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Cl ose physi cal associ at i on bet ween macr ophages and l ymphocyt es i s r equi r ed f or

t he expr essi on of a var i et y of t he physi ol ogi cal pr ocesses of l ymphoi d cel l s . Thus,

t he pr omot i on of l ymphocyt e vi abi l i t y i n vi t r o ( 1) , t he f unct i onal mat ur at i on and

di f f er ent i at i on of i mmat ur e t hymocyt es i n vi t r o ( 2) , and t he enhancement of t he

bact er i ci dal capaci t y of macr ophages by ant i geni cal l y st i mul at ed l ymphocyt es

( 3) ar e al l accompl i shed most ef f i ci ent l y when act ual physi cal appr oxi mat i on

devel ops bet ween l ymphocyt es and macr ophages . I n addi t i on, macr ophage- l ym-

phocyt e cooper at i on i s i nt egr al l y i nvol ved i n t he devel opment of speci f i c i mmune

phenomena, such as t he i n vi t r o i nduct i on of pr i mar y ( 4, 5) and secondar y ( 6)

ant i body r esponses, as wel l as t he ant i gen- medi at ed i n vi t r o i ni t i at i on of i mmune

l ymphocyt e pr ol i f er at i on ( 7- 10) . I n t hese syst ems, macr ophages ar e t hought t o be

t he cel l s whi ch i ni t i al l y must i nt er act wi t h ant i gen f or ef f ect i ve l ymphocyt e

t r i gger i ng ( 10- 12) . I n vi ew of t he i nhi bi t i on of i n vi t r o i mmune r esponses not ed

when l ymphocyt es and macr ophages ar e separ at ed mechani cal l y, and t he

demonst r at i on of cl ust er i ng of pr ol i f er at i ng and/ or ant i body- pr oduci ng l ympho-

cyt es about ant i gen- bear i ng macr ophages ( 4, 5, 7, 8, 13) , i t i s l i kel y t hat t he way

macr ophages pr esent ant i gen t o l ymphocyt es i nvol ves di r ect physi cal cont act

bet ween t hese t wo cel l t ypes .

We have pr evi ousl y descr i bed an i n vi t r o met hod t o assess t he physi cal

i nt er act i on bet ween l ymphocyt es and macr ophages ( 14- 16) . Usi ng t hat t ech-

ni que we coul d demonst r at e t hat macr ophages have t he uni que abi l i t y t o

r ecogni ze and r ever si bl y bi nd t hymocyt es and l ymphocyt es i n t he absence of

ant i gen by means of a t r ypsi n di gest i bl e, t emper at ur e- sensi t i ve, di val ent

cat i on- dependent r ecept or mechani sm.

The st udi es r epor t ed her e ut i l i ze t he same i n vi t r o assay syst em t o char act er i ze

t he ef f ect of ant i gen on t he physi cal i nt er act i ons bet ween l ymph node l ympho-

cyt es obt ai ned f r om i mmune gui nea pi gs and macr ophages . We wi l l demonst r at e

t hat t he pr esence of ant i gen i n t he cul t ur es mar kedl y enhances t he degr ee of

obser ved macr ophage- l ymphocyt e i nt er act i on . These ant i gen- medi at ed i nt er ac-

t i ons ar e dependent on t he coi nci dence i n t he cul t ur es of i mmune l ymphocyt es
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and syngenei c, but not al l ogenei c, ant i gen- bear i ng macr ophages . The over al l

f unct i onal si gni f i cance of t hese event s i s i ndi cat ed by t he i nduct i on of DNA

synt hesi s i n t hose l ymphocyt es bound t o t he macr ophages . Fi nal l y, dat a ar e

pr esent ed whi ch suggest t hat ant i gen- st abi l i zed macr ophage- l ymphocyt e i n-

t er act i on i s not a consequence of l ymphocyt e act i vat i on, but r at her pr ecedes i t ,

and t hus, i s l i kel y t o r epr esent an ear l y st ep i n t he sequence of event s l eadi ng t o

ant i gen- speci f i c i mmune l ymphocyt e pr ol i f er at i on .

Mat er i al s and Met hods

Ani mal s .

	

I nbr ed st r ai n 2 or 13 gui nea pi gs, wei ghi ng 300- 500 g ( Di vi si on of Resear ch Ser vi ces,

NI H) , wer e used as sour ces of al l cel l pr epar at i ons .

Medi a.

	

Al l cul t ur es wer e per f or med i n medi umRPMI - 1640 ( Gr and I sl and Bi ol ogi cal Co . , Gr and

I sl and, N. Y. ) suppl ement ed wi t h f r esh L- gl ut ami ne ( 0 . 3 mg/ ml ) , gent ami ci n ( 10, ug/ ml ) , peni ci l l i n

( 200 U/ ml ) , and 10%f et al bovi ne ser um ( FBS' ; I ndust r i al Bi ol ogi cal Labor at or i es, Rockvi l l e, Md . ) .

Al l washi ng pr ocedur es, except wher e i ndi cat ed, wer e per f or med i n Hank' s bal anced sal t sol ut i on

( HBSS, Ti ssue Cul t ur e Sect i on, NI H) suppl ement ed wi t h 1%FBS.

Ant i gens . The f ol l owi ng ant i gens wer e used : t uber cul i n- pur i f i ed pr ot ei n der i vat i ve ( PPD,

Connaught Medi cal Resear ch Labor at or i es, Wi l l owdal e, Ont ar i o, Canada) ; di ni t r ophenyl gui nea pi g

al bumi n ( DNP- GPA) pr epar ed f r om 1- f l uor o- 2, 4 di ni t r obenzene ( East man Or gani c Chemi cal s,

Rochest er , N. Y. ) and gui nea pi g al bumi n ( Pent ex, I nc . , Kankakee, I l l . ) by a pr evi ousl y descr i bed

met hod ( 17) , cont ai ni ng 22 . 5 DNP gr oups per mol ecul e of GPA; di ni t r ophenyl oval bumi n ( DNP-

OVA) si mi l ar l y pr epar ed f r om f i ve t i mes cr yst al l i zed egg al bumi n ( Gener al Bi ochemi cal s Di v . , Mogul

Cor p . , Chagr i n Fal l , Ohi o) cont ai ni ng 8 . 0 DNP gr oups per mol ecul e of OVA; di ni t r ophenyl GL

( DNP- GL) pr epar ed as descr i bed ( 18) by t he r eact i on of 2, 4 di ni t r of l uor obenzene wi t h a copol ymer of

L- gl ut ami c aci d ( 60%) and L- l ysi ne ( 40%) wi t h an aver age mol wt of 115, 000 ( Pi l ot Chemi cal Di vi si on

of New Engl and Nucl ear . , Bost on, Mass . ) cont ai ni ng 5. 5 DNPgr oups per mol ecul e of GL ; keyhol e

l i mpet hemocyani n ( KLH) , pr epar ed as pr evi ousl y descr i bed ( 19) .

I mmuni zat i on .

	

Gui nea pi gs wer e i mmuni zed wi t h sol ut i ons of ant i gen i n PBS or PBS al one

emul si f i ed wi t h equal vol umes of compl et e Fr eund' s adj uvant ( CFA) , cont ai ni ng 0. 5 mg/ ml of ki l l ed

Mycobact er i um t uber cul osi s, H 37 Ra ( Di f co Labor at or i es, I nc . , Det r oi t , Mi ch . ) . Each ani mal

r ecei ved 0. 1 ml emul si on i n each f oot pad f or a t ot al i mmuni zi ng dose of 100 gg of ant i gen per gui nea

pi g .

Cel l Col l ect i on and Pr epar at i on . Per i t oneal exudat e cel l s ( PEC) wer e obt ai ned by i nj ect i ng

gui nea pi gs i nt r aper i t oneal l y wi t h 25 ml of st er i l e Mar co152 ( Humbl e Oi l and Ref i ni ng Co . , Houst on,

Tex . ) and har vest i ng t he PECby l avage 4 days l at er . The cel l s wer e washed wi t h cent r i f ugat i on t hr ee

t i mes and suspended i n RPMI - 1640 wi t h 10%FBS f or cul t ur e .

Lymph node l ymphocyt es ( LNL) wer e pr epar ed f r om ani mal s i mmuni zed 2- 4 wk pr evi ousl y . The

dr ai ni ng l ymph nodes wer e r emoved, t eased apar t , and pr essed t hr ough no . 60 mesh wi r e scr eens ( W.

S. Tyl er Co . , Ment or , Ohi o) . The r esul t ant cel l s wer e t hen passed over nyl on wool / gl ass bead

adher ence col umns as pr evi ousl y descr i bed ( 20) , washed, and suspended i n RPMI - 1640 wi t h 10%FBS

f or cul t ur e . LNL pr epar ed i n t hi s f ashi on had a vi abi l i t y of >95% by t r ypan bl ue excl usi on and

cont ai ned l ess t han one Map per 100 l ymphocyt es .

