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Cont act sensi t i vi t y can be i nduced i n mi ce r ecei vi ng i nj ect i ons of cel l s obt ai ned

f r om t he r egi onal l ymph nodes af t er ski n pai nt i ng ( 1) . A var i et y of cel l t ypes

have been suggest ed t o be r esponsi bl e f or t he t r ansf er of sensi t i zat i on f or del ayed-

t ype hyper sensi t i vi t y ( DTH) ' t o cont act sensi t i zer s . These i ncl ude T l ymphocyt es

( 2- 4) , macr ophages ( 5) , and Langer hans' cel l s ( LC) ( 6, 7) . Recent st udi es have

shown t hat smal l number s of dendr i t i c cel l s ( DC) i sol at ed f r om t he l ymph nodes

of mi ce ski n pai nt ed 24 h pr evi ousl y wi t h cont act sensi t i zer s ( 8- 10) or DC i sol at ed

f r om spl een or l ymph nodes and exposed t o cont act sensi t i zer s i n vi t r o ( 10, 11)

t r ansf er sensi t i zat i on f or DTH t o r eci pi ent ani mal s . Pr evi ousl y we demonst r at ed

t hat t her e was an i ncr ease i n t he number of DC i n t he l ymph nodes 24 h af t er

ski n pai nt i ng mi ce wi t h FI TC, wi t h no si gni f i cant change i n t he number of

l ymphocyt es ( 10) . I n addi t i on, t he ant i gen was pr ef er ent i al l y l ocat ed on DC, and

smal l number s of t hese DC sensi t i zed nor mal r eci pi ent s showi ng t hat DC bot h

car r y and t r ansf er t he ant i gen . Her e we exami ne changes i n t he number s and

pr oper t i es of cel l s i sol at ed f r om t he l ymph nodes f r om 30 mi n t o 6 d af t er ski n

pai nt i ng wi t h FI TC. We show t hat dur i ng a 3- d per i od af t er ski n pai nt i ng,

ant i gen i s l ocat ed pr ef er ent i al l y on DC i n dr ai ni ng l ymph nodes, and t hese DC

st i mul at e T cel l pr ol i f er at i on i n vi t r o .

Mat er i al s and Met hods

Mi ce.

	

CBA mi ce bet ween 6 and 10 wk ol d wer e obt ai ned f r omt he speci f i c pat hogen-
f r ee uni t at t he Cl i ni cal Resear ch Cent r e . Mi ce of t he same sex wer e used wi t hi n
exper i ment s .

Cel l Suspensi ons.

	

I ngui nal and axi l l ar y l ymph nodes wer e t aken f r om nor mal mi ce or
mi ce ski n pai nt ed 1- 6 d pr evi ousl y . Si ngl e cel l suspensi ons pr epar ed by pr essi ng t he nodes
t hr ough wi r e mesh wer e washed i n medi um ( RPMI 1640, Dut ch Modi f i cat i on ; Fl ow
Labor at or i es, I r vi ne, Uni t ed Ki ngdom; wi t h 100 I U/ ml of peni ci l l i n, 100, ug/ ml st r ept o-
myci n, 10 - ' M2- ME, and 7 . 5% FCS) . The cel l s ( 5- 8 ml ) at 5 x 10 6/ ml wer e l ayer ed ont o
2 ml of met r i zami de ( Nygaar d, Osl o, Nor way ; anal yt i cal gr ade, 14 . 5 g, added t o 100 ml
of medi um) and wer e cent r i f uged f or 10 mi n at 600 g. Cel l s at t he i nt er f ace wer e col l ect ed,
washed once, and r esuspended i n medi um. These separ at ed cel l s f r omnor mal mi ce and

S. E. Macat oni a i s a Wel l come Tr ust Resear ch Schol ar .
' Abbr evi at i ons used i n t hi s paper :

	

DC, dendr i t i c cel l s ; DTH, del ayed- t ype hyper sensi t i vi t y ; LC,
Langer hans' cel l s .
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f r om mi ce ski n pai nt ed up t o 2 d pr evi ousl y wer e >75% DC ( 8) , and wer e sensi t i ve t o
l ysi s wi t h a speci f i c ant i body f or DC ( 33D1) pl us compl ement ( 12) . <5%wer e macr ophages
t hat l abel ed wi t h t he 174/ 80 mAb ( 13) , and t he r emai ni ng cel l s wer e l ymphocyt es . The
pur i t y of DC i sol at ed at t he i nt er f ace obt ai ned f r om t he l ymph nodes of mi ce 3 and 4 d
af t er ski n pai nt i ng was r educed t o 50%and t he pr opor t i on of cel l s sensi t i ve t o Thy- 1 +
C i ncr eased .

Enr i ched T cel l s ( >90%) wer e obt ai ned by passage of l ymph node cel l s over nyl on- wool
col umns as descr i bed by Jul i us et al . ( 14) . Enr i ched B cel l s ( 85%) wer e obt ai ned by
di sr upt i on of t he nyl on wool t o el ut e adher ent cel l s and wer e t r eat ed wi t h ant i Thy- 1 . 2
and 33D1 + C.

