wi ce wi t h PBS, pH7 . 3, bef or e
ei t her i mmuni zat i on or . . . I - l abel i ng .

Devel opment of I CAM- 2 Hybr i domas.

	

Tr ansf ect ed COS cel l s ex-

pr essi ng I CAM- 2 wer e used t o i mmuni ze 3- 12- wk- ol d BALB/ c

f emal e mi ce ( Char l es Ri ver Labor at or i es, Wi l mi ngt on, MA) . I m-

muni zat i ons ( 105- 106 cel l s/ i . p. i mmuni zat i on) wer e per f or med f our

t i mes at 3- wk i nt er val s . 3 d bef or e f usi on wi t h t he mur i ne my-

el oma P3X63Ag8 . 653, t he mi ce wer e i nj ect ed bot h i . p . and i . v .

wi t h 5 x 10 5 COS cel l s t r ansi ent l y expr essi ng I CAM- 2 . These

t r ansf ect ant s wer e t est ed f or I CAM- 2 expr essi on by speci f i c bi ndi ng

t o LFA- 1 . The pr ot ocol f or f usi on and subsequent mai nt enance of

hybr i domas i s as pr evi ousl y descr i bed ( 26) . Di f f er ent i al r eact i vi t y

t o I CAM- 2 t r ansf ect ed COS cel l s and unt r ansf ect ed cel l s was used

i ni t i al l y t o scr een f or I CAM- 2 mAbs. I ni t i al scr eeni ng was per -

f or med by ELI SA, f ol l owed by f l ow cyt omet r i c anal ysi s of put at i ve

I CAM- 2 r eact i ve hybr i doma super nat ant s . Posi t i ve mAbs wer e t hen

scr eened f or r eact i vi t y t o cel l l i nes known t o be ei t her posi t i ve

( SKW3) or negat i ve ( HeLa) f or I CAM- 2 by Nor t her n bl ot t i ng anal -

ysi s ( 17) . MAbs sel ect ed f or f ur t her anal ysi s wer e cl oned t wi ce by

l i mi t i ng di l ut i on and i sot yped by ELI SA usi ng af f i ni t y pur i f i ed an-

t i bodi es t o mouse i mmunogl obul i ns ( Zymed I mmunochemi cal s,

San Fr anci sco, CA) .
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I mmunohi st ochemi cal St ai ni ng.

	

Fr esh t i ssues wer e r ecei ved at t he

Depar t ment of Sur gi cal Pat hol ogy at Thomas Jef f er son Uni ver si t y

and snap- f r ozen i n l i qui d ni t r ogen . The t i ssues wer e st or ed at

- 70° Cunt i l use. I mmunohi st ol ogi cal st ai ni ng was car r i ed out f ol -

l owi ng t he al kal i ne phosphat ase ( AP) ant i - al kal i ne phosphat ase pr o-

cedur e ( 27) . Br i ef l y, 7 j Lmf r ozen t i ssue sect i ons wer e ai r - dr i ed over -

ni ght and f i xed i n acet one f or 10 mi n . I CAM- 1 ( RR1/ 1) and

I CAM- 2 ( CBRI C2/ 1) mAb wer e appl i ed at 1/ 12, 000 and 1/ 2, 000

di l ut i ons of asci t es f l ui d, r espect i vel y, f or 30 mi n f ol l owed by br i ef

washi ng i n Tr i s- buf f er ed sal i ne, pH7. 6 . As a negat i ve cont r ol , mouse

ser umat a 1/ 5, 000 di l ut i on was appl i ed . Af t er washi ng, t he sec-

t i ons wer e i ncubat ed wi t h a 1/ 40 di l ut i on of r abbi t ant i - mouse

I g mAb ( Dakopat t s, Car pi nt er i a, CA) f or 30 mi n . Fi nal l y, af t er

i nt er mi t t ent washi ng, t he cel l s wer e i ncubat ed wi t h APAAP-

compl ex ( ant i - AP mouse mAb pr ei ncubat ed wi t h AP) . The l ast

t wo st eps wer e r epeat ed i n or der t o enhance t he sensi t i vi t y of t hi s

pr ocedur e. Bound al kal i ne phosphat ase was vi sual i zed usi ng new

f uchsi n ( Si gma Chemi cal Co . ) as subst r at e. Levami sol e was appl i ed

i n or der t o bl ock endogenous al kal i ne phosphat ase act i vi t y and

Meyer ' s aci d hemat oxyl i n ( Si gma Chemi cal Co. ) was used as coun-

t er st ai n .

Fl ow Cyt omet r i c Anal ysi s .

	

Adher ent cel l s wer e r emoved wi t h

10 mMHBSS/ EDTA, washed wi t h PBS/ 2% FBS and 50 Al of

a 0. 5- 1. 0 x 106 cel l s/ ml suspensi on was added t o ei t her 50 ul of

mAb super nat ant or 50 P1 of a 1/ 200 di l ut i on of mAb cont ai ni ng

asci t es f l ui d. Af t er 45 mi n i ncubat i on at 4° C, t he cel l s wer e washed

and i ncubat ed wi t h 100 P1 of a 1/ 20 di l ut i on of FI TC- l abel ed goat

ant i - mouse I g ( Zymed I mmunochemi cal s) f or 45 mi n at 4°C. The

cel l s wer e r ewashed and f i xed i n 1%par af or mal dehyde/ PBS . Sampl es

wer e anal yzed usi ng an Epi cs V ( Coul t er Di agnost i cs, Hi al eah, FL)

f l ow cyt omet er . As bot h pr i mar y and secondar y mAb wer e used

at sat ur at i ng concent r at i ons, membr ane ant i gen expr essi on coul d

be quant i t at ed as a measur e of mean f l uor escence i nt ensi t y usi ng

EPI CS I mmuno- Br i t e f l uor escent beads ( Coul t er Di agnost i cs) t o

cal i br at e t he cyt omet er , and X63 cont r ol ant i body st ai ni ng used

t o subt r act nonspeci f i c f l uor escence .

Sur f ace I odi nat i on .

	

Sur f ace l abel i ng of cel l s wi t h 1a' I was per -

f or med as descr i bed usi ng I odogen ( Pi er ce Chemi cal Co. , Rock-

f or d, I L) ( 28) . Cel l s wer e l abel ed wi t h 1251 ( 1 . 0 mCi Na 1251; Amer -

shamCor p . , Ar l i ngt on Hei ght s, I L) and l ysed f or 45 mi n at 4° C

i n 1 ml of l ysi s buf f er ( 10 mMTr i s HCl pH 8. 0, 150 mMNaCl ,

1% Tr i t on- X- 100, 1%hemogl obi n, 1 mMi odoacet ami de, 1 mM

PMSF, 0. 24 TI U/ ml apr ot oni n, 0. 025%azi de) . Nucl ei and i nsol ubl e

debr i s wer e r emoved by cent r i f ugat i on at 14, 000 g f or 20 mi n and

l ysat es pr ecl ear ed over ni ght at 4' C wi t h 100 Al of packed bovi ne

I gGcoupl ed- Sephar ose. The l ysat e was t hen i ncubat ed wi t h 30 P1

packed mAb bound t o Sephar ose f or 2 h. The beads wer e washed

f our t i mes i n 25 mMTr i s HCl pH8. 0, 150 mMNaCl , 0. 1%Tr i t on-

X- 100, t wi ce i n 25 mMTr i s pH 8 . 0, 150 mMNaCl , and once
i n 50 mMTr i s pH 8. 0. The beads wer e t hen t r eat ed wi t h an equal

vol ume of 2 x SDS- PAGE sampl e buf f er , boi l ed f or 2 mi n and

anal yzed on 8%ver t i cal sl ab pol yacr yl ami de gel s as pr evi ousl y de-

scr i bed ( 29) . Pr ot ei ns wer e vi sual i zed by aut or adi ogr aphy . Tr eat -

ment of sampl es wi t h N- gl ycanase ( Genzyme Cor p. ) was as pr evi -

ousl y descr i bed ( 33) , usi ng a concent r at i on ( 3 U/ ml ) det er mi ned

t o gi ve opt i mal cl eavage of al l N- l i nked ol i gosacchar i des f r om t he

pept i de backbone .

Pur i f i cat i on of LFA- 1 .

	

LFA1 was pur i f i ed f r om JY l ysat es on

TS2/ 4- Sephar ose as descr i bed pr evi ousl y ( 30) . The LFA- 1 bound
t o TS2/ 4- Sephar ose was el ut ed wi t h 50 mMt r i et hyl ami ne pH11 . 5,

150 mMNaCl , 2 mMMgCl 2, and 1%oct yl ( 3- D- gl ucopyr anosi de

( OG) . Sampl es wer e neut r al i zed and st or ed f r ozen at - 70°C.
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Adhesi on Assay.

	

Pur i f i ed LFA1 i n 1%OGwas di l ut ed 1/ 10

or 1/ 20 i n 25 mMTr i s HCl pH 8. 0, 150 mMNaCl , 2 mM

MgCl 2 ( TSM) and 50 Al absor bed ont o 96- wel l pol yst yr ene mi cr o-

t i t r e pl at es ( Li nbr oTi t er t ek ; Fl ow Labor at or i es, McLean, VA) f or

2 h at r oom t emper at ur e. Nonspeci f i c bi ndi ng si t es wer e bl ocked

f or 2 h at r oomt emper at ur e wi t h TSM/ 1%BSA and t hen washed

t wi ce wi t h PBS/ 5%FBS/ 2 mMMgC12/ 0. 5%HSA ( assay medi a) .