Cul t ur e Techni que . Macr ophage ( Mt p) monol ayer s wer e est abl i shed i n mi cr oscope sl i de/ t i ssue

cul t ur e chamber s ( t wo chamber s/ sl i de, Lab- Tek Pr oduct s, Di vi si on of Mi l es Labor at or i es, I nc . ,

Naper vi l l e, I l l . ) , as pr evi ousl y descr i bed ( 14) . I n br i ef , 1 x 10° PEC obt ai ned f r om uni mmuni zed

gui nea pi gs wer e cul t ur ed i n each chamber i n 1 ml RPMI - 1640 wi t h 10%FBS. Af t er over ni ght i ncuba-

' Abbr evi at i ons used i n t hi s paper : CFA, compl et e Fr eund' s adj uvant ; DNP- GL, a di ni t r ophenyl

conj ugat e of a copol ymer of L- gl ut ami c aci d and L- l ysi ne ; DNP- GPA, a di ni t r ophenyl conj ugat e of

gui nea pi g al bumi n ; DNP- OVA, a di ni t r ophenyl conj ugat e of egg al bumi n ; FBS, f et al bovi ne ser um;

HBSS, Hank' s bal anced sal t sol ut i on ; KLH, keyhol e l i mi ; et hemocyani n ; LNL, l ymph node

l ymphocyt e ; M~p, macr ophage ; PBS, phosphat e- buf f er ed sal i ne, pH 7. 4 ; PEC, per i t oneal exudat e

cel l s ; PPD, t uber cul i n- pur i f i ed pr ot ei n der i vat i ve .
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t i on at 37° C i n an at mospher e of 5% CO, and 95%ai r , nonadher ent cel l s wer e washed away and t he

r esul t ant M~p monol ayer i mmedi at el y used f or exper i ment s . Thi s pr ocedur e yi el ded monol ayer s com-

posed of 1 x 10 6 ( r ange : 0 . 7- 1 . 3 x 10 5 ) uni f or ml y vi abl e ( >95%by t r ypan bl ue excl usi on) gl ass-

adher ent , mor phol ogi cal l y t ypi cal macr ophages f or st udy . These monol ayer s cont ai ned l ess t han one

cont ami nat i ng l ymphocyt e per 100 M( p .

Techni que of Br i ef Macr ophage Exposur e t o Ant i gen . Ml p monol ayer s wer e washed and

r e- equi l i br at ed at 37° C i n 0. 9 ml of RPMI - 1640. One of t he above not ed ant i gens i n 0 . 1 ml PBSwas

added t o t he Mw monol ayer s t o yi el d a f i nal concent r at i on as i ndi cat ed i n t he pr ot ocol . Af t er a 60- mi n

i ncubat i on at 37° C, t he monol ayer s wer e washed f our t i mes t o r emove ant i gen not associ at ed wi t h

Mw and i mmedi at el y used f or bi ndi ng exper i ment s . Cont r ol M( p monol ayer s wer e si mi l ar l y t r eat ed

except t he added PBS cont ai ned no ant i gen. I n some exper i ment s, ant i gen and LNL wer e added t o

Mw monol ayer s si mul t aneousl y and t hus, ant i gen was pr esent cont i nuousl y dur i ng t he per i od of

i ncubat i on .

Macr ophage- Lymphocyt e I nt er act i on .

	

Si ngl e cel l suspensi ons of LNL wer e added t o t he MV

monol ayer s i n 1 ml RPMI - 1640 wi t h 10%FBS. I ncubat i on at 37° C was car r i ed out on a sl owl y r ocki ng

pl at f or m ( Bel l co Gl ass, I nc . , Vi nel and, N. J . ) t o i nsur e uni f or mdi st r i but i on of t he LNL t hr oughout

t he chamber . At t he concl usi on of an exper i ment , unbound cel l s wer e washed away by di ppi ng and

swi r l i ng t he sl i des i n t hr ee changes of war mHBSS wi t h 1%FBS. The sl i des wer e t hen f i xed wi t h 1%

gl ut ar al dehyde i n modi f i ed Tyr odes buf f er and st ai ned wi t h buf f er ed Gi emsa i n acet one f or

mi cr oscopi c obser vat i on and quant i t at i on .

Aut or adi ogr aphy .

	

The number of LNL i ncor por at i ng t hymi di ne i n t he mor e pr ol onged M( o- LNL

i nt er act i on assays was assessed by addi ng 2 gCi of t r i t i at ed t hymi di ne ( 6 . 7 Ci / mM [ 6 H] TdR, New

Engl and Nucl ear , Bost on, Mass . ) t o each cul t ur e chamber f or t he l ast 18 h of i ncubat i on . Af t er

i ncubat i on, LNL whi ch wer e not bound by M~p wer e washed away and t he sl i des f i xed wi t h 1%

gl ut ar al dehyde . Sl i des wer e t hen di pped i n t he same bat ch of Kodak NTB- 2 l i qui d emul si on

( East man Kodak Co . , Rochest er , N. Y. ) , dr i ed, and exposed i n l i ght - t i ght boxes at . 4° C f or 4 days .

The sl i des wer e t hen devel oped i n a 1 : 3 di l ut i on of Kodak D19 devel oper at 20° C and st ai ned wi t h

met hyl gr een pyr oni ne . The per cent of LNL bound by MV whi ch wer e i ncor por at i ng [ 3H] TdR was

det er mi ned by count i ng 500 r andoml y chosen LNL and scor i ng t hem f or t he pr esence or absence of

associ at ed si l ver gr ai ns . An LNL was consi der ed posi t i ve i f i t cont ai ned f our or mor e si l ver gr ai ns .

Resul t s

Ef f ect of Speci f i c Ant i gen on t he Degr ee of Macr ophage- Lymphocyt e I nt er ac-

t i on Obser ved Af t er a 1- HI ncubat i on . When LNL wer e i ncubat ed f or 60 mi n at

37° C wi t h Mw monol ayer s whi ch had had no ant ecedent ant i gen exposur e,

cl ust er i ng of LNL about i ndi vi dual gl ass- adher ent Mcp devel oped as pr evi ousl y

descr i bed ( 14, 15) . Af t er unbound LNL wer e washed away and sl i des pr epar ed,

t hi s physi cal i nt er act i on was quant i t at ed by count i ng t he number of LNL i n

physi cal cont i gui t y wi t h each of 200 r andoml y chosen Map and expr essed as t he

t ot al number of LNL bound per 100 Mcp . The vast maj or i t y of Map associ at ed

LNL wer e f ound adher ent t o t he sur f ace of t he M( p wi t h l ess t han 5% of t he

bound LNL act ual l y endocyt osed . Ther e was no obvi ous r el at i onshi p bet ween t he

mor phol ogi cal char act er i st i cs of a Map and i t s l i kel i hood of bi ndi ng one or mor e

LNL. Ther e was, however , a di r ect r el at i onshi p bet ween t he number of added

LNL and t he number bound. Al l subsequent exper i ment s wer e per f or med by

i ncubat i ng 5 x 10 6 LNL wi t h M( p monol ayer s, whi ch r esul t ed i n a degr ee of

i nt er act i on i n t he most l i near por t i on of t he bi ndi ng cur ve. Under t hese

condi t i ons, 72 . 3 - ±: 5 . 5 LNL wer e bound per 100 Mw ( Tabl e 1) , wi t h 48 . 7 _E 1. 3%of

MV bi ndi ng one or mor e LNL . The i mmune st at us of t he ani mal s f r om whi ch

ei t her t he LNL or Mcp wer e obt ai ned was not f ound t o af f ect t he degr ee of

ant i gen- i ndependent bi ndi ng obser ved af t er a 60- mi n i ncubat i on .
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TABLE I

The Ef f ect of Speci f i c Ant i gen on t he Degr ee of

Macr ophage- Lymphocyt e I nt er act i on Obser ved af t er a 1- H

I ncubat i on

Macr ophage

	

LNL bound per

exposur e*

	

100 macr ophages$

0

	

72 . 3 f 5. 5

PPD

	

75 . 1 t 5. 6

* Est abl i shed Mo monol ayer s wer e exposed t o ei t her PPD ( 100 kg/ ml ) i n

PBS or PBS al one f or 60 mi n at 37° C and washed f our t i mes bef or e t he

addi t i on of 5 x 101 LNL obt ai ned f r om PPDi mmune gui nea pi gs .

