
The use of mAbs t o sur f ace ant i gens has i dent i f i ed sever al mol ecul es, ot her t han

t he TCR- CD3 compl ex and pept i de- pr esent i ng MHCpr oduct s, whi ch cont r i but e

t o t he i nt er act i on of APC and Tl ymphocyt es . Most not abl e ar e mAbs agai nst CD4

and CD8 ( 1, 2) , and l ymphocyt e f unct i on- associ at ed ant i gen 1 ( CDl l a, LFA- 1) t ( 3)

and i t s l i gand, i nt er cel l ul ar adhesi on mol ecul e 1 ( CD54, I CAM- 1) ( 4) . Each mAb

i nhi bi t s ant i gen- dr i ven T cel l pr ol i f er at i on when ant i gen i s pr esent ed by a var i et y

of APC, i ncl udi ng one of t he most pot ent , dendr i t i c cel l s ( 5) .

An ear l y st ep i n a pr i mar y i mmune r esponse i s t he associ at i on of Tcel l s and APC

i n di scr et e, l ong- l i ved ( days) , aggr egat es ( 6, 7) . However , none of t he known mol e-

cul es on ei t her T cel l s or dendr i t i c cel l s appear s essent i al f or t he ear l y st ages of cl ust er

f or mat i on i n mi ce, pr i mar i l y because r at mAbs di r ect ed agai nst t hese mol ecul es do

not bl ock t he f or mat i on of si zeabl e aggr egat es i n t he mur i ne MLR( 5) . For exampl e,

mAbs t o LFA- 1 i nhi bi t t he bi ndi ng bet ween T cel l s and act i vat ed B cel l s but f ai l

t o i nhi bi t i ni t i al dendr i t i cT cel l cl ust er i ng ( 8) .

Recent l y, when t he r at has pr oved t o be a di f f i cul t host f or pr epar i ng mAb t o st r uc-

t ur al l y conser ved mur i ne mol ecul es, sever al i nvest i gat or s have used Ar meni an ham-

st er s as a host ( 9- 11) . We adopt ed a si mi l ar appr oach t o sear ch f or mAbs t hat woul d

i nhi bi t dendr i t i cT cel l cl ust er i ng or woul d bi nd t o dendr i t i c cel l s i n a novel assay

usi ng t he FACS. We r epor t her e t he i sol at i on of t wo newant i - mouse l eukocyt e i nt e-

gr i n mAbs : 2E6, whi ch r ecogni zes a det er mi nant common t o al l member s of t he

02 i nt egr i n f ami l y and N418, whi ch i dent i f i es a di st i nct p150, 90 member of t he f ami l y,

possi bl y CDl l c . Usi ng t hese newr eagent s, we descr i be t he di st i nct expr essi on and

f unct i on of l eukocyt e i nt egr i ns on spl een dendr i t i c cel l s .
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Cul t ur e Medi um

RPMI 1640 ( Gi bco Labor at or i es, Gr and I sl and, NY) was suppl ement ed wi t h 20 ug/ ml
gent ami ci n, 5 x 10 - 5 M2- ME, and 10 01o heat - i nact i vat ed FCS ( R10 ; Hazel t on, Lenexa, KS) ,
and used f or mai nt ai ni ng hybr i domas and pr i mar y cel l cul t ur es . For sel ect i ng hybr i domas,

DMEMwi t h hi gh gl ucose ( Gi bco Labor at or i es) was suppl ement ed wi t h 20% FCS, HAT,
2- ME, and ant i bi ot i cs ( HAT medi um) .

Cel l Popul at i ons

Mur i ne spl een dendr i t i c cel l s wer e pr epar ed by a mul t i st ep t echni que ( 12) . Br i ef l y, spl eens

wer e sequent i al l y di gest ed wi t h col l agenase, f l oat ed on dense BSA, adher ed t o t i ssue cul t ur e

pl ast i c, washed f r ee of nonadher ent cel l s, cul t ur ed over ni ght , and depl et ed of cont ami nat i ng

FcR' B cel l s and macr ophages by r oset t i ng wi t h ant i body- coat ed sheep RBC. The dendr i t i c

cel l s wer e r out i nel y >95% pur e as j udged by FACS anal ysi s ( Resul t s) ( 8, 12) .

Bcel l s wer e pur i f i ed f r omspl een suspensi ons by depl et i ng dendr i t i c cel l s and macr ophages

by passage over col umns of Sephadex G10 ( Phar maci a Fi ne Chemi cal s, Pi scat away, NJ) , and

t hen depl et i ng T cel l s by t r eat ment wi t h a cockt ai l of ant i - T cel l r eagent s ( ant i - Ly- 1, ant i Thy-

1, ant i - Ly- 2) and r abbi t compl ement ( Pel - Fr eez Bi ol ogi cal s, Roger s, AR) . Act i vat ed B cel l s

wer e pr epar ed by cul t ur i ng pur i f i ed B cel l s wi t h pol ycl onal goat ant i - mouse I g ( Jackson I m-

munor esear ch, West Gr ove, PA) coupl ed t o CNBr - act i vat ed Sephar ose ( Phar maci a Fi ne Chem-

i cal s) at 5 Wg/ ml f or 2- 3 d . The ant i - I g bl ast s wer e enr i ched on Fi col l - Hypaque gr adi ent s

( Phar maci a) , and shown t o be >95%B bl ast s wi t h si mi l ar l evel s of cl ass I I MHCpr oduct s
t o dendr i t i c cel l s ( 8) .

CD4' T cel l s wer e nyl on wool nonadher ent , mesent er i c l ymph node cel l s t hat had been
t r eat ed wi t h ant i - I a and ant i - Ly- 2 mAbs pl us compl ement t o depl et e accessor y cel l s and
CD8' T cel l s .

Per i t oneal exudat e cel l s wer e har vest ed f r om mi ce 4 d af t er an i nj ect i on of 1- 1 . 5 ml i . p.

of t hi ogl ycol at e ( Di f co Labor at or i es, Det r oi t , MI ) .

I mmuni zat i on and Fusi on

Two f usi ons wer e per f or med usi ng hamst er spl een cel l s t hat had been pr i med t o mouse

spl een dendr i t i c cel l s . I n t he f i r st , whi ch yi el ded t he 2E6 ant i - CD18 r eagent , 5 x 106 den-

dr i t i c cel l s wer e gi ven i nt r aper i t oneal l y on day - 41 and - 3 bef or e f usi ng . I n t he second,

whi ch yi el ded t he N418 ant i p150, 90 and N22 ant i - MHC cl ass I I mAb, t he hamst er s wer e

pr i med wi t h 5 x 106 dendr i t i c cel l s i nt r aper i t oneal l y on day - 220 and boost ed wi t h 1 . 3 x

106 cel l s i nt r aper i t oneal l y on day - 10 and 5 x 106 cel l s i nt r acar di ac on day - 3 .

For bot h f usi ons, on day 0 t he SP 2/ 0 myel oma cel l s wer e mi xed wi t h hamst er spl een cel l s

at a r at i o of 1 : 4 and f used wi t h 50%( wt / vol ) pol yet hyl ene gl ycol f or 90 s . Af t er sl owl y di l ut i ng

t he f usi on mi xt ur e wi t h a t ot al of 15 ml of war m medi um over a t ot al of 8 mi n, t he cel l s

wer e ei t her f ur t her di l ut ed i n HAT medi um ( cl ones N418, N22) f or di r ect pl at i ng or wer e

f i r st cent r i f uged and t hen gent l y r esuspended i n HAT medi umf or pl at i ng ( cl one 2E6) . 2- 3 x

10 4 myel oma cel l s wer e pl at ed per wel l i n 96- wel l f l at - bot t omed pl at es ( mi cr owel l s ; Cor ni ng

Gl ass Wor ks, Cor ni ng, NY) . The wel l s wer e f ed t wo t o f our t i mes over a 3- wk per i od bef or e

scr eeni ng t he cul t ur e super nat ant s .

Hybr i doma Scr eeni ng

Thr ee assays wer e used t o sel ect hybr i domas of i nt er est . ( a) To t est i f t he hybr i doma super -

nat ant ( 25° Jo vol / vol ) woul d i nhi bi t t he f or mat i on of dendr i t i c- T cel l cl ust er s i n t he pr i mar y

MLR, 3 x 104 dendr i t i c cel l s and 3 x 10 5 al l ogenei c T cel l s wer e cul t ur ed i n f l at - bot t omed

mi cr ot est wel l s and cl ust er i ng was assessed at 24 h by mi cr oscopi c obser vat i on . ( b) Super na-

t ant was added t o a cr yost at sect i on of spl een f ol l owed by l abel i ng wi t h a per oxi dase ( POX) -

conj ugat ed ant i - hamst er I g ( i n t he pr esence of 1%mouse ser um) or wi t h bi ot i n- RG7 pl us

avi di n- bi ot i n- per oxi dase compl exes ( see bel ow) . ( c) Sel ect i ve bi ndi ng t o spl een dendr i t i c cel l s

was eval uat ed wi t h a new FACS appr oach . Pur i f i ed dendr i t i c cel l s wer e l abel ed wi t h FI TC

( 2 pg/ ml 20 mi n) as descr i bed ( 13) and mi xed wi t h unl abel ed mesent er i c l ymph node cel l s

at a r at i o of 1 : 10 . 105 cel l s of t he mi xt ur e wer e added t o r ound- bot t omed wel l s cont ai ni ng

100 Al of hybr i doma cul t ur e super nat ant . Bound mAbs wer e det ect ed wi t h ant i - hamst er I g



and a PE- l abel ( see bel ow) , so t hat t wo- col or FAGS anal ysi s woul d i dent i f y mAbs t hat st ai ned
dendr i t i c cel l s ( posi t i ve i n bot h FI TC and PE channel s) but not t he ot her l eukocyt es ( negat i ve

i n bot h channel s) .