I n Vi vo Sensi t i zat i on.

	

FI TC ( i somer 1 ; Si gma Chemi cal Co . , Pool e, Uni t ed Ki ngdom)
was di ssol ved i n a 50 : 50 ( vol / vol ) acet one/ di but yl pht hal at e ( BDH) mi xt ur e j ust bef or e
appl i cat i on . Mi ce wer e pai nt ed on t he shaved t hor ax and abdomen wi t h 0 . 4 ml of 5 mg/ ml
of FI TC ( 15) .

I n Vi t r o Cul t ur e .

	

Cul t ur es ( 20 A1 hangi ng dr ops i n i nver t ed Ter asaki pl at es, r ef er ence
16) cont ai ned 2- 16 X 10 4 T cel l s and r ecei ved var yi ng number s of DC i r r adi at ed wi t h
2, 500 r ad ( s° Co sour ce) . The cul t ur es wer e pul sed wi t h [ 3 Hl t hymi di ne ( Amer sham
I nt er nat i onal , Amer sham, Uni t ed Ki ngdom; 2 Ci / mM. 1 Al added per cul t ur e t o gi ve a
f i nal concent r at i on of 1 ug of t hymi di ne/ ml ) f or 2 h and har vest ed by bl ot t i ng ont o f i l t er
di scs ( 16, 17) .

The aci d- i nsol ubl e mat er i al was count ed usi ng a l i qui d sci nt i l l at i on count er . Di f f er ences
i n l og count s per mi nut e si gni f i cant l y gr eat er t han r epl i cat i on var i abi l i t y wer e cal cul at ed
usi ng anal ysi s of var i ance and St udent ' s t t est ( 18) .

Ant i body Depl et i ons.

	

Lysi s wi t h ant i body pl us C was used t o depl et e cel l pr epar at i ons
of DC usi ng 33D1 ( 12) or of T cel l s usi ng ant i Thy- 1 . 2 ( AT83A) . Cel l s at 5 X 10 5 t o 5 X

10` ' / ml wer e mi xed wi t h ant i body and r abbi t ser um as a sour ce of compl ement ( Buxt ed
Rabbi t Co . , Sussex, Uni t ed Ki ngdom) or wi t h C al one as a cont r ol f or cyt ot oxi ci t y, and
t he cel l s i ncubat ed f or 60 mi n at 37' C and washed t wi ce .

El ect r on Mi cr oscopy .

	

Cel l s wer e f i xed i n 3%gl ut ar al dehyde i n 0 . 1 Mcacodyl at e buf f er ,
post f i xed i n osmi um t et r oxi de, dehydr at ed, and embedded i n Spur r Resi n . Cel l s wer e
obser ved i n a Jeol 12 . 00 EX mi cr oscope .

Fl uor escence Anal ysi s .

	

Cel l s wer e suspended i n 0 . 5 ml PBS cont ai ni ng 1 mM EDTA
( 0 . 02%sodi um azi de, 25 ag pr opi di um i odi de) ( t o i dent i f y dead cel l s) , and 2%FCS, and
wer e anal ysed usi ng a FACS I I ( Bect on Di cki nson & Co. , Mount ai n Vi ew, CA) wi t h t he
l aser set at 300 mW, 488 nm, and t he phot omul t i pl i er t ube at 750 V, wi t h f l uor escence
i nt ensi t y di spl ayed usi ng a l ogar i t hmi c ampl i f i er . Cal cul at i ons used t he accumul at ed dat a
f r om 5 X 104 cel l s f or each pr epar at i on . The f l uor escence di st r i but i on of cel l s obt ai ned
af t er met r i zami de separ at i on of l ymph node cel l s was exami ned . The DC, sensi t i ve t o l ysi s
wi t h 33D1, wer e l ar ge cel l s ( l i ght scat t er channel number 27- 56) and wer e consi der ed
separ at el y f r omsmal l cel l s ( l i ght scat t er channel number 18- 26) , whi ch wer e l ymphocyt es
as shown by i mmunof l uor escence usi ng ant i - mouse Thy- 1 . 2 and ant i - mouse I g. For some
exper i ment s, hi ghl y f l uor escent DC and l ess f l uor escent DC wer e sor t ed f r om ot her cel l s
at a f l ow r at e of 2, 000 cel l s/ second .

Resul t s

Ti me Cour se of Changes i n Cel l Number s i n t he Lymph Nodes af t er Ski n Pai nt -

i ng. The changes i n t ot al number of DC and l ymphoi d cel l s whi ch coul d be

i sol at ed f r om t he dr ai ni ng l ymph node was exami ned over a per i od of si x days

af t er ski n pai nt i ng . By 30 mi nut es, 27 X 10 3 ± 5 X 10 3 DC wer e count ed

compar ed wi t h 20 X 10 3 ± 3 X 10 3 at t i me 0, i . e . , unpai nt ed mouse ( Fi g . 1 a) .