Speci f i c i nhi bi t i on of LFA- 1 was achi eved by an i ncubat i on f or 30
mi n at r oomt emper at ur e wi t h a 1/ 200 di l ut i on of TSI / 22 asci t es .

The number of LFA- 1 si t es/ mi cr ot i t r e wel l was det er mi ned usi ng

sat ur at i ng amount s of
1211

TS1/ 22 mAb and cal cul at ed assumi ng

monoval ent bi ndi ng of t he mAb. Si t e number s ar e expr essed per

Um
2

; t he sur f ace ar ea of a mi cr ot i t r e wel l was det er mi ned t o be

3 . 85 x 10' hm
2 .

Cel l l i nes wer e har vest ed, washed once i n 10%FBS/ RPMI 1640,

r esuspended and l abel ed wi t h 15 Wg/ mL of 2; 7' - bi s- ( 2- car boxyet hy1) -

5( and- 6) car boxyf l uor escei n ( BCECF ; Mol ecul ar Pr obes, I nc. , Eu-

gene, OR) f or 30 mi n at 37° C. Af t er washi ng t wi ce i n 10%

FBS/ RPMI 1640, cel l s wer e count edand r esuspended i n assay medi a .

Adhesi on of cel l l i nes t o LFA- 1- coat ed pl at es ( 31) or endot hel i al
cel l monol ayer s ( 15) has been descr i bed pr evi ousl y . Br i ef l y, conf l uent

endot hel i al cel l monol ayer s i n 96- wel l pl at es wer e t r eat ed wi t h a

1/ 200 di l ut i on of t he appr opr i at e asci t es f or 45 mi n at 37' C and

t hen unbound mAb was r emoved by washi ng bef or e t he bi ndi ng
assay. MAb pr et r eat ment of cel l s consi st ed of i ncubat i on wi t h a

1/ 200 di l ut i on of asci t es f or 45 mi n at 4° C, af t er whi ch 0. 75- 1. 0
x 105 cel l s wer e t r ansf er r ed t o each wel l . Cel l s wer e al l owed t o

set t l e and adher e t o ei t her t he sol i d phase LFA1 or t he endot hel i al
monol ayer s f or 1 h at 37° C. Washi ng consi st ed of 6 aspi r at i ons

wi t h ei t her a 21- gauge needl e ( monol ayer s) or a 25- gauge needl e

( LFA- 1- coat ed pl at es) . Wel l s wer e exami ned mi cr oscopi cal l y be-
f or e and af t er washi ng t o assess t he evenness of cel l set t l i ng and

damage t o t he endot hel i al monol ayer . Damage t o t he monol ayer
was never si gni f i cant ( <5% ar ea) . Fl uor escence was di r ect l y quan-

t i t at ed f r omt he 96- wel l pl at es usi ng a Pandex f l uor escence concen-

t r at i on anal yzer ( Baxt er Heal t hcar e Cor p. , Mundel ei n, I L) .

Adher ence of I CAM- 2' COS cel l t r ansf ect ant s t o LFA- 1- coat ed

wel l s was per f or med as pr evi ousl y descr i bed ( 31) . I n shor t , 5 x

10^ Na2
51

Cr Oo- l abel ed t r ansf ect ant s wer e bound t o LFA- 1- coat ed

pl at es f or 1 h at r oom t emper at ur e, and washed wi t h f our aspi r a-
t i ons t hr ough a 26- gauge needl e. Bound cel l s wer e el ut ed and quan-
t i t at ed by - y count i ng.

Aggr egat i on Assay.

	

Aqual i t at i ve aggr egat i on assay was car r i ed

out as descr i bed ( 32) . Br i ef l y, 50 pl of a cel l suspensi on ( 2 x
106/ ml ) i n 10%FBS/ RPMI 1640 was pr ei ncubat ed wi t h a 1/ 100

di l ut i on of asci t es ( 1/ 200 f i nal concent r at i on) f or 45 mi n at 4°C.
These cel l s wer e t hen st i mul at ed wi t h 50 ng/ mL of PMAand added

t o a f l at bot t om 96- wel l mi cr ot i t er pl at e ( Bect on Di cki nson, Li n-
col n Par k, NJ) . Cel l s wer e i ncubat ed f or 2- 6 h at 37° C, vi ewed
wi t h an i nver t ed mi cr oscope and aggr egat i on scor ed vi sual l y. Be-
cause t hese t wo cel l l i nes aggr egat e wi t h di f f er ent ki net i cs, t he l engt h
of t he assay was var i ed t o maxi mi ze PMAi nduced aggr egat i on UY:
2 h ; SKW3 : 5 h) . Scor es r anged f r om 0 t o 5, wher e 0 i ndi cat es
essent i al l y no cel l s wer e cl ust er ed; 1 i ndi cat es l ess t han 10%of cel l s
wer e i n cl ust er s; 2 i ndi cat es bet ween 10- 50% of cel l s wer e i n ag-
gr egat es ; 3 i ndi cat es 50- 100% of cel l s wer e i n aggr egat es ; 4 i ndi -
cat es near l y 100%of cel l s wer e i n l ar ge cl ust er s of aggr egat es ; and
5 i ndi cat es t hat al l t he cel l s wer e i n ver y compact aggr egat es . Pho-
t omi cr ogr aphs of aggr egat i ng cel l s wer e t aken usi ng a Ni kon

Di aphot TMD i nver t ed mi cr oscope ( Ni ppon Kogaku, Tokyo, Japan)
and phase cont r ast opt i cs .



Resul t s

CONTROL ANTI - I CAM- 1 ANTI - I CAM- 2

Devel opment of Ant i - I CAM- 2 MAbs .

	

Hybr i domas pr o-

duci ng ant i - I CAM- 2 mAb wer e gener at ed by t he f usi on

of myel oma cel l s wi t h spl een cel l s f r ommi ce i mmuni zed wi t h

COScel l s t r ansf ect ed wi t h I CAM- 2 cDNA. Two mAb, CBR-

I C2/ 1( I gG2a) and CBRI C2/ 2 ( I g02a) wer e pr oduced whi ch

bound speci f i cal l y t o COS cel l s t r ansf ect ed wi t h I CAM- 2

cDNAbut not t o COS cel l s t r ansf ect ed wi t h I CAM- 1 cDNA
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Fi gur e 1 .

	

Fl ow cyt omet r y anal ysi s of

COS cel l s t r ansf ect ed wi t h ei t her

I CAM- 1 or I CAM- 2 cDNA. Tr ans-

f ect ed COS cel l s wer e l abel ed wi t h ei -

t her nonbi ndi ng cont r ol mAb X63,

mAb RRI / 1 ( ant i - I CAM- 1) or mAb

CBR- I C2/ 1 ( ant i - I CAM- 2) . CBR-

I C2/ 2 gave an i dent i cal pat t er n of

st ai ni ng .

( Fi g. 1) or t o COScel l s t r ansf ect ed wi t h CDM8 vect or al one
( dat a not shown) .

Bi ochemi cal Char act er i zat i on of I CAM- 2.

	

I mmunopr eci p-

i t at i on of t al l l abel ed I CAM- 2+ COS cel l l ysat es showed

t hat under nonr educi ng condi t i ons, bot h ant i - I CAM- 2 mAb
i mmunopr eci pi t at ed a br oad band of M54- 68, 000 f r omt he

I CAM- 2 t r ansf ect ant s ( Fi g . 2 A, l anes 5 and 6) and f ai l ed

Fi gur e 2 .

	

I mmunopr eci pi t at i on of I CAM- 2 . ( A) 1251- l abel ed COS cel l l ysat es wer e i mmunopr eci pi t at ed wi t h ei t her nonbi ndi ng cont r ol mAb X63

or mAb CBRAC2/ 1 ( ant i - I CAM- 2) or mAb CBR- I C2/ 2 ( ant i - I CAM- 2) . ( B) 1251- l abel ed COS cel l l ysat es t r eat ed wi t h ( +) or wi t hout ( - ) N- gl ycanase,

and i mmunopr eci pi t at ed wi t h ei t her posi t i ve cont r ol mAb W6/ 32 ( ant i - HLAA, B, C) , nonbi ndi ng cont r ol mAb X63, mAb CBR- I C2/ 1 ( ant i - I CAM-

2) or mAb CBR- I C2/ 2 ( ant i - I CAM- 2) . MHC Cl ass I cont ai ns one Wi nked car bohydr at e and act s as a cont r ol f or t he N- gl ycanase t r eat ment . ( C)

1251- l abel ed HUVEC l ysat es i mmunopr eci pi t at ed wi t h mAb CBR- I C2/ 1 ( ant i - I CAM- 2) and t r eat ed wi t h ( +) or wi t hout ( - ) N- gl ycanase, as i ndi -

cat ed. Al l i mmunopr eci pi t at es wer e anal yzed by 8%SDS pol yacr yl ami de nonr educi ng ( A) or r educi ng ( B and C) gel s and subj ect ed t o aut or adi ogr aphy;

r educed mol wt st andar ds ar e shown i n t he f ar r i ght l ane .