$ Dat a expr ess LNL bound per 100 M¢ af t er a st andar d 60- mi n i ncuba-

t i on . Each t er m r epr esent s t he mean f SEM of f i ve r epl i cat e exper i -

ment s .

When LNL obt ai ned f r om CFA- i mmuni zed ani mal s ( PPD- LNL) wer e added

t o Map monol ayer s whi ch have been pr evi ousl y exposed t o PPD ( 100 ug/ ml ) , t he

degr ee of MSo- LNL i nt er act i on obser ved af t er a st andar d 60- mi n i ncubat i on was

not di f f er ent t han t hat obser ved when t he same PPD- LNL wer e cul t ur ed wi t h

MSo whi ch had had no ant ecedent ant i gen exposur e ( Tabl e 1) . Fur t her mor e, i n

ot her exper i ment s, when PPD( 100, ug/ ml ) was added di r ect l y t o t he cul t ur es and

i ncubat i on of M~p wi t h PPD- LNL car r i ed out f or 1 h wi t h PPD pr esent

cont i nousl y i n t he medi um, no di f f er ence i n bi ndi ng was seen compar ed t o

si mi l ar cul t ur es wi t hout PPD. The bi ndi ng of LNL f r om DNP- GPA or KLH

i mmune ani mal s by Map pr evi ousl y exposed i n si mi l ar f ashi on t o ei t her

DNP- GPA or KLH, r espect i vel y ( 100 pg/ ml ) , l i kewi se, was not di f f er ent af t er a

st andar d 1- h i ncubat i on t han t he bi ndi ng of t hese LNL by M~p whi ch had not

been pr evi ousl y exposed t o ant i gen .

Ef f ect of Pr ol ongat i on of Cul t ur e on Macr ophage- Lymphocyt e I nt er -

act i on . When PPD- LNL wer e cul t ur ed wi t h gl ass- adher ent Map f or l onger

t han 1 h ( Fi g . 1) , t her e was a pr ogr essi ve decl i ne i n t he number of LNL bound,

such t hat af t er 20 h of i ncubat i on, bi ndi ng was numer i cal l y equi val ent t o onl y

29%of bi ndi ng seen af t er 1 h . On t he ot her hand, when t he M( p had pr evi ousl y

been exposed t o PPD and PPD- LNL wer e added, t hi s decr ease i n bi ndi ng

obser ved wi t h t i me was not seen . By 8 h of cul t ur e t her e was a si gni f i cant

di f f er ence ( P <0 . 001) bet ween t he bi ndi ng exhi bi t ed by Mw pr evi ousl y pul sed

wi t h PPD and t hat of Map whi ch had had no PPDexposur e . Si mi l ar r esul t s wer e

obt ai ned when PPD ( 100, ug/ ml ) was added di r ect l y t o t he cul t ur es and was t hus

pr esent cont i nuousl y t hr ough t he per i od of i ncubat i on .

When PPD- LNL wer e t hemsel ves di r ect l y exposed t o PPD( 100, ug/ ml x 37' C

x 60 mi n) , washed ext ensi vel y, and t hen cul t ur ed f or 20 h wi t h M( p whi ch had

had no ant ecedent ant i gen exposur e, no si gni f i cant degr ee of ant i gen- dependent

bi ndi ng devel oped . These PPD- pul sed LNL r emai ned, however , capabl e of

par t i ci pat i ng i n ant i gen- medi at ed macr ophage- l ymphocyt e i nt er act i on when

cul t ur ed wi t h PPD bear i ng M( P.

The i mmune st at us of t he ani mal s f r om whi ch t he Mw wer e obt ai ned was not
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The bi ndi ng of LNL f r omPPD i mmune ani mal s t o syngenei c M~p as a f unct i on of t he

l engt h of t i me dur i ng whi ch t he t wo cel l t ypes wer e i ncubat ed t oget her at 37° C . The MV had

pr evi ousl y been exposed t o ei t her PPD ( 100 l ag/ ml ) i n PBS or PBS f or 60 mi n at 37° C and

washed f our t i mes bef or e use . Each poi nt r epr esent s t he mean t SEMof f our r epl i cat e

exper i ment s .

f ound t o be a si gni f i cant var i abl e as Mac f r om uni mmuni zed ani mal s wer e

obser ved t o be as capabl e as t hose f r om CFA i mmuni zed ani mal s at medi at i ng

ant i gen- dependent bi ndi ng of PPD- LNL . The i mmune st at us of t he ani mal s

f r om whi ch t he LNL wer e obt ai ned was, however , f ound t o be cr i t i cal f or t he

devel opment of PPD- medi at ed macr ophage- l ymphocyt e i nt er act i on . Adher ence

col umn- pur i f i ed LNL wer e obt ai ned f r om mesent er i c l ymph nodes of ani mal s

whi ch had had no pr i or i mmuni zat i on pr ocedur es . These cel l s, when t est ed i n a
st andar d assay f or t he i ncor por at i on of t r i t i at ed t hymi di ne ( 10) , exhi bi t ed no
pr ol i f er at i ve r esponse t o var yi ng doses of PPD, even when suppl ement al
syngenei c Map wer e added, al t hough t hey showed a mar ked pr ol i f er at i ve r esponse
t o phyt ohemaggl ut i ni n ( Wel l come Resear ch Labor at or i es, Beckenham, Eng-

l and) . When bi ndi ng was st udi ed, i t was obser ved t hat PPD ( 100 ug/ ml ) - pul sed

Mwbound no mor e of t hese LNL af t er a 20- h i ncubat i on t han di d Mcp unexposed

t o PPD.

The mor phol ogi cal f eat ur es of macr ophage- l ymphocyt e i nt er act i on obser ved

af t er a 20- h i ncubat i on i n t he pr esence and absence of speci f i c ant i gen ar e
depi ct ed i n Fi g . 2 . I n t he absence of MI p- bound ant i gen ( Fi g . 2 a) f ew LNL ar e
seen . When Map bear speci f i c ant i gen, cl ust er i ng of LNL f r om i mmune ani mal s
devel ops ( Fi g . 2 b, c) . The addi t i on of 10 x 10 6 LNL r esul t ed i n a f ar gr eat er
number of LNL bound ( Fi g . 2 c) t han t he addi t i on of t he 5 x 10 6 LNL r out i nel y

used ( Fi g . 2 b) , The vast maj or i t y of LNL wer e f ound i n di r ect cont act wi t h M~p .

Occasi onal l y, LNL wer e f ound not t o be i n di r ect cont act wi t h Mao, but r at her

wi t h ot her LNL whi ch wer e, i n t ur n, M<p bound . Onl y r ar el y wer e LNL seen t o be

bound di r ect l y t o t he gl ass sl i de .

Of consi der abl e i nt er est was t he decl i ne i n t he degr ee of macr ophage- l ym-

phocyt e i nt er act i on obser ved when cul t ur es wer e pr ol onged i n t he absence of

ant i gen . Thi s coul d r esul t f r om ei t her a l oss of cel l f unct i onal capabi l i t y or
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number dur i ng t he per i od of i ncubat i on . I n or der t o det er mi ne t he f unct i onal

capabi l i t i es of t he r emai ni ng cel l s, t hose LNL not bound by M<p af t er a 20- h

i ncubat i on i n t he absence of ant i gen wer e col l ect ed ( vi abi l i t y >95% by t r ypan

bl ue excl usi on) , washed, suspended i n f r esh medi umRPMI - 1640 wi t h 10%FBS

and pr esent ed t o f r esh Map monol ayer s . Af t er a st andar d 1- h i ncubat i on, t he

bi ndi ng of t hese LNL was si mi l ar t o t hat obser ved when an equal number of f r esh

LNL wer e pr esent ed t o t he same MI p . Si mi l ar l y, when t he Mcp whi ch had been

FI G. 2 . Phot omi cr ogr aphs depi ct i ng t he physi cal i nt er act i on bet ween LNL f r om PPD

i mmune gui nea pi gs and M~p af t er a 20- h i ncubat i on . ( a) Few LNL ar e bound by cont r ol W

whi ch have had no ant i gen exposur e . ( b) Bi ndi ng obser ved wi t h t he addi t i on of 5 x 10 8 LNL t o

PPD bear i ng Map . ( c) Bi ndi ng exhi bi t ed when 10 x 10 8 LNL ar e i ncubat ed wi t h PPD bear i ng

M( p .