Hybr i doma Cl oni ng

Hybr i domas wer e cl oned by l i mi t i ng di l ut i on ( 14) . Wel l s posi t i ve f or hybr i doma gr owt h
wer e r escr eened f or st ai ni ng of spl een sect i ons ( see Resul t s) . The 2E6 ant i - CD18 cel l s have

been st abl e secr et or s, but t he N418 ant i - CDl l c l i ne has r equi r ed per i odi c r ecl oni ng t o pr e-

vent over gr owt h by nonsecr et i ng cl ones .

FACS St ai ni ng

METLAY ET AL .
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105 t o 5 x 10 5 cel l s per sampl e wer e st ai ned i n r ound- bot t omed mul dwel l pl at es . Washi ng
was car r i ed out by cent r i f ugi ng t he pl at es t wo t o t hr ee t i mes bet ween st ai ni ng st eps wi t h PBS
cont ai ni ng 1176 BSA and 0 . 02 %NaN3 . Bi ndi ng of hamst er mAbs was vi sual i zed wi t h a t hr ee-
st ep t echni que i nvol vi ng hybr i doma super nat ant s, bi ot i nyl at ed mouse ant i - r at Kchai n ( mAb
RG7/ 7 . 6, at 2- 3 Rg/ ml ) t hat cr ossr eact s wi t h Ar meni an hamst er K chai ns ( 15) , and PE- st r ep-
t avi di n ( Bi omedi a Cor p. , Fost er Ci t y, CA; 3 j i g/ ml ) . Al t er nat i vel y, t he hamst er mAb was st ai ned
wi t h a FI TC or bi ot i n conj ugat e of a goat ant i - hamst er I g ( Vect or Labor at or i es, Bur l i ngame,
CA) . Bi ndi ng of r at mAbs used a t wo- st ep t echni que i n whi ch t he second r eagent was
FI TC- mouse ant i - r at I g ( Boehr i nger - Mannhei mBi ochemi cal s, I ndi anapol i s, I N; 3 t t g/ ml ) .
Al l sampl es wer e anal yzed on a FACScan ( Bect on- Di cki nson, Mount ai n Vi ew, CA) .

Pr oduct i on, Pur i f i cat i on, and Modi f i cat i on of mAbs

Rat mAbs RA3- 6B2 . 1 ( ant i - B220) , F4/ 80 ( ant i - macr ophage) , Ml / 70 ( ant i - CD l l b/ CR3) ,
FD441 . 8 ( ant i - CDl l a/ LFA- 1) , B21 . 2 ( ant i - I - Ab, d

) , GK1 . 5 ( ant i - CD4) , and 3 . 155 ( ant i -

CD8/ Lyt - 2) wer e al l gr own i n our l abor at or y and used as cul t ur e super nat ant s f or st ai ni ng
and bl ocki ng exper i ment s ( 16) . Hamst er mAbs, i n addi t i on t o t he new r eagent s descr i bed
her e, i ncl uded 2C11 ( ant i - CD3) ( 10) and S4B6. 1 ( ant i - mur i ne I L- 2) ( 11) , whi ch wer e pr ovi ded

by Dr s . J . Bl uest one ( Uni ver si t y of Chi cago, Chi cago, I L) and T. Mossman ( DNAX Re-

sear ch I nst i t ut e, Pal o Al t o, CA) and mai nt ai ned i n our l ab . For I g pur i f i cat i on f r om many

hybr i domas ( 2E6, M1/ 70, and FD441 . 8) , cel l s wer e gr own t o maxi mal densi t y i n ser um- f r ee
medi um( Nut r i doma- SP, Boehr i nger - Mannhei m) , and t he mAb was pr eci pi t at ed wi t h 50%

sat ur at ed [ NH4 ] 2 SO4 f or 2 h at 4° C. Thi s t echni que pr ovi ded I g of hi gh pur i t y as j udged
by Coomassi e st ai ni ng on SDS- PAGE. For pur i f i cat i on of mAb RG7/ 7 . 6 ( 17) , asci t es t hat
had been pr eci pi t at ed wi t h [ NH4] 2504 ( ki ndl y pr ovi ded by M. Bi r kel and and E. Pur e) , was
f ur t her pur i f i ed by pr ot ei n A chr omat ogr aphy . The N418 I g was pur i f i ed f r om hybr i doma
cul t ur e super nat ant usi ng a pr ot ei n A col umn ( Pi er ce Chemi cal Co. , Rockf or d, I L) .

Pur i f i ed mAbs wer e coupl ed t o CNBr - act i vat ed Sephar ose ( Phar maci es Fi ne Chemi cal s)
at a r at i o of 2 mg/ ml packed beads as per manuf act ur er s i nst r uct i ons . Pur i f i ed RG7/ 7 . 6 was
coupl ed wi t h bi ot i n- N- hydr oxysucci ni mi de ( Zymed Labor at or i es, San Fr anci sco, CA) at a
wei ght r at i o of 1 : 1 and t hen di al yzed ext ensi vel y agai nst PD ( PBS wi t hout Cat ' or Mgt +) .

An F( ab' ) 2 f r agment of 2E6. 1 was gener at ed by i ncubat i ng 5 mg pur i f i ed mAb wi t h 0 . 5
ml pepsi n gel ( Pi er ce Chemi cal Co. ) , as per manuf act ur er ' s i nst r uct i ons, f or 4 h at 37° C wi t h
const ant agi t at i on . Undi gest ed mol ecul es wer e subsequent l y r emoved by passage over i m-
mobi l i zed pr ot ei n A col umns. The F( ab' ) 2 f r agment was j udged f r ee of cont ami nat i ng i n-
t act I gG by anal ysi s on SDS- PAGE and Coomassi e st ai ni ng.

I mmunopr eci pi t at i on

1 . 5- 3 x 10' cel l s wer e washed t wo t i mes i n RPMI and one t i me i n PD wi t h 1 mg/ ml gl u-
cose . Cel l s wer e r esuspended i n 1 ml of t he l at t er buf f er and i odi nat ed by t he sequent i al addi -
t i on of gl ucose ( t o 20 mM) , 3 mCi 1251 ( Na 1211 ; New Engl and Nucl ear , Bost on, MA) 20 wg
LPO, and gl ucose oxi dase ( 18) . Af t er 15 mi n on i ce, cel l s wer e washed t hr ee t i mes and t hen
l ysed on i ce wi t h buf f er cont ai ni ng 1%NP- 40, 1% apr ot i ni n, 1 mMPMSF, and 1 mMDFP
( added f r esh) f or 10 mi n . Cel l debr i s and nucl ei wer e pel l et ed at 10, 000 r pmf or 10 mi n. 0 . 5- 1 x
10' cpmwer e pr eci pi t at ed per sampl e af t er f i r st pr ecl ear i ng t he l ysat e t hr ee t i mes wi t h nor mal
r at I g and RG7- Sephar ose, or r at I g coupl ed di r ect l y t o Sephar ose. Sampl es wer e pr eci pi -
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t at ed ei t her di r ect l y wi t h an equal vol ume of ant i body coupl ed t o Sephar ose or i ndi r ect l y
wi t h equal vol umes of ant i body super nat ant f ol l owed by RG7- Sephar ose . Af t er i ncubat i ng
at 4' C wi t h shaki ng, Sephar ose pel l et s wer e washed t wo t i mes wi t h PD, once wi t h hi gh sal t
azi de ( HSA, 0 . 6 MNaCl , 0 . 0125 MKP0 4 , 0 . 02% NaN3, pH 7 . 4) , once wi t h mi xed det er -
gent buf f er ( 0. 05% NP- 40, 0 . 1% SDS, 0 . 3 MNaCl , 10 mMTr i s pH 8 . 6) , once wi t h HSA,
and t wi ce wi t h PD. Pel l et s wer e r esuspended i n 2x sampl e buf f er ( 2 °Jo SDS, 10 17o gl ycer ol ,
80 mMTr i s pH 6. 8, wi t h br omophenol bl ue) , boi l ed, and subj ect ed t o SDS- PAGE and aut o-
r adi ogr aphy wi t h enhanci ng scr eens .

