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Macr ophage ( M¢) adhesi on pl ays an i mpor t ant r ol e i n a var i et y of pr ocesses
i ncl udi ng phagocyt osi s, i nf l ammat i on, i mmuni t y, and at her oscl er osi s . Sel ect i ve
i nt er act i ons wi t h ot her cel l s and wi t h ext r acel l ul ar mat r i x depend on speci f i c
pl asma membr ane r ecept or s, f or exampl e, f or Fc and compl ement , f i br onect i n
and l ami ni n ( 1) . Uni que adhesi on and spr eadi ng of MO on ar t i f i ci al subst r at a

such as gl ass or pl ast i c of t en f or m t he basi s of cel l i sol at i on, but t he sur f ace

mol ecul es i nvol ved i n t hese i mmunol ogi cal l y nonspeci f i c i nt er act i ons have not

been i dent i f i ed . I n ear l y mor phol ogi c st udi es, Rabi novi t ch ( 2) descr i bed a r ol e

f or Mgt + i n spr eadi ng of mur i ne per i t oneal Mo on gl ass, and Bi anco et al . ( 3)

and Got ze et al . ( 4) i mpl i cat ed pr ot eol yt i c enzymes gener at ed by act i vat i on of

t he coagul at i on and compl ement cascades as modul at or s of human monocyt e

spr eadi ng i n vi t r o. However , t he r el at i onshi p bet ween adhesi on and spr eadi ng

and t he r el evance of t hese i n vi t r o phenomena t o adhesi ve i nt er act i ons i n vi vo,

such as endot hel i al cel l bi ndi ng and mi gr at i on i nt o t i ssues, r emai n obscur e .

Some st r uct ur al i nsi ght s have r ecent l y been gai ned i nt o mol ecul es r esponsi bl e
f or t he r ecr ui t ment of myel omonocyt i c cel l s t o i nf l ammat or y si t es . Human
pat i ent s l acki ng t he l eukocyt e f unct i on- associ at ed ant i gen ( LFA) ' f ami l y of sur -
f ace r ecept or s pr esent wi t h r ecur r ent i nf ect i on char act er i zed by t he f ai l ur e of
ci r cul at i ng myel omonocyt i c cel l s t o adher e t o endot hel i um and t o l eave t he
vascul ar compar t ment f or t i ssue spaces ( 5) , a di sease known as l eukocyt e adhesi on
def i ci ency . The LFA f ami l y of noncoval ent l y l i nked het er odi mer s consi st s of
LFA- 1, p150/ 95, and t he Mac- 1 cel l sur f ace r ecept or f or t he compl ement

cl eavage pr oduct i C3b, t he t ype 3 compl ement r ecept or ( CR3) ( 6) . Al l t hr ee

pr ot ei ns shar e a common j 3 chai n of 95 kD whi l e havi ng speci f i c a chai ns of 150-
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170 kD. The r ecent cl oni ng of t he Qchai n ( 7) has r eveal ed an unusual r epeat ed

cyst ei ne- r i ch mot i f i n t he ext r acel l ul ar domai n of t he mol ecul e and consi der abl e

homol ogy t o t he I nt egr i n f ami l y, whi ch i ncl udes f i br obl ast and pl at el et sur f ace

r ecept or s f or f i br onect i n and ot her adhesi ve pr ot ei ns . Myel omonocyt i c cel l s,

especi al l y pol ymor phonucl ear l eukocyt es ( PMN) i sol at ed f r om pat i ent s wi t h

l eukocyt e adhesi on def i ci ency al so di spl ay def ect i ve adhesi on t o var i ous subst r at a

i n vi t r o ( 8) , but si nce al l t hr ee member s of t he LFA f ami l y ar e absent at t he cel l

sur f ace, i t i s not cl ear whi ch component i s nor mal l y r esponsi bl e f or par t i cul ar

adhesi ve f unct i ons, nor has t he r ol e of t hese gl ycopr ot ei ns i n MO adhesi on been

adequat el y def i ned .

I n t hi s st udy we descr i be t he char act er i st i cs of adhesi on of mur i ne per i t oneal

M¢ and PMN i n vi t r o and r epor t t he i sol at i on of an ant i - M¢ mAb t hat pr event s

Mg" - dependent adhesi on of Mo t o bact er i ol ogi c pl ast i c . Thi s mAb, whi ch i s

di r ect ed agai nst an epi t ope on CR3 t hat i s di st i nct f r om t he i C3b bi ndi ng si t e,

i nhi bi t s myel omonocyt i c cel l r ecr ui t ment i nt o t he per i t oneal cavi t y af t er i nj ect i on

i n vi vo . We have t her ef or e mi mi cked aspect s of t he l eukocyt e adhesi on def i ci ency

i n t he mouse wi t h a r eagent r est r i ct ed t o onl y one member of t he LFA f ami l y

and pr ovi de a st r at egy t o i sol at e new pot ent i nhi bi t or s of cel l adhesi on act i ng i n

vi t r o and i n vi vo .

Mat er i al s and Met hods

Cel l s .

	

Mur i ne el i ci t ed macr ophages ( TPM) and PMN wer e har vest ed f r om t he per i -
t oneal cavi t y by l avage 4 and 1 d, r espect i vel y, af t er t he i nt r aper i t oneal i nj ect i on of 1 ml
Br ewer ' s compl et e t hi ogl ycol l at e br ot h . Cyt ospi n pr epar at i ons st ai ned wi t h Gi emsa r e-
veal ed t hat - 80%of t he 4- d exudat e ( 3 X 10 cel l s on aver age) wer e MOand 795%of
t he 1- d exudat e ( 4 X 10 ° cel l s) wer e PMN. Bone mar r ow cel l s, ^ - 45% PMN, wer e obt ai ned
by f l ushi ng t he f emor al cavi t y wi t h PBS. Baci l l e Cal met t e- Guer i n ( BCG) - act i vat ed and
r esi dent per i t oneal Mo and Kupf f er cel l s wer e i sol at ed as descr i bed ( 9) .

Ani mal s .

	

Mi ce ( C57/ BL or Pat hol ogy Oxf or d, PO) , of ei t her sex, wer e br ed at t he Si r

Wi l l i am Dunn School of Pat hol ogy . AOr at s ( speci f i c pat hogen- f r ee) wer e f r omt he MRC
Cel l ul ar I mmunol ogy Uni t i n our depar t ment .

Adhesi on Assays.

	

Cel l s wer e suspended i n I scove' s modi f i cat i on of Dul becco' s Medi um
wi t h 20%FCS and pl at ed at a densi t y of 10 5 cel l s/ wel l i n 96- wel l pl at es t hat wer e ei t her
f l at - bot t omed bact er i ol ogi c pl ast i c ( BP) ( Fl ow Labor at or i es, Ri ckmanswor t h, Uni t ed Ki ng-
dom) or t i ssue cul t ur e- t r eat ed pl ast i c ( TCP) ( St er i l i n, Ashf or d, Uni t ed Ki ngdom) . Af t er
i ncubat i on f or 30 mi n at 37 ° C, pl at es wer e washed t hr ee t i mes i n PBS and adher ent cel l s
wer e f i xed wi t h met hanol . Af t er st ai ni ng wi t h 10% Gi emsa sol ut i on f or 10 mi n, pl at es
wer e washed i n t ap wat er , dr i ed, and t he r et ai ned dye was sol ubi l i zed i n met hanol . St ai n
was quant i f i ed by measur i ng absor bance at 460 nmi n an aut omat i c pl at e r eader ( Dynat ech
Labor at or i es, I nc . , Al exandr i a, VA) . Thi s assay was l i near bet ween 5 X 10 s and 105
adher ent cel l s/ wel l . I n ant i body i nhi bi t i on exper i ment s, hybr i doma- condi t i oned medi a
wer e added t o mi cr ot i t er pl at es and cool ed t o 4° C bef or e addi t i on of cel l s i n t he same
medi um. Af t er pr ei ncubat i on at 4° C f or 30 mi n, nei t her ant i body- t r eat ed nor cont r ol
cel l s had adher ed and t he pl at es wer e t hen war med t o 37 ° C f or 30 mi n bef or e washi ng
and pr ocessi ng . I n det achment assays, 10 5 MOwer e pl at ed i n ser um cont ai ni ng medi um
and al l owed t o adher e f or 60 mi n at 37 ° C. Af t er washi ng t o r emove nonadher ent cel l s,