144

	

MACROPHAGE- LYMPHOCYTE I NTERACTI ON

cul t ur ed f or 20 h wi t h LNL wer e washed f r ee of unbound cel l s and pr esent ed wi t h
f r esh LNL, t hei r abi l i t y t o bi nd LNL was si mi l ar t o cont r ol M( p . Fur t her mor e, we
coul d not det ect any act i vi t y i n t he super nat es f r om20- h ol d cul t ur es of Map and
LNL whi ch, even undi l ut ed, i nhi bi t ed bi ndi ng . Fi nal l y, when PPDwas added t o
cul t ur es of PPD- LNL and Mao whi ch had been i ncubat ed f or 20 h i n t he absence
of PPD ( Fi g . 3) , a r api d i ncr ease i n bi ndi ng was obser ved t o l evel s si mi l ar t o t hose
seen when PPD was pr esent f r om t he i ni t i at i on of cul t ur e . Thus, Mcp and LNL

woul d appear t o have mai nt ai ned t he abi l i t y t o par t i ci pat e i n bot h ant i gen-

i ndependent as wel l as ant i gen- dependent Map- LNL i nt er act i on dur i ng t he 20- h

per i od of cul t ur e i n t he absence of ant i gen . However , a decr ease i n t he number of
LNL pr esent i n t he cul t ur es was shown t o occur as i ncubat i on was pr ol onged .
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The ef f ect of addi ng PPD ( 100 pg/ ml ) t o cul t ur es of LNL f r om PPDi mmune ani mal s

and syngenei c Map whi ch had pr evi ousl y been i ncubat ed f or 20 h wi t hout PPD . Each poi nt

r epr esent s t he mean t SEM of t hr ee r epl i cat e exper i ment s .

Al t hough t he LNL popul at i on wer e r out i nel y mor e t han 95% vi abl e by t r ypan
bl ue excl usi on when cul t ur es wer e i ni t i at ed, onl y 40%or l ess of t he LNL coul d be
r ecover ed af t er a 20- h i ncubat i on . Thi s decr ease i n t he number of LNL was
obser ved i n cul t ur es cont ai ni ng ei t her cont r ol or ant i gen- bear i ng Mcp and was f ar
i n excess of t hat whi ch coul d be account ed f or as bound by Map .

Ef f ect of Ant i gen Concent r at i on on Ant i gen- Dependent Macr ophage- Lym-

phocyt e I nt er act i on . Map monol ayer s wer e exposed t o var yi ng concent r at i ons of
PPDf or 60 mi n at 37° C and washed t o r emove excess ant i gen bef or e t he addi t i on
of LNL . The number of PPD- LNL bound by Mcp af t er a st andar d 20- h i ncubat i on
was di r ect l y r el at ed t o t he l og of t he concent r at i on of PPD t o whi ch t he Map had
been exposed ( Fi g . 4) . Maxi mal bi ndi ng r esul t ed f r om MI p exposur e t o a PPD
concent r at i on of 100 pg/ ml . Mcp pul sed wi t h t hi s concent r at i on bound 1 . 5- 2% of
t he added PPD- LNL af t er a 20- h i ncubat i on .
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PPD CONCENTRATI ON ( pg/ ml )

FI G. 4 .

	

The r el at i onshi p bet ween t he concent r at i on of t he Map exposur e t o PPD and t he

subsequent bi ndi ng of LNL f r om PPD i mmune ani mal s obser ved af t er a st andar d 20- h

i ncubat i on . Map wer e exposed t o each concent r at i on of PPD f or 60 mi n at 37° C and washed f our

t i mes bef or e t he addi t i on of LNL. Each poi nt r epr esent s t he mean f SEMof t hr ee or mor e

r epl i cat e exper i ment s .

Speci f i ci t y of Ant i gen- Dependent Macr ophage- Lymphocyt e I nt er act i on .

	

For

t hese st udi es, LNL wer e pr epar ed f r om ani mal s i mmuni zed wi t h ei t her CFA

al one or DNP- GPA emul si f i ed i n CFA. The bi ndi ng of each popul at i on of LNL by

M( p whi ch had pr evi ousl y been exposed t o ei t her PPD ( 100 ug/ ml ) , DNP- OVA

( 100 t ug/ ml ) , or t wo ot her di ni t r ophenyl conj ugat es, DNP- OVA or DNP- GL, was

assessed af t er a st andar d 20- h i ncubat i on ( Tabl e I I ) . PPD- pul sed Mcp bound

about si xf ol d mor e PPD- LNL t han Mcp whi ch had had no pr evi ous ant i gen

exposur e, whi l e M~p exposed t o any of t he di ni t r ophenyl conj ugat es bound no

mor e PPD- LNL t han unpul sed M( p cont r ol s . On t he ot her hand, MI p pul sed wi t h

ei t her PPD ( 100 l eg/ ml ) or DNP- GPA ( 100 Ag/ ml ) bound mar kedl y gr eat er

number s of LNL obt ai ned f r om DNP- GPA/ CFA doubl y i mmuni zed ani mal s

( DNP- GPA/ PPD- LNL) t han di d MI p whi ch had not been exposed t o ant i gen .

However , Map exposed t o ei t her DNP- OVA ( 100, ug/ ml ) or DNP- GL ( 100 l eg/ ml )

di d not bi nd si gni f i cant l y di f f er ent number s of DNPGPA/ PPD- LNL t han di d

unpul sed Map . Fur t her mor e, t he addi t i on of DNP- OVA ( 100 gg/ ml ) t o cul t ur es of

DNPGPA/ PPD- LNL and Map whi ch had pr evi ousl y been expxed t o DNP- GPA

( 100 gg/ ml ) di d not i nt er f er e wi t h t he devel opment of DNP- GPA ant i gen- speci f i c

Map- LNL i nt er act i on obser ved at 20 h.

I nduct i on of DNA Synt hesi s i n Lymphocyt es Bound t o Ant i gen- Bear i ng

Macr ophages . When i ncubat i on was cont i nued beyond 20 h, a si mi l ar l ow l evel

of Map- LNL i nt er act i on was obser ved f or up t o 72 h i n t he absence of a pr i or Mcp

exposur e t o ant i gen ( Fi g . 5) . However , Map whi ch had been exposed t o PPD

bef or e t he addi t i on of LNL exhi bi t ed mar kedl y gr eat er bi ndi ng of PPD- LNL

t han Map wi t hout associ at ed ant i gen f or up t o 72 h i n cul t ur e . When i ncor por at i on

of t r i t i at ed t hymi di ne was eval uat ed aut or adi ogr aphi cal l y, 9%, 32%, and 52%of

t he LNL bound by ant i gen- bear i ng Mcp wer e f ound t o have t aken up [ 3H] TdR

af t er 24, 48, and 72 h of cul t ur e, r espect i vel y ( Fi g . 5) . Thymi di ne i ncor por at i on by
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TABLE I I

Speci f i ci t y of Ant i gen- Dependent Physi cal I nt er act i on Bet ween

Lymph Node Lymphocyt es and Macr ophages

* Est abl i shed M0 monol ayer s wer e exposed t o ei t her PBS or one of t he

ant i gens i n PBS, each at a f i nal concn of 100 Ag/ ml , f or 60 mi n at 37° C

and washed bef or e t he addi t i on of LNL.

$ Dat a expr ess LNL bound per 100 Mo af t er a st andar d 20- h i ncubat i on .

Each t er mr epr esent s t he mean t SEMof t hr ee r epl i cat e exper i ment s .
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The physi cal i nt er act i on bet ween LNL f r om PPDi mmune gui nea pi gs and Map f r om

syngenei c ani mal s dur i ng pr ol onged i ncubat i on . The Map had pr evi ousl y been exposed t o ei t her

PPD( 100 Ag/ ml ) i n PBS or t o PBS al one f or 60 mi n at 37° C and washed f our t i mes bef or e use .

The poi nt s connect ed by t he sol i d l i ne (

	

) r epr esent t he bi ndi ng medi at ed by PPDexposed

M, p whi l e t he dashed l i ne ( - - - - ) r epr esent s t he bi ndi ng medi at ed by cont r ol Map. The l ef t panel

i ndi cat es t he number of cel l s bound per 100 Map whi l e t he r i ght panel denot es t he per cent of

M( p bound LNL det ect ed aut or adi ogr aphi cal l y t o be i ncor por at i ng t r i t i at ed t hymi di ne . Each

poi nt r epr esent s t he mean t SEMof t hr ee r epl i cat e exper i ment s .

( LNL bound/ 100 macr ophages$)

0 12 . 7 + 2. 9 15 . 3 f 4. 2

PPD 80 . 0, 10 . 9 101 . 7 f . 10 . 8

DNP- GPA 15 . 3 ~ 4. 8 103 . 8 + 7. 5

DNP- OVA 19 . 3 ~ 4. 5 22 . 1 + 3. 0

DNP- GL 19 . 3 t 7. 0 12 . 7 f 1 . 6
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PPD- LNL f ound associ at ed wi t h cont r ol Msp, whi ch had not been exposed t o

PPD, r emai ned at a const ant l ow l evel ( <4%) t hr oughout t he per i od of

i ncubat i on .