Tabl e 1 .

	

Di st r i but i on of I CAM- 1 and I CAM- 2 on Nor mal

Human Ti ssues"

Ti ssue

	

I CAM- 1 I CAM- 2

25 7

	

de Fouger ol l es et al .

t o i mmunopr eci pi t at e f r ommock t r ansf ect ant s ( Fi g. 2 A, l anes

2 and 3) . Under r educi ng condi t i ons, I CAM- 2 mi gr at es wi t h

a Mr of 55- 65, 000 ( Fi g. 2 B, l anes S and 7) . To eval uat e

t he cont r i but i on of gl ycosyl at i on t o t hi s Mr , sampl es wer e

t r eat ed wi t h N- gl ycanase, t her eby r emovi ng al l Wi nked

ol i gosacchar i des ( 33) . Tr eat ment wi t h N- gl ycanase r esul t ed

i n r educt i on of t he I CAM- 2 band t o an appr oxi mat e 31, 000

ML ( Fi g . 2 B, l anes 6 and 8) , whi ch cor r esponds cl osel y t o

t he pr edi ct ed mat ur e pept i de backbone of 28, 393 Mr . Ther e-

f or e, I CAM- 2, l i ke I CAM- 1, i s a heavi l y N- gl ycosyl at ed

pr ot ei n .

I mmunopr eci pi t at i on of I CAM- 2 f r omvar i ous cel l l ysat es

conf i r med t he r esul t s obt ai ned wi t h t he COS cel l t r ansf ec-

t ant s . Cul t ur ed HUVECr epr esent t he most abundant sour ce

of I CAM- 2 as det er mi ned by mRNA expr essi on ( 17) or by

cel l sur f ace expr essi on ( Tabl e 2) . I mmunopr eci pi t at i on of

I CAM- 2 f r omHUVEC l ysat es r eveal ed a speci es mi gr at i ng

wi t h an Mr of 55- 65, 000 under r educi ng condi t i ons ( Fi g .

2 C, l ane 1) . Degl ycosyl at ed I CAM- 2 f r omHUVEC( Fi g .

2 C, l ane 2) was t he same Mr as f r om t r ansf ect ed COS cel l s .

Unl i ke I CAM- 1, l i t t l e var i at i on i n MI among di f f er ent cel l

t ypes was seen f or I CAM- 2, as i mmunopr eci pi t at i ons f r om

bot h SKW3 and JY l ysat es yi el ded i dent i cal r esul t s t o t hose

seen wi t h HUVEC l ysat es ( dat a not shown) .

Ti ssue Di st r i but i on of I CAM- 2 .

	

I mmunohi st ochemi cal

st ai ni ng of f r ozen t i ssue sect i ons r eveal ed I CAM- 1 and I CAM- 2

t o have di st i nct pat t er ns of di st r i but i on ( Tabl e 1, Fi g . 3) .

Nor mal f et al ( 21 wk) and adul t t i ssues showed a pat t er n of

I CAM- 1 st ai ni ng si mi l ar t o t hat pr evi ousl y r epor t ed ( 34, 35) .

I n cont r ast t o I CAM- 1, t he di st r i but i on of I CAM- 2 was r e-

st r i ct ed t o t he endot hel i umand some l ymphoi d cel l s . I CAM- 2

was expr essed on al l bl ood vessel endot hel i um, i ncl udi ng hi gh

endot hel i al venul es ( Fi g. 3 D) , and expr essi on was consi s-

t ent l y st r onger t han t hat seen f or I CAM- 1 . Exami nat i on of

ger mi nal cent er s of l ymphoi d t i ssue r eveal ed I CAM- 2 t o be

absent on most cel l s ( Fi g. 3 B and D) . I n t he spl een, al t hough

I CAM- 2 was vi r t ual l y absent on al l l ymphocyt es i n t he whi t e

pul p, st r ong r eact i vi t y was seen on t he si nus l i ni ng cel l s of

t he r ed pul p ( Fi g. 3 B) . I n addi t i on t o t he mar gi nal r eact i vi t y

of f ol l i cul ar mant l e cel l s, I CAM- 2 was f ound t o be st r ongl y

expr essed on smal l cl ust er s of l ymphocyt es wi t hi n ger mi nal

cent er s of bot h spl een and t onsi l ( Fi g. 3 D) . As expect ed,

ant i - I CAM- 1 mAb showed i nt ense r eact i vi t y wi t h t he ger -

mi nal cent er s of l ymphoi d f ol l i cl es, most l i kel y r epr esent i ng

r eact i vi t y wi t h B cel l s and f ol l i cul ar dendr i t i c cel l s, whi l e t he

f ol l i cul ar mant l e and mar gi nal zones of t he f ol l i cl e showed

weaker r eact i vi t y ( Fi g. 3 A and C) . I CAM- 1 was hi ghl y ex-

pr essed on t onsi l sur f ace and cr ypt epi t hel i um ( Fi g. 3 C) ,

Or gans st udi ed : l ymph node, t onsi l , spl een, t hymus, hear t , br ai n,
per i pher al ner ve t i ssue, ski n, l ungs, st omach, smal l and l ar ge i nt est i ne,
l i ver , ki dney, ovar y, ut er us, mammar y gl and, adr enal gl and, and t hyr oi d
gl and . St r ong expr essi on i s denot ed as " +" and l ack of expr essi on i s de-
not ed as " - " ; " ( + ) " i ndi cat es a par t i al r eact i vi t y . Wher e not i ndi cat ed,
t i ssues wer e negat i ve f or bot h I CAM- 1 and I CAM- 2 .
t Mar gi nal r eact i vi t y f or I CAM- 2 was obser ved f or f ol l i cul ar mant l e cel l s
i n t he spl een .
5 Smal l f oci of ger mi nal cent er l ymphocyt es wer e posi t i ve f or I CAM- 2 .

Al l vascul ar endot hel i um +

Lymph Node/ Tonsi l / Spl een

Fol l i cl e mant l e cel l s +

Ger mi nal cent er cel l s +

I nt er f ol l i cul ar / par acor t i cal T cel l s -

Fol l i cul ar dendr i t i c cel l s ( FDC) +

I nt er di gi t at i ng cel l s ( I DC) -

St ar r y sky macr ophages +

Hi gh endot hel i al venul es

( l ymph node, t onsi l ) +

Tonsi l

Or al mucosa +

Cr ypt epi t hel i a +

Gr anul ocyt es

Fi br ocyt es/ f i br obl ast s

Spl een

Mar gi nal zone cel l s +

Si nus l i ni ng cel l s +

Thymus

Hassal l ' s cor puscl es

Cor t i cal t hymocyt es

Medul l ar y t hymocyt es

Ski n

Epi der mal cel l s, Langer hans' cel l s,

Mel anocyt es, Sweat gl and cel l s

Fi br ocyt es/ f i br obl ast s

Lungs

Al veol ar l i ni ng cel l s, pneumocyt es

t ype I and I I , al veol ar macr ophages +

Capi l l ar y endot hel i al cel l s +

Li ver

Hepat ocyt es +

Kupf f er ' s cel l s +

Si nus l i ni ng cel l s +

Bi l e duct cel l s -

Ki dney

Endot hel i al cel l s of t he gl omer ul um +

Cel l s of Bowman' s capsul e, basal

membr ane of t he gl omer ul um

capi l l ar i es, t ubul ar cel l s -

I nt er t ubul ar spi ndl e cel l s +

Smal l I nt est i ne

Peyer ' s pat ches +

Lymphocyt es of t he mucosal st r oma +
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wher eas I CAM- 2 was not . Fet al t hymus expr essed hi gh l evel s

of I CAM- 1 i n t he medul l a and onl y l ow l evel s i n t he cor t ex,

whi l e I CAM- 2 r eact i vi t y was conf i ned t o vessel endot hel i um.

I n t he cor t i cal r egi on I CAM- 1 expr essi on was pr i mar i l y f ocal

on dendr i t i c and epi t hel i al cel l s, wher eas hi gh l evel s of I CAM- 1

i n t he medul l a was l ocal i zed t o bot h t he dendr i t i c/ macr o-

phage cel l s and t he t hymocyt es .

I n nonl ymphoi d or gans, sever al di f f er ences i n expr essi on

wer e obser ved bet ween I CAM- 1 and I CAM- 2 ( Tabl e 1) . Whi l e

macr ophages, f i br obl ast - l i ke cel l s, and dendr i t i c cel l s expr essed

hi gh l evel s of I CAM- 1 i n most t i ssues st udi ed, I CAM- 2 ex-

pr essi on i n t i ssues was r est r i ct ed t o bl ood vessel endot hel i um.

Addi t i onal I CAM- 2 expr essi on was seen onl y i n t he l i ver and

t he ki dney. I n t he l i ver , I CAM- 2 was weakl y expr essed on

Kupf f er cel l s and some si nusoi dal l i ni ng cel l s ( Fi g. 3 F) .