The number of DC i sol at ed i ncr eased shar pl y dur i ng t he f i r st 4 h af t er pai nt i ng

( 45 X 10 3 DC) , and t hen gr adual l y l evel ed of f . The number of DC i sol at ed

peaked on day 2 and had r et ur ned t o near cont r ol l evel s by day 4 ( Fi g . 1 b) . The

pr opor t i on of DC i n t he whol e l ymph node pr epar at i ons f r om nor mal mi ce and

f r om mi ce ski n pai nt ed 24 h pr evi ousl y was al so exami ned by sensi t i vi t y t o 33D1
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FI GURE I .

	

Change i n number s of cel l s i n
t he l ymph node exami ned at var i ous t i mes
af t er ski n pai nt i ng CBA mi ce wi t h 2 mg
FI TC. Resul t s ar e mean of f i ve exper i -
ment s, each of whi ch used pool ed cel l s f r om
f our mi ce . ( a) Change i n number s of l ymph
node cel l s f r om 30 mi n t o 24 h af t er ski n
pai nt i ng . ( 0) Number of i sol at ed DC; ( 0)
t ot al number of unsepar at ed cel l s . ( b)

Change i n number s of l ymph node cel l s
dur i ng 6 d af t er ski n pai nt i ng . ( 0) Number
of i sol at ed DC; ( 0) t ot al number of unsepa-
r at ed cel l s .

+ C and by mor phol ogy . ^- 2 X 10 3 cel l s wer e count ed i n each sampl e . The

number of DCf r omnor mal mi ce was vi r t ual l y undet ect abl e ( <I %) , wher eas DC

f r om ski n- pai nt ed mi ce const i t ut ed >5%of t he t ot al l ymphoi d popul at i on . The

number of l ar ge cel l s passi ng t hr ough met r i zami de gr adi ent s ( pel l et cel l s) was

compar ed bet ween nor mal mi ce and mi ce ski n pai nt ed 24 h pr evi ousl y, usi ng

t he FACS. ^- 25 X 10 4 cel l s wer e pr ocessed i n each sampl e and t her e was no

change i n t he pr opor t i on of l ar ge cel l s det ect ed . Ther ef or e, t he i ncr ease i n t he

number s of DC i sol at ed f r om t he l ymph nodes af t er ski n pai nt i ng r ef l ect ed a

r eal i ncr ease i n t he number of DC i n t he l ymph node and not a r edi st r i but i on of

cel l s bet ween t he pel l et and t he i nt er f ace .

Al t hough t he number s of DC i n t he l ymph nodes i ncr eased, t he pr opor t i on of

DC wi t hi n t he node was ver y smal l and l i t t l e change i n t he t ot al number of cel l s

r ecover ed f r om t he l ymph node dur i ng t he f i r st 24 h af t er ski n pai nt i ng was

det ect ed ( Fi g . 1 a) . However , t her e was an i ncr ease i n t he number of l ymph node

cel l s t hat peaked on day 4 and st i l l r emai ned above nor mal l evel s on day 6 ( Fi g .

b) .1

Fl uor escent Cel l s i n Lymph Nodes af t er Ski n Pai nt i ng wi t h FI TC.

	

The appear ance

i n t he dr ai ni ng l ymph nodes of f l uor escent DC af t er ski n pai nt i ng wi t h FI TC

was exami ned usi ng t he FACS . An i ncr ease i n f l uor escence i nt ensi t y was det ect -

abl e on DC by 30 mi n ( Fi g. 2 a) . By 8 h t he di st r i but i on of f l uor escence on DC

was sl i ght l y bi phasi c and t hi s became mor e appar ent at l at er t i mes ( 12, 16, and

24 h) . The peak i n f l uor escence i nt ensi t y occur r ed at 24 h and had decl i ned by
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FI GURE 2 .

	

Fl uor escence on l ymph node cel l s ob-
t ai ned f r om 30 mi n t o 6 d af t er ski n pai nt i ng wi t h
FI TC. ( a) ( - ) Nor mal DC; ( - ) DC i sol at ed 30
mi n af t er ski n pai nt i ng; ( - - - ) DCi sol at ed 2 h af t er
ski n pai nt i ng; ( . . . . ) , DC i sol at ed 8 h af t er ski n
pai nt i ng; ( 0) DC i sol at ed 24 h af t er ski n pai nt i ng .
( b) ( - ) Nor mal DC; ( . . . . ) DC i sol at ed I d af t er
ski n pai nt i ng; ( - - - - ) DC i sol at ed 3 d af t er ski n
pai nt i ng ; ( - - - ) DC i sol at ed 6 d af t er ski n
pai nt i ng . Fl uor escence on DC i sol at ed on days 2,
4, and 5 was i nt er medi at e t o t hat seen her e and
f or cl ar i t y i s not shown on t he gr aph . ( c) ( - - )
Nor mal T cel l s; ( . . . . ) T cel l s i sol at ed I d af t er
ski n pai nt i ng ; ( - ) T cel l s i sol at ed 3 d af t er ski n
pai nt i ng; ( - - ) T cel l s i sol at ed 5 d af t er ski n pai nt -
i ng. ( d) ( - ) Nor mal B cel l s; ( - ) B cel l s i sol at ed I
d af t er ski n pai nt i ng; ( - - - - ) B cel l s i sol at ed 2 d af t er
ski n pai nt i ng ; ( - - ) Bcel l s i sol at ed 3 d af t er ski n
pai nt i ng; ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"

	

) Bcel l s i sol at ed 5 d af t er ski n pai nt -
i ng.
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FI GURE 3 .