I mmunocyt ochemi st r y

Fr esh t i ssue was embedded i n OCT ( Mi l es I nc . , El khar t , I N) and 10- Am- t hi ck sect i ons
wer e appl i ed t o 10- wel l sl i des ( Car l son Sci ent i f i c I nc . , Peot one, I L) . Sl i des wer e f i xed i n ace-
t one ( 10 mi n, RT) and st ai ned by t he sequent i al addi t i on of pr i mar y mAb super nat ant , bi ot i n-
RG7/ 7 . 6, avi di n- bi ot i n- per oxi dase compl ex ( Vect ast ai n ABC ki t ; Vect or Labor at or i es, I nc . ) ,
and 3, 3' - di ami nobenzi di ne t et r ahydr ochl or i de ( Pol ysci ences, I nc . , War r i ngt on, PA) ( 19) . Sl i des
wer e mount ed i n PD- gl ycer ol f or phot ogr aphy .

Funct i onal Ef f ect s of mAbs on Leukocyt e I nt egr i n Funct i on

C3bi Bi ndi ng.

	

Ter asaki mi cr owel l s wer e coat ed wi t h 20%FCS i n PBS and t hen el i ci t ed
per i t oneal cel l s wer e appl i ed ( 5 p. l / wel l at 10 6 / ml i n PBS wi t h 1% BSA) f or 40 mi n at 37° C .
Af t er washi ng, hybr i doma cul t ur e super nat ant s wer e added t o t he wel l s f or 10 mi n on i ce .
Then sheep RBC coat ed wi t h C3bi ( 20) wer e appl i ed ( 5 pl / wel l at 10 8 / ml ) and i ncubat ed
f or 10 mi n on i ce pl us a f ur t her 30 mi n at 37' C. The pl at es wer e washed by gent l y swi r l i ng
and i nver t i ng i n PBS, and f i xed wi t h 2 . 5 %gl ut ar al dehyde f or scor i ng . The at t achment i ndex
was t he t ot al number of at t ached RBC per number of macr ophages count ed x 100 .

Homoypi c Cl ust er i ng.

	

Thi s assay was per f or med accor di ng t o Rot hl ei n and Spr i nger ( 21) .
Ant i - I g- act i vat ed B cel l s wer e added t o 96- wel l f l at - bot t omed pl at es wi t h 50 ng/ ml PMA( Si gma
Chemi cal Co. , St . Loui s, MO) . mAbs wer e added at 25%vol / vol . The cul t ur es wer e moni -
t or ed under an i nver t ed mi cr oscope and phot ogr aphed af t er 2 h at 37° C.

MLRCl ust er i ng and Pr ol i f er at i on.

	

Pur i f i ed dendr i t i c cel l s or B bl ast s, i r r adi at ed wi t h 1, 500 r ad
' 37 Cs, wer e added i n gr aded doses t o 3 x 10 5 CD4' , al l ogenei c T cel l s i n 96- wel l pl at es ( 8) .
Pur i f i ed mAb or hybr i doma cul t ur e super nat ant was added at t he st ar t of t he MLR. The
cul t ur es wer e phot ogr aphed at 24 h of cul t ur e . 1 uCi / wel l [ 3 H] TdR was added f or t he l ast
8 h as not ed . The wel l s wer e har vest ed wi t h a Skat r on aut omat i c har vest er ( Skat r on, I nc. ,
St er l i ng, VA) t o be count ed wi t h a Bet apl at e sci nt i l l at i on count er ( LKB Wal l ac, Fi nl and) .

Resul t s

Sel ect i on of Di st i nct i ve Hamst er Ant i - mouse Leukocyt e mAb.

	

Sever al appr oaches wer e

used t o scr een hybr i domas t hat wer e gener at ed f r om dendr i t i c cel l i mmune, ham-

st er spl een . One appr oach, t he bl ocki ng of dendr i t i c T cel l cl ust er i ng i n t he pr i mar y

MLR, di d not yi el d a si ngl e act i ve mAb f r om- 1, 500 wel l s i n t wo separ at e f usi ons .

Anot her scr een, i mmunol abel i ng of mouse spl een sect i ons, pr ovi ded a l ar ge number

of r eagent s t hat st ai ned i n a f ashi on t hat had not been not ed pr evi ousl y wi t h a l ar ge

panel of ant i - mouse l eukocyt e mAb ( 19) . A f r equent pat t er n, exempl i f i ed by 2E6,

was r eact i vi t y wi t h many cel l t ypes i n r ed pul p especi al l y gr anul ocyt es, as wel l as

many cel l s i n whi t e pul p, par t i cul ar l y T cel l s . 2E6 pr oved t o be an ant i - l eukocyt e

i nt egr i n mAb, r ecogni zi ng a det er mi nant shar ed by al l member s of t he l eukocyt e

i nt egr i n f ami l y ( see bel ow) . Anot her f r equent i mmunol abel i ng pat t er n was i dent i cal

t o t hat seen wi t h st andar d ant i - mouse MHC cl ass I I mAb . Thi s al so wi l l be i l l us-

t r at ed bel ow.

A t hi r d scr eeni ng appr oach i nvol ved sel ect i ve bi ndi ng t o dendr i t i c cel l s i n a t wo-

col or FACS assay. FI TC- l abel ed dendr i t i c cel l s wer e mi xed at 1 : 20 wi t h unl abel ed



mesent er i c l ymph node cel l s, and al i quot s of t he mi xt ur e wer e exposed t o t he hy-

br i doma t est super nat ant s . React i ve mAbs wer e vi sual i zed wi t h a bi ot i nyl at ed sec-

ondar y r eagent f ol l owed by PE- st r ept avi di n . The most f r equent pat t er n was a l ack

of r eact i vi t y wi t h ei t her FI TC l abel ed or unl abel ed cel l s ( Fi g . 1 a) . Anot her f r equent

pat t er n was st r ong r eact i vi t y wi t h dendr i t i c cel l s and a subpopul at i on of node cel l s.

I n many cases, as exempl i f i ed by N22 i n Fi g . 1 b, t hese mAb l at er pr oved t o be

ant i - MHC cl ass I I by i mmunopr eci pi t at i on and/ or by compar i son wi t h exi st i ng

ant i - cl ass I I r eagent s i n i mmunol abel i ng pr ocedur es . The most i nt r i gui ng pat t er n,

exempl i f i ed by N418 ( Fi g. 1 c) was cl ear st ai ni ng of dendr i t i c but not l ymph node

cel l s. Whi l e N418 pr oved t o i dent i f y a di st i nct p150, 90 i nt egr i n ( see bel ow) , most

ot her " dendr i t i c cel l speci f i c" candi dat es pr oved t o r eact wi t h a f i ne ext r acel l ul ar ma-

t r i x ar ound bl ood vessel s and scat t er ed about r ed and whi t e pul p . These wer e not

pur sued f ur t her .

Mol ecul ar Char act er i zat i on of N418 and 2E6.

	

I mmunopr eci pi t at i on of " ' I - l abel ed

spl een cel l l ysat e wi t h 2E6 r eveal ed a pr edomi nant het er odi mer of appr oxi mat e mo-

l ecul ar mass 180, 90 kD, wi t h some mi nor bands at 150- 160 kD ( Fi g . 2, t op l ef t , l ane

2) . Thi s pat t er n was r emi ni scent of t hose i mmunopr eci pi t at ed by al r eady char act er -

i zed r at mAbs t o mur i ne LFA- 1 and CR3 ( 22) , and t hei r human count er par t s ( 23) .

These mol ecul es ar e member s of a f ami l y of l eukocyt e / 32 i nt egr i ns, each a het er o-

di mer wi t h a di st i nct a chai n ( r angi ng f r om 180 t o 150 kD) but an i dent i cal a chai n

( 90- 95 kD) . I ndeed, t he 180, 90 kD het er odi mer pr eci pi t at ed by 2E6 comi gr at ed

wi t h bands pr eci pi t at ed by t he ant i - LFA- 1 ct chai n mAb ( FD441 . 8) . Much l ess pr o-

t ei n was pr eci pi t at ed f r om t he spl een cel l l ysat e wi t h ant i - CR3 cx chai n [ Ml / 70] .

Thi s i s consi st ent wi t h t he f act t hat l ymphocyt es, t he maj or cel l popul at i on r el eased

f r om t he spl een, expr ess pr edomi nat el y t he LFA- 1, CD11a i nt egr i n . Sequent i al i m-

munopr eci pi t at i on ( Fi g. 2, t op r i ght ) pr oved t hat 2E6 and ant i - LFA- 1 i dent i f i ed t he

same maj or het er odi mer s on spl een cel l s .
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FI GURE 1 .