ant i body was added i n medi umand cel l s i ncubat ed at 37' C f or 30 mi n . Ther eaf t er , pl at es
wer e washed and pr ocessed as above and t he per cent age of det ached cel l s was cal cul at ed .
The ef f ect s of var i ous i nhi bi t or s on adhesi on wer e st udi ed by pr ei ncubat i ng cel l s i n one
or mor e of 5 uMcyt ochal asi n B ( CB) , 10 ug/ ml col cemi d, or 5 mM 2- deoxygl ucose f or
30 mi n at 4° C bef or e per f or mi ng t he adhesi on assay i n medi um wi t h 10% FCS as
descr i bed above . Exper i ment s assessi ng t he cat i on r equi r ement s of adhesi on wer e car r i ed
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out i n I scove' s medi umand 10%FCS wi t h ei t her 5 mMEDTAor 5 mMEGTA t o r est r i ct
Ca" and Mg" , or Ca' al one . The absol ut e cat i on r equi r ement s wer e det er mi ned by
per f or mi ng adhesi on assays i n Ca" - and Mgt + - f r ee HBSS, wi t h 10% FCS di al yzed t o
r emove di val ent cat i ons and def i ned quant i t i es of added CaC1 2 or MgC12 . The ef f ect of
sur f ace pr ot eol ysi s on adhesi on was assessed by t r eat i ng cel l s i n suspensi on wi t h 0 . 5 mg/ ml
Pr onase ( Boehr i nger Mannhei m Bi ochemi cal s, Lewes, Uni t ed Ki ngdom) or 0 . 1 mg/ ml
cr yst al l i ne t r ypsi n i n I scove' s medi um wi t hout added pr ot ei n f or 30 mi n at 37° C. Af t er
washi ng t he cel l s i n 10% FCS, t hey wer e pl at ed i n ser um- cont ai ni ng medi um on t he
appr opr i at e subst r at umand assayed i n t he st andar d adhesi on assay .

Ant i body Pr oduct i on .

	

mAb 5C6 was t he pr oduct of a f usi on bet ween spl een cel l s f r om
an AOr at , i mmuni zed f our t i mes wi t h TPM, and t he Y3 r at myel oma l i ne. The f usi on
was per f or med as descr i bed by Gal f r e et al . ( 10) . Hybr i doma super nat ant s wer e scr eened

f or i nhi bi t i on of at t achment and f or det achment of TPM. One posi t i ve cul t ur e out of
1, 056 wel l s was i sol at ed and cl oned t wi ce by l i mi t i ng di l ut i on . Ant i body was pur i f i ed f r om
asci t es by sodi um sul phat e pr eci pi t at i on, ani on- exchange chr omat ogr aphy on DEAE-
Sephacel ( Phar maci a Fi ne Chemi cal s, Hounsl ow, Uni t ed Ki ngdom) and gel f i l t r at i on
chr omat ogr aphy on S- 300 Sephadex ( Phar maci a Fi ne Chemi cal s) . Pur i t y was assessed by
SDS- PAGE i n 10% acr yl ami de gel s usi ng t he buf f er syst em of Wyckof f et al . ( 11) and
st ai ni ng wi t h Coomassi e Bl ue . The I gG was f r ee of any ot her pr ot ei n bands when r un
ei t her r educed or nonr educed . F( ab' ) 2 f r agment s wer e pr epar ed by pepsi n di gest i on of
I gG at pH 4 . 0 i n 0. 1 Macet at e af t er Rousseaux et al . ( 12) and pur i f i ed by gel f i l t r at i on
chr omat ogr aphy . Fab f r agment s wer e pr oduced by papai n di gest i on of I gG i n 75 mM
sodi umphosphat e, pH 7 . 0/ 75 mMNaCl and pur i f i ed by ani on- exchange chr omat ogr aphy
on DEAE- Sephacel . 5C6 i s a r at I gG2b as t yped by Oucht er l ony gel di f f usi on usi ng
ant i ser a di r ect ed agai nst r at I gG subcl asses suppl i ed by Dr . H. Bazi n ( Cat hol i c Uni ver si t y,
Louvai n, Bel gi um) . 5C6 was f l uor escei nat ed by t he met hod of Mason ( 13) .

Label i ng, I mmunopr eci pi t at i on, and SDS- PAGE.

	

4- d TPMwer e pl at ed at 10' cel l s/ 10-
cm t i ssue cul t ur e di sh and cul t i vat ed over ni ght i n met hi oni ne- f r ee medi umwi t h 200 , uCi
[ 35S] met hi oni ne. Af t er a chase i ncubat i on wi t h unl abel ed met hi oni ne, t he cel l s wer e
washed i n PBS and l ysed i n I % vol / vol Tr i t on X- 100 i n PBS, 10 mM EDTA, 3 mM
PMSF and 3 mMi odoacet ami de, Af t er pr ecl ear i ng t he l ysat e wi t h pr ot ei n A- Sephar ose,
mAb i n det er gent was added f or 60 mi n at VC.C. Ther eaf t er , t he mAb- ant i gen compl ex
was pr eci pi t at ed wi t h r abbi t I gG ant i - r at I gG- pr ot ei n A- Sephar ose. The beads wer e
washed by st andar d met hods and boi l ed i n sampl e buf f er cont ai ni ng 2%SDS. The el uat es
wer e anal yzed by el ect r ophor esi s on 10% pol yacr yl ami de gel s and aut or adi ogr aphy .
Cont r ol pr epar at i ons cont ai ned an mAb t o det er mi nant s not f ound i n mouse MO. I n
pept i de mappi ng exper i ment s, 5C6 and M1/ 70 i mmunopr eci pi t at es on pr ot ei n A- Seph-
ar ose beads wer e di gest ed f or var yi ng t i mes at 37 ° C wi t h 100 kg/ ml cr yst al l i ne t r ypsi n .
The r eact i on was st opped by boi l i ng t he beads i n SDS sampl e buf f er and t he r esul t ant
cl eavage pat t er ns wer e anal yzed by SDS- PAGE.

Pr epar at i on of Der i vat i zed Subst r at a .

	

Fi br onect i n- coat ed sur f aces wer e pr epar ed by
coat i ng t i ssue- cul t ur e pl ast i c sur f aces wi t h gel at i n f ol l owed by f r esh mouse ser umf or 1 h
at r oom t emper at ur e . The wel l s wer e t hen ext ensi vel y washed wi t h PBS. Pol y- L- l ysi ne-
coat ed, gl ut ar al dehyde- act i vat ed sur f aces wer e der i vat i zed wi t h DNP/ BSA ant i - DNP
i mmune compl exes as descr i bed ( 14) .

Chemot axi s Assay.

	

The di r ect i onal mi gr at i on of myel omonocyt i c cel l s i n r esponse t o
t he chemot act i c t r i pept i de FMLP was assayed under agar ose as descr i bed ( 15) .

Recr ui t ment Assays .

	

PO mi ce wer e i nj ect ed i nt r avenousl y wi t h PBS, 5C6 I gG, 5C6
F( ab' ) 2 , or t he ant i - L3T4 subcl ass- mat ched ( I gG2b) YTA mAb, 4 h bef or e i nj ect i on of 1
ml t hi ogl ycol l at e br ot h i nt r aper i t oneal l y . Al l ant i body i nj ect i ons wer e 0 . 5 mg unl ess st at ed
ot her wi se . At 18 or 96 h af t er t he f i r st i nj ect i on, mi ce wer e ki l l ed and per i t oneal exudat e
cel l s, bl ood, l i ver s, spl eens and bone mar r ows wer e r emoved. Tot al - and di f f er ent i al count s
of exudat e cel l s, bone mar r ow ceps, and bl ood l eukocyt es ( af t er sedi ment at i on of er yt h-
r ocyt es wi t h 1 %Dext r an T500) wer e obt ai ned usi ng May- Gr unwal d- Gi emsa st ai n . I nhi -
bi t i on of r ecr ui t ment by mAb was cal cul at ed as : I nhi bi t i on = [ ( t ot al exudat e cel l s) -
( r esi dent cel l s i n ant i body- t r eat ed mi ce) ] / [ r ecr ui t ed cel l s f r om cont r ol mi ce] . Cel l s wer e
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t hen t est ed f or adhesi on t o BP or TCP. Li ver s and spl eens wer e exami ned hi st ol ogi cal l y
as f ol l ows . I n some exper i ment s t i ssues wer e f i xed i n gl ut ar al dehyde and st ai ned wi t h
haemat oxyl i n and eosi n . I n exper i ment s wher e FI TC- 5C6 had been i nj ect ed i n vi vo,
or gans wer e exami ned f or t he pr esence of mAb by di r ect i mmunof l uor escence of f r ozen
sect i ons ( 5 gm) embedded i n Ti ssuet ek ( Mi l es Labor at or i es I nc . , Naper vi l l e, I L) . Al t er -
nat i vel y, ani mal s wer e per f usi on- f i xed as descr i bed ( 16) and f r ozen sect i ons of t i ssues wer e
anal yzed by t he i mmunoper oxi dase t echni que wi t hout addi ng exogenous f i r st ant i body t o
t he sect i ons .