I CAM- 1 by compar i son was st r ongl y expr essed by Kupf f er

cel l s and si nusoi dal l i ni ng cel l s ( Fi g. 3 E) . I n ki dney, t he gl o-

mer ul ar capi l l ar y endot hel i umexpr essed I CAM- 2, as di d t he

i nt er t ubul ar spi ndl e cel l s ( Fi g, 3 M. The I CAM- 2 expr es-

si on i n ki dney, al t hough weaker t han I CAM- 1, was si mi l ar

i n i t s di st r i but i on ( Fi g . 3 G) . These except i ons asi de, I CAM- 2

was not pr esent on any ot her t i ssues st udi ed, i ncl udi ng smal l

and l ar ge i nt est i ne, st r i at ed and smoot h muscl e, br ai n, t hy-

r oi d gl and, and ski n .

I mmunof uor escence Fl ow Cyt omet r y of I CAM- 2 Membr ane

Expr essi on. Fl ow cyt omet r i c anal ysi s of human t umor cel l

l i nes and PBLs suppor t ed t he r esul t s obt ai ned i n f r ozen t i ssue

sect i ons ( Tabl e 2) . Rest i ng l ymphocyt es and pur i f i ed T cel l s

expr essed bot h I CAM- 1 and I CAM- 2 at l ow l evel s, al t hough

I CAM- 2 was al ways si gni f i cant l y hi gher i n expr essi on t han

I CAM- 1 . The pat t er n of expr essi on f or I CAM- 2 di f f er ed

f r omI CAM- 1 i n t hat near l y al l r est i ng cel l s wer e I CAM- 2

posi t i ve and expr essi on i ncr eased onl y sl i ght l y upon PHA

act i vat i on . Two- col or f l ow cyt omet r y r eveal ed r est i ng T

( CD3+) and B ( CD20+) l ymphocyt es t o expr ess equi val ent

amount s of I CAM- 2 on t hei r cel l sur f ace ( dat a not shown) .

I n cont r ast t o r est i ng l ymphocyt es, f r eshl y pur i f i ed mono-

cyt es showed gr eat er I CAMexpr essi on, wi t h I CAM- 1 and

I CAM- 2 bei ng gener al l y equi val ent . I n vi t r o cul t ur i ng of

monocyt es has been used as a met hod of obt ai ni ng macr o-

phage- l i ke CD16 + cel l s ( 24) . Upon cul t ur i ng of monocyt es

t o i nduce macr ophage di f f er ent i at i on, I CAM- 2 expr essi on r e-

mai ned unchanged, wher eas t he i nduci bi l i t y of I CAM- 1 was

consi st ent wi t h publ i shed dat a ( 34) .

Expr essi on of I CAM- 2 on cel l l i nes was coor di nat e wi t h

Nor t her n bl ot t i ng anal ysi s. Li nes whi ch had been pr evi ousl y

shown t o expr ess I CAM- 2 mRNA( HUVEC, SKW3, Jur kat ,

BBN, Ramos, U937) or l ack I CAM- 2 mRNA( HeLa, FS1, 2, 3)

showed cor r espondi ng pat t er ns of cel l sur f ace expr essi on ( Tabl e

2) . Al l T and B l ymphobl ast oi d l i nes exami ned expr essed con-

si der abl e I CAM- 2, whi l e ot her cel l l i nes exhi bi t ed a br oad

r ange of expr essi on . Tr eat ment of sever al cel l l i nes ( HUVEC,

JY, and SKW3) wi t h phosphoi nosi t ol - phosphol i pase C ( PI -

PLC) , r eveal ed no PI - l i nked f or mof I CAM- 2 as cel l sur f ace

expr essi on r emai ned unchanged ( dat a not shown) . Mouse l ym-

phobl ast oi d and f i br obl ast i c cel l l i nes di d not r eact wi t h t he

ant i - human I CAM- 2 mAb, i mpl yi ng t hat t hese mAb di d .

not cr ossr eact t o mur i ne I CAM- 2 .

I CAM- 2 Expr essi on on Cul t ur ed Endot hel i al Cel l s .

	

Of al l

cel l t ypes exami ned, I CAM- 2 was most hi ghl y expr essed on

endot hel i al cel l s . We exami ned t he r el at i ve l evel s of I CAM

expr essi on on r est i ng and st i mul at ed human umbi l i cal vei n

endot hel i al cel l s ( Fi g. 4) . Rest i ng endot hel i al cel l s showed

l ow basal l evel expr essi on of I CAM- 1 and appr oxi mat el y 10-

f ol d hi gher I CAM- 2 expr essi on . The l evel of I CAM- 2 ex-

pr essi on was al so si gni f i cant l y hi gher t han t hat seen f or ei -

t her LFA- 3 or HLAA, B, C. Upon st i mul at i on of endot hel i al

cel l s wi t h TNF- ce, I CAM- 1 expr essi on i ncr eased af t er 4 h,

becomi ng maxi mal af t er 24 h st i mul at i on, whi l e I CAM- 2

expr essi on r emai ned unchanged. LFA3 was l ar gel y unaf f ect ed

by cyt oki ne st i mul at i on, wher eas HLAA, B, C showed sl i ght l y

i ncr eased expr essi on, as pr evi ousl y r epor t ed ( 15, 36, 37) . I den-

t i cal f i ndi ngs wer e obt ai ned wi t h a var i et y of ot her st i mul i

i ncl udi ng I l r l 0, LPS, and I FN- - y ( dat a not shown) . I CAM- 2

t her ef or e was f ound t o be const i t ut i vel y expr essed at hi gh

l evel s on HUVEC and, unl i ke I CAM- 1, was not i ncr eased

by st i mul at i on wi t h i nf l ammat or y medi at or s .

Funct i onal Char act er i zat i on of I CAM- 2 MAh

	

To det er mi ne

whet her CBR- I C2/ 1 and CBR/ I C2/ 2 coul d i nhi bi t I CAM-

2- LFA- 1 i nt er act i on, bi ndi ng of I CAM- 2+ COS cel l s t o

pur i f i ed LFA- 1 was per f or med i n t he pr esence of t hese mAb

( Fi g. 5) . A hi gh per cent age of t r ansf ect ed cel l s bound t o
pur i f i ed LFA- 1 i n t he pr esence of cont r ol mAb W6/ 32, and

t hi s was t ot al l y i nhi bi t abl e by an ant i - LFA- 1 mAb . Of t he

Fi gur e 3 .

	

Phot omi cr ogr aph of i mmunohi st ochemi cal al kal i ne phosphat ase ant i - al kal i ne phosphat ase ( APAAP) st ai ni ng of f r ozen t i ssues wi t h ant i - I CAM- 1

( RR1/ 1) and ant i - I CAM- 2 ( CBR- I C2/ 1) mAb ( magni f i cat i on x 200) . ( A) St ai ni ng of spl een wi t h ant i - I CAM- 1 mAb . Not e t hat t he ger mi nal cent er

( GC) cel l s, f ol l i cul ar mant l e ( FM) cel l s and mar gi nal zone ( MZ) cel l s ar e posi t i ve f or I CAM- 1 . Endot hel i um of smal l vessel s i s al so posi t i ve ( ar r ow) .

( B) St ai ni ng of spl een wi t h ant i - I CAM- 2 mAb . Wi t h t he except i on of ver y f ai nt st ai ni ng of t he f ol l i cul ar mant l e ( FM) l ymphocyt es, no st ai ni ng of
t he whi t e pul p i s obser ved i ncl udi ng ger mi nal cent er ( GC) and mar gi nal zone ( MZ) cel l s. The r ed pul p ( RP) shows i nt ense st ai ni ng of t he si nus l i ni ng

cel l s . Smal l vessel endot hel i um i s st ai ned ( ar r ows) . ( C) Nor mal t onsi l st ai ned wi t h ant i - I CAM- 1 mAb. The ger mi nal cent er ( GC) cel l s show st r ong
r eact i vi t y, wher eas t he f ol l i cul ar mant l e ( FM) cel l s ar e onl y weakl y r eact i ve . Vi r t ual l y al l vascul ar endot hel i um, i ncl udi ng hi gh endot hel i al venul es,

ar e posi t i ve ( ar r ows) . I CAM- 1 i s al so pr esent on t he sur f ace and cr ypt epi t hel i um ( E) of t onsi l . ( D) Nor mal t onsi l st ai ned wi t h ant i - I CAM- 2 mAb .
Not e t hat vi r t ual l y al l vascul ar endot hel i umi s posi t i ve, i ncl udi ng hi gh endot hel i al venul es ( HEV) . Smal l cl ust er s of ger mi nal cent er ( GC) l ymphocyt es

ar e al so posi t i ve f or I CAM- 2 ( ar r ow) . The f ol l i cul ar mant l e ( FM) cel l s show negat i ve t o f ai nt r eact i vi t y . Epi t hel i umi s negat i ve ( not shown) . ( E) Nor mal

l i ver st ai ned wi t h ant i - I CAM- 1 mAb. Kupf f er cel l s and si nusoi dal endot hel i umar e st ai ned ( ar r ows) . The endot hel i um of t he vessel s ( VS) i n t he por t al

f i el ds ar e al so posi t i ve. Li ver epi t hel i um and bi l e duct s ( BD) ar e negat i ve. ( F) Nor mal l i ver st ai ned wi t h ant i - I CAM- 2 mAb. Si nuoi dal endot hel i um

i s l ar gel y negat i ve f or I CAM- 2 and onl y weak r eact i vi t y i s f ound f or Kupf f er cel l s ( ar r ow) . Posi t i ve st ai ni ng i s f ound f or t he endot hel i um of t he vessel s
( VS) i n t he por t al f i el ds . Li ver epi t hel i um and bi l e duct ( BD) epi t hel i um ar e negat i ve . ( G) Nor mal ki dney st ai ned wi t h ant i - I CAM- 1 mAb. Not e

t hat t he endot hel i um of al l gl omer ul ar capi l l ar i es i s posi t i ve. Some r eact i vi t y i s al so obser ved wi t h t he i nt er t ubul ar spi ndl e cel l s . ( MNor mal ki dney

st ai ned wi t h ant i - I CAM- 2 mAb. Not e t he pr onounced st ai ni ng of al l gl omer ul ar capi l l ar i es . React i vi t y t o i nt er t ubul ar spi ndl e cel l s i s al so seen .
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Tabl e 2.