	

FACScan pr of i l es r epr esent i ng t ypi cal pat t er ns of st ai ni ng f r om scr eeni ng hybr i doma
super nat ant s . EA- dendr i t i c cel l s wer e pr el abel ed wi t h FI TC as descr i bed and mi xed wi t h bul k
mesent er i c l ymph node cel l s at a r at i o of 1 dendr i t i c cel l t o 10 l ymph node cel l s . 1 x 10 5 cel l s
wer e st ai ned per mi cr owel l wi t h 100 pl of t est hybr i doma super nat ant . I mmunor eact i vi t y was
det ect ed wi t h a 3 l ayer t echni que i nvol vi ng bi ot i n- RG7/ 7 . 6 f ol l owed by PE- st r ept avi di n ( see
Met hods) . Cel l s wer e anal yzed on a FACScan . Resul t s ar e pr esent ed as si ngl e event dot pl ot s
of f l uor escence i nt ensi t y 1 ( FI TC) vs . f l uor escence i nt ensi t y 2 ( PE) . The axes span 4 l ogl o de-
cades . ( A) Nonr eact i ve hybr i doma super nat ant ; ( B) ant i - cl ass I I MHC- r eact i ve mAb, N22; ( C)
dendr i t i c cel l - r eact i ve mAb, N418 .
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FI GURE 2 .

	

I mmunopr eci pi t at i on of 125 I - l abel ed spl een cel l l ysat e and per i t oneal macr ophage
l ysat e wi t h ant i - i nt egr i n mAbs . 3 x 10 7 spl een l eukocyt es ( t op) or 2 . 2 x 10 7 t hi ogl ycol at e el i ci t ed
per i t oneal cel l s ( bot t om) wer e l abel ed wi t h 1251 . I mmunopr eci pi t at i on of cel l l ysat es was per f or med
as descr i bed i n Mat er i al s and Met hods. Sampl es wer e subj ect ed t o SDS- PAGE and aut or adi og-
r aphy. Mol ecul ar wei ght s cor r espond t o t he posi t i ons of mar ker pr ot ei ns st ai ned wi t h Coomassi e
bl ue . ( Lef t ) Pr i mar y i mmunopr eci pi t at i on r un on 6%SDS- PAGE. ( Lane 1) Nor mal r at I g ; ( l ane
Z) 2E6; ( l ane 3) Ml / 70 ( ant i - CD11b) ; ( l ane 4) FD441. 8 ( ant i - CDl l a) . ( Ri ght ) Sequent i al i mmuno-
pr eci pi t at i on of spl een ( t op) and per i t oneal ( bot t om) l ysat es. Sampl es wer e pr ecl ear ed wi t h t he f i r st
mAb, t hen pr eci pi t at ed wi t h a second mAb and r un on 6%SDS- PAGE. ( l ane 1) Ml / 70 f ol l owed
by Ml / 70, ( l ane 2) Ml / 70 f ol l owed by FD441. 8, ( l ane 3) Ml / 70 f ol l owed by 2E6, ( l ane 4) 2E6
f ol l owed by Ml / 70, ( l ane 5) 2E6 f ol l owed by FD441. 8, ( l ane 6) 2E6 f ol l owed by 2E6, ( l ane 7)
FD441 . 8 f ol l owed by Ml / 70, ( l ane 8) FD441. 8 f ol l owed by FD441. 8, ( l ane 9) FD441. 8 f ol l owed by 2E6 .
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I n cont r ast , t he maj or i nt egr i n on per i t oneal macr ophages was a 170, 90 kD het -

er odi mer pr eci pi t at ed by mAb M1/ 70 but not by FD441 . 8 ( Fi g. 2, bot t om l ef t ) , as

expect ed ( 22) . Agai n t he M1/ 70 het er odi mer comi gr at ed wi t h 2E6, and sequent i al

i mmunopr eci pi t at i on ( Fi g. 2, bot t om r i ght ) conf i r med t he i dent i t y of t hese t wo het er o-

di mer s . Based on t hese r esul t s, and addi t i onal bl ocki ng exper i ment s bel ow, we con-

cl uded t hat 2E6 r ecogni zes a det er mi nant common t o t he LFA- 1 ( CDl l a) and CR3

( CD11b) member s of t he l eukocyt e / 32 i nt egr i n f ami l y, most l i kel y t he common CD18

( 3 chai n .

Si nce mAb 2E6 was r ai sed agai nst spl een dendr i t i c cel l s and st ai ned t hese cel l s

st r ongl y ( see bel ow) , we per f or med compar abl e st udi es on i odi nat ed spl een dendr i t i c

cel l s . 2E6 pr eci pi t at ed LFA- 1 and CR3 ot chai ns f r omt he dendr i t i c cel l pr epar at i on,

but t he pr edomi nant speci es was a 150, 90 kD het er odi mer ( Fi g . 3, l ane b) . The

FI GURE 3.

	

I mmunopr eci pi t at i on of 125 1- l abel ed spl een dendr i t i c cel l s wi t h ant i - i nt egr i n mAbs .
( Lane 1) 7 x 107 EA- spl een dendr i t i c cel l s wer e sur f ace l abel ed wi t h 1251 . Sampl es wer e i mmu-
nopr eci pi t at ed as descr i bed i n Mat er i al s and Met hods and subj ect ed t o 6%SDS- PAGE and au-
t or adi ogr aphy. ( Lef t ) Lane T i s t ot al sur f ace- l abel ed dendr i t i c cel l l ysat e . ( Mi ddl e) Pr i mar y i m-
munopr eci pi t at i ons . ( a) S4B6 ( ant i - I L- 2) cont r ol hamst er I gG, ( b) 2E6, ( c) N418, ( d) FD441. 8
pl us Ml / 70 ( bot h mAbs added si mul t aneousl y) . ( Ri ght ) Sequent i al i mmunopr eci pi t at i on. Sampl es
wer e pr ecl ear ed wi t h t he f i r st mAb t hen i mmunopr eci pi t at ed wi t h t he second mAb. ( Lane 1)

S4B6 f ol l owed by S4B6, ( l ane 2) S4B6 f ol l owed by 2E6, ( l ane 3) S4B6 f ol l owed by N418, ( l ane
4) 2E6 f ol l owed by S4B6, ( l ane 5) 2E6 f ol l owed by 2E6, ( l ane 6) 2E6 f ol l owed by N418, ( l ane 7)
N418 f ol l owed by S4B6, ( l ane 8) N418 f ol l owed by 2E6, ( l ane 9) N418 f ol l owed by N418, ( l ane
10) FD441. 8 + Ml / 70 f ol l owed by S4B6, ( l ane 11) FD441. 8 + Ml / 70 f ol l owed by 2E6, ( l ane 12)

FD441. 8 + M1/ 70 f ol l owed by N418 .
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150 kD a chai n was di st i nct , si nce pr ecl ear i ng wi t h ant i - LFA- 1 and CR3 a chai ns

el i mi nat ed t he 180 and 170 kD a chai ns upon r epr eci pi t at i on wi t h 2E6, but di d not

r emove t he 150 kD band ( Fi g. 3, l ane 11) . I nt r i gui ngl y, t he bands at 150 and 90

kD ar e among t he maj or i odi nat ed speci es on dendr i t i c cel l s ( Fi g. 3, l ane T) .

When t he mor e r est r i ct ed ant i - dendr i t i c cel l mAb N418 was t est ed, t he mAb f ai l ed

t o pr eci pi t at e any bands f r omt ot al spl een l ysat e ( not shown) but pr eci pi t at ed a 150,

90 kD het er odi mer f r om dendr i t i c cel l l ysat e ( Fi g. 3, l ane c) . Thi s het er odi mer

comi gr at ed wi t h t he maj or bands pr eci pi t at ed by 2E6. Reci pr ocal pr ecl ear i ng ex-

per i ment s demonst r at ed t hat t he het er odi mer s pr eci pi t at ed by 2E6 and N418 wer e

i dent i cal . Si nce N418 f ai l ed t o pr eci pi t at e any of t he hi gher mol ecul ar mass i nt egr i n

a chai ns, we concl ude t hat N418 r ecogni zes t he a chai n of a 150, 90 kD i nt egr i n,

whi l e 2E6 r ecogni zes t he common ( 3 chai n .

FACSAnal ysi s .

	

Si nce mAb 2E6 r eact ed wi t h al l member s of t he l eukocyt e i nt e-

gr i n f ami l y, i t was not sur pr i si ng t hat i t s cel l ul ar di st r i but i on was ext ensi ve . FAC-

Scan anal yses ( Fi g . 4) showed t hat 2E6 st r ongl y st ai ned a var i et y of l eukocyt es, i n-

cl udi ng spl een dendr i t i c cel l s, act i vat ed Bbl ast s, and per i t oneal macr ophages . However ,

whi l e l ymphocyt es and macr ophages st ai ned as st r ongl y wi t h 2E6 as wi t h ant i - LFA-

1 ( l ymphobl ast s) or ant i - CR3 ( macr ophages) , dendr i t i c cel l s st ai ned mor e st r ongl y

wi t h 2E6 t han wi t h ei t her ant i - LFA- 1 or ant i - CR3 . The N418 mAb, whi ch r ecog-

ni zed a t hi r d, di st i nct , / 32 i nt egr i n, st ai ned t he spl een dendr i t i c cel l s but not t he

l ymphocyt es and macr ophages ( Fi g . 4) . As l i t t l e as 0. 1 l cg/ ml of I g pr ovi ded opt i mal

st ai ni ng of dendr i t i c cel l s, so t hat ant i body was not l i mi t i ng i n t hese assays . Ther e-

f or e t he FRCS dat a agai n showed t hat t he 150, 90 kD i nt egr i n pr i mar i l y was f ound

on dendr i t i c cel l s i n t he popul at i ons we st udi ed .