Roset t i ng Assays .

	

Sheep er yt hr ocyt es ( E) wer e opsoni sed wi t h I gM ant i body and i C3b
or C142 ( 17) , or r abbi t ant i - sheep EI gGand used as a 5% vol / vol suspensi on f or r oset t i ng
at 4° C or phagocyt osi s at 37° C by adher ent TPM ( 18) . Bi ndi ng was quant i f i ed by
count i ng t he number of at t ached er yt hr ocyt es t o 100 TPMby phase- cont r ast mi cr oscopy
af t er washi ng and gl ut ar al dehyde f i xat i on .

Mi cr oscopy .

	

Fl uor escence mi cr oscopy was per f or med usi ng a Zei ss Axi ophot epi f l uo-
r escence mi cr oscope . Scanni ng el ect r on mi cr oscopy was per f or med as descr i bed ( 18) .

Reagent s .

	

M1/ 70, a r at ant i - CR3 mAb, was used ei t her as I gG or hybr i doma super -
nat ant f r om l abor at or y st ocks . The cel l l i ne was t he gi f t of Dr . T. Spr i nger ( Dept . of
Pat hol ogy, Har var d Medi cal School , Bost on, MA) . YTA mAb was a gi f t of Dr . H.
Wal dmann ( Dept . of I mmunol ogy, Uni ver si t y of Cambr i dge, Cambr i dge, Uni t ed Ki ng-
dom) . Rabbi t ant i - E I gM ( EA) and EA i C3b wer e pr ovi ded by Dr . R. Si m ( MRC
I mmunochemi st r y, Uni ver si t y of Oxf or d, Oxf or d, Uni t ed Ki ngdom) . Reagent s wer e
obt ai ned f r om t he f ol l owi ng sour ces : I scove' s medi um ( Fl ow Labor at or i es, I nc . ) ; FCS
( Gi bco Labor at or i es, Pai sl ey, Scot l and) ; Col cemi d ( Dr . E. P. Evans, Si r Wi l l i am Dunn
School of Pat hol ogy) ; Deoxygl ucose, cyt ochal asi n B, EDTA, and EGTA ( Si gma Chemi cal
Co . , Pool e, Uni t ed Ki ngdom) ; Pr ot ei n A- Sephar ose ( Phar maci a Fi ne Chemi cal s) .

Pr ot ei n Assays .

	

Pr ot ei n concent r at i ons of I gG wer e assayed accor di ng t o Lowr y et al .

( 19) usi ng BSA as t he st andar d .

Resul t s

Adhesi on Assays . We char act er i zed M( p and PMN adhesi on i n a var i et y of

si mpl e, r epr oduci bl e, shor t - t er m adhesi on assays t o devel op a scr eeni ng met hod

f or mAbs di r ect ed agai nst f unct i onal epi t opes of phagocyt e sur f ace mol ecul es .

Adher ence of var i ous pr i mar y mur i ne MO t o TCP or BP ( pol yst yr ene) was

exami ned because sel ect i ve adher ence of Mo t o t hese subst r at a f or ms t he basi s

of t hei r r api d pur i f i cat i on f r om ot her bl ood cel l s and f i br obl ast s ( 20) . Al l assays

wer e car r i ed out i n t he pr esence of ser um. The compar at i ve adhesi ve qual i t i es

of di f f er ent cel l s t o t he pl ast i c subst r at a ar e shown i n Tabl e I . The adhesi on of

Mo and exudat e PMN t o BP was Mgt ' - dependent , pr onase- sensi t i ve, and r e-

qui r ed el evat ed t emper at ur e as wel l as cyt oskel et al st abi l i zat i on f or ef f i ci ent

bi ndi ng. Exposur e of TPMt o 0 . 5 mg/ ml pr onase at 37 ° C f or 30 mi n compl et el y

abol i shed t hei r abi l i t y t o adher e t o BP. Thi s ef f ect per si st ed f or at l east 6 h and

cel l s r ecover ed f ul l y by 24 h i n cul t ur e . Rest i ng PMN and t i ssue MO such as

Kupf f er cel l s wer e unabl e t o adher e t o BP. Adhesi on t o BP r equi r ed at l east 100

, uM ext r acel l ul ar Mgt + , and Ca 2' al one was unabl e t o subst i t ut e f or t hi s r equi r e-

ment . The adhesi on of PMN( whet her r est i ng or exudat e) t o TCP had t he same

qual i t i es as M¢ adhesi on t o BP. Al l cel l t ypes t est ed adher ed wel l t o TCP and

showed var yi ng degr ees of spr eadi ng . As i n BP adhesi on, Mo adhesi on t o TCP

r equi r ed el evat ed t emper at ur e and an i nt act cyt oskel et on, but di f f er ed i n bei ng

r esi st ant t o pr ot eol ysi s and was par t i al l y cat i on- i ndependent .

The adher ence of M¢ t o BP appear ed t o be a usef ul means of i dent i f yi ng a

pr onase- sensi t i ve, cat i on- dependent sur f ace component i nvol ved i n cel l adhesi on .



TABLE I

Adhesi on of Cel l s I n Vi t r o Af t er 30 Mi n at 37° C i n 10%FBS. Absor bance of Gi emsa at 460

nmwas Used t o Det er mi ne Adher ent Cel l Number s
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Resul t s of quadr upl i cat es i n t hr ee separ at e exper i ment s ar e expr essed as t he mean absor bance and
t he mean t SDof adher ent cel l number cal cul at ed f r om an i nt er nal st andar d. ~10' myel omonocyt i c
cel l s wer e pl at ed/ wel l .

We t hus used t hi s assay t o scr een f or f unct i onal mAbs capabl e of , f i r st , i nhi bi t i ng

at t achment of TPMt o BP and, second, det achi ng adher ent TPMf r om BP.

mAb SC6 I nhi bi t s Adhesi on t o BP and Det aches Adher ent TPM.

	

I n each of t wo

consecut i ve f usi ons, one hybr i doma secr et i ng a mAb capabl e of i nhi bi t i ng at t ach-

ment of TPMt o BP was i sol at ed . Bot h i dent i f y t he same ant i gen and t hi s r epor t

i s conf i ned t o t he f i r st of t hese mAbs, desi gnat ed 5C6. The ef f ect s of mAb 5C6

on adhesi on of TPMt o bact er i al and TCP ar e i l l ust r at ed i n phase mi cr ogr aphs

i n Fi g . 1 . Fi g . 1 A shows t hat unt r eat ed 4- d TPMadher ed and spr ead on BP

af t er 30 mi n at 37° C i n ser um- cont ai ni ng medi um. Pr ei ncubat i on of t hese cel l s

i n 5C6 hybr i doma super nat ant f or 30 mi n at 4° C bef or e war mi ng t o 37° C t o

al l ow adhesi on, l ed t o t he compl et e abol i t i on of TPMat t achment t o BP ( Fi g .
1B) . Whi l e unt r eat ed TPMadher ed and spr ead on TCP af t er 30 mi n at 37° C

( Fi g. 1 C) , cel l s pr ei ncubat ed wi t h 5C6 showed uni mpai r ed adhesi on t o TCP, but

di d not spr ead at al l ( Fi g . 1 D) . The adhesi on of unt r eat ed TPMt o gl ass was

si mi l ar t o t hat obser ved on TCP. Cont r ol TPMadher ent t o gl ass as shown i n

t he scanni ng el ect r on mi cr ogr aph i n Fi g. 2A, wer e f l at and wel l spr ead . Af t er

t hese cel l s had been pr ei ncubat ed i n 5C6 mAb ( Fi g. 2B) , t he cel l s adher ed vi a a

r el at i vel y smal l , snai l - l i ke f oot pr ocess whi l e t he bul k of t he pl asma membr ane

r emai ned i n a hi ghl y r uf f l ed dome over t he cel l body. Adhesi on of Mo t o gl ass