	

Rel at i ve Sur f ace Ant i gen Expr essi on of I CAMs by

	

t wo ant i - I CAM- 2 mAb, CBR- I C2/ 1 caused sl i ght i nhi bi -
I mmunof l uor escence Fl ow Cyt omet r y

	

t i on, wher eas CBR- I C2/ 2 compl et el y bl ocked adher ence t o

l evel s seen i n t he pr esence of ant i - LFA1 mAb. A combi na-

t i on of bot h ant i - I CAM- 2 mAb gave no addi t i onal i nhi bi -

t i on t o t hat seen when usi ng CBRI C2/ 2 al one. Bot h mAb

wer e used at sat ur at i ng concent r at i ons, and t hi s i nhi bi t or y

ef f ect coul d be di l ut ed out . Si mi l ar r esul t s wer e obt ai ned usi ng

mouse L cel l s st abl y expr essi ng human I CAM- 2, demon-

st r at i ng t he abi l i t y of mAb CBRI C2/ 2 t o compl et el y i n-

hi bi t I CAM- 2 i nt er act i on was pur i f i ed LFA1( dat a not shown) .

CBR- I C2/ 1 and CBRAC2/ 2 wer e det er mi ned t o r ecogni ze

near by but di st i nct epi t opes on I CAM- 2, because al t hough

CBRI C2/ 2 woul d compl et el y bl ock CBR- I C2/ 1 bi ndi ng,

t he l at t er coul d onl y par t i al l y bl ock t he f or mer ( dat a not

shown) .

Ef f ect of Ant i - I CAM- 2 MAbs on Homot ypi c Aggr egat i on.

We exami ned t he abi l i t y of ant i - I CAM- 1 and ant i - I CAM- 2

mAb t o i nhi bi t LFA1- dependent homot ypi c aggr egat i on of

sever al cel l l i nes ( Tabl e 3 and Fi g . 6) . PMAi nduced aggr ega-

t i on of JY, an EBVt r ansf or med B l ymphobl ast oi d cel l l i ne,

was pr evi ousl y f ound t o be i nhi bi t abl e al most compl et el y by

t he bl ocki ng ant i - I CAM- 1 mAb, RR1/ 1 ( 10) . Al one, ant i -

I CAM- 1 mAb was f ound t o i nhi bi t most aggr egat i on ( Fi g.

6 C) , but when used i n conj unct i on wi t h ant i - I CAM- 2 mAb

aggr egat i on was i nhi bi t ed compl et el y ( Fi g. 6 E) ; t o t he same

ext ent as wi t h ant i - LFA- 1 mAb ( Fi g. 6 F) . Consi st ent wi t h

t he f unct i onal char act er i zat i on of bot h CBRI C2/ 1 and

CBR- I C2/ 2, when t he ant i - I CAM- 2 mAb wer e used sep-

ar at el y wi t h RR1/ 1, onl y CBRI C2/ 2 i nhi bi t ed aggr egat i on .

Aggr egat i on was not i nhi bi t ed by t he ant i - I CAM- 2 mAb

al one ( Fi g . 6 D) ; t hi s i s due t o t he pr esence of I CAM- 1 and

t he over r i di ng r ol e i t pl ays i n LFA1- dependent aggr egat e f or -

mat i on of t hi s cel l l i ne . PMA t r eat ment of cel l s r esul t ed i n

l i t t l e change i n sur f ace expr essi on of ei t her I CAM- 1, I CAM- 2,
or LFA- 1 dur i ng t he cour se of t he assay ( dat a not shown) .

Af t er 12- 24 h however , I CAM- 1 expr essi on i ncr eased and

I CAM- 2 showed a sl i ght decr ease .

PMAi nduced aggr egat i on of SKW3 was shown t o be LFA

1- dependent , but I CAM- 1- i ndependent ( Tabl e 3) . Thi s i s

consi st ent wi t h pr evi ousl y publ i shed r epor t s ( 10) . Ant i -

I CAM- 2 mAb had no ef f ect on SKW3 aggr egat i on ei t her

al one or i n combi nat i on wi t h RR1/ 1 ( Tabl e 3) . Gi ven t he

abi l i t y of RR1/ 1 and CBR- I C2/ 2 t o i nhi bi t I CAM- 1 and

I CAM- 2- dependent bi ndi ng by ot her cel l s, t hese r esul t s sug-

gest t he pr esence of a - t hi r d l i gand f or LFA1 on SKW3 .

Ef ect of Ant i - I CAM- 2 MAbs on Cel l Li ne Bi ndi ng t o LFA- 1 .

To bet t er def i ne t hi s put at i ve t hi r d LFA1 l i gand, bi ndi ng of

Membr ane expr essi on det er mi ned by i mmunof l uor escence f l ow cyt om-
et r y wi t h RRl / 1 f or I CAM- 1, CBR- I C2/ 1 f or I CAM- 2, and W6/ 32
f or HLA- A, B, C. Val ues ar e det er mi nat i ve of at l east t wo exper i ment s .
Fl uor escent beads wer e used t o cal i br at e t he cyt omet er such t hat one uni t
was appr oxi mat el y 103 f l uor escei n equi val ent s ( Count er Di agnost i cs) .
t Mi scel l aneous cel l l i nes i ncl ude : Human umbi l i cal vei n endot hel i al cel l s,
HUVEC; human br east car ci noma, ZR- 75- 1 ; human hepat ocel l ul ar car -
ci noma, Hep G2 ; human epi t hel oi d car ci noma cel l l i ne, HeLa ; human
r habdomyosar coma, RD3/ 5; human f i br osar coma, FS 1, 2, 3 ; human gl i o-
bl ast oma, A- 172 ; and t he Reed- St er nber g l i ne, L428 .
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Char act er i zat i on of I CAM- 2 and Evi dence f or a Thi r d Count er - Recept or

Cel l l i ne/ t ype

Speci f i c

I CAM- 1

l i near f l uor escence

i nt ensi t y'

I CAM- 2 HLA

Lymphocyt es 13 45 840

T l ymphocyt es 14 40 920

1 day PHA- bl ast s 64 40 1, 100

4 day PHA- bl ast s 200 55 1, 600

7 day PHA- bl ast s 70 32 1, 100

Monocyt es 72 87 990

Cul t ur ed monocyt es 293 80 1, 200

Neut r ophi l s 5 0 275

NK cel l s 12 32 1, 050

Er yt hr ocyt es 0 0 0

T l ymphobl ast oi d

SKW3 0 114 670

Jur kat 21 181 200

Sup T 57 178 180

Mol t 4 28 240 253

B l ymphobl ast oi d

JY 125 130 1, 600

Ramos 190 260 670

Raj i 282 72 468

Daudi 260 135 260

ER- LCL 150 110 705

BBN 100 60 215

RPMI 8866 146 117 618

Monocyt i c

U937 31 29 220

HL60 0 23 268

Mel anomas

BK 181 8 265

RPMI 7591 194 0 710

Er yt hr ol eukemi c

K562 155 95 6

HEL 58 118 950

Mi scel l aneoust

HUVEC 41 470 260

ZR- 75- 1 105 30 105

Hep G2 142 17 140

HeLa 225 0 155

RD3/ 5 0 11 208

FS1, 2, 3 225 0 645

A- 172 0 0 385

L428 835 169 16
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I nhi bi t i on of PMA- i nduced Aggr egat i on wi t h LFA- 1, I CAM- 1 and I CAM- 2 r nAb"

Cel l t ype

	

Cont r ol

	

«LFA- 1

	

«I CAM- 1

	

«I CAM- 2

JY

	

4

	

0

	

1

	

4

SKW3

	

4

	

0

	

4

	

4

" Fr eshJY or SKW3 cel l s wer e pr ei ncubat ed at 4° C f or 45 mi n wi t h ei t her no mAb ( cont r ol ) or 1/ 200 di l ut i on of mAb cont ai ni ng asci t es : TS1/ 22

( ant i - LFA- l a) , RRl / 1 ( ant i - I CAM- 1) , CBR- I C2/ 1+CBR- I C2/ 2 ( ant i - I CAM- 2) , RR1/ 1+CBR- I C2/ 1+CBR- I C2/ 2 ( ant i - I CAM- 1+2) , or W6/ 32
( ant i - HLA- A, B, C) . Cel l s wer e t hen st i mul at ed wi t h 50 ng/ ml of PMA, and aggr egat i on scor ed vi sual l y af t er ei t her 2 h ( TY) or 5 h ( SKW3) .
t Aggr egat i on scor ed as descr i bed i n Mat er i al s and Met hods . Scor es : 0, no cel l s cl ust er ed ; 1, <10% of cel l s aggr egat i ng ; 2, 10- 50% of cel l s ag-
gr egat i ng ; 3, 50- 100% of cel l s aggr egat i ng ; 4, near l y 100% of cel l s i n l oose aggr egat es ; 5, 100% of cel l s i n ver y compact aggr egat es .