I mmunocyt ochemi st r y.

	

Spl een sect i ons wer e st ai ned wi t h a panel of mAbs t o known

mouse l eukocyt e ant i gens ( 16) t o i dent i f y t he ant i gens B220 ( B cel l s) , CD3/ 4/ 8 ( T

cel l s) , F4/ 80 ( r ed pul p macr ophages) , RB6 ( gr anul ocyt es) , SER4 ( mar gi nal zone

macr ophages) , and B21- 2 ( MHC cl ass I I ) . These mAb, as descr i bed bef or e ( 19, 24) ,

out l i ned t he Band T cel l ar eas of t he whi t e pul p, t he mar gi nal zone separ at i ng whi t e

and r ed pul p, and t he macr ophage/ gr anul ocyt e- r i ch r ed pul p. Wi t h t hese mAbs as

gui des, i t was not ed t hat 2E6 and N418, t he newmAbs t o l eukocyt e i nt egr i ns, each

st ai ned i n a pat t er n t hat had not pr evi ousl y been descr i bed.

2E6 t he pr esumpt i ve ant i - CD18 r eagent pr oduced ext ensi ve st ai ni ng of bot h whi t e

and r ed pul p ( Fi g . 5, t op r i ght ) . I n t he whi t e pul p, t he l ymphocyt es i n t he Tdependent

ar ea st ai ned mor e st r ongl y t han i n t he B ar ea . I n t he r ed pul p, bot h gr anul ocyt es

and macr ophages wer e st ai ned . The 2E6 st ai n was, f or t he most par t , a composi t e

of t he st ai n seen wi t h t he CD11a ( LFA- 1 or F441 . 8) and CD11b ( CR3 or Ml / 70) mAb.

Ant i - CD11a st ai ned l ymphocyt es, par t i cul ar l y T cel l s ar ound t he whi t e pul p cent r al

ar t er y, whi l e Ml / 70 st ai ned gr anul ocyt es i n t he r ed pul p, and a web of macr ophages

i n t he mar gi nal zone ( Fi g . 5, t op) .

N418 ant i - p150, 90 st ai ned t he whi t e and r ed pul p di f f er ent l y f r omt he ot her ant i -

i nt egr i n r eagent s . I n t he whi t e pul p, st ai ni ng was r est r i ct ed t o dendr i t i c pr of i l es wi t hi n

t he T ar ea, wi t h f ew or no pr of i l es i n t he B ar ea ( Fi g. 5, compar e bot t om l ef t and

r i ght ) . The N418 st ai n was di f f er ent f r om N22 ant i - cl ass I I t hat st ai ned al l B cel l s

i n addi t i on t o dendr i t i c pr of i l es i n t he T ar ea ( Fi g . 5, bot t om mi ddl e) . The st ai ni ng

by N418 of dendr i t i c cel l s i n t he Tar ea was expect ed, si nce T ar eas cont ai n " i nt er -

di gi t at i ng cel l s" t hat have t he cyt ol ogy and phenot ype of i sol at ed dendr i t i c cel l s ( 19, 25) .
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FI GURE 4 .

	

FRCS anal yses ( f r equency vs . f l uor escence hi st ogr ams) t o demonst r at e t he di st r i bu-
t i on of l eukocyt e i nt egr i ns on per i t oneal macr ophages, spl een Bbl ast s, and spl een dendr i t i c cel l s .
CxD2 Fl dendr i t i c cel l s ( t op) , ant i - I g bl ast s ( mi ddl e) , and macr ophages ( bot t om) wer e st ai ned wi t h
a ser i es of r at ( l ef t ) or hamst er ( r i ght ) ant i - mouse mAbs . The r at mAbs wer e Ml / 70 ( ant i - CR3) ,
FD441. 8 ( ant i - LFA- 1) , and GK1. 5 ( ant i - CD4, cont r ol r at I gG) . These mAbs wer e vi sual i zed wi t h
a secondar y FI TC- mouse ant i - r at I g. The hamst er mAbs wer e 2E6, N418, and 2C11 ( ant i - CD3,
cont r ol hamst er I g) , and wer e vi sual i zed wi t h a secondar y FI TC- r abbi t ant i - hamst er I g .

I n t he r ed pul p [ not shown] , N418 di d not st ai n gr anul ocyt es, but di d st ai n scat -

t er ed dendr i t i c pr of i l es t hat wer e much l ess numer ous t han t he number of F4/ 80

posi t i ve r ed pul p macr ophages .

I n t he mar gi nal zone bet ween r ed and whi t e pul p, N418 pr oduced a di st i nct st ai ni ng

pat t er n . - To i nt er pr et t he pat t er n at l owpower ( Fi g. 6, t op) , ser i al sect i ons wer e st ai ned

wi t h t he SER4 mAb ( 24) t o out l i ne t he mar gi nal zone macr ophages, whi ch wer e

i n t ur n sur r ounded by t he F4/ 80+ macr ophages of t he r ed pul p as descr i bed ( 19)

( Fi g . 6, t op) . I n cont r ast t o most pr i or descr i pt i ons of t he mar gi nal zone as a con-

t i nuous r i m of macr ophages, her e i dent i f i ed wi t h t he SER4 mAb, we f ound t he

mar gi nal zone t o be i nt er r upt ed by r egi ons cont ai ni ng nest s of N418 + cel l s but ver y
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FI GURE 5 .

	

I mmunol abel i ng of spl een sect i ons wi t h mAb t o l eukocyt e i nt egr i ns . Adj acent sec-
t i ons ar e shown her e . ( Top) Compar i son of mAb t o CD11a ( LEA- 1) , CDl l b ( CR3) , and CD18
( 2E6) . x 50 . Each mi cr ogr aph i ncl udes a whi t e pul p nodul e ( WP) , wi t h a cent r al ar t er i al vessel
( bl ack ar r owhead) sur r ounded by r ed pul p ( RP) . The cent r al r egi on of t he whi t e pul p cont ai ns
a T ar ea ( T) sur r ounded by a B ar ea ( B) , as evi denced by st ai ni ng adj acent sect i ons wi t h mAb
t o T and B cel l s ( not shown) . Ml / 70, ant i - CR3 or CDl l b st ai ns mar gi nal zone macr ophages
at t he bor der of whi t e and r ed pul p ( open ar r owheads) and r ed pul p gr anul ocyt es . FD441. 8, ant i -
LFA- 1 or CD11a st ai ns whi t e pul p l ymphocyt es, par t i cul ar l y T cel l s ar ound t he cent r al ar t er y
( cl osed ar r owhead) . 2E6 ant i - CD18 st ai ns t he whi t e pul p l i ke ant i - CD11a except t hat t he l abel i ng
i s l ess i nt ense . Thi s i s because an ant i - r at r at her t han an ant i - hamst er I g was used i n st ai ni ng
t hese sect i ons . 2E6 al so st ai ns t he r ed pul p consi der abl y . At hi gher power , i t i s evi dent t hat bot h
gr anul ocyt es and t he net wor k of r ed pul p macr ophages ar e st ai ned . ( Bot t om) I mmunol abel i ng
of spl eni c whi t e pul p wi t h hamst er ant i - mouse l eukocyt e mAb . Adj acent sect i ons consi st i ng of
a T ar ea ( T) and B ar ea ( B) ar e shown . x200 . ( Lef t ) 2C11 ant i - CD3 out l i nes t he T cel l s i n t he
per i ar t er i al sheat hs of t he whi t e pul p . ( Mi ddl e) N22 ant i - MHC cl ass I I st ai ns most of t he Bcel l s
i n t he whi t e pul p f ol l i cl es, and many l a- r i ch dendr i t i c pr of i l es i n t he T ar ea . ( Ri ght ) N418 ant i -
p150, 90 st ai ns t he T ar ea, but t he pat t er n i s mor e si mi l ar t o an ant i - l a, dendr i t i c cel l st ai n ( com-
par e wi t h N22 ant i - I a, mi ddl e) t han t o an ant i - T cel l st ai n ( compar e wi t h 2C11, l ef t ) .



METLAY ET AL .

	

1763

FI GURE 6 .