Cel l t ype and t r eat ment
Ti ssue cul t ur e pl ast i c

Absor bance Cel l number

Bact er i al

Absor bance

pl ast i c

Cel l number

x 10" ' x 10 - '

Resi dent per i t oneal MO 0. 174 96 : t 4 0. 135 74 t 3

Thi ogl ycol l at e PMO 0. 189 104 t 5 0. 147 81 t 5

Kupf f er cel l s 0. 181 99 ± 3 0. 002 1 t 3

Bone mar r ow PMN 0. 180 99 ± 3 0. 008 4 t 3

Exudat e PMN 0. 186 102 t 4 0. 151 83 t 5

Cat i on r equi r ement ( TPM)

Mga* pr esent ( no Ca 21) 0. 161 88 t 4 0. 118 65 t 3

Cas* pr esent ( no Mgt +) 0. 104 57 t 5 0. 004 2 t 2

Nei t her pr esent 0. 104 57 ± 5 0. 004 2 t 2

Pr ot ease sensi t i vi t y ( TPM)

Tr ypsi n 0. 178 98 t 3 0. 152 84 t 4

Pr onase 0. 182 100 ± 2 0. 005 3 t 2

Met abol i c and cyt oskel et al f act or s ( TPM)

Cont r ol s ( 37° C, no i n- 0. 152 84 t 4 0. 135 74 t 3

hi bi t or s)

Temper at ur e <4° C 0. 008 4 t 3 0. 004 2 t 2
Cyt ochal asi n B 5 AM 0. 072 40 ± 3 0. 058 32 ± 3

Col cemi d ( 10 wg/ ml ) 0. 063 35 t 5 0. 049 27 t 4

Cyt ochal asi n B + col - 0. 006 3 t 2 0. 002 1 t 2

cemi d

2- Deoxygl ucose 0. 151 83 ± 3 0. 051 28 ± 1
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FI GURE 1 .

	

mAb 5C6 i nhi bi t ed adhesi on of TPMt o BP and spr eadi ng of TPMon TCP.
TPMwer e pr ei ncubat ed i n medi um al one ( A and C) or 5C6 hybr i doma super nat ant ( B and
D) and 106 TPMwer e pl at ed i n 1 ml of medi um wi t h 10%FCS on a 35- mmpet r i ( A and B)

or t i ssue cul t ur e di sh ( C and D) and al l owed t o adher e f or 30 mi n at 37° C. Af t er washi ng
t hr ee t i mes i n PBS, adher ent cel l s wer e f i xed i n 0. 5%gl ut ar al dehyde and exami ned by phase-
cont r ast mi cr oscopy . 5C6- t r eat ed cel l s f ai l ed t o adher e t o BP ( B) and f ai l ed t o spr ead on TCP
( D) , whi l e cont r ol cel l s adher ed and spr ead on bot h BP ( A) and TCP ( C) .



FI GURE 2 .

	

Scanni ng el ect r on mi cr ogr aphs of cont r ol and 5C6- t r eat ed TPMadher ent t o
gl ass . Tr eat ment and pr epar at i on as i n Fi g. 1 . Af t er f i xat i on i n gl ut ar al dehyde and cacodyl at e
buf f er , pr epar at i ons wer e cr i t i cal poi nt - dr i ed and shadowed wi t h gol d. Cont r ol pr epar at i ons
( A) wer e wel l spr ead whi l e 5C6- t r eat ed pr epar at i ons ( B) adher ed t hr ough a snai l - l i ke f oot
pr ocess and r emai ned r ounded wi t h pl asma membr ane r uf f l es over t he cel l body .
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FI GURE 3 . Quant i t at i ve adhesi on as-
says af t er pr ei ncubat i on of cel l s i n me-
di um al one ( C) , 5C6, or M1/ 70 mAb.
105 TPMor mar r ow PMN ( BM) wer e
pl at ed per wel l i n 96- wel l pl at es on BP
TCP. Resul t s show t he mean t SD of
quadr upl i cat es i n t hr ee separ at e exper i -
ment s af t er i ncubat i on f or 30 mi n at
37° C, washi ng, and Gi emsa st ai ni ng.
Cel l number was cal cul at ed f r om an i n-
t er nal st andar d of 10 5 adher ent
cel l s/ wel l .

TABLE 11

A Compar i son of t he Funct i onal Char act er i st i cs of 5C6 mAb I nt act I gG, F( ab' ) 2, and Fab

Fr agment s] and M1/ 70 I gG

5C6 I gG, F( ab' ) 2 and Fab wer e used at 1, 10, and 100 t +g/ ml r espect i vel y whi l e M1/ 70 was used at
10 kg/ ml . Roset t i ng was quant i f i ed as descr i bed i n Mat er i al s and Met hods. Resul t s r ef l ect t he mean
±SDof at l east t hr ee separ at e exper i ment s.

* TPM wer e di gest ed i n suspensi on ( 30 mi n, 37° C) wi t h 0. 5 mg/ ml pr onase, f i xed i n 0 . 25%
gl ut ar al dehyde, quenched i n FCS, and 106 cel l s wer e assayed i n quadr upl i cat e by t r ace i ndi r ect
bi ndi ng assay ( t wo exper i ment s) . Unt r eat ed cel l s bound 3, 903 t 47 cpmof second ant i body af t er
bi ndi ng of 5C6 and 3, 336 t 51 cpm af t er pr onase di gest i on . Unt r eat ed cel l s bound 3, 292 ± 35
cpm usi ng M1/ 70 as f i r st ant i body and onl y 866 t 12 cpmaf t er pr onase t r eat ment . The Mo-
speci f i c F4/ 80 ant i gen known t o be pr onase- sensi t i ve was abol i shed by t hi s t r eat ment .

and TCP had t wo phases, mAb 5C6- r esi st ant adher ence f ol l owed by mAb 5C6-

sensi t i ve spr eadi ng.

Fi g . 3 and Tabl e I I summar i ze quant i t at i ve assays of adhesi on i n t he pr esence

or absence of mAb and show t hat 5C6 I gGat 0. 5 jug/ ml i nhi bi t ed at t achment of
TPMt o BP by 92 ± I %, whi l e unt r eat ed cel l s or cel l s t r eat ed wi t h sat ur at i ng
concent r at i ons of t he ant i - CR3 mAb M1/ 70, used f or compar i son, di spl ayed

unal t er ed adhesi ve capaci t i es . The i ncr eased adher ence of MI / 70- t r eat ed cel l s

as compar ed wi t h unt r eat ed cel l s r ef l ect ed aggr egat i on of cel l s by t hi s ant i body

and adhesi on of t hese cl ust er s . I n addi t i on t o i t s ef f ect s on Mo adhesi on, 5C6

al so abol i shed t he adhesi on of PMN t o TCP, whi ch was uni mpai r ed i n cont r ol

or M1/ 70- t r eat ed PMN. Whi l e M1/ 70 t r eat ment l ed t o aggr egat i on of myel o-
monocyt i c cel l s i n suspensi on, 5C6- t r eat ed PMNor Mo r emai ned di scr et e .

5C6 I gG 5C6 F( ab' ) 2 5C6 Fab M1/ 70 I gG

I nhi bi t i on of TPMadhesi on t o BP 92 ± 1 51 t 3% 0% - 22%

Det achment of adher ent TPM( BP) 65 t 4% 8t 3% 5t 2% 6t 3%

I nhi bi t i on of Ei C3b r oset t i ng >95% >95% 0% >95%

Pr onase* r esi st ance of epi t ope 85 t 1 ND ND 26 t 1%
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FI GURE 4. Det achment by mAb 5C6
of TPM adher ent t o BP, or of bone
mar r ow PMN ( BM) adher ent t o TCP.
Assay as descr i bed i n Mat er i al s and
Met hods . Medi um al one ( C) or M1/ 70
super nat ant ( M1l 70) f ai l ed t o det ach
ei t her TPMf r om BP or BMf r om TCP.
Resul t s expr essed as mean t SD ( t r i pl i -
cat es i n t wo separ at e exper i ment s) .

The CSAT ant i gen or f i br onect i n r ecept or of avi an f i br obl ast s was i dent i f i ed

by t he abi l i t y of ant i body t o det ach cel l s adher ent t o a f i br onect i n- coat ed

subst r at um ( 21) . Af t er t hi s pr ecedent , we exami ned t he abi l i t y of 5C6 t o det ach

TPMf r om BP or bone mar r ow PMNf r om TCP. Af t er al l owi ng cel l s t o at t ach

and adher e f or 60 mi n at 37° C, pl at es wer e washed and medi um cont ai ni ng

sat ur at i ng concent r at i ons ( 5 , ug/ ml ) of 5C6 or M1/ 70 or no ant i body was added.