FLUORESCENCE I NTENSI TY

Fi gur e 5 .

	

Ef f ect of I CAM- 2 mAb on bi ndi ng of I CAM- 2- expr essi ng
COS cel l t r ansf ect ant s t o pur i f i ed LFA- 1 . Bi ndi ng of s 1Cr - l abel ed I CAM- 2*

COScel l t r ansf ect ant s was measur ed by i ncubat i ng cel l s on LFA- 1- coat ed
mi cr ot i t er wel l s f or 60 mi n at r oom t emper at ur e and t hen washi ng f our
t i mes by aspi r at i on . Si t e densi t y of LFA- 1 as det er mi ned by r adi oi mmuno-
assay was 1, 100 si t es/ P, , , 2. Cel l s wer e i ncubat ed wi t h sat ur at i ng concen-

t r at i ons of cont r ol mAb W6/ 32 ( ant i - HLA- A, B, C) ; mAb CBRI C2/ 1
( ant i - I CAM- 2) ; mAb CBRI C2/ 2 ( ant i - I CAM- 2) ; or mAb CBR- I C2/ 1
andmAb CBRI C2/ 2 ( ant i - I CAM- 2) . Al t er nat i vel y, t he absor bed pur i f i ed
LFA- 1 was pr et r eat ed wi t h mAb TSl / 22 ( ant i - LFA- l a) . One r epr esent a-
t i ve exper i ment of f i ve i s shown and er r or bar s i ndi cat e one st andar d
devi at i on.

261

	

de Fouger ol l es et al .

Aggr egat i on i ndext

UNSi 1MULATED

4 HOURS

24 HOURS

Fi gur e 4.

	

I mmunof l uor escence f l ow

cyt omet r y anal ysi s of HUVECbef or e
and af t er TNF- a st i mul at i on. HUVEC

wer e st i mul at ed f or t he i ndi cat ed l engt h
of t i me wi t h 20 ng/ mL TNF- a and
t hen l abel ed wi t h ei t her mAb W6/ 32
( ant i - HLA- A, AC) , mAb TS2/ 9 ( ant i -

LFA- 3) , mAb RRl / 1 ( ant i - I CAM- 1) ,
mAb CBI - I C2/ 1 ( ant i - I CAM- 2) , or

nonbi ndi ng cont r ol mAb X63 ( t hi n
l i nes) , and t hen f ol l owed by FI TC

ant i - mouse I g .

«I CAM- 1 + 2

	

«HLA

cel l l i nes t o pur i f i ed LFA- 1 was per f or med ( Fi g. 7) . Consi s-

t ent bi ndi ng of al l cel l l i nes t o pur i f i ed LFA1 was obser ved

i n t he pr esence of cont r ol X63 mAb. Si mi l ar bi ndi ng was

achi eved i f no mAb was added or i f ot her cont r ol mAbs wer e

used ( W6/ 32, TS2/ 9, TS2/ 16 ; dat a not shown) . Par al l el i ng

t he aggr egat i on r esul t s, JY bi ndi ng t o pur i f i ed LFA1 was

l ar gel y i nhi bi t abl e wi t h ant i - I CAM- 1 mAb al one, and when

combi ned wi t h ant i - I CAM- 2 mAb, bi ndi ng was f ur t her i n-

hi bi t abl e t o t he l evel seen i n t he pr esence of ant i - LFA1 mAb.

Li t t l e i nhi bi t i on was seen when ant i - I CAM- 2 mAb wer e used

al one . SKW3 bi ndi ng t o LFA1 was onl y sl i ght l y i nhi bi t ed

wi t h a combi nat i on of mAb t o I CAM- 1 and I CAM- 2, wher eas

bi ndi ng was abol i shed wi t h LFA- 1 mAb. Thi s t hi r d mecha-

ni sm of adhesi on t o LFA1 was al so pr esent at subopt i mal

LFA1 si t es densi t i es and was r esi st ant t o st r i ngent washi ng

condi t i ons ( 21- gauge needl e aspi r at i on) ( dat a not shown) .

Numer ous ot her cel l l i nes wer e t est ed and sever al Our kat ,

Sup T, Ramos, Mol t 4) al so expr essed an I CAM- 1, I CAM- 2-

i ndependent pat hway of adhesi on t o LFA1( dat a not shown) .

Bi ndi ng of unst i mul at ed HUVECt o pur i f i ed LFA1 was f ound

t o be ent i r el y I CAM- 1 and I CAM- 2- dependent . MAb t o ei -

t her I CAM- 1 or I CAM- 2 had l i t t l e ef f ect al one, wher eas t he

combi nat i on of mAb t o I CAM- 1 and I CAM- 2 el i mi nat ed

bi ndi ng as ef f ect i vel y as LFA1 mAb.

B Lymphobl ast oi d Cel l Adhesi on t o HUVEC.

	

The adhe-

si on of t he JY B l ymphobl ast oi d cel l l i ne t o HUVEC i s an

i deal i n vi t r o syst em i n whi ch t o st udy LFA1- dependent

bi ndi ng of l ymphocyt es t o endot hel i al cel l s ( Fi g. 8) . Sever al

mechani sms of l ymphocyt e- endot hel i al adhesi on exi st , of
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JY aggr egat i on i s compl et el y i nhi bi t ed by mAb t o I CAM- 1 and I CAM- 2 . Phot omi cr ogr aphs of JY cel l s aggr egat i ng i n t he pr esence of

PMA, wi t h : ( A) cont r ol mAb X63; ( B) ant i - HLA f r amewor k mAb ( W6/ 32) ; ( C) ant i - I CAM- 1 mAb ( RR1/ 1) ; ( D) ant i - I CAM- 2 mAb ( CBR- I C2/ 1

and CBR- I C2/ 2) ; ( E) bot h ant i - I CAM- 1 and ant i - I CAM- 2 mAb; ( F) ant i - LFA- l a chai n mAb ( TS1/ 22) .

whi ch LFA- 1- I CAMand VLA4VCAM- 1 ar e t he most i m-

por t ant and i nt ensi vel y st udi ed ( 1, 38, 39) . Si nceJY cel l s l ack

01 expr essi on ( A. de Fouger ol l es and T. A. Spr i nger , unpub-

l i shed obser vat i ons) , adhesi on of t hese cel l s t o endot hel i um

al l ows t he LFA- 1- I CAMi nt er act i ons t o be st udi ed i ndepen-

dent l y ( 15) of any / 31- dependent i nt er act i ons, such as VLA-

4VCAM- 1 . The cont r i but i on of CD2- LFA- 3 i nt er act i ons

t o i ni t i al l ymphocyt e- endot hel i al cel l adhesi on has pr evi ousl y

been shown t o be mi ni mal ( 15) , and t hi s i s r ef l ect ed i n t he

i nabi l i t y of LFA- 3 mAb t o i nhi bi t JY bi ndi ng t o HUVEC

( Fi g . 8) . Pr evi ousl y, i t was shown t hat bi ndi ng of JY cel l s

t o HUVEC occur r ed vi a t wo LFA- 1- dependent pat hways,

an i nduci bl e I CAM- 1- dependent pat hway and an uni nduci bl e

I CAM- 1- i ndependent pat hway ( 15) . To exami ne i f t hi s I CAM-

1- i ndependent pat hway of adhesi on was due t o I CAM- 2, JY

adhesi on t o HUVECwas assayed i n t he pr esence of I CAM- 2
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Adhesi on of cel l l i nes t o pur i f i ed LFA- 1 r eveal s t he pr esence

of a novel LFA- 1 l i gand. Bi ndi ng of BCECF4abel ed cel l l i nes was mea-

sur ed by i ncubat i ng cel l s on LFA- 1- coat ed mi cr ot i t er wel l s f or 60 mi n

at 37° C and t hen washi ng si x t i mes by aspi r at i on. Si t e densi t y of LFA- 1

as det er mi ned by r adi oi mmunoassay was 1100 si t es/ p, mz . Cel l s wer e i n-

cubat ed i n t he pr esence of cont r ol mAb X63 ; Mab RR1/ 1 ( ant i - I CAM-

1) ; mAb CBRI C2/ 1 and mAb CBR- I C2/ 2 ( ant i - I CAM- 2) ; mAb RRI A,

mAb CBR- I C2/ 1 and mAb CBR- I C2/ 2 ( ant i - I CAM- 1+2) , or mAb

TSI / 22 ( ant i - LFA- l a) . One of ei ght r epr esent at i ve exper i ment s i s shown

and er r or bar s i ndi cat e one SD.