	

I dent i f i cat i on of nest s of N418' pr esumpt i ve dendr i t i c cel l s i n macr ophage- f r ee
r egi ons at t he mar gi n of whi t e and r ed pul p . ( Top) Adj acent sect i ons ar e st ai ned at l ow power
( x50) t o i dent i f y N418' cel l s at t he whi t e- r ed pul p bor der . F4/ 80 ( l ef t ) pr i mar i l y st ai ns macr o-
phages i n t he r ed pul p, t her eby hi ghl i ght i ng f i ve whi t e pul p nodul es . SER4 ( mi ddl e) st ai ns mar -
gi nal zone macr ophages t hat l i e j ust i nt er nal t o t he r ed pul p macr ophages . The mar gi nal zone
of f our of t he f i ve whi t e pul p nodul es i n t he sect i on i s punct uat ed by a macr ophage- f r ee r egi on
( ar r owheads) , whi ch i s t he maj or si t e i n whi ch N418 st ai ns ( r i ght ) . ( Bot t om) Adj acent sect i ons, at
hi gher power ( x 200) , of one of t he whi t e- r ed pul p j unct i ons depi ct ed wi t h t he l ar ge cl osed ar r ow-
head i n t he t op panel s . 2E6 ant i - CD18 ( l ef t ) i s used her e t o show a col l ect i on of C1318- r i ch Tcel l s
at t he whi t e- r ed pul p j unct i on . Thi s r egi on i s not occupi ed by macr ophages, as shown wi t h t he
SER4 mAb ( mi ddl e) , but i s occupi ed by densel y st ai ned, N418' dendr i t i c cel l s ( r i ght ) .

f ew macr ophages t hat st ai ned f or SER4 or F4/ 80 ( Fi g. 6) . At hi gher power , t her e

was l i t t l e or no over l ap bet ween t he cel l s st ai ned by N418 and t hose st ai ned by SER4

( Fi g . 6, bot t om) and F4/ 80 ( not shown) . However , t he sect i ons t hr ough t he N418-

st ai ned ar eas cont ai ned ei t her penet r at i ng ar t er i al vessel s and or col l ect i ons of T

cel l s ( Fi g . 6, bot t om) . Thi s pat t er n [ see Di scussi on] of N418 st ai ni ng i s consi st ent

wi t h r ecent obser vat i ons of Aust yn and col l eagues who not ed t hat when dendr i t i c
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cel l s wer e i nj ect ed i nt r avenousl y t hey ent er ed t he mar gi nal zone and t hen homed

i nt o t he per i ar t er i al Tdependent ar eas of t he whi t e pul p ( 26) .

2E6 I nhi bi t s t he Funct i on of Lymphocyt e and Macr ophage I nt egr i ns.

	

Sever al cel l - cel l

bi ndi ng assays ar e avai l abl e t hat ar e known t o depend on i nt egr i n f unct i on . The

N418 ant i - p150, 90 mAb di d not show any demonst r abl e ef f ect i n al l of t he assay syst ems

we t est ed ( not shown) . Concei vabl y, t he N418 epi t ope i s not cl ose enough t o t he ac-

t i ve i nt egr i n bi ndi ng si t e t o i nf l uence f unct i on . 2E6, however , had mar ked i nhi bi -

t or y ef f ect s i n cel l - cel l bi ndi ng assays . One such assay i nvol ves t he homot ypi c ag-

gr egat es t hat devel op bet ween act i vat ed B l ymphocyt es ; t hi s aggr egat i on i s enhanced

af t er t r eat ment wi t h phor bol est er s ( 21) . mAb Ml / 70 ant i - CD11b f ai l ed t o i nhi bi t ,

but FD441. 8 ant i - CDl l a and 2E6 ant i - CD18 wer e compl et el y i nhi bi t or y ( not shown) .

Het er ot ypi c cel l aggr egat es wer e gener at ed bet ween B bl ast s and T cel l s i n a pr i -

mar y MLR( 8) . Agai n bot h mAb FD441. 8 and 2E6 st r ongl y bl ocked bi ndi ng, whi l e

mAb M1/ 70 di d not ( Fi g. 7, bot t om) . I t i s t o be not ed t hat Fc r ecept or s on B bl ast s

wer e not necessar y f or t he i nhi bi t i on wi t h 2E6, si nce t he F( ab' ) 2 f r agment of 2E6

si mi l ar l y i nhi bi t ed t he B cel l - T cel l MLRcl ust er i ng ( not shown) . I n addi t i on, pr ei n-

cubat i on exper i ment s i ndi cat ed t hat t he bl ocki ng ef f ect of t he mAbs was sol el y due

t o t he f unct i on of LFA- 1 on t he T cel l ; i . e . , bl ocki ng of B bl ast LFA- 1 mol ecul es di d

not r educe t he MLRcl ust er i ng but coat i ng t he T cel l s wi t h mAb was i nhi bi t or y

( not shown) .

Red cel l s t hat have been opsoni zed wi t h t he C3bi f r agment of t he compl ement

cascade ( EC3bi ) bi nd t o macr ophages . Thi s bi ndi ng i s medi at ed by t he CR3 mol e-

cul e ( 27) and i s i nhi bi t ed by t he M1/ 70 mAb ( 28) . 2E6 i nhi bi t ed t he bi ndi ng of EC3bi

t o macr ophages, consi st ent wi t h i t s r eact i vi t y wi t h t he common i nt egr i n ( 3 chai n,

whi l e FD448. 1 and cont r ol I g f ai l ed t o i nhi bi t ( not shown) . These r esul t s, whi ch

ar e pr esent ed i n det ai l el sewher e ( 29) , pr ovi ded f unct i onal evi dence t hat 2E6 r ecog-

ni zes a common l eukocyt e i nt egr i n det er mi nant f ound on macr ophages, B cel l s, and

T cel l s .

Rol e of I nt egr i ns i n Dendr i t i c Cel l Funct i on.

	

Pr evi ous r esul t s i n our l abor at or y i ndi -

cat ed t hat mAbs t o CR3 and LFA- 1 di d not r educe t he i ni t i al cl ust er i ng of dendr i t i c

cel l s and pr i mar y T cel l s at t he onset of a cel l - medi at ed i mmune r esponse . Si nce

we had i dent i f i ed a t hi r d i nt egr i n t hat was expr essed at hi gh l evel s on dendr i t i c cel l s,

we wi shed t o eval uat e i t s cont r i but i on t o dendr i t i c cel l - T cel l i nt er act i ons . N418 ant i -

p150, 90 di d not bl ock dendr i t i c cel l T cel l bi ndi ng, but we di d not know whet her

t he N418 mAb bound t o an act i ve si t e on t he 150, 90 kD mol ecul e. Si nce i t was

cl ear f r om t he f unct i onal st udi es on l ymphocyt es and macr ophages t hat 2E6 mAb

bl ocked t he f unct i on of t wo ot her i nt egr i ns, i t mi ght t her ef or e be expect ed t o bl ock

t he f unct i on of t he 150, 90 kDmol ecul e on dendr i t i c cel l s . To measur e t he cont r i bu-

t i ons of l eukocyt e i nt egr i ns i n dendr i t i c cel l f unct i on we r ecor ded t he ef f ect s of 2E6

and ot her ant i - i nt egr i n mAbs bot h ear l y and l at e i n t he pr i mar y MLR.

Af t er 24 h of cocul t ur e i n t he MLR, dendr i t i c cel l s and r est i ng T cel l s f or med

di scr et e cl ust er s t hat wer e r eadi l y vi si bl e under t he i nver t ed mi cr oscope . These ag-

gr egat es wer e si zeabl e ( 5- 20 cel l s i n di amet er ) at 24 h wi t h dendr i t i cT cel l r at i os

as l ow as 1 : 10 or 1 : 30 . At a r at i o of 1 : 3, we r epeat edl y f ai l ed t o obser ve any di f f er -

ences i n t he si ze or f r equency of cl ust er s i n t he pr esence of any of t he t est mAbs,

i ncl udi ng 2E6 ( Fi g. 7, t op) . Thi s f ai l ur e t o obser ve any i nhi bi t i on was al l t he mor e

st r i ki ng because, at t hi s same r at i o of B bl ast s t o T cel l s i n t he MLR, bot h 2E6

and FD441. 8 mar kedl y r educed t he cl ust er i ng ( Fi g . 7, bot t om) .
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FI GURE 7 .

	

( Top) Bl ocki ng of dendr i t i c cel l - T cel l bi ndi ng i n t he MLRwi t h ant i - l eukocyt e i nt e-
gr i n mAbs . 10 5 CxD2 Fl dendr i t i c cel l s wer e added t o 3 x 105 C3HCD4* T cel l s i n mi cr owel l s
i n t he pr esence of 25%vol / vol hybr i doma super nat ant s . ( Bot t om) Bl ocki ng of ant i - I g bl ast - T cel l
bi ndi ng i n t he MLRwi t h ant i - i nt egr i n mAbs . 10 5 CxD2 ant i - I g bl ast s wer e added i n mi cr owel l s
t o 3 x 10 5 C3HCD4* Tcel l s i n t he pr esence of 25%vol / vol hybr i doma super nat ant s . The cul -
t ur es wer e phot ogr aphed at 20 h of t he MLRat x20 . ( a, d) Ml / 70, ( 6, e) FD441. 8, ( c, f ) 2E6 .