Wi t hi n 5 mi n at 37 ° C, spr ead cel l s t r eat ed wi t h 5C6 had become r ounded whi l e

M1/ 70- t r eat ed and cont r ol cel l s wer e unal t er ed . By 30 mi n at 37° C ( Fi g. 4) ,

65%of 5C6- t r eat ed TPMand >85%of 5C6- t r eat ed PMNwer e det ached . Thi s

di f f er ed subst ant i al l y f r om t he 3 %of MI / 70- t r eat ed TPMor PMN det ached i n

t he same per i od . Det achment by l ower concent r at i ons of mAb ( 0 . 05 kg/ ml ) was

sl ower , wi t h 30 mi n needed f or r oundi ng of adher ent cel l s and 90 mi n f or

det achment . The at t achment of TPMt o def i ned subst r at a such as f i br onect i n or

i mmune compl exes was unaf f ect ed by 5C6 mAb ( not shown) .

mAb 5C6 Bi nds t o CR3 and I nhi bi t s i C3b Bi ndi ng.

	

The ant i gen r ecogni zed by

5C6 was char act er i zed by t he cel l bi ndi ng pr of i l e of t he mAb and t he mol ecul ar

speci es i dent i f i ed by i mmunopr eci pi t at i on . I ndi r ect bi ndi ng RI As wi t h f i xed cel l s

and di r ect i mmunof l uor escence st udi es of l i ve cel l s r eveal ed t hat 5C6 bound t o

a met hanol - and gl ut ar al dehyde- st abl e epi t ope on TPM, RPM, BCG- act i vat ed

M0, and PMN t hat was absent f r om t he sur f ace of Kupf f er cel l s ( as gauged by

i mmunoper oxi dase st ai ni ng) and f r om r est i ng or BCG- act i vat ed l ymphocyt es .

I mmunopr eci pi t at i on of 5C6 ant i gen f r om [ s5S] met hi oni ne- l abel ed TPMr e-

veal ed a het er odi mer of 165 kD and 95 kD whi ch comi gr at ed wi t h CR3 as

pr eci pi t at ed by MI / 70 ( Fi g. 5) . Fur t her pr oof of t he i dent i t y of t hese mol ecul es

was t hat t he 165- kD chai n pr eci pi t at ed by 5C6 pept i de mapped i dent i cal l y t o t he

a chai n of CR3 af t er l i mi t ed t r ypt i c cl eavage ( not shown) . I n addi t i on, l i ke i nt act

M1/ 70, bot h 5C6 I gG and i t s F( ab' ) 2 f r agment , but not Fab, i nhi bi t ed r oset t i ng

of EAi C3b t o TPM( Tabl e I I ) wher eas no i nhi bi t i on of r oset t i ng of EAC142 or

EI gG ( FcR) was seen ( not shown) . Maxi mal i nhi bi t i on of EAi C3b r oset t i ng was

obt ai ned wi t h 0 . 35 kg/ ml of 5C6 I gG.

The 5C6 Epi t ope I s Di st i nct f r om t he MI / 70 Epi t ope .

	

The di spar i t y bet ween
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FI GURE 5 . SDS- PAGE ( 10% gel ) and aut or adi ogr aphy of [ ' SS] -

met hi oni ne- l abel ed i mmunopr eci pi t at e of cul t ur ed TPM. Cont r ol

pr epar at i on was pr eci pi t at ed wi t h t he r at ant i - gui nea pi g PMN

mAb 1 A10 . 4, whi l e bot h M1/ 70 and 5C6 pr eci pi t at ed a het er odi -

mer of 165 and 95 kD t hat comi gr at ed .

5C6 and M1/ 70 i n t hei r abi l i t y t o i nhi bi t adhesi on of TPM t o BP l ed us t o

expl or e t he possi bi l i t y t hat t he t wo ant i bodi es i dent i f y di st i nct epi t opes on t he

CR3 mol ecul e . We t her ef or e compar ed t he sensi t i vi t y of t he bi ndi ng of t hese

ant i bodi es t o pr ot eol yt i c di gest i on of t he TPMcel l sur f ace . Di gest i on of t he cel l

sur f ace wi t h pr onase ( 0 . 5 mg/ ml f or 30 mi n at 37° C) dest r oyed most of t he

M1/ 70 bi ndi ng si t es and abol i shed t he M¢- speci f i c F4/ 80 epi t ope, wher eas t he

5C6 si t es wer e mor e r esi st ant t o pr ot eol ysi s ( Tabl e 11) . The 5C6 ant i gen, l i ke

t hat of M1/ 70, i s pr obabl y an a chai n epi t ope, as i t was r est r i ct ed t o myel omon-

ocyt i c cel l s and was absent on l ymphocyt es t hat ar e r i ch i n LFA- 1, whi ch shar es

a common ( 3 chai n wi t h CR3. The 5C6- epi t ope mi ght r equi r e a chai n t oget her

wi t h t he common a chai n si nce af t er di ssoci at i on of chai ns by pH 11 . 5 i n sol ut i on,

5C6 f ai l ed t o pr eci pi t at e any ant i gen . The 5C6 epi t ope was al so di ssoci at ed f r om

t he adhesi ve domai n of CR3 because pr onase di gest i on abol i shed adhesi on of

TPMt o BP whi l e bi ndi ng of 5C6 was l ar gel y i nt act ( Tabl e 1) .

Opt i mal I nhi bi t i on of Adhesi on Requi r es I nt act I gG.

	

We exami ned t he abi l i t y of

def i ned I g f r agment s t o al t er Mo adhesi on t o BP i n vi t r o . I nt act 5C6 I gG
i nhi bi t ed adhesi on of TPMby 92%compar ed wi t h unt r eat ed cel l s ( Tabl e I 1) .

The F( ab' ) 2 f r agment of 5C6 i nhi bi t ed ^- 50%adhesi on despi t e bi ndi ng compar -

abl y t o t he i nt act I gG i n i ndi r ect bi ndi ng assays . The Fab f r agment al so bound

wel l showi ng 50% sat ur at i on at 0. 1 l Ag/ ml of pr ot ei n, but di d not i nhi bi t TPM

adhesi on . I nt er est i ngl y, i n exper i ment s usi ng pur i f i ed 5C6 I gGat concent r at i ons

of 0. 05 mg/ ml wher e monoval ent bi ndi ng becomes si gni f i cant , f unct i onal act i vi t y

of t he I gG di mi ni shed i n a pr ozone- l i ke phenomenon . I t was cl ear t hat di val ent

bi ndi ng was t hus a pr er equi si t e but al one was i nsuf f i ci ent t o i nhi bi t adhesi on .

Onl y t he i nt act 5C6 I gG was abl e t o r ever se adhesi on, but det achment under

t hese condi t i ons was par t i al .

The Ef f ect of mAb 5C6 on Recr ui t ment of Myel omonocyt i c Cel l s t o an I nf l ammat or y

Si t e I n Vi vo . We next exami ned t he possi bl e r ol e of CR3 i n t he r ecr ui t ment of

myel omonocyt i c cel l s t o t he per i t oneal cavi t y . I nt r avenous i nj ect i on of mi ce wi t h
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TABLE I I I

I nj ect i on of 5C6 I gGI n Vi vo I nhi bi t ed Recr ui t ment of Myel omonocyt i c Cel l s t o a Per i t oneal

Exudat e: The Ef f ect of Tr eat ment s on 18- h Per i t oneal Exudat es and Bl ood Leukocyt es

The t r eat ment pr eceded i nt r aper i t oneal t hi ogl ycol l at e i nj ect i on by 4 h i n al l cases. Cont r ol s, ani mal s
not exposed t o t hi ogl ycol l at e br ot h, wi t h or wi t hout 5C6 I gGpr et r eat ment , yi el ded 5- 6 X 106 cel l s,
35%M, 65%L. Bl ood and bone mar r ow cel l count s wer e al so unchanged f r om cont r ol s .

TABLE I V

The Ef f ect s of 5C6 I gGTr eat ment on 4- d Per i t oneal Exudat es and Bl ood Leukocyt es

pur i f i ed 5C6 I gGwas f ol l owed 4 h l at er by an i nt r aper i t oneal chal l enge of st er i l e

t hi ogl ycol l at e br ot h . A t ot al of 22 5C6 I gG- i nj ect ed mi ce and 20 cont r ol mi ce

wer e exami ned i n t hi s ser i es of exper i ment s ( Tabl es I I I and I V) .