mAb ( Fi g. 8) . I CAM- 2 mAb i nhi bi t ed bi ndi ng of JY cel l s

t o unst i mul at ed endot hel i um mor e st r ongl y t han I CAM- 1

mAb . Tr eat ment of HUVECwi t h TNF- a f or 24 h, r esul t ed

i n a si gni f i cant i ncr ease i n JY adhesi on ( Fi g. 8) . Thi s adhe-

si on was i nhi bi t ed mor e by I CAM- 1 mAb t han I CAM- 2 mAb,

and t he combi nat i on of I CAMmAb i nhi bi t ed si mi l ar l y t o

LFA1 mAb . The I CAM- 1 component of adhesi on was i n-

duci bl e, wher eas t he amount of bi ndi ng seen i n t he pr esence

of I CAM- 1 mAb, i n ot her wor ds t he I CAM- 2 component ,

was const ant . St udi es wi t h 24 h LPS st i mul at ed HUVEC

and 4 h TNF- cx st i mul at ed HUVECyi el ded si mi l ar r esul t s,

however , l ess I CAM- 1- dependent bi ndi ng was seen wi t h en-

dot hel i um st i mul at ed f or 4 h t han 24 h ( dat a not shown)

as expect ed f r om f l ow cyt omet r y dat a on t he i nduct i on of

I CAM- 1 . These r esul t s demonst r at e t hat I CAM- 2 i s t he pr e-

domi nant LFA1 l i gand on r est i ng endot hel i al cel l s wher eas

I CAM- 1 i s t he pr edomi nant l i gand on st i mul at ed endot hel i al

cel l s .

Di scussi on

I CAM- 2 was i ni t i al l y descr i bed and char act er i zed as a cDNA

cl one t hat encoded a count er r ecept or f or LFA- 1 ( 17) . I n t hi s

st udy we have r epor t ed t he pr oduct i on of t wo mur i ne mAb

t o I CAM- 2 whi ch al l ow t he char act er i zat i on of t he I CAM- 2

mol ecul e. I CAM- 2 was f ound t o be a br oad band by SDS-

PAGE o£ Mr 55- 65, 000 under r educi ng condi t i ons. Unl i ke

I CAM- 1 ( 34) , l i t t l e var i at i on i n si ze was seen f or I CAM- 2

i mmunopr eci pi t at ed f r omdi f f er ent cel l l i nes . Based on cDNA

sequence, I CAM- 2 has a pol ypept i de backbone of Mr 28, 393

and si x pot ent i al Wi nked gl ycosyl at i on si t es ( 17) . Gl ycosy-

l at i on of I CAM- 2 account ed f or an i ncr ease i n M, of

30, 000- 35, 000, about 5, 000 Mr / N- l i nked si t e. Compar a-

t i vel y, I CAM- 1 has 8 Wi nked gl ycosyl at i on si t es, whi ch

account f or about 41, 000 Mr of t he appar ent Mr i n SDS-

PAGE. An i ncr ease of about 3, 000 Mr / N- l i nked gl ycosyl a-
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JY bi ndi ng t o HUVEC i s sol el y I CAM- 1 and I CAM- 2- de-

pendent . Conf l uent monol ayer s of HUVECi n 96- wel l pl at es wer e ei t her

unt r eat ed or st i mul at ed f or 24 h bef or e assay wi t h 20 ng/ ml r ecombi nant

TNF- a. BCECF- l abel ed JY cel l s wer e bound t o t he endot hel i al cel l

monol ayer f or 60 mi n at 37° C and t hen washed by aspi r at i on si x t i mes .

Bef or e bi ndi ng, JY cel l s wer e i ncubat ed wi t h sat ur at i ng concent r at i ons

of cont r ol mAb X63; mAb' 17S2/ 9 ( ant i - LFA3) ; mAb RRI / 1 ( ant i - I CAM-

1) ; mAb . CBR- I C2/ 1 and mAb CBR- I C2/ 2 ( ant i - I CAM- 2) ; or mAb

RR1/ 1, mAb CBRI C2/ 1 and mAb CBRI C2/ 2 ( ant i - I CAM- 1+2) . Al -

t er nat i vel y, HUVEC wer e pr et r eat ed wi t h mAb TSI / 22 ( ant i - LEA- l a) .

One r epr esent at i ve exper i ment of f our i s shown and er r or bar s i ndi cat e

one SD.

t i on si t e i s mor e t ypi cal of gl ycopr ot ei ns ; t her ef or e, t he

Wi nked car bohydr at es of I CAM- 1 and I CAM- 2 appear un-

usual l y l ar ge . Ther e ar e si x and t hr ee Wi nked gl ycosyl at i on

si t es i n domai ns 1 and 2 of I CAM- 2 and I CAM- 1, r espec-

t i vel y . The l i gand bi ndi ng r egi on of I CAM- 1 has been l ocal -

i zed t o domai n 1 ( 14) ; t he compar abl e r egi on i n I CAM- 2

i s mor e heavi l y gl ycosyl at ed.

The over al l t i ssue di st r i but i on of I CAM- 2 i s mor e r est r i ct ed

t han t hat of I CAM- 1 . I CAM- 2 i s r est r i ct ed l ar gel y t o en-

dot hel i um and cer t ai n i nt er st i t i al cel l s . Asi de f r om vascul ar

st ai ni ng, I CAM- 2 i s not f ound at al l i n t he t hymus, whi l e

di scr et e cl ust er s of I CAM- 2 posi t i ve cel l s ar e seen i n l ym-

phoi d t i ssue ger mi nal cent er s . As i t i s di f f i cul t t o di st i ngui sh

bet ween t he t i ght l y cl ust er ed f ol l i cul ar dendr i t i c cel l s ( FDC)

and t he sur r oundi ng ger mi nal cent er B cel l s, t hi s di scr et e

st ai ni ng pat t er n coul d r ef l ect r eact i vi t y t o ei t her FDCs or

B cel l s or a subpopul at i on t her eof . Pr evi ous r epor t s have

demonst r at ed t hat FDCs di spl ay a uni que ant i geni c pheno-

t ype, i ncl udi ng expr essi on of many adhesi on mol ecul es such

as I CAM- 1 ( 40) . The expr essi on of I CAM- 2 on t hese cel l s

may cont r i but e i n ant i gen pr esent at i on by i nt er act i ng wi t h

LFA- 1 on ci r cul at i ng l ymphocyt es . The di st r i but i on of

I CAM- 1 i s consi st ent wi t h pr evi ous r epor t s ( 34, 35) and

par al l el s cl osel y t hat of HLADR. I CAM- 1 i s pr esent on non-

l ymphoi d cel l s, i ncl udi ng vascul ar endot hel i um, t hymi c and

mucosal epi t hel i al cel l s, as wel l as B cel l s and f ol l i cul ar den-

dr i t i c cel l s i n t he ger mi nal cent er s of l ymphoi d f ol l i cl es .

The di st r i but i ons of I CAM- 1 and I CAM- 2 on cel l l i nes

par al l el cl osel y t he i mmunohi st ol ogy r esul t s . Expr essi on of

I CAM- 2 was most pr onounced on HUVECs, wher e i t s l evel

on r est i ng endot hel i al cel l s was consi st ent l y 10- 15- f ol d hi gher

t han t hat f or I CAM- 1. I CAM- 2 expr essi on on r est i ng l ym-



phocyt es was sever al - f ol d hi gher t han t hat seen wi t h I CAM- 1,

whi l e monocyt es expr essed equi val ent l evel s of I CAM- 1 and

I CAM- 2 . I CAM- 1 i s st r ongl y expr essed on mel anoma and

car ci noma cel l s ( 41, 42) , wher eas I CAM- 2 i s not . The weak

expr essi on of I CAM- 2 obser ved on l eukocyt es by i mmuno-

f l uor escence f l ow cyt omet r y was undet ect abl e by i mmuno-

hi st ochemi cal anal ysi s of t i ssue sect i ons, pr esumabl y due t o

t he l ower sensi t i vi t y of t hi s t echni que.

The i nduci bi l i t y of I CAM- 1 and const i t ut i ve expr essi on

of I CAM- 2 have i mpor t ant i mpl i cat i ons f or t hei r r ol e i n

i nf l ammat or y and i mmune r esponses . Pr evi ous st udi es have

shown t hat al t hough I CAM- 1 was expr essed at ver y l owbasal

l evel s on endot hel i al cel l s, i t was r eadi l y i nduci bl e by exposur e

of HUVEC t o r ecombi nant I Mot , I I r l , 3, I FN- .
y, TNF- a,

and LPS ( 15, 36, 37) . A second noni nduci bl e l i gand on en-

dot hel i al cel l s f or LFA- 1 was descr i bed ( 15) and was post u-

l at ed t o be I CAM- 2 ( 17) . I ndeed, our st udi es on I CAM- 2

conf i r med t hese pr edi ct i ons . I CAM- 2 sur f ace expr essi on on

endot hel i al cel l s i s unaf f ect ed by a var i et y of i nf l ammat or y

cyt oki nes . Si mi l ar l y, whi l e I CAM- 1 was upr egul at ed upon

st i mul at i on of r est i ng l ymphocyt es, I CAM- 2 expr essi on was

unchanged . These r esul t s poi nt t owar ds I CAM- 1 bei ng t he

maj or l i gand f or LFA- 1 dur i ng i nf l ammat or y or i mmune r e-

sponses, whi l e I CAM- 2 i s of mor e r el at i ve i mpor t ance i n t he

unst i mul at ed r est i ng st at e or ear l y on dur i ng a r esponse be-

f or e I CAM- 1 expr essi on i s i ncr eased .