Aut or adi ogr aphs demonst r at i ng t he i ncor por at i on of t r i t i at ed t hymi di ne by

PPD- LNL bound t o PPD- bear i ng Map af t er a 48- h i ncubat i on ar e depi ct ed i n Fi g .

6 . Of not e i s t he obser vat i on t hat each of t he LNL whi ch has t aken up [ 3 H ] TdR i s

i n di r ect physi cal cont act wi t h a Map .

The LNL whi ch wer e not bound by MSo wer e col l ect ed and si mi l ar l y eval uat ed

f or t he i ncor por at i on of t r i t i at ed t hymi di ne . When unbound LNL wer e har vest ed

f r om cul t ur es cont ai ni ng no ant i gen and assayed aut or adi ogr aphi cal l y, onl y a

FI G. 6. Aut or adi ogr aphs depi ct i ng t he upt ake of [ 3 H] TdR by LNL f r om PPD i mmune

ani mal s i ncubat ed f or 48 h wi t h ( a) cont r ol MV and ( b) PPDbear i ng M( p. Al t hough not al l of

LNL i n t he ant i gen- cont ai ni ng cul t ur es ar e i n di r ect cont act wi t h M' p, t he vast maj or i t y ar e .

Each of t he LNL whi ch has i ncor por at ed [ ' H] TdR i s i n di r ect cont act wi t h a M~p . x500 .

smal l per cent of t hem was f ound t o have t aken up [ 3H] TdR af t er i ncubat i ons of

24 h ( 1 . 1%) , 48 h ( 0 . 9%) , 72 h ( 3 . 0%) , and 96 h ( 1 . 6° 1) . When unbound PPD- LNL

wer e col l ect ed f r om cul t ur es cont ai ni ng PPD- bear i ng M~p, a si gni f i cant i ncr ease

i n t he number whi ch had t aken up [ 3H] TdR was appar ent , but onl y af t er 72 h i n

cul t ur e . Thus, af t er 24, 48, 72, and 96 h i ncubat i ons, 1 . 1%, 2 . 9%, 9 . 5% and 12 . 5 17( .

of t he unbound LNL wer e f ound t o have i ncor por at ed t r i t i at ed t hymi di ne .

Ant i gen- Medi at ed Macr ophage- Lymphocyt e I nt er act i on i n Cul t ur es Cont ai n-

i ng Bot h Ant i gen Exposed and Unexposed Macr ophages . These exper i ment s

wer e desi gned t o pr ovi de evi dence as t o whet her i mmune l ymphocyt es, havi ng

encount er ed an ant i gen- bear i ng M( p, r emai n physi cal l y associ at ed wi t h t hat

par t i cul ar M~p t hr oughout t he per i od of bl ast t r ansf or mat i on or , al t er nat i vel y

whet her once t r i gger ed t hey ar e f r ee t o become associ at ed wi t h anot her , per haps
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nonant i gen- bear i ng Map . For t hese exper i ment s, Map monol ayer s wer e est ab-

l i shed f r om t he same popul at i on of PEC on cover sl i ps ( 9 x 20 mm) . Af t er

over ni ght i ncubat i on, nonadher ent cel l s wer e washed away . Each monol ayer was

t hen i ndi vi dual l y exposed t o ei t her ant i gen ( PPD or KLH, f i nal cone = 100

gg/ ml ) i n PBS or PBSal one f or 60 mi n at 37° C and washed . Ant i gen- pul sed and

cont r ol monol ayer s wer e posi t i oned si de by si de i n t he cul t ur e chamber s such

t hat added LNL woul d be f r ee t o i nt er act wi t h ei t her or bot h popul at i ons of M' p .

LNL f r om appr opr i at el y i mmune ani mal s wer e t hen added t o t he cul t ur e

chamber s and st andar d 20- h i ncubat i on on a r ocki ng pl at f or m car r i ed out . Af t er

i ncubat i on, t he cover sl i ps wer e i ndi vi dual l y washed f r ee of unbound LNL and

pr epar ed as i ndi cat ed i n t he met hods f or mi cr oscopi c exami nat i on. The dat a

pr esent ed i n Tabl e I I I i ndi cat e t hat ant i gen- medi at ed macr ophage- l ymphocyt e

TABLE I I I

Ant i gen- Medi at ed Macr ophage- Lymphocyt e I nt er act i on i n Cul t ur es

Cont ai ni ng Bot h Ant i gen Exposed and Cont r ol Macr ophages

* Mo monol ayer s, est abl i shed on cover sl i ps, wer e exposed t o ei t her ant i gen i n

PBS ( ei t her PPDor KLH, f i nal concn = 100 t ag/ ml ) or PBS al one f or 60 mi n at

37° C . Monol ayer s wer e washed f our t i mes t o r emove ant i gen not associ at ed

wi t h Mo . Cover sl i p monol ayer s wer e t hen pl aced si de by si de i n cul t ur e

chamber s such t hat added LNL wer e f r ee t o i nt er act wi t h ei t her popul at i on of

Mo . LNL obt ai ned f r om ani mal s pr evi ousl y i mmuni zed t o CFAand KLHwer e

t hen added t o t he cul t ur e chamber s .

$ Dat a expr ess t he number of LNL bound per 100 Mo af t er a st andar d 20- h

i ncubat i on . Each t er m r epr esent s t he mean of t wo r epl i cat e exper i ment s .

i nt er act i on i nvol ves onl y t he ant i gen- bear i ng Mw i n cul t ur es cont ai ni ng bot h

ant i gen exposed and cont r ol unexposed M<p . Fur t her mor e, bi ndi ng was f ound t o

be uni f or m t hr oughout t he cont r ol monol ayer wi t h no enhancement i n t he

number of LNL bound by t he Map on t he edge of t he cover sl i p di r ect l y adj acent

t o t he ant i gen exposed cover sl i p monol ayer . These dat a suppor t t he cont ent i on

t hat when an i mmune LNL encount er s an ant i gen- bear i ng M~o, a pr ol onged

i nt er act i on, bet ween t he t wo cel l s r esul t s .

Hi st ocompat i bi l i t y Requi r ement f or Ant i gen- I ndependent and Ant i gen-

Medi at ed Macr ophage- Lymphocyt e I nt er act i on. Pr evi ous st udi es have demon-

st r at ed t hat f unct i onal r ecogni t i on of macr ophage- associ at ed ant i gen by i mmune

t hymus- der i ved gui nea pi g l ymphocyt es r equi r es hi st ocompat i bi l i t y- l i nked i den-

t i t y bet ween macr ophage and l ymphocyt e ( 20) . We t her ef or e i nvest i gat ed t he

Ant i gen

Cover sl i p A

exposur e*

Cover sl i p B

Lymph node

bound per 100

Cover sl i p A

l ymphocyt es

macr ophages$

Cover sl i p B

- - 17 . 3 18 . 3

+ - 85 . 0 19 . 5

- + 16 . 5 91 . 5

+ + 86. 0 82 . 5
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r ol e of hi st ocompat i bi l i t y i n t he devel opment of physi cal i nt er act i ons bet ween

macr ophages and l ymphocyt es, bot h i n t he pr esence and absence of ant i gen .

M( p monol ayer s wer e est abl i shed by cul t ur i ng PEC f r om ei t her st r ai n 2 or

st r ai n 13 uni mmuni zed gui nea pi gs . Each of t hese popul at i ons of gl ass- adher ent

MSo was t hen t est ed f or i t s abi l i t y t o bi nd LNL obt ai ned f r om ei t her st r ai n 2 or

st r ai n 13 ani mal s af t er t he st andar d 60- mi n i ncubat i on used t o eval uat e

ant i gen- i ndependent macr ophage- l ymphocyt e i nt er act i on ( Tabl e I V) . Ther e

wer e no si gni f i cant di f f er ences not ed i n t he abi l i t y of ei t her st r ai n of M~p t o bi nd

syngenei c or al l ogenei c LNL i n t he absence of ant i gen . Fur t her mor e, t her e was no

di f f er ence not ed i n t he degr ee of endocyt osi s of LNL i n t he syngenei c or

al l ogenei c combi nat i ons . Fur t her exper i ment s wer e per f or med usi ng al l oant i ser a

suppl i ed by Dr . E. Shevach, NI H ( 21) . When bi ndi ng was st udi ed usi ng

al l ogenei c mi xt ur es of LNL and Map, al l oant i ser a di r ect ed agai nst hi st ocompat i -

bi l i t y det er mi nant s on t he M~p di d not decr ease t he bi ndi ng of LNL when t he

TABLE I V

Ant i gen- I ndependent Macr ophage Bi ndi ng of Syngenei c and

Al l ogenei c Lymph Node Lymphocyt es

* Dat a expr ess t he bi ndi ng obser ved when 5 x 10 8 LNL f r omei t her st r ai n 2

or 13 gui nea pi gs ar e pr esent ed t o Mo monol ayer s obt ai ned f r om ei t her

st r ai n 2 or 13 ani mal s and i ncubat ed f or 60 mi n i n st andar d assay of

ant i gen- i ndependent macr ophage- l ymphocyt e i nt er act i on . Each t er m

r epr esent s t he mean t SEMof t hr ee or mor e r epl i cat e exper i ment s .

ant i ser a was pr esent cont i nuousl y dur i ng t he i ncubat i on . Al l oant i ser a di r ect ed

agai nst det er mi nant s on t he LNL coul d not be eval uat ed because t hei r pr esence

i n t he i ncubat i on mi xt ur es r esul t ed i n opsoni zat i on and phagocyt osi s of t he LNL.

Macr ophage- t hymocyt e i nt er act i on coul d be st udi ed, however , si nce al l oant i -

ser a- medi at ed phagocyt osi s of t hymocyt es di d not occur t o a si gni f i cant degr ee .

Macr ophage bi ndi ng of t hymocyt es was not af f ect ed by t he pr esence of

al l oant i ser a di r ect ed agai nst det er mi nant s on ei t her Map or t hymocyt e or bot h .

The devel opment of ant i gen- medi at ed macr ophage- l ymphocyt e i nt er act i on i n

syngenei c and al l ogenei c combi nat i ons of cel l s was next compar ed . St andar d Map

monol ayer s obt ai ned f r om ei t her st r ai n 2 or st r ai n 13 uni mmuni zed ani mal s wer e

br i ef l y exposed t o ei t her PPD ( 100 pg/ ml ) i n PBS or PBS al one as i ndi cat ed

above. LNL obt ai ned f r omei t her st r ai n 2 or st r ai n 13 gui nea pi gs whi ch had been

i mmuni zed wi t h t he same pr epar at i on of CFAwer e t hen added t o each of t hese

monol ayer s and st andar d 20- h i ncubat i on car r i ed out . I n t he absence of ant i gen,

St r ai n

Macr ophage LNL

Lymph node l ymphocyt es

bound per 100 macr ophages*

2 2 74 . 7 t 5 . 7

2 13 66 . 2 t 5 . 3

13 13 70 . 3 t 3 . 3

13 2 76 . 9 t 7 . 8



15 0

	

MACROPHAGE- LYMPHOCYTE I NTERACTI ON

t he same degr ee of i nt er act i on was obser ved i n t he syngenei c and al l ogenei c

combi nat i ons ( Tabl e V) , wi t h no di f f er ence i n t he degr ee of endocyt osi s not ed . I n

t he cul t ur es cont ai ni ng ant i gen- bear i ng Mcp, enhanced bi ndi ng devel oped onl y

when macr ophages and l ymphocyt es wer e syngenei c . Fur t her mor e, t he addi t i on

of al l ogenei c PPD- LNL t o cul t ur es of PPD- LNL and syngenei c ant i gen- bear i ng

Mso di d not i nhi bi t t he degr ee of syngenei c ant i gen- medi at ed i nt er act i on

obser ved .

Di scussi on

Ant i gen- medi at ed i n vi t r o pr ol i f er at i on of i mmune gui nea pi g l ymph node

l ymphocyt es i s t hought t o i nvol ve t he obl i gat or y par t i ci pat i on of macr ophages

( 10) . I n t hi s syst em, macr ophages ar e t hought t o be t he cel l s whi ch must i ni t i al l y

TABLE V

Ant i gen- Medi at ed Macr ophage- Lymphocyt e I nt er act i on :

Hi st ocompat i bi l i t y Requi r ement

St r ai n Macr ophage exposur e*

* Est abl i shed Mp monol ayer s wer e exposed t o ei t her PPD( 100 Ag/ ml ) i n PBS or

PBS al one f or 60 mi n at 37° C and washed f our t i mes bef or e use .

f Dat a expr ess t he bi ndi ng obser ved when 5 x 106 LNL obt ai ned f r om ei t her

st r ai n 2 or 13 PPDi mmune gui nea pi gs ar e added t o ant i gen exposed or cont r ol

Mo monol ayer s f r om st r ai n 2 or 13 ani mal s and i ncubat ed i n st andar d f ashi on

f or 20 h. Each t er mr epr esent s t he mean - f SEMof f our r epl i cat e exper i ment s .

i nt er act wi t h ant i gen i n or der t o f aci l i t at e i t s f unct i onal l y ef f ect i ve pr esent at i on

t o i mmune l ymphocyt es . Macr ophages, br i ef l y exposed t o ant i gen bef or e mi xi ng

wi t h l ymphocyt es, have been demonst r at ed t o t ake up suf f i ci ent ant i gen f or

ef f i ci ent l ymphocyt e t r i gger i ng ( 10, 22) . The pr esent st udi es wer e under t aken t o

mor e pr eci sel y anal yze t he sequence of physi cal event s i nvol ved i n i mmune

l ymphocyt e act i vat i on . Thus, a modi f i ed ant i gen pul se t echni que was ut i l i zed,

wher eby gl ass- adher ent M<p wer e br i ef l y exposed t o var i ous sol ubl e ant i gens and

washed bef or e t he addi t i on of i mmune l ymphocyt es . When t r i t i at ed DNP- GPA

( pr epar ed f r om 2- 4 di ni t r of l uor obenzene[ 3, 5 3H] and gui nea pi g al bumi n) was

used as an ant i gen, such exposur e r esul t ed i n aut or adi ogr aphi cal l y det ect abl e

upt ake by mor e t han 90` 70 of t he Map . Si mi l ar l y, a st andar d exposur e t o

hor ser adi sh per oxi dase ( HRP, Wor t hi ngt on Bi ochemi cal Cor p . , Fr eehol d, N. J . )

or KLHcoupl ed t o HRP, each at 100 pg/ ml , r esul t ed i n upt ake by mor e t han 95%.

of MP when assessed by t he cyt ochemi cal devel opment of HRPr eact i on pr oduct

( 23) . No si gni f i cant amount of gl ass- bound ant i gen was f ound ut i l i zi ng ei t her of

Macr ophage LNL Cont r ol

( LNL bound/ 100

Ant i gen

macr ophages) $

2 2 19 . 0 t 5. 8 111 . 9 t 11 . 7

2 13 18 . 4 r 6. 7 25 . 1 a 6. 8

13 13 17 . 2 t 3. 5 99 . 5 t 10 . 1

13 2 2131 4. 6 33. 0 t 5. 9
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t he af or ement i oned t echni ques . ' Mor eover , ant i gen car r y over coul d be eval uat ed

i n t he cul t ur es of ant i gen- bear i ng M~p by mi xi ng cel l - f r ee super nat es of t hese

cul t ur es wi t h i mmune per i t oneal exudat e l ymphocyt es, a hi ghl y ant i gen r espon-

si ve l ymphocyt e popul at i on, and assayi ng f or i nduct i on of [ 3H] TdR i ncor por a-

t i on ( 24) . Usi ng t hi s t echni que, t he amount of noncel l - bound ant i gen pr esent

r out i nel y i n cul t ur es af t er a st andar d M~p exposur e t o ant i gen was f ound t o be
f unct i onal l y equi val ent t o - 1 x 10 - ' gg/ cul t ur e . ' Thus t he t echni que of Mcp

exposur e empl oyed r esul t ed i n upt ake of ant i gen by t he vast maj or i t y of M( P wi t h

i nsuf f i ci ent noncel l - bound car r y over t o account f or t he degr ee of Mw- LNL

i nt er act i on whi ch subsequent l y devel oped .

Ant i gen- medi at ed macr ophage- l ymphocyt e i nt er act i on devel ops when LNL

obt ai ned f r om ani mal s i mmuni zed t o a par t i cul ar ant i gen ar e i ncubat ed wi t h

macr ophages whi ch have had pr evi ous exposur e t o t hat ant i gen . Thi s phenome-

non r equi r es ( a) pr ol onged i ncubat i on t o devel op, ( b) t he coi nci dence i n cul t ur e

of macr ophages bear i ng speci f i c ant i gen wi t h l ymphocyt es obt ai ned f r om

ani mal s i mmune t o t hat ant i gen, and ( c) t he shar i ng of hi st ocompat i bi l i t y- l i nked

det er mi nant s by macr ophage and l ymphocyt e . Mor eover , ant i gen- dependent
bi ndi ng i s not medi at ed sol el y t hr ough hapt en speci f i ci t y when hapt en- pr ot ei n
conj ugat es ar e used, but , appear s t o be pr i nci pal l y car r i er - or conj ugat e- speci f i c .
The obser vat i on t hat si mi l ar degr ees of ant i gen- medi at ed macr ophage- l ym-

phocyt e i nt er act i on devel oped when ant i gen was pr esent cont i nuousl y i n t he

medi um i ndi cat es t hat such i nt er act i ons r esul t not because ant i gen i s physi cal l y

l i mi t ed t o t he M~p but , r at her suggest s t hat t hese appr oxi mat i ons r epr esent an

obl i gat or y event i n t he t r i gger i ng of i mmune l ymphocyt es .

The f unct i onal si gni f i cance of ant i gen- medi at ed macr ophage- l ymphocyt e

i nt er act i ons i s i ndi cat ed by t he obser vat i on t hat t r i t i at ed t hymi di ne i ncor por a-

t i on i s i ni t i al l y mani f est ed onl y by t hose l ymphocyt es cl ust er ed about ant i gen-

bear i ng M~o and i s appar ent wi t hi n 48 h i n cul t ur e . Si gni f i cant number s of

unbound l ymphocyt es ar e obser ved t o have i ncor por at ed [ 3H] TdR onl y af t er 72 h

of i ncubat i on suppor t i ng t he cont ent i on t hat act i vat i on of t he l ymphocyt es i s

i ni t i at ed whi l e t hey ar e i n physi cal cont act wi t h t he M~o . I n or der t o det er mi ne i f

l ymphocyt e DNAsynt hesi s i s necessar y f or t he devel opment of ant i gen- medi at ed

macr ophage- l ymphocyt e i nt er act i on, exper i ment s wer e done usi ng mi t omyci n- C-

t r eat ed i mmune LNL . Whi l e t hese cel l s exhi bi t ed no pr ol i f ' er at i ve r esponse t o

M~p- bound ant i gen i n st andar d assays of [ 3H] TdR i ncor por at i on, t hey wer e

bound by ant i gen- bear i ng M~p i n si mi l ar f ashi on as unt r eat ed LNL i ndi cat i ng

t hat t he devel opment of ant i gen- medi at ed macr ophage- l ymphocyt e i nt er act i on
does not depend on t he i nduct i on of l ymphocyt e DNA synt hesi s .

These obser vat i ons, as wel l as t hose of ot her s ( 13, 27) , i ndi cat e t hat physi cal
i nt er act i on bet ween macr ophages and l ymphocyt es pl ays an i mpor t ant r ol e i n
t he devel opment of ant i gen- medi at ed pr ol i f er at i on of i mmune l ymphocyt es . The
st udi es r epor t ed her e ext end t hi s concept t o i mpl y t hat t he physi cal event s
i nvol ved i n l ymphocyt e act i vat i on pr oceed sequent i al l y f r om ant i gen- i ndepend-
ent r ever si bl e bi ndi ng of l ymphocyt es by M( p t o ant i gen st abi l i zed speci f i c
i nt er act i on . Ant i gen- i ndependent bi ndi ng may i ni t i al l y and, r ever si bl y, br i ng
l ymphocyt es i nt o cl ose anat omi c associ at i on wi t h Map . When Mho have t aken up

s
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and r et ai ned speci f i c ant i gen, t hi s i nt er act i on coul d f aci l i t at e t he ef f i ci ent

pr esent at i on of ant i gen t o commi t t ed l ymphocyt es . Tr ansmi ssi on of an ant i geni c

si gnal woul d t hen r esul t i n pr ol onged macr ophage- l ymphocyt e i nt er act i on

event uat i ng i n l ymphocyt e pr ol i f er at i on and/ or di f f er ent i at i on . Such an i nt er pr e-

t at i on i s suppor t ed not onl y by t he f i ndi ngs pr esent ed i n t hese st udi es but al so by

t he mi cr oci nemat ogr aphi c demonst r at i ons ( 26, 27) of t he pr ol onged cl ust er i ng of

l ymphocyt es and bl ast cel l s about Map, pr esumabl y bear i ng an ant i geni c

st i mul us .

The hi st ocompat i bi l i t y r equi r ement s f or ant i gen- i ndependent and ant i gen-

medi at ed macr ophage- l ymphocyt e i nt er act i on di f f er . Tot al i dent i t y at

hi st ocompat i bi l i t y l oci i s not r equi r ed f or ant i gen- i ndependent bi ndi ng of

l ymphocyt es by Map . Si nce st r ai n 2 and 13 gui nea pi gs have been demonst r at ed,

however , t o shar e a maj or hi st ocompat i bi l i t y ant i gen ( 28) , i t r emai ns possi bl e

t hat Map- LNL i nt er act i on coul d r equi r e i dent i t y at such a shar ed l ocus and not at

t he l oci whi ch wer e di spar at e i n t he ani mal s st udi ed . The devel opment of

ant i gen- medi at ed macr ophage- l ymphocyt e i nt er act i on, on t he ot her hand,

r equi r es t hat macr ophages and l ymphocyt es shar e hi st ocompat i bi l i t y- l i nked

det er mi nant s . These f i ndi ngs ar e consonant wi t h t he obser vat i on t hat t he

f unct i onal r ecogni t i on of sol ubl e pr ot ei n ant i gens by gui nea pi g t hymus- der i ved

l ymphocyt es r equi r es t he pr esent at i on of ant i gen by hi st ocompat i bl e Myp ( 20) .

Fur t her mor e, t hese dat a suppor t t he concept t hat f unct i onal act i vat i on of

i mmune t hymus- der i ved l ymphocyt es by ant i gen- bear i ng macr ophages r equi r es

physi cal i nt er act i on whi ch i s medi at ed by membr ane pr oduct s coded f or by genes

of t he hi st ocompat i bi l i t y r egi on or genes l i nked t o t hem.

The mechani smby whi ch t he pr esence of ant i gen i n macr ophages r esul t s i n

pr ol onged macr ophage- l ymphocyt e i nt er act i on has not been pr eci sel y def i ned .

The exper i ment s ut i l i zi ng t wo separ at e monol ayer s i n t he same cul t ur e chamber ,

one bear i ng ant i gen and t he ot her not , i ndi cat e t hat ant i gen- medi at ed bi ndi ng

pr edomi nant l y i nvol ves t hose Mcp act ual l y bear i ng ant i gen . The obser vat i on t hat

cont r ol Map exhi bi t no enhanced bi ndi ng i n t hese exper i ment s f ur t her suggest s

t hat ant i gen- medi at ed i nt er act i on i s a pr i mar y event r at her t han a secondar y

mani f est at i on of l ymphocyt e act i vat i on . The dat a i ndi cat i ng t hat ant i gen-

medi at ed bi ndi ng pr ecedes t he i nduct i on of l ymphocyt e DNA synt hesi s suppor t

t hi s i nt er pr et at i on . Thus, i t i s l i kel y t hat ant i gen- medi at ed macr ophage- l ym-

phocyt e i nt er act i on r epr esent s an ear l y st ep i n t he sequence of event s l eadi ng t o

ant i gen r ecogni t i on .

Summar y

The ef f ect of speci f i c ant i gen on t he devel opment of physi cal i nt er act i ons

bet ween l ymph node l ymphocyt es ( LNL) obt ai ned f r omani mal s whi ch had been

i mmuni zed t o t hat ant i gen and macr ophages was exami ned . We f ound t hat t he

pr esence of ant i gen, ei t her l i mi t ed t o t he macr ophage ( M~p) or f r ee i n t he

medi um, pr of oundl y i ncr eased t he degr ee of Mao- LNL i nt er act i on obser ved . Thi s

enhanced i nt er act i on was dependent on t he coi nci dence i n t he cul t ur es of

Map bear i ng ant i gen and LNL f r om ani mal s speci f i cal l y i mmuni zed t o t hat



ant i gen . Al t hough ant i gen- i ndependent i nt er act i ons devel oped equal l y wel l

bet ween syngenei c and al l ogenei c combi nat i ons of l ymphocyt es and macr o-

phages, ant i gen medi at ed i nt er act i ons r equi r ed t hat macr ophages and l ympho-

cyt es be syngenei c . Pr ol ongat i on of ant i gen- medi at ed MSo- LNL i nt er act i ons

r esul t ed i n t he i nduct i on of LNL DNA synt hesi s, i ni t i al l y i nvol vi ng t hose

l ymphocyt es physi cal l y associ at ed wi t h ant i gen- bear i ng MP. These st udi es ar e

i nt er pr et ed t o i ndi cat e t hat physi cal i nt er act i on bet ween i mmune l ymphocyt es

and ant i gen- bear i ng Mao r epr esent s a mor phol ogi cal cor r el at e of t he f unct i onal

act i vat i on of i mmune l ymphocyt es . Fur t her , i t i s suggest ed t hat t he physi cal

event s i nvol ved i n l ymphocyt e pr ol i f er at i on may pr oceed sequent i al l y f r om

ant i gen- i ndependent r ever si bl e bi ndi ng of l ymphocyt es by macr ophages t o

pr ol onged ant i gen- st abi l i zed i nt er act i on event uat i ng i n t he t r i gger i ng of speci f i -

cal l y i mmune l ymphocyt es .

Recei ved f or publ i cat i on 16 Jul y 1974 .

PETERE. LI PSKY AND ALAN S. ROSENTHAL

	

153

Ref er ences

1 . Chen, C. , and J . G. Hi r sch . 1972 . The ef f ect s of mer capt oet hanol and of per i t oneal

macr ophages on t he ant i body- f or mi ng capaci t y of nonadher ent mouse spl een cel l s i n

vi t r o . J . Exp . Med . 136 : 602 .

2 . Mosi er , D. E. , and C . W. Pi er ce . 1972 . Funct i ona l mat ur at i on of t hymi c l ymphocyt e
popul at i ons i n vi t r o . J . Exp . Med . 136 : 1484 .

3 . Si mon, H. B. , and J . N. Sheagr en . 1972 . Mi gr at i on i nhi bi t or y f act or and macr ophage

bact er i ci dal f unct i on . I nf ect . I mmun . 6 : 101 .

4 . Mosi er , D. E. 1969 . Cel l i nt er act i ons i n t he pr i mar y i mmune r esponse i n vi t r o : a

r equi r ement f or speci f i c cel l cl ust er s . J . Exp . Med . 129 : 351 .

5 . Pi er ce, C . W. , and B . Benacer r af . 1969 . I mmune r esponse i n vi t r o : i ndependence of

" act i vat ed" l ymphoi d cel l s . Sci ence ( Wash . , D. C. ) . 166 : 184 .

6 . Kat z, D. H. , and E. R. Unanue . 1973 . Cr i t i ca l r ol e of det er mi nant pr esent at i on i n t he

i nduct i on of speci f i c r esponses i n i mmunocompet ent l ymphocyt es . J . Exp . Med .

137 : 967 .

7 . Cl i ne, M. J . , and V. C. Swet t . 1968 . Th e i nt er act i on of human monocyt es and

l ymphocyt es . J . Exp . Med . 128 : 1309 .

8 . Her sh, E. M. , and J . E. Har r i s . 1968 . Macr ophage- l ymphocyt e i nt er act i on i n t he

ant i gen i nduced bl ast ogeni c r esponse of per i pher al bl ood l eukocyt es . J . I mmunol .

100 : 1184 .

9 . Seeger , R. C . , and J . J . Oppenhei m. 1970 . Syner gi st i c i nt er act i on of macr ophages and

l ymphocyt es i n ant i gen- i nduced t r ansf or mat i on of l ymphocyt es . J . Exp . Med . 132 : 44 .
10 . Wal dr on, J . A. , R. G. Hor n, and A. S. Rosent hal . 1973 . Ant i gen- i nduce d pr ol i f er at i on

of gui nea pi g l ymphocyt es i n vi t r o . 1. Obl i gat or y r ol e of macr ophages i n t he

r ecogni t i on of ant i gen by i mmune T- l ymphocyt es . J . I mmunol . 111 : 58 .

11 . Unanue, E. R. 1972 . The r egul at or y r ol e of macr ophages i n ant i geni c st i mul at i on .
Adv . I mmunol . 15 : 95 .

12 . Rosenst r ei ch, D. L . , and A. S. Rosent hal . 1974 . Per i t onea l exudat e l ymphocyt e . 111 .

Di ssoci at i on of ant i gen- r eact i ve l ymphocyt es f r om ant i gen- bi ndi ng cel l s i n a T

l ymphocyt e enr i ched popul at i on i n t he gui nea pi g . J . I mmunol . 112 : 1085 .

13 . Hani f i n, J . M. , and M. J . Cl i ne . 1970 . Huma n monocyt es and macr ophages :
i nt er act i ons wi t h ant i gen and l ymphocyt es . J . Cel l Bi ol . 46 : 97 .



154

	

MACROPHAGE- LYMPHOCYTE I NTERACTI ON

14 . Li psky, P. E. , and A. S . Rosent hal . 1973 . Macr ophage- l ymphocyt e i nt er act i on . I .

Char act er i st i cs of t he ant i gen- i ndependent bi ndi ng of gui nea pi g t hymocyt es and

l ymphocyt es t o syngenei c macr ophages . J . Exp . Med . 138 : 900 .

15 . Li psky, P . E. , and A. S. Rosent hal . 1974 . Fur t her char act er i zat i on of physi cal

i nt er act i ons bet ween i mmunocompet ent l ymphocyt es and macr ophages . Fed, Pr oc .

33 : 743 .

16 . Rosent hal , A. S . , P. E . Li psky, and E. M. Shevach . 1974 . Mor phol ogi ca l and

f unct i onal cor r el at es of macr ophage- l ymphocyt es i nt er act i on . I n Mononucl ear Phago-

cyt es . R. van Fur t h, edi t or . I n pr ess .

17 . Davi e, J . M. , and W. E. Paul . 1970 . Recept or s on i mmunocompet ent cel l s . I . Recept or

speci f i ci t y of cel l s par t i ci pat i ng i n a cel l ul ar i mmune r esponse . Cel l . I mmunol . 1 : 404 .

18 . Kant or , F . S. , A. Oj eda, and B. Benacer r af . 1963 . St udi es on ar t i f i ci al ant i gens . I .

Ant i geni ci t y of DNP- pol y- l ysi ne and DNP- copol ymer of l ysi ne and gl ut ami c aci d i n

gui nea pi gs . J . Exp . Med . 117 : 55 .

19 . Wei gl e, W. O. 1964 . I mmunochemi cal pr oper t i es of hemocyani n . I mmunochem. 1 : 295 .

20 . Rosent hal , A. S . , and E . M. Shevach . 1973 . Funct i on of macr ophages i n ant i gen

r ecogni t i on by gui nea pi g T l ymphocyt es . 1 . Requi r ement f or hi st ocompat i bl e

macr ophages and l ymphocyt es . J . Exp . Med . 138 : 1194 .

21 . Shevach, E. M. , W. E. Paul , and 1 . Gr een . 1972 . Hi st ocompat i bi l i t y- l i nked i mmune

r esponse gene f unct i on i n gui nea pi gs . Speci f i c i nhi bi t i on of ant i gen- i nduced

l ymphocyt e pr ol i f er at i on by al l oant i ser a . J . Exp . Med . 136 : 1207 .

22 . Rosenst r ei ch, D. L . , and A. S. Rosent hal . 1973 . Per i t onea l exudat e l ymphocyt e . 11 . I n

vi t r o l ymphocyt e pr ol i f er at i on i nduced by br i ef exposur e t o ant i gen . J . I mmunol .

110 : 934 .

23 . Gonat as, N. K. , J . Ant oi ne, A. St ei ber , and S. Avr ameas . 1972 . Sur f ace i mmunogl ob-

ul i ns of t hymus and l ymph node cel l s demonst r at ed by t he per oxi dase coupl i ng

t echni que . Lab . I nvest . 26 : 253 .

24 . Rosenst r ei ch, D. L . , J . T . Bl ake, and A. S. Rosent hal . 1971 . The per i t oneal exudat e

l ymphocyt e . 1 . Di f f er ences i n ant i gen r esponsi veness bet ween per i t oneal exudat e and

l ymph node l ymphocyt es f r om i mmuni zed gui nea pi gs . J . Exp . Med . 134 : 1170 .

25 . Sul i t zeanu, D. , R. Kl ei nman, D. Benezr a, and I . Ger y . 1971 . Cel l ul ar i nt er act i ons and

t he secondar y r esponse i n vi t r o . Nat . New Bi ol . 229 : 254 .

26 . McFar l and, W. D. , D. H. Hei l man, and J . F . Moor head . 1966 . Funct i ona l anat omy of

t he l ymphocyt e i n i mmunol ogi cal r eact i ons i n vi t r o . J . Exp . Med . 124 : 851 .

27 . Sal vi n, S. B . , S . Sel l , and J . Ni shi o . 1971 . Act i vi t y i n vi t r o of l ymphocyt es and

macr ophages i n del ayed hyper sensi t i vi t y . J . I mmunol . 107 : 655 .

28 . Sat o, W. , and A. L . de Weck . 1972 . Leukocyt e t ypi ng i n gui nea pi gs . Z . I mmuni t aet s-

f or sch . 144( Suppl . ) : 49 .