I n cont r ol ani mal s, whi ch r ecei ved not hi ng or PBS al one, r ecr ui t ment of cel l s

t o t he per i t oneal cavi t y 18 h af t er t hi ogl ycol l at e i nj ect i on was uni mpai r ed . Cel l

yi el ds wer e enhanced t hr ee- t o f our f ol d over unt r eat ed cont r ol s and consi st ed

pr edomi nant l y of PMN and Mo . By 4 d t he r ecr ui t ed per i t oneal cel l yi el ds had

dr opped by 25%, wi t h a hi gher pr opor t i on of Mo and f ewer PMN. I n t wo mi ce

i nj ect ed i nt r avenousl y wi t h 0 . 5 mg of YTA, an i sot ype- mat ched mAb di r ect ed

agai nst CMant i gen, 22 X 106 per i t oneal cel l s wer e r ecover ed at 18 h compar ed

wi t h 26 X 10 6 cel l s r ecover ed f r omPBS i nj ect ed ani mal s i n t he same exper i ment ,

showi ng a smal l di mi nut i on of r ecr ui t ment . I n st r i ki ng cont r ast , per i t oneal

r ecr ui t ment i n t he 5C6 I gG- i nj ect ed ani mal s was r educed by 84 ± 3%at 18 h,

wher eas per i t oneal yi el ds i n ani mal s t hat r ecei ved t he mAb, but no t hi ogl ycol l at e

br ot h, wer e unaf f ect ed . I nhi bi t i on of r ecr ui t ment per si st ed f or at l east 4 d i n

5C6 I gG- t r eat ed ani mal s . Fr omdi f f er ent i al count s we cal cul at ed t hat 3 . 1 X 106

PMNwer e r ecover ed at 18 h i n ant i body- t r eat ed mi ce compar ed wi t h 2 . 0 X 10 7

Pr et r eat ment Mi ce

Per i t oneal exudat e

Number of
cel l s

Di f f er ent i al

Bl ood

Number of
cel l s/ ml

l eukocyt es

Di f f er ent i al

n X 10- 6 X 10 - 6

PBS i . v . or 16 36 t 4 54P 40M6L 16 t 0. 2 80P 12M8L

not hi ng

0. 5 mg i . v . 18 9. 0 f 2 35P 51M14L 17 t 0. 2 77P 13MI OL

5C6 I gG

0. 5 mg i . v . 2 26 71P 29M 15 72P 13M 15L

5C6 F( ab' ) s

0 . 5 mg i . v . 2 22 65P 33M2L 14 75P I OM15L

YTA I gG

Per i t oneal exudat e Bl ood l eukocyt es

Tr eat ment Mi ce Number of
Number

cel l s
Di f f er ent i al of Di f f er ent i al

cel l s/ ml

n X 10 - 6 X 10 - 6

PBS i . v . 4 27 ± 4 P25 M66 L9 9. 1 55P 12M33L
0. 5 mg 4 9. 4 t 2 P8 M38 L54 8. 6 52P I OM38L

5C6 I gG
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i n cont r ol s and 3. 5 X 10 6 Mo af t er 4 d, compar ed wi t h 1 . 8 X 107 i n cont r ol s .

The abi l i t y of 5C6- i nt act I gG t o i nhi bi t r ecr ui t ment of myel omonocyt i c cel l s

cor r el at ed wi t h i t s i nhi bi t i on of adhesi on i n vi t r o, wher eas t he F( ab' ) 2 f r agment s,

whi ch showed onl y par t i al i nhi bi t i on of adhesi on i n vi t r o, f ai l ed t o i mpai r

r ecr ui t ment i n vi vo . The i nhi bi t i on of r ecr ui t ment by 5C6 I gG was dose-

dependent : 0. 5 mg i . v . I gGwas t he smal l est dose of I gGabl e t o i nhi bi t per i t oneal
r ecr ui t ment >80%at 18 h and i nhi bi t i on of r ecr ui t ment by 0. 1, 0. 2, and 0 . 35

mg was 40, 51, and 68%, r espect i vel y ( one exper i ment , t wo mi ce per dat a poi nt ) .

Per i t oneal cel l s r ecover ed af t er i nt r avenous t r eat ment wi t h mAb adher ed wel l

t o bot h BP and TCP i n vi t r o, suggest i ng t hat t hei r exposur e t o 5C6 had been

subsat ur at i ng . Exper i ment s i n whi ch 5C6 mAb was i nj ect ed di r ect l y i nt r aper i -

t oneal l y, r esul t ed i n bi ndi ng of ant i body t o al l per i t oneal MO whi ch, when

har vest ed, had l ost t hei r abi l i t y t o adher e t o BP or spr ead on TCP, l i ke M¢

t r eat ed wi t h mAb i n vi t r o .

The bl ood, bone mar r ow, l i ver , and spl een of cont r ol and mAb- t r eat ed mi ce

wer e exami ned t o i dent i f y i t s si t e of act i on . Ther e was no di f f er ence i n number

or di f f er ent i al count s of f emor al mar r ow cel l s bet ween cont r ol and 5C6- t r eat ed

mi ce ( si x exper i ment s, not shown) . Mar r ow pl ugs wer e l i ght l y f i xed i n par a-

f or mal dehyde, embedded, and st ai ned by t he i mmunoper oxi dase met hod af t er

f r ozen sect i on t o det ect mAb t hat had bound i n vi vo . Mar r ows f r om5C6- t r eat ed

mi ce showed heavy l abel i ng of most mat ur e myel omonocyt i c cel l s ( not shown) .

Bl ast cel l s, l ymphocyt es, and r esi dent bone mar r ow Mo r emai ned unl abel ed, as

expect ed . Ther e was no evi dence of cel l deat h .

Tabl e I I I shows t he anal ysi s of bl ood l eukocyt es i n cont r ol and exper i ment al

ani mal s . Thi ogl ycol l at e br ot h el i ci t ed a PMN l eukocyt osi s at 18 h, whi ch was

si mi l ar i n ant i body- t r eat ed and unt r eat ed mi ce . I n mi ce t hat had not been

exposed t o t hi ogl ycol l at e, wi t h or wi t hout 5C6 I gGpr et r eat ment , t her e wer e 7-

10 X 10 6 cel l s/ ml , 60- 67% PMN. These dat a showed t hat t he egr ess of myel o-

monocyt i c cel l s f r om mar r ow i nt o bl ood had not been i mpai r ed . Fur t her mor e,

bl ood l eukocyt es i n bot h cont r ol and 5C6 I gG- t r eat ed mi ce wer e not aggr egat ed .

Bl ood PMNf r omcont r ol ani mal s adher ed wel l t o BP and TCP i n vi t r o, wher eas

bl ood l eukocyt es f r om 5C6- I gG- t r eat ed mi ce f ai l ed t o adher e t o ei t her subst r a-

t um( not shown) .

Hi st ol ogi cal anal ysi s of sect i ons of l i ver and spl een showed no evi dence of

l eukocyt e aggr egat i on, cel l deat h, or r emoval by phagocyt osi s . Par t i cul ar at t en-

t i on was pai d t o t he exami nat i on of l i ver si nusoi ds and t he spl eni c r ed pul p and

no di f f er ences wer e di scer ned bet ween cont r ol and mAb- t r eat ed ani mal s . These

obser vat i ons made i t unl i kel y t hat excessi ve PMN mar gi nat i on or phagocyt i c

cl ear ance was r esponsi bl e f or t he f ai l ur e t o r ecr ui t myel omonocyt i c cel l s t o t he

per i t oneal cavi t y .

The obser ved i nhi bi t i on of r ecr ui t ment by ant i body coul d be due t o i nhi bi t i on

of adhesi on of ci r cul at i ng cel l s t o endot hel i um and/ or f ai l ur e of mar gi nat ed cel l s

t o under go di r ect i onal mi gr at i on i nt o t he t i ssue spaces . We t her ef or e exami ned

t he abi l i t y of bone mar r ow l eukocyt es f r om 5C6- t r eat ed and cont r ol mi ce t o

under go chemot axi s i n r esponse t o FMLP i n an under - agar ose assay ( si x ani mal s,

t hr ee exper i ment s) . Ther e was no di f f er ence i n t he di st ance mi gr at ed by bone

mar r ow PMN f r om 5C6 I gG- t r eat ed or cont r ol mi ce ( not shown) , i ndi cat i ng
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t hat t he mAb t r eat ment i n vi vo had not i mpai r ed t he abi l i t y of l eukocyt es t o

r espond t o a def i ned chemot act i c st i mul us .