I CAM- 2 i s t he pr edomi nant LFA1 l i gand on r est i ng en-

dot hel i um, and t her ef or e t hi s pat hway of adhesi on bet ween

l ymphocyt es and r est i ng endot hel i um may have i mpor t ant

consequences f or nor mal r eci r cul at i on of l ymphocyt es t hr ough

t i ssue endot hel i um. The i mpor t ance of LFA- 1 i n r eci r cul a-

t i on i s demonst r at ed by t he 40 t o 60%r educt i on i n nor mal

l ymphocyt e mi gr at i on i nt o l ymph nodes and Peyer ' s pat ches

t hat i s seen f ol l owi ng i n vi vo t r eat ment wi t h LFA1 mAb

( 43) . Nai ve and memor y T cel l s show di st i nct pat hways of

r eci r cul at i on, as memor y T cel l s sel ect i vel y exi t f r om bl ood

t hr ough per i pher al t i ssue endot hel i um, wher eas nai ve T cel l s

exi t t hr ough l ymph node hi gh endot hel i al venul es ( 44) .

I CAM- 2 i s an at t r act i ve candi dat e l i gand t o f aci l i t at e memor y

T cel l r eci r cul at i on as i t i s basal l y expr essed at hi gh l evel s

on r est i ng endot hel i um and memor y T cel l s have i ncr eased

LFA- 1 expr essi on ( 45) . Si mi l ar l y, r est i ng T l ymphocyt es ex-

pr ess l i t t l e or no I CAM- 1, and as such I CAM- 2 may be i m-

por t ant i n i ni t i al T cel l adhesi on wi t h ant i gen pr esent i ng cel l s

t hat bear LFA- 1 ( 46, 47) . I ndeed, i n bot h al l ogenei c and au-

t ol ogous mi xed l ymphocyt e r eact i on a r ol e i s suggest ed f or

LFA- 1 l i gand( s) ot her t han I CAM- 1 ( 48) . Anot her i mmune

r eact i on wher e cel l - t o- cel l cont act i s r equi r ed i s di r ect cyt o-

t oxi ci t y . Lysi s of cer t ai n t ar get s by T cel l s appear t o occur

i n an I CAM- 1- i ndependent , LFA- 1- dependent manner ( 16) .

I t wi l l be of i nt er est t o see what r ol e I CAM- 2 pl ays i n t hese

phenomena .

A mAb t hat bl ocks bi ndi ng of I CAM- 2 t o LFA- 1 was used

t o i nvest i gat e sever al phenomena t hat wer e known t o be

LFA1- dependent , yet I CAM- 1- i ndependent ( 10, 15) . One

such case i nvol ves homot ypi c aggr egat i on of JY, an EBV

t r ansf or med B l ymphobl ast oi d cel l l i ne. PMA- i nduced aggr e-

gat i on of t hi s cel l l i ne, whi l e compl et el y LFA- 1- dependent ,

was onl y par t i al l y i nhi bi t abl e wi t h mAb t o I CAM- 1 ( 10) .
Our r esul t s conf i r m t hese f i ndi ngs and ext end t hemt o show

t hat I CAM- 2 account s f or t he r emai ni ng aggr egat es . Whi l e

t he I CAM- 2 mAb i n combi nat i on wi t h I CAM- 1 mAb can

i nhi bi t al l aggr egat i on, t he I CAM- 2 mAb al one has no i n-

hi bi t or y ef f ect on aggr egat i on . Thi s obser vat i on hi ghl i ght s

one i mpor t ant di f f er ence bet ween I CAM- 1 and I CAM- 2,

namel y t hei r r el at i ve avi di t y f or LFA1. By i mmunof l uor es-

cence I CAM- 1 and I CAM- 2 ar e expr essed at si mi l ar l evel s

on JY, yet by f ar t he maj or adhesi ve component i n homo-

t ypi c aggr egat i on and bi ndi ng t o pur i f i ed LFA- 1 i s due t o

I CAM- 1 . Si mi l ar f i ndi ngs ar e seen wi t h HUVEC bi ndi ng
t o LFA1 and JY adhesi on t o HUVEC, wher e al t hough r est i ng

endot hel i al cel l s expr ess 10- f ol d mor e I CAM- 2 t han I CAM- 1,

t he ef f ect of t he ant i - I CAM- 2 mAb i s r oughl y equi val ent

t o t hat seen wi t h t he ant i - I CAM- 1 mAb. Even af t er 4 h

TNF- a st i mul at i on of endot hel i al cel l s, when I CAM- 2 sur -

f ace expr essi on i s st i l l sever al - f ol d gr eat er t han I CAM- 1, JY

bi ndi ng t o HUVEC i s l ar gel y i nhi bi t abl e by I CAM- 1 mAb

( dat a not shown) . Last l y, when compar i ng adhesi on t o pur i f i ed

LFA- 1 of t r ansf ect ed COS cel l s expr essi ng equi val ent l evel s

of I CAM- 1 and I CAM- 2, t he I CAM- 1 expr essi ng cel l s wer e

mor e r esi st ant t o i ncr eased washi ng shear f or ce t han wer e

t he I CAM- 2 expr essi ng COS cel l s ( 17) . Al l of t hese exper i -

ment s poi nt t owar ds I CAM- 2 bei ng t he l ower af f i ni t y l i gand

f or LFA- 1 . At t he pr esent t i me t he exact r eason f or t he l ower

af f i ni t y of LFA1 f or I CAM- 2, as compar ed t o I CAM- 1, i s

not known, al t hough di f f er ences i n LFA- 1 bi ndi ng si t es, and

decr eased accessi bi l i t y of LFA1 f or I CAM- 2, due t o i t s shor t er

t wo domai n st r uct ur e and i ncr eased l evel of gl ycosyl at i on,
ar e al l pl ausi bl e expl anat i ons .

Anot her i mpor t ant di st i nct i on bet ween I CAM- 1 and

I CAM- 2 i s t he spect r um of i nt egr i ns wi t h whi ch t hey i n-

t er act . Al t hough I CAM- 1 has been shown t o i nt er act wi t h

anot her l eukocyt e i nt egr i n, Mac- 1 ( 49) , I CAM- 2 shows no

det ect abl e bi ndi ng t o Mac- 1 . Pr esent l y, LFA- 1 i s t he onl y

known count er - r ecept or f or I CAM- 2 .

Asi de f r ompur el y adhesi ve i nt er act i ons, t her e may wel l

be qual i t at i ve di f f er ences i n how I CAM- 1 and I CAM- 2 i n-

t er act wi t h LFA- 1 . Pr evi ousl y, i t had been shown t hat r est i ng

T cel l s coul d be act i ved t hr ough combi nat i on of i mmobi -

l i zed ant i - CD3 ant i bodi es and pur i f i ed I CAM- 1 ( 50, 51) . I t

wi l l t hus be i nt er est i ng t o see i f I CAM- 2 can exer t si mi l ar

ef f ect s, and ascer t ai n i f si gnal t r ansduct i on vi a LFA- 1 i s t he

same when usi ng I CAM- 2 as l i gand . Si mi l ar l y, act i vat i on of

T cel l s t hr ough CD3 causes a change i n LFA- 1 avi di t y f r om

l owt o hi gh, r esul t i ng i n i ncr eased bi ndi ng of T cel l s t o pur i f i ed

I CAM- 1 ( 30) . By exami ni ng i f t hi s avi di t y change al so ex-

t ends t o I CAM- 2 bi ndi ng, i t woul d be possi bl e t o f ur t her

di ssect di f f er ences bet ween t he I CAMs . Anot her ar ea wher e

I CAM- 1 and I CAM- 2 coul d pot ent i al l y di f f er i s i n t hei r as-

soci at i on wi t h cyt opl asmi c pr ot ei ns . Pr ef er ent i al i nt er act i on

wi t h ei t her I CAM- 1 or I CAM- 2, per haps di ct at ed i n f ocal

adhesi ons by t he cont act di st ance bet ween cel l s, coul d t hen

r esul t i n di f f er ent cyt oskel et al changes af f ect i ng t he over al l

st r uct ur e and or gani zat i on of t he cel l .

Cer t ai n LFA- 1- dependent I CAM- 1- i ndependent phenom-

ena wer e f ound not t o be account abl e f or by I CAM- 2, t hus
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suggest i ng t he possi bi l i t y of addi t i onal LFA1 l i gand( s) . A

t hi r d l i gand was f ound t o be l ar gel y r esponsi bl e f or SKW3

PMA- i nduced homot ypi c aggr egat i on, and sever al cel l l i nes,

i ncl udi ng SKW3, wer e f ound t o bi nd t o LFA1- coat ed pl ast i c

i n an I CAM- 1, I CAM- 2- i ndependent manner . The st r engt h
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