As t he dendr i t i cTcel l r at i o was l ower ed i n t he MLR, one coul d begi n t o vi sual i ze

a r educt i on i n t he si ze of t he cl ust er s at 24 h, par t i cul ar l y i n t he pr esence of ant i -

LFA- 1 ( not shown) . Thi s r esul t coul d i ndi cat e t hat at l ower dendr i t i c cel l doses, a

l i gand f or CD11a pl ays a r ol e i n t he f or mat i on of APCT cel l cont act s . The r esul t

al so i s consi st ent wi t h a r ol e f or LFA- 1 i n st abi l i zi ng cl ust er s once t hey ar e f or med,

as pr evi ousl y descr i bed ( 5, 8) . mAbs t hat bl ock t he st abi l i zi ng r ol e of LFA- 1 i n t he

cl ust er woul d be expect ed t o i ncr ease t he di ssoci at i on r at e of such cl ust er s . I t f ol l ows

t hat an i ncr eased di ssoci at i on r at e woul d be vi sual l y mor e appar ent i n t hose cul t ur es

wi t h smal l er cl ust er s, i . e . , t hose cl ust er s f or med at l ower number s of dendr i t i c cel l s .

As a l at er measur e of i nt egr i n f unct i on i n t he MLR, we pul sed t he cul t ur es wi t h

[ 3H] TdR at 72- 80 h t o assess t he l evel of DNA synt hesi s i n t he T cel l s . As pr evi -
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FI GURE 8 .

	

Bl ocki ng of T cel l
pr ol i f er at i on i n t he MLRwi t h
ant i - i nt egr i n mAbs . B6xD2 Fl
ant i - I g bl ast s ( r i ght ) and den-
dr i t i c cel l s ( l ef t ) wer e cul t ur ed i n
gr aded doses wi t h 3 x 105 CxD2
Fl CD4* T cel l s. At t he st ar t of
t he MLR, hybr i doma super na-
t ant s or cont r ol R10 medi um
wer e added at 12 . 5 %vol / vol .
Cul t ur es wer e pul sed f r om 69
t o 77 h .

ousl y obser ved ( 5, 8) , ant i - LFA- 1 i nhi bi t ed T cel l pr ol i f er at i on over t he ent i r e dose-

r esponse ( Fi g . 8) . mAb 2E6 al so bl ocked, but l ess ef f ect i vel y t han ant i - LFA- 1 mAb.

n

Di scussi on

The Hamst er as a Host t o Pr epar e mAb t o Dendr i t i c Cel l s.

	

A mor e t hor ough anal ysi s

of t he t i ssue di st r i but i on and f unct i on of dendr i t i c cel l s has been hamper ed by t he

pauci t y of cel l - r est r i ct ed mAbs . I deal l y, such mAbs woul d r eadi l y l abel dendr i t i c

cel l s i n t i ssue sect i ons, ai d i n t hei r pur i f i cat i on f r omcel l suspensi ons, and hel p i den-

t i f y mol ecul es i mpor t ant f or t he di st i nct aspect s of dendr i t i c cel l f unct i on .

Pr evi ous at t empt s t o r ai se such mAbs by i mmuni zi ng r at s wi t h mur i ne dendr i t i c

cel l s have been unsuccessf ul except f or t he 33D1 r eagent ( 30) . Amaj or pr obl emen-

count er ed i n our exper i ence i s t he abundance of mAbs t o t he pr oduct s of mouse

MHCgenes . I n one such i mmuni zat i on and f usi on, ant i - cl ass I I MHCmAbs r ep-

r esent ed up t o 50% of al l t he posi t i ve hybr i domas ( our unpubl i shed dat a) . Al so,

i t mi ght be expect ed t hat dendr i t i c cel l - r est r i ct ed mol ecul es ar e conser ved among

cl osel y r el at ed speci es . For t hese r easons, t he r at may be a subopt i mal host f or r ai si ng

ant i - mur i ne dendr i t i c cel l mAbs .

Bot h of t hese pr obl ems seemt o be r educed by i mmuni zi ng a mor e phyl ogenet i -

cal l y di st ant speci es, t he hamst er . Hamst er s have been used by ot her s t o r ai se t he

f i r st mAb t o many mur i ne mol ecul es ( 9- 11) . I n our t wo hamst er ant i - mouse den-

dr i t i c cel l f usi ons, ant i - cl ass I I MHCmAbs wer e appar ent , but t hei r f r equency was

about 10%. Fur t her mor e, mAbs t o newspeci f i ci t i es wer e det ect ed, par t i cul ar l y t he

2E6 and N418 ant i - i nt egr i ns descr i bed her e .

Besi des hamst er host s, we al so used t he FACScan t o scr een hybr i doma super na-

t ant s . Thi s assay ( Fi g . 1) i s mor e sensi t i ve t han mi cr oscopi c f l uor escence and r e-

qui r es much smal l er number s of dendr i t i c cel l s . By t wo- col or anal yses, we coul d

sear ch f or dendr i t i c cel l - r eact i ve and - speci f i c mAbs .

Tent at i ve I dent i f i cat i on of t he 2E6 and N418 Epi t opes as CD18 and CD11c.

	

I ni t i al i m-

munopr eci pi t at i on exper i ment s wi t h 2E6 and N418 cl ear l y i ndi cat ed t hat t hese mAbs

r ecogni zed member s of t he l eukocyt e i nt egr i n f ami l y . 2E6 i mmunopr eci pi t at ed t he

wel l - char act er i zed CD11a ( LFA- 1) and CDl l b ( CR3 r ecept or ) het er odi mer s, whi ch
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ar e known ( 22, 23) t o be t he maj or i nt egr i ns on l ymphocyt es and macr ophages r espec-

t i vel y ( Fi g . 2) . Mor eover 2E6 bl ocked l eukocyt e adhesi on event s t hat ar e medi at ed

by t hese i nt egr i ns . Al t hough we wer e unabl e t o bl ot t he shar ed 90 kD CD18 i nt egr i n

a chai n wi t h 2E6, i t seems l i kel y t hat t hi s chai n car r i es t he epi t ope. 2E6 and

ant i - human CD18 mAbs bot h behave i n an i dent i cal f ashi on wi t h r espect t o t he mol -

ecul es r ecogni zed i n i mmunopr eci pi t at i on and adhesi on assays ( 27) . Onl y a si ngl e

compar abl e r eagent t o 2E6, cl one M18, has been r epor t ed i n mi ce ( 22) , but t o our

knowl edge t hi s r eagent has not been used subsequent l y.

The N418 mAb r ecogni zes a di st i nct p150, 90 het er odi mer t hat i s pr eci pi t at ed by

2E6 but not by ant i - CDl l a and CDl l b ( Fi g. 3) . Ther ef or e, N418 l i kel y r ecogni zes

an epi t ope on t he p150 a chai n . Tent at i vel y N418 i s an ant i - CD11c r eagent si nce

CD11c i s t he onl y ot her known l eukocyt e i nt egr i n and i n man has an appar ent mo-

l ecul ar mass of 150 kD. An al t er nat i ve i s t hat N418 r ecogni zes a " CDl l d" a chai n,

but t her e i s l i t t l e evi dence f or a f our t h t ype of l eukocyt e i nt egr i n .

The Ti ssue Di st r i but i on of t he N418 Epi t ope.

	

Lowl evel s of CD11c ar e expr essed on

human gr anul ocyt es and monocyt es, and hi gher l evel s on macr ophages t hat have

been cul t ur ed l ong t er mor obser ved i n t i ssue sect i ons ( 31, 32) . However , t he st udi es

i n man have not addr essed t he quest i on of CDl l c on dendr i t i c cel l s . We have yet

t o see st r ong r eact i vi t y of N418 wi t h mouse macr ophages and gr anul ocyt es ( manu-

scr i pt i n pr epar at i on) . For exampl e, i t r eact s weakl y or not at al l wi t h cul t ur ed per i -

t oneal macr ophages or bl ood monocyt es, wi t h bone mar r ow gr anul ocyt es, or wi t h

macr ophage popul at i ons i n t i ssue sect i ons e. g . , l i ver Kupf f er cel l s and al veol ar mac-

r ophages ( our unpubl i shed obser vat i ons) . Thi s coul d mean t hat human and mouse

CD11c have di st i nct t i ssue di st r i but i ons, t hat dendr i t i c cel l s expr ess a novel f or m

of t he CD11 i nt egr i ns, or t hat N418 r ecogni zes a dendr i t i c cel l - r est r i ct ed epi t ope

on a p150 backbone t hat i s shar ed wi t h phagocyt es .

Especi al l y i nt r i gui ng i s t he l ocal i zat i on of N418 + cel l s i n spl een . I n T ar eas, N418

st ai ned pr of i l es t hat most l i kel y ar e t he i nt er di gi t at i ng cel l s of t hese r egi ons . I nt er -

di gi t at i ng cel l s ar e si mi l ar t o i sol at ed spl een dendr i t i c cel l s i n many r espect s ( 19,

25, 26) , but i t has been di f f i cul t t o obt ai n mAbs l i ke N418 t hat cl ear l y r eact wi t h

bot h dendr i t i c popul at i ons and not wi t h most ot her cel l t ypes . Ant i - MHC cl ass 11

r eagent s l i ke N22 ( Fi g . 5, bot t om) ar e i n our hands t he onl y r eagent s t hat st r ongl y

st ai n i sol at ed dendr i t i c cel l s and can di st i ngui sh i nt er di gi t at i ng cel l s f r omT l ym-

phocyt es i n si t u .