Di scussi on

Our mai n concl usi on i s t hat t he CR3 mol ecul e cont r i but es t o a par t i cul ar t ype

of adhesi on of myel omonocyt i c cel l s i n vi t r o and i n vi vo . Our st r at egy of scr eeni ng

f or mAbs t hat coul d i nhi bi t or r ever se t he adhesi on of TPM t o BP yi el ded an

i nhi bi t or of i nf l ammat or y cel l r ecr ui t ment i n vi vo, most l i kel y by i nt er f er i ng wi t h

adhesi on t o endot hel i um. I n t he l i ght of f i ndi ngs i n t he l eukocyt e adhesi on

def i ci ency syndr ome, i t i s per haps not sur pr i si ng t hat t he 5C6 mAb was di r ect ed

agai nst t he CR3 mol ecul e, t o an epi t ope di st i nct f r omt he i C3b bi ndi ng si t e . Our

st udi es show t hat t he CR3 i s necessar y f or cer t ai n adhesi ve and mi gr at or y

f unct i ons of l eukocyt es and suggest a st r at egy t o i sol at e novel i nhi bi t or s of

i nf l ammat i on t hat i nt er f er e wi t h r ecr ui t ment of myel omonocyt i c cel l s .

Adhesi on of Myel omonocyt i c Cel l s I n Vi t r o .

	

The di f f er ences bet ween BP and

TCP ar e not wel l document ed, but i t i s cl ear t hat l eukocyt es ar e unusual i n t hei r

abi l i t y t o adher e t o bot h subst r at a, i n t he pr esence of ser um. Our st udi es wi t h

var i ous i nhi bi t or s have def i ned at l east t wo modes of adhesi on, f i r st l y CR3-

dependent , pr onase- sensi t i ve adhesi on of myel omonocyt i c cel l s t o BP. Thi s

depends on Mg 2+, l i ke some ot her LFA- adhesi ve i nt er act i ons ( 22) and i s r eadi l y

r ever si bl e by chel at i on or sel ect ed mAb such as 5C6 . The r equi r ement of Mgt +

f or CR3- dependent adhesi on cor r el at es wi t h t he cat i on r equi r ement s f or t he

r oset t i ng of compl ement - opsoni sed er yt hr ocyt es t o mur i ne myel omonocyt i c cel l s

( 23) , but di f f er s f r om human monocyt e CR3, whi ch r equi r es bot h cal ci um and

magnesi umf or bi ndi ng and phagocyt osi s ( 24) . Thi s adhesi ve mechani smpr ovi des

a usef ul met hod f or i sol at i on of cer t ai n MO popul at i ons . Onl y M¢ t hat expr ess

sur f ace CR3 can bi nd t o BP, unl i ke Kupf f er cel l s ( 9) and cer t ai n t i ssue MO ( 25) ,

suggest i ng t hat ot her adhesi ve mol ecul es on M¢ cannot r epl ace t hi s par t i cul ar

f unct i on . I mmat ur e PMN do not adher e t o BP under t hese condi t i ons, but t hi s

def i ci ency can be over come by i nf l ammat or y st i mul i , whi ch ar e known t o i ncr ease

sur f ace expr essi on of CR3 i n PMN by exocyt osi s ( 26) .

Secondl y, t her e i s CR- i ndependent , pr onase- r esi st ant , and Mo- speci f i c adhe-

si on t o TCP or gl ass . St udi es wi t h mAb 5C6 show t hat t he CR3 can cont r i but e

t o spr eadi ng of el i ci t ed Mo on gl ass, but adhesi on depends on an undef i ned

mechani sm, whi ch at pr esent can onl y be r ever sed by l ocal anaest het i cs ( 2) .

Fur t her st udi es, per haps wi t h speci f i c mAbs t hat i nhi bi t t hi s f unct i on, ar e needed

t o est abl i sh whet her t hi s i s due t o a si ngl e or mul t i pl e Mo- adhesi ve mol ecul e( s) .

The r el at i onshi p bet ween Mo adhesi on and spr eadi ng i s compl ex, but speci f i c

i nhi bi t or s such as 5C6 make i t possi bl e t o di ssect t he cont r i but i on of t he CR3

mol ecul e t o t hese pr ocesses. The mechani smof 5C6 I gG- medi at ed i nhi bi t i on of

adhesi on i s uncl ear . I nhi bi t i on of CR3 adhesi on by an ant i body or ant i body

f r agment was not conf er r ed by t he abi l i t y of an ant i body t o pr event t he bi ndi ng

of i C3b t o i t s r ecept or . Thi s i s evi dent f r om t he f ai l ur e of M1/ 70 and t he 5C6

F( ab' ) 2 adequat el y t o i nhi bi t adhesi on whi l e ef f i ci ent l y bl ocki ng i C3b bi ndi ng .

The epi t ope r ecogni zed di r ect l y by 5C6 i s al so di ssoci at ed f r ombot h t he adhesi on

and i C3b bi ndi ng si t es of CR3 because t he 5C6 Fab f r agment bound excel l ent l y

i n di r ect bi ndi ng assays ( not shown) , and i n f act , compet ed wi t h t he i nt act I gG
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whi l e havi ng no f unct i onal i nhi bi t i on of ei t her of t hose t wo f unct i ons . The 5C6

ant i gen, unl i ke adhesi on f unct i on, was r el at i vel y r esi st ant t o pr onase di gest i on,

agai n suggest i ng t hat t hi s epi t ope i s di st i nct f r ombot h adhesi on and i C3b bi ndi ng

domai ns . The r equi r ement f or di val ent bi ndi ng f or f unct i onal i nhi bi t i on by

ant i body i s consi st ent wi t h a mechani sm t hat i nvol ves st er i c hi ndr ance . The

r equi r ement f or i nt act I gG t o i nhi bi t adhesi on ef f i ci ent l y coul d be ascr i bed t o

t he f ol l owi ng mechani sms : ( a) t he Fc gi ves added l engt h t o t he i nt act mol ecul e,

whi ch i s necessar y f or ef f i ci ent st er i c hi ndr ance ; ( b) t he Fc por t i on mi ght al t er

t he r el at i ve mobi l i t y of t he t wo ant i gen bi ndi ng si t es, al t er i ng t hei r f unct i onal

act i vi t y ; and ( c) t he Fc mi ght bi nd t o t he sur f ace of t he same cel l as t he ant i gen

bi ndi ng si t e ( ? vi a FcR) , and i n some i ndi r ect way f ur t her i mpai r adhesi on . I n

any event , f ur t her exper i ment s ar e needed t o el uci dat e t he r ol e of t he Fc

f r agment of i nt act 5C6 I gG.

The r ever si bl e nat ur e of CR3- medi at ed adhesi on i s shown i n t he det achment

assays . Such det achment coul d r esul t f r om l i mi t i ng avai l abl e r ecept or number s

bel ow a t hr eshol d cr i t i cal f or adhesi on, by compet i ng wi t h subst r at um f or

r ecept or bi ndi ng or by uncoupl i ng r ecept or s f r om cyt oskel et on . The i nhi bi t or y

ef f ect of cyt oskel et al i nhi bi t or s i n t he i n vi t r o assay syst em hi ghl i ght s t he r ol e of

cyt oskel et on i n st abi l i zi ng CR3- medi at ed at t achment .

I nhi bi t i on of I nf l ammat or y Cel l Recr ui t ment I n Vi vo .