	

Tr ansmi ssi on el ect r on mi cr ogr aphs of l ymph node DCf r om mi ce 24 h af t er ski n
pai nt i ng wi t h FI TC. Ar r ows i ndi cat e Bi r beck gr anul es . ( a) X 72, 000 . ( b) X 75, 000 .

48 h ( Fi g. 26) . Hi gh l evel s of ant i gen wer e det ect ed on t he DC f or up t o 3 d,

af t er whi ch t he amount of f l uor escence f el l t o near cont r ol l evel s .

The f l uor escence pr of i l es f or whol e l ymph node cel l s ( not shown) and separ at ed

nyl on- wool nonadher ent T cel l s ( Fi g . 2c) showed no change dur i ng t he 5 d t hey

wer e exami ned . Ther e was an i ncr ease i n t he pr opor t i on of cel l s of a si ze

i nt er medi at e bet ween r est i ng l ymphocyt es and DC, i n t he whol e l ymph node cel l

and T cel l pr epar at i ons, obt ai ned 3 and 4 d af t er ski n pai nt i ng . These cel l s wer e

bel i eved t o be bl ast s and st ai ned wi t h an ant i - I L- 2- R mAb TI B- 222 . Tr ansi ent

f l uor escence was det ect ed on t he enr i ched B cel l s, ei t her 1, 2, or 3 d af t er ski n

pai nt i ng i n r epeat ed exper i ment s ( Fi g . 2d) .

Mor phol ogy of DC.

	

Some DC t aken 24 h af t er ski n pai nt i ng had Bi r beck

gr anul es ( Fi g . 3, a and b) , whi ch ar e ul t r ast r uct ur al mar ker s f or t he epi der mal

LC. These DC al so cont ai ned l ar ge amount s of r ough endopl asmi c r et i cul um

( RER) , l ysosomes ( Fi g . 4) , Gol gi , and mi cr of i l ament s ar ound t he nucl ear per i ph-

er y ( Fi g. 5) .

The bi phasi c di st r i but i on of f l uor escence on DC seen i n t he ear l y t i me cour se

was exami ned f ur t her . DC wer e i sol at ed f r om t he dr ai ni ng l ymph nodes 16 h

af t er ski n pai nt i ng when t her e was an equal pr opor t i on of hi ghl y f l uor escent and

l ess f l uor escent DC. These popul at i ons wer e separ at ed usi ng t he FACS, exami ned

by el ect r on mi cr oscopy, and t hei r f unct i onal capaci t y was assessed i n vi t r o . Bot h

popul at i ons had t he char act er i st i cs of DC, al t hough t he hi ghl y f l uor escent DC

wer e si gni f i cant l y l ar ger .

DC Exposed t o FI TC I n Vi vo I nduce Lymphocyt e Pr ol i f er at i on . The l evel of

pr ol i f er at i on of nor mal T cel l s ( 2- 16 x 10 4 ) was measur ed af t er t he addi t i on of

DC ( 10' j ) i sol at ed f r om mi ce at var i ous t i mes af t er ski n pai nt i ng . An i ncr ease i n
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FI GURE 4 .

	

Hi gh l ysosomal cont ent of DCi sol at ed f r om l ymph nodes 24 h af t er ski n pai nt i ng
wi t h FI TC ( x 13, 000) . I nser t of $i r beck gr anul e ( x 85, 000) .

pr ol i f er at i on was f i r st det ect ed usi ng DC obt ai ned 8 h af t er ski n pai nt i ng ( Fi g .
6 a) , i . e . , t he t i me of t he appear ance of a bi phasi c di st r i but i on i n t he f l uor escence
( Fi g . 2 a) .

We exami ned t he f unct i onal capaci t y of DCsor t ed i nt o hi ghl y f l uor escent and
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FI GURE 5.

	

DC f r om l ymph nodes 24 h af t er ski n pai nt i ng wi t h FI TC showi ng pr omi nent

Gol gi ( g) and mi cr of i l ament s ( mf ) ( x 17, 000) .

l ess f l uor escent popul at i ons 16 h af t er ski n pai nt i ng ( Fi g . 6b) . DC expr essi ng

hi gh amount s of ant i gen ver y ef f ect i vel y i nduced pr ol i f er at i on wher eas t he l ess

f l uor escent DC wer e much weaker st i mul at or s, par t i cul ar l y at l ower r esponder



100 -

MACATONI A ET AL.

	

166 1

n
20 40 80 160

	

20 40 80 160

T cel l s/ wel l ( z10- ' 1

FI GURE 6 .