I n addi t i on t o st ai ni ng i n t he cent r al r egi on of t he whi t e pul p, N418 st ai ned even

mor e i nt ensel y at t he per i pher y of t he whi t e pul p nodul e . We wer e abl e t o show

t hat t hese f oci of N418+ cel l s had f ew pr of i l es wi t h t he mar ker s of mar gi nal zone

( 24) and r ed pul p ( 19, 33) macr ophages. The N418 + f oci cor r esponded t o r egi ons

wher e ar t er i al vessel s and T cel l s al so i nt er r upt ed t he mar gi nal zone ( Fi g . 6) . Ther e-

f or e, i t woul d seem t hat most dendr i t i c cel l s i n spl een ar e l ar gel y concent r at ed i n

r egi ons wher e T cel l s ent er i nt o t he whi t e pul p nodul e . Thi s woul d pl ace t hese APC

i n a posi t i on t o sel ect ant i gen- speci f i c r eci r cul at i ng Tcel l s and/ or t o move mor e deepl y

i nt o t he whi t e pul p ar ea .

The Di st i nct I nt egr i ns of Spl een Dendr i t i c Cel l s.

	

I t i s evi dent f r omt hi s st udy t hat t he

l eukocyt e i nt egr i ns on mouse spl een dendr i t i c cel l s ar e abundant and di st i nct f r om

ot her cel l s . Whi l e CD11a and CD11b can be det ect ed on dendr i t i c cel l s, t he dat a

wi t h t he 2E6 and N418 mAbs i ndi cat e t hat t he p150, 90 het er odi mer i s t he most abun-
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dant l eukocyt e i nt egr i n on t hese cel l s . Ther ef or e spl een dendr i t i c cel l s di f f er f r om

most spl eni c l ymphocyt es and phagocyt es whi ch mai nl y expr ess CD11a and CD11b,

r espect i vel y .

CD11c i n man i s not wel l char act er i zed f unct i onal l y. A r ecent r epor t pr esent s evi -

dence f or a f unct i on i n bi ndi ng par t i cl es opsoni zed wi t h C3bi ( 31) . The CD11a and

CD11b mol ecul es have known adhesi on f unct i ons . CD11a cont r i but es t o t he homo-

t ypi c bi ndi ng of l ymphocyt es ( 21) , and t o t he het er ot ypi c bi ndi ng of T t o B cel l s

( 8) and of CTL t o t hei r t ar get s ( 3) . CD11b medi at es t he adhesi on of phagocyt es t o

par t i cl es opsoni zed wi t h C3bi ( 28) and ot her l i gands ( 34- 36) , and t o endot hel i um( 37) .

We t her ef or e t est ed i f N418 woul d bl ock one key bi ndi ng f unct i on of dendr i t i c

cel l s, i . e. , t o T cel l s i n t he MLR. No bl ock was obser ved . Thi s coul d mean t hat N418

f ai l s t o r ecogni ze a f unct i onal domai n needed f or t hi s bi ndi ng. However , 2E6, whi ch

r ecogni zes al l i nt egr i ns i ncl udi ng p150, 90 and bl ocks CD11a and CD11b f unct i ons

i ncl udi ng B- T cel l cl ust er i ng i n t he MLR, has l i t t l e ef f ect on dendr i t i c T cel l cl ust er i ng.

Ther ef or e, whi l e l eukocyt e i nt egr i ns can cont r i but e t o t he f unct i on of dendr i t i c T

cel l cl ust er s, t hey appear t o do so af t er an i ni t i al CD11/ 18- i ndependent bi ndi ng event .

The f ai l ur e of ant i - CD11 and CD18 r eagent s t o subst ant i al l y r educe t he i ni t i al

dendr i t i cT cel l cl ust er i ng i n a pr i mar y r esponse l i ke t he MLR, per haps i s not sur -

pr i si ng . The f unct i on of l eukocyt e i nt egr i ns i s r egul at ed not mer el y by expr essi on

at t he cel l sur f ace but by exposur e t o st i mul i l i ke PMA ( 20, 21) and ot her mor e phys-

i ol ogi c l i gands ( 38, 39) . Al so, t he known l i gands of t he i nt egr i ns, I CAM- 1 and I CAM- 2,

ar e r egul at ed at t he l evel of expr essi on but agai n by cyt oki nes ( 40) . Gi ven t he need

f or " act i vat i on" of i nt egr i ns and t hei r l i gands, how, one mi ght ask, woul d mol ecul es

l i ke LFA- 1 or I CAMbe act i vat ed on a r est i ng T cel l , whi ch i s t he cel l t he dendr i t i c

cel l must bi nd t o i ni t i at e t he i mmune r esponse?

An al t er nat i ve r ol e f or t he p150 maj or dendr i t i c cel l i nt egr i n i s suggest ed by t he

wor k of Aust yn et al . ( 26) . They document ed t he capaci t y of spl een dendr i t i c cel l s

t o home t o t he T ar eas of l ymphoi d or gans, possi bl y by an i ni t i al bi ndi ng st ep t o

t he mar gi nal zone r egi on of spl een . p150, 90 may f unct i on t o gui de dendr i t i c cel l s

i nt o t he mar gi nal zone and/ or i nt o t he T ar ea. Thi s homi ng f unct i on may cont r i but e

t o t he capaci t y of dendr i t i c cel l s t o i ni t i at e i mmune r esponses i n si t u ( 41) . We ar e

desi gni ng exper i ment s t o t est i f t he N418 mAb woul d bl ock dendr i t i c cel l mi gr at i on

and i mpl i cat e p150, 90 i n t hei r di st i nct homi ng pr oper t i es .

Summar y

Hybr i doma f usi ons wi t h hamst er host s wer e under t aken t o gener at e mAbs t o mouse

spl een dendr i t i c cel l s . Two mAb wer e obt ai ned and used t o uncover t he di st i nct i nt e-

gr i ns of t hese AMOne, 2E6, bound a det er mi nant common t o al l member s of

t he CD11/ CD18 f ami l y, most l i kel y t he shar ed 90 kDCD18 a chai n . 2E6 i mmuno-

pr eci pi t at ed t he char act er i st i c , Q2 i nt egr i n het er odi mer s f r om l ymphocyt es ( p180,

90 ; CD11a) and macr ophages ( p170, 90 ; CD11b) , but f r omdendr i t i c cel l s, a p150, 90

( pr esumabl y CD11c) i nt egr i n was t he pr edomi nant speci es . 2E6 i nhi bi t ed t he bi ndi ng

f unct i on of t he CD11a and CD11b i nt egr i ns on B cel l s and macr ophages i n appr o-

pr i at e assays, but 2E6 exer t ed l i t t l e or no i nhi bi t i on on t he cl ust er i ng of dendr i t i c

cel l s t o T cel l s ear l y i n pr i mar y MLR, suggest i ng a CD11/ CD18- i ndependent mech-

ani sm f or t hi s bi ndi ng. The second mAb, N418, pr eci pi t at ed a 150, 90 kD het er o-

di mer t hat shar ed t he 2E6 CD18 epi t ope . Thi s N418 epi t ope may be t he mur i ne



homol ogue of t he pr evi ousl y char act er i zed human CD11c mol ecul e, but t he epi t ope

was onl y det ect ed on dendr i t i c cel l s . N418 di d not r eact wi t h per i t oneal macr ophages,

ant i - I g- i nduced spl een B bl ast s, or bul k l ymph node cel l s . When used t o st ai n sec-

t i ons of spl een, N418 st ai ned dendr i t i c cel l s i n t he T- dependent ar eas, much l i ke

ant i - cl ass 11 mAbs t hat wer e al so gener at ed i n t hese f usi ons . I n addi t i on, N418 r e-

veal ed nest s of dendr i t i c cel l s t hat punct uat ed t he r i mof mar gi nal zone macr ophages

bet ween r ed and whi t e pul p. Thi s l ocal i zat i on posi t i oned most dendr i t i c cel l s at r egi ons

wher e ar t er i al vessel s and T cel l s ent er t he whi t e pul p . We concl ude t hat t he p150,

90 het er odi mer i s t he maj or 02 i nt egr i n of spl een dendr i t i c cel l s, and we specul at e

t hat i t may f unct i on t o l ocal i ze t hese APC at si t es t hat per mi t access t o t he r eci r -

cul at i ng pool of r est i ng T cel l s .

We ar e gr at ef ul t o Dr s . M. Bi r kel and and E. Pur e f or hel p wi t h t he i mmunopr eci pi t at i ons,

Dr . S. Wr i ght f or hel p wi t h t he CD11b bi ndi ng assays, and Judy Adams f or t he ar t wor k

and phot ogr aphy .
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