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Mi gr at i on and Mat ur at i on of Langer hans Cel l s i n

Ski n Tr anspl ant s and Expl ant s

By Chr i st i an P. Lar sen, Ral ph M. St ei nman, *

Mar gi t Wi t mer - Pack, * Debor ah F. Hanki ns, Pet er J . Mor r i s,

and Jonat han M. Aust yn

Fr om t he Nuf f t el d Depar t ment of Sur ger y, Uni ver si t y of Oxf or d, John Raddi f f e Hospi t al ,

Headi ngt on, Oxf or d ox3 9DU, Uni t ed Ki ngdom, and * The Rockef el l er Uni ver si t y and t he

I r vi ngt on I nst i t ut e, New Yor k, New Yor k 10021

Summar y

The behavi or of Langer hans cel l s ( LC) has been exami ned af t er ski n t r anspl ant at i on and i n an

or gan cul t ur e syst em. Wi t hi n 24 h ( and even wi t hi n 4 h of cul t ur e) , LC i n epi der mal sheet s

f r om al l ogr af t s, i sogr af t s, and expl ant s dr amat i cal l y i ncr eased i n si ze and expr essi on of maj or

hi st ocompat i bi l i t y compl ex cl ass I I mol ecul es, and t hei r number s wer e mar kedl y decr eased . Usi ng

a new pr ocedur e, der mal sheet s wer e t hen exami ned. By 24 h, cel l s r esembl i ng LC wer e f ound

cl ose t o t he epi der mal - der mal j unct i on, and by 3 d, t hey f or med cor ds i n der mal l ymphat i cs

bef or e l eavi ng t he ski n . I n or gan cul t ur e, t he cel l s cont i nued t o mi gr at e spont aneousl y i