	

St i mul at i on of nor mal T cel l s by i r r adi at ed
syngenei c DC ( 1, 000) i sol at ed f r om l ymph nodes at var -
i ous t i mes af t er ski n pai nt i ng mi ce wi t h 2 mg FI TC.
Upt ake of [ ' Hl - t hymi di ne i n hangi ng- dr op cul t ur es of 2-
16 x 10' T cel l s af t er 3 d . Bar l i nes show di f f er ences
si gni f i cant at p = 0. 01 . ( a) Ef f ect of addi ng DC ( 1, 000)
i sol at ed up t o 24 h af t er ski n pai nt i ng . ( O) Backgr ound;
( A) act i vi t y wi t h nor mal syngenei c DC; ( / ) DC i sol at ed
30 mi n af t er ski n pai nt i ng; ( p) DC i sol at ed 2 h af t er ski n
pai nt i ng; ( A) DC i sol at ed 8 h af t er ski n pai nt i ng; ( 0) DC
i sol at ed 24 h af t er ski n pai nt i ng . ( b) Ef f ect of addi ng DC
( 1, 000) sor t ed i nt o hi ghl y f l uor escent and l ess f l uor escent
popul at i ons 16 h af t er ski n pai nt i ng. ( p) Backgr ound; ( A)
weakl y f l uor escent DC; ( 0) 500 weakl y f l uor escent DC
pl us 500 hi ghl y f l uor escent DC; ( / ) unsor t ed DC; ( 0)
hi ghl y f l uor escent DC. ( c) Ef f ect of addi ng DC i sol at ed
f r om l ymph nodes up t o 4 d af t er ski n pai nt i ng mi ce . ( 0)
Backgr ound ; ( A) 1 d DC; ( A) 2 d DC; ( p) 3 d DC; ( / ) 4
d DC. ( d) Ef f ect of addi ng i r r adi at ed T cel l s i sol at ed f r om
mi ce af t er ski n pai nt i ng wi t h FI TC. ( 0) Backgr ound.
( Shaded r egi on) Ef f ect of addi ng 1- 20 x 10' T cel l s
obt ai ned f r om l ymph nodes up t o 5 d af t er ski n pai nt i ng
wi t h FI TC.

cel l concent r at i ons . Reconst i t ut i ng t he sor t ed DC t o t he or i gi nal r at i o of 1 : 1

r est or ed t he r esponse t o t he l evel of unsepar at ed cel l s ( Fi g . 6 b) .

Maxi mum pr ol i f er at i on was i nduced usi ng DC i sol at ed at 24 h af t er ski n

pai nt i ng ( Fi g . 6 c) , when al l DC expr essed a hi gh l evel of f l uor escence . Pr ol i f er -

at i on was l ess when DC wer e obt ai ned bet ween days 2 and 4 when f l uor escence

was decr easi ng . No pr ol i f er at i on was det ect ed on subsequent days when f l uor es-

cence was cl ose t o backgr ound l evel s . Ther e was no si gni f i cant change i n t he

i ncor por at i on of t hymi di ne i n nor mal T cel l s af t er t he addi t i on of nor mal

syngenei c DC ( Fi g . 6a) or t he addi t i on of T cel l s obt ai ned up t o 4 d af t er

sensi t i zat i on ( Fi g . 6d) .

Di scussi on

Thi s wor k demonst r at es a r api d i ncr ease i n t he number of DCi n l ymph nodes

af t er ski n pai nt i ng wi t h FI TC, t he pr ef er ent i al l ocat i on of ant i gen on t he DC,

and t hei r pot ency i n i ni t i at i ng i mmune r esponses dur i ng t he f i r st t hr ee days af t er

exposur e t o ant i gen . At l at er t i mes t he DC wer e no l onger ef f ect i ve and an

i ncr ease i n t he number of l ymphocyt es i n t he l ymph nodes was seen at t he t i me

when T cel l s ar e abl e t o medi at e DTH ( r ef er ence 4, our unpubl i shed obser va-

t i ons) .

LC ar e consi der ed t o be pr ecur sor s of l ymphoi d DC ( 19) . The r out e of

devel opment of DC may be f r om ski n LC vi a af f er ent l ymph t o node, si nce DC

have been char act er i zed i n t he l ymph wher e t hey ar e cal l ed vei l ed cel l s ( 20, 21) .

I t i s known t hat af t er epi cut aneous exposur e t o ant i gen, t he LC i n t he epi der mi s

sel ect i vel y acqui r e ant i gens ( 22) . LC wi t h ant i gen have been r epor t ed t o be

essent i al f or t he devel opment of cont act sensi t i vi t y ( 23) and have been det ect ed
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i n t he der mal l ymphat i cs 2 h af t er chal l enge wi t h cont act sensi t i zer s ( 24) , and

wi t hi n t he l ymph node by 4 h ( 25) . The evol ut i on of LC i nt o af f er ent l ymph

vei l ed cel l s and t hen t o mat ur e, ant i gen- pr esent i ng DC wi t hi n t he l ymph nodes

i s suppor t ed by mor phol ogi cal st udi es and al so by t he si mi l ar i t i es i n f unct i on

bet ween vei l ed cel l s f r om af f er ent l ymph and DC f r om l ymph nodes ( 20) .