	

I nt r avenous i nj ect i on of

r el at i vel y smal l amount s of 5C6 mAb, 0 . 5 mg/ ani mal , r esul t ed i n a pr of ound

and r el at i vel y pr ol onged ( >4 d) i nhi bi t i on of r ecr ui t ment of PMN ( 1 d) or Mo

( 4 d) i nt o a t hi ogl ycol l at e- chal l enged per i t oneal cavi t y . The ef f ect was hi ghl y

r epr oduci bl e, ant i body- speci f i c, dose- dependent , and not obser ved wi t h t he

F( ab' ) 2 f r agment , a poor i nhi bi t or of adhesi on i n vi t r o . Fur t her st udi es conf i r med

t hat t he 5C6 ant i body bound t o bone mar r ow and ci r cul at i ng PMN i n vi vo and

had no det ect abl e ef f ect on l eukocyt osi s or egr ess f r ombone mar r ow. Ci r cul at i ng

PMN t est ed af t er ant i body t r eat ment coul d not adher e i n vi t r o, suggest i ng

f unct i onal act i vi t y of ant i body i n vi vo . The f ai l ur e t o r ecr ui t cel l s was not due t o

cyt ot oxi ci t y, opsoni zat i on and cl ear ance by phagocyt osi s, or aggr egat i on wi t hi n

t he ci r cul at i on . Fur t her mor e, t r eat ed PMN had uni mpai r ed adhesi on t o ot her

subst r at a i n vi t r o, such as f i br onect i n- coat ed sur f aces ( our unpubl i shed obser va-

t i ons) and wer e f ul l y abl e t o r espond t o chemot act i c st i mul i such as FMLP .

Taken t oget her , t hese st udi es suggest t hat 5C6 i mpai r ed t he i nt er act i on of

myel omonocyt i c cel l s wi t h endot hel i um, but f ur t her st udi es ar e needed t o

subst ant i at e t hi s hypot hesi s . St udi es by ot her s have i mpl i cat ed CR3 and LFA- 1

mol ecul es i n l eukocyt e adhesi on t o endot hel i al cel l s i n vi t r o ( 27) . I n an i n vi vo

st udy si mi l ar t o our s, Ar f or s et al . ( 28) have shown t hat a mur i ne mAb di r ect ed

agai nst t he CD18 compl ex, i . e . , al l member s of t he LFA f ami l y, i nhi bi t ed bot h

neut r ophi l accumul at i on and pl asma l eakage i n r abbi t s, pr esumabl y by i mpai r i ng

i nt er act i ons wi t h t he vascul ar endot hel i um. Our st udy nowshows t hat an equal l y

st r i ki ng i nhi bi t i on can be achi eved wi t h an ant i body di r ect ed t o CR3 al one .

The cel l s obt ai ned f r om t he per i t oneal cavi t y af t er t hi ogl ycol l at e br ot h i nj ec-

t i on under ant i body cover showed no i mpai r ed adhesi on . These coul d be ei t her

or i gi nal r esi dent cel l s or r ecr ui t ed cel l s whi ch had been i nsuf f i ci ent l y coat ed wi t h

ant i body, si nce i nj ect i on of ant i body i nt r aper i t oneal l y conf i r med t hat di r ect

access t o ant i body i n vi vo i nhi bi t ed subsequent adhesi on i n vi t r o .
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These st udi es shed f ur t her l i ght on t he l eukocyt e adhesi on def i ci ency syndr ome

i n t hat i t appear s, at l east i n mi ce, t hat CR3 i s necessar y f or mi gr at i on of

myel omonocyt i c cel l s t o an i nf l ammat or y f ocus. However , i ndi r ect ef f ect s of

CR3 l i gat i on on expr essi on of ot her member s of t he LFA f ami l y cannot be

ent i r el y r ul ed out by t he pr esent exper i ment s. The f ai l ur e of M1/ 70, unl i ke

5C6, t o i nhi bi t adhesi on or det ach adher ent cel l s i n vi t r o suppor t s t he not i on of

mul t i pl e f unct i onal domai ns on CR3 ( 29) . The di f f er ences bet ween 5C6 and

M1/ 70 under l i ne t he di ssoci at i on bet ween bi ndi ng t o a par t i cul ar ant i gen and

consequent f unct i onal ef f ect s . St r at egi es t hat ar e di r ect l y f unct i onal , as pur sued

i n t hi s st udy, and i n whi ch i n vi t r o obser vat i ons can be cor r el at ed wi t h ef f ect s i n

vi vo, ar e mor e l i kel y t o yi el d r eagent s t hat cl ar i f y compl ex physi ol ogi c pr ocesses,

r egar dl ess of t he ant i gen t o whi ch t hey bi nd . The def i ni t i on of di scr et e adhesi on-

pr omot i ng domai ns on r ecept or s such as CR3 can l ead t o devel opment of novel ,

speci f i c i nhi bi t or s of i nf l ammat i on t hat act at t he poi nt of myel omonocyt i c cel l

exi t f r omt he ci r cul at i on . Al t hough t he pr esent st udi es i mpl i cat e CR3 as a sui t abl e

t ar get f or such t her apeut i c agent s, ot her mol ecul es may be i nvol ved i n const i t u-

t i ve ent r y of monocyt es i nt o t i ssues and enhanced r ecr ui t ment of i nf l ammat or y

cel l s dur i ng T cel l - dependent r ecr ui t ment and act i vat i on of macr ophages .

Summar y

Macr ophage i nt er act i ons wi t h ext r acel l ul ar mat r i x and ot her cel l s ar e i mpor -

t ant i n phagocyt osi s, i nf l ammat i on, and i mmuni t y . To l ear n mor e about t he

sur f ace mol ecul es i nvol ved i n adhesi on we compar ed t he bi ndi ng of mur i ne

macr ophages and pol ymor phonucl ear l eukocyt es ( PMN) wi t h ar t i f i ci al subst r at e

i n vi t r o . A di st i nct i ve t ype of adhesi on of t hi ogl ycol l at e- el i ci t ed per i t oneal mac-

r ophages ( TPM) t o bact er i ol ogi c pl ast i c ( BP) was def i ned, whi ch was pr onase-

sensi t i ve, Mg" - dependent , and r equi r ed cyt oskel et al st abi l i zat i on . A r at mAb

desi gnat ed 5C6 was i sol at ed because i t i nhi bi t ed TPMat t achment t o BP, as wel l

as medi at i ng det achment of TPMadher ent t o t hat subst r at um. I n addi t i on, i t

i nhi bi t ed t he at t achment of PMN t o t i ssue cul t ur e pl ast i c . Thi s ant i adhesi ve

pr oper t y of 5C6 mAb r equi r ed i nt act I gG; t he F( ab' ) 2 f r agment was par t i al l y

ef f ect i ve and Fab was i nef f ect i ve . 5C6 r ecogni zed t he t ype 3 compl ement

r ecept or , i nhi bi t i ng r oset t i ng of EAC3bi t o TPM and i mmunopr eci pi t at i ng a

het er odi mer of 160 and 95 kD t hat comi gr at ed wi t h t he MI / 70 i mmunopr eci p-

i t at e . 5C6 r ecogni zed a pr onase- st abl e epi t ope di st i nct f r om t hat of MI / 70 .

Ot her mAbs, i ncl udi ng M1/ 70 ( CR3) and 2AG2 ( FcR) , f ai l ed t o have any

ant i adhesi ve ef f ect i n vi t r o .

The i nhi bi t or y act i vi t y of 5C6 i n shor t - t er m adhesi on assays cor r el at ed wi t h

i t s i nhi bi t i on of r ecr ui t ment of myel omonocyt i c cel l s t o a t hi ogl ycol l at e- el i ci t ed

per i t oneal exudat e i n vi vo, af t er i nt r avenous i nj ect i on o£ mAb . 5C6 I gGi nhi bi t ed

r ecr ui t ment of myel omonocyt i c cel l s by 84 ± 3% at 1 d compar ed wi t h sal i ne-

i nj ect ed cont r ol s . The F( ab' ) 2 f r agment and a cl ass- mat ched cont r ol I gG had

l i t t l e ef f ect . Recr ui t ment of TPMat 4 d was al so ef f i ci ent l y i nhi bi t ed by 5C6

I gG. 5C6 I gG was not cyt ot oxi c, had no ef f ect on mar r ow egr ess, di d not cause

i ncr eased phagocyt i c cl ear ance of ci r cul at i ng neut r ophi l s, and had no adver se

ef f ect on chemot axi s i n vi t r o . We show t hat CR3 al one of t he LFA- f ami l y i s

necessar y f or t he r ecr ui t ment of myel omonocyt i c cel l s t o i nf l ammat or y st i mul i
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such as t hi ogl ycol l at e br ot h . Thi s st r at egy may be of gener al use i n i sol at i ng

r eagent s t hat i nhi bi t t he adhesi ve f unct i on of CR3 and pr ovi des a novel appr oach

t o ant i i nf l ammat or y t her apy .

We t hank Dr . G. MacPher son and Mr s . M. Ber gi n- Car t wr i ght f or el ect r on mi cr oscopy,
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phy, and Mr s . El wena Gr egor y f or t ypi ng.
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