Fur t her mor e, Schul er and St ei nman ( 26) have obser ved t he mat ur at i on of ski n

LC i n vi t r o i nt o i mmunost i mul at or y cel l s r esembl i ng DC. The appear ance of LC

i n t he af f er ent l ymph and i n t he l ymph nodes af t er ski n sensi t i zat i on i s al so

accompani ed by a l oss of I a + LC f r om t he ski n bet ween 19 h ( 25, 27) and 3 d

af t er chal l enge ( 27) .

Our r esul t s ar e compat i bl e wi t h t he accept ed vi ewt hat ski n LC acqui r e ant i gen,

mi gr at e vi a af f er ent l ymph t o l ymph nodes, and pr esent ant i gens t o T l ympho-

cyt es ( 28- 30) . The t i mi ng of t he appear ance of DC wi t h hi gh l evel s of ant i gen

wi t hi n t he l ymph nodes coi nci des wi t h t he r epor t ed appear ance i n t he l ymph

nodes of LC ( 25) . The cel l s wi t h hi gh l evel s of f l uor escence wer e f i r st seen at 4-

8 h, and r eached a peak at ^- 24 h. Usi ng el ect r on mi cr oscopy, t hese f l uor escent

DCwer e seen t o be mor e act i vat ed t han DCf r om nor mal mi ce, wer e si gni f i cant l y

l ar ger , and t hey expr essed l ar ge amount s of l ysosomes and RER, suggest i ng t hat

t he l ysosomal syst em of DCmay not be as poor l y devel oped as pr evi ousl y r epor t ed

( 31) . These f unct i onal l y act i ve cel l s wi t h hi gh ant i gen l evel s wer e f ound wi t hi n

t he l ymph nodes f or 3 d, whi ch cor r esponds t o t he t i me per i od over whi ch

depl et i on of ski n LC was r epor t ed . Thus, t he t i mi ng of t he appear ance of t hese

cel l s i n t he l ymph node, and t hei r pr oper t i es i n st i mul at i ng DTH suppor t t he

vi ew t hat t he cel l s ar e der i ved f r om ski n LC. Bi r beck gr anul es have al so been

i dent i f i ed i n some of our DC pr epar at i ons . These DCwer e sensi t i ve t o ki l l i ng by

33D1 ant i body pl us C. However , t hi s ant i gen has not been det ect ed on DC

mat ur ed f r om ski n LC i n vi t r o, whi ch may suggest t hat 33D1 i s expr essed on

DC af t er t hey t r avel t o t he l ymph node . Al t er nat i vel y, t he sensi t i vi t y t o 33D1

and t he pr esence of many cel l s wi t hout Bi r beck gr anul es coul d i ndi cat e t hat

some DC acqui r e ant i gen wi t hi n t he node and ar e not der i ved f r om mi gr at or y

LC. Ther e was, however , a r eal i ncr ease i n t he t ot al number of l ar ge cel l s wi t hi n

t he vi abl e l ymph node cel l popul at i on at 24 h, and t hese wer e shown t o be DC.

Thi s suppor t s t he i dea of a mi gr at or y pat hway f or DC at t hi s t i me, r at her t han a

di f f er ence i n t he ef f i ci ency of t he i sol at i on pr ocedur e .

I n addi t i on t o t he cel l s wi t h hi gh l evel s of ant i gen t hat st i mul at ed T cel l s, we

al so i dent i f i ed cel l s wi t h l ow l evel s of FI TC, whi ch di d not st i mul at e r esponses .

These cel l s wer e f ound as ear l y as 30 mi n af t er exposur e t o ant i gen, t he shar pest

r i se occur r i ng dur i ng t he f i r st 2 h af t er ski n pai nt i ng . We do not have evi dence

as t o whet her t hi s ear l y peak i s due t o cel l s wi t h ant i gen mi gr at i ng i nt o t he node .

These cel l s had l ow l evel s of f l uor escence but di d not st i mul at e i mmune r e-

sponses . The f l uor escence of t hese DC appear ed t o be due t o t he pr esence of

FI TC and not t o an i nher ent change i n t he f l uor escence pr oper t i es of t he cel l s

dur i ng t he devel opment of t he i mmune r esponse, as no f l uor escence above t he

l evel s i n cel l s f r om unt r eat ed mi ce was det ect ed dur i ng t he devel opment of DTH

t o t he nonf l uor escent cont act sensi t i zer pi cr yl chl or i de . The obser vat i ons t hat

t hese ear l y l i ght l y f l uor escent cel l s wer e not f unct i onal i n i ni t i at i ng i mmune

r esponses may mer el y r ef l ect t he l ower l evel s of ant i gen pr esent . However , t he

def i ni t i on of t hese t wo popul at i ons of l abel ed cel l s on t he basi s of t he t i mi ng of
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t hei r appear ance and t he bi phasi c di st r i but i on of ant i gen on t hem suggest s t hat

t hey may be separ at e popul at i ons . As al r eady di scussed, i t seems l i kel y t hat t he

hi gh- i nt ensi t y cel l s cor r espond t o t he mi gr at i ng LC. The l i ght l y l abel ed cel l s may
per haps be DC, al r eady i n t r ansi t at t he t i me of ski n pai nt i ng . Cont act sensi t i zer s

ar e abl e t o conj ugat e di r ect l y t o cel l sur f ace pr ot ei ns and f r ee cont act sensi t i zer s

can be det ect ed i n t he l ymph as ear l y as 15 mi n af t er appl i cat i on ( 32) , whi ch may

conj ugat e di r ect l y wi t h ci r cul at i ng DC or pr ef er ent i al l y t o DC wi t hi n t he l ymph

nodes . The subsequent appear ance of f unct i onal l y act i ve DC wi t h hi gher l evel s

of f l uor escence and showi ng si gns of i ncr eased met abol i c act i vi t y, woul d suggest

t hat t he si mpl e conj ugat i on of ant i gen wi t h pr ot ei n on t he cel l sur f ace i s not

suf f i ci ent f or pr esent at i on of t he ant i gen but t hat some f or mof ant i gen pr ocessi ng

by DC i s necessar y .

The mechani sms r egul at i ng t he di st r i but i on of DC af t er ski n pai nt i ng ar e

unknown . The movement of LC f r om t he ski n and t hei r accumul at i on i n t he

l ymph nodes af t er exposur e t o ant i gens i s unl i kel y t o depend on an i nt er act i on

wi t h mat ur e T l ymphocyt es because t he i ncr ease i n DC obser ved i n t he l ymph

node at 24 h was al so seen i n nude mi ce ( 9) . The DC wi t h hi gh l evel s of ant i gen

usual l y r emai ned i n t he l ymph nodes f or up t o 3 d, but i n one exper i ment t he

l evel of f l uor escence on DC i sol at ed f r om t he nodes r emai ned near maxi mum

f or 5 d af t er ski n pai nt i ng . The f act or s t hat r egul at e t he di sappear ance of DC

f r om t he l ymph node ar e al so unknown . DC t hat have i nt er act ed wi t h ant i gen

can be t ar get s f or NK cel l s ( 33) , and t hi s may be one mechani smby whi ch t he

ant i gen- bear i ng DC ar e r emoved . Exposur e t o nat ur al i nf ect i ons i n t he ani mal

col ony as wel l as del i ber at e i mmuni zat i on may af f ect t he f unct i on of DC ( 30)

and may al so be i nf l uenci ng t he number of DC per si st i ng i n t he l ymph nodes .

The per si st ence of ant i gen i n t he l ymph nodes i n an i mmunogeni c f or m may

al so be l i mi t ed by t he devel opment of ant i hapt en ant i body ( 34) . We have det ect ed

ant i - FI TC ant i body i n t he ser umof mi ce af t er ski n pai nt i ng and af t er i nj ect i ng

DC t hat have acqui r ed ant i gen ( our unpubl i shed obser vat i ons) . Thi s ant i body

may modul at e t he r emoval of l ymph node DCcar r yi ng ant i gen .

A var i et y of cel l t ypes have been r epor t ed t o t r ansf er sensi t i zat i on f or DTH.
These i ncl ude macr ophages ( 5, 35) , T cel l s ( 3, 4) , LC ( 36) , and DC ( 8- 11) . Ver y
smal l number s of DCar e ef f ect i ve at t r ansf er r i ng sensi t i zat i on f or DTH( 8- 10) ,

and t he cont r i but i on of some DC r emai ni ng i n ot her cel l pr epar at i ons i s a

possi bi l i t y . <5%of t he separ at ed DC popul at i on l abel as macr ophages usi ng t he

F4/ 80 mAb ( 13) . I n addi t i on, r emoval of DC f r om t he ef f ect i ve popul at i ons wi t h

33D1 r emoved t he act i vi t y of t he cel l s, suggest i ng t hat macr ophages wer e ei t her

not i nvol ved or onl y cont r i but i ng i n a subsi di ar y r ol e ( 10) .

The t i me at whi ch DC used f or st i mul at i on ar e i sol at ed f r om t he l ymph node

af t er pr i mar y ski n pai nt i ng det er mi nes t he r esponse . Si mi l ar l y, at ear l y t i mes

af t er exposur e t o ant i gen t r ansf er of sensi t i zat i on t o nai ve ani mal s wi t h l ymph

node cel l s appear s t o i nvol ve cel l s pr ovi di ng t he st i mul us f or t he cel l s medi at i ng

t he DTH r esponse ( 37- 39) . DC cause T cel l pr ol i f er at i on i n vi t r o and may

t her ef or e pr ovi de t he st i mul us f or t he devel opment of speci f i c T cel l cl ones i n

vi vo . The speci f i ci t y of t he T cel l r esponses t o ant i gen on DC was shown i n

ear l i er st udi es by t he speci f i c cyt ot oxi c act i vi t y devel opi ng i n t hese cul t ur es ( 9,

10) .

At l at er t i mes af t er exposur e t o ant i gen ( 3- 5 d) , T cel l s have been shown t o
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t r ansf er t he abi l i t y t o el i ci t a r esponse ( 4, 40) , pr obabl y by act i ng as di r ect
medi at or s of DTH. I n t hi s st udy, t he T cel l s car r i ed no det ect abl e ant i gen nor
di d t hey cause st i mul at i on of syngeni c cel l s i n vi t r o, suppor t i ng t he i dea t hat t hey
do not pr ovi de an ant i geni c st i mul us t o anot her cel l t ype but ar e pr obabl y t he

ef f ect or cel l s . I n addi t i on, a pr opor t i on of t he 3- d T cel l s expr essed I L- 2- R and

i t i s t hese cel l s t hat may be r esponsi bl e f or t he DTH r eact i on ( 41) .

Our st udi es wi t h B cel l s pr ovi de evi dence t hat ant i gen on l a- bear i ng cel l s may

not be a suf f i ci ent si gnal f or sensi t i zat i on . The per i od dur i ng whi ch B cel l s

acqui r ed t r ansi ent f l uor escence var i ed and may be i nf l uenced by t he i mmuno-

l ogi cal st at us of t he ani mal at t he t i me of sensi t i zat i on . Fl uor escence on B cel l s

18 h af t er ski n pai nt i ng FI TC has been r epor t ed ( 15) , but we had not det ect ed

t hi s i n pr evi ous st udi es of t he cel l s i sol at ed at 24 h ( 10) . Her e f l uor escence was

det ect ed on B cel l s ei t her 1, 2, or 3 d af t er ski n pai nt i ng i n r epeat ed exper i ment s,

and di d not l ast l onger t han 24 h. Thi s i s unl i kel y t o be aut of l uor escence on

act i vat ed cel l s, as B cel l s obt ai ned f r omani mal s ski n pai nt ed wi t h pi cr yl chl or i de

wer e not f l uor escent . B cel l s t hat expr essed ant i gen af t er ski n pai nt i ng f ai l ed t o

t r ansf er sensi t i zat i on f or DTH( 15 ; our unpubl i shed obser vat i ons) , al t hough cl ass

I I - posi t i ve B cel l s have been r epor t ed t o be ef f ect i ve i n pr esent i ng ant i gen t o
sensi t i zed cel l s ( 42, 43) . A cl ass I I - posi t i ve macr ophage l i ne exposed t o FI TC i n
vi t r o acqui r ed amount s of ant i gen equi val ent t o t hat on DC t r eat ed si mi l ar l y.

However , whi l e DC i nduced hi gh l evel s of pr ol i f er at i on ( 10) , t he macr ophage

l i ne f ai l ed t o i nduce pr ol i f er at i ve r esponses i n vi t r o ( Goodacr e, J . , per sonal

communi cat i on) . Ther ef or e, ef f i ci ent ant i gen pr esent at i on by DC must i nvol ve

speci al i zed pr oper t i es, whi ch may i ncl ude a capaci t y t o concent r at e ant i gens, t o

accumul at e i n t he l ymph nodes ear l y af t er exposur e, and t o cause cl ust er i ng and

act i vat i on of speci f i c T cel l s ( 44) .

Summar y

We have exami ned t he cel l s i nvol ved i n t he devel opment of cont act sensi t i vi t y

t o FI TC i n CBAmi ce. Af t er ski n pai nt i ng wi t h ant i gen, t he number of dendr i t i c

cel l s ( DC) i n t he dr ai ni ng l ymph nodes i ncr eased by 30 mi n, was maxi mal at 48

h, and r et ur ned t o nor mal by 6 d. Der i vat i on of some DC f r om Langer hans'

cel l s of t he ski n was i ndi cat ed f r om t he pr esence of Bi r beck gr anul es obser ved

i n some DC i sol at ed 24 h af t er ski n pai nt i ng . The DC acqui r ed FI TC and by 8

h t her e wer e t wo popul at i ons, one hi ghl y f l uor escent and t he ot her l ess f l uor es-

cent . The hi ghl y f l uor escent cel l s wer e pr esent bet ween 8 h and 3 d af t er

sensi t i zat i on, and dur i ng t hi s per i od t he DC wer e pot ent at i ni t i at i ng pr i mar y

pr ol i f er at i ve r esponses of nor mal syngenei c T l ymphocyt es i n vi t r o . Bet ween

days 3 and 5 t he number s of l ymphocyt es i n t he dr ai ni ng l ymph node i ncr eased .
Dur i ng t hi s per i od pur i f i ed T l ymphocyt es di d not expr ess det ect abl e l evel s of

ant i gen, but enr i ched B cel l popul at i ons expr essed ant i gen t r ansi ent l y on day 1,

2, or 3 af t er exposur e t o ant i gen . The r esul t s showed t hat , dur i ng a 3- d per i od

af t er exposur e t o ant i gen, DC expr essed ant i gen and st i mul at ed T cel l pr ol i f er -

at i on . We specul at e t hat l ow amount s of FI TC bi ndi ng sel ect i vel y t o vei l ed cel l s

or l ymph node DC i n t he f i r st hour s af t er exposur e t o ant i gen ar e not i mmuno-

geni c but t hat Langer hans' cel l s acqui r e hi gh l evel s of ant i gen, ent er t he nodes,

and i ni t i at e i mmune r esponses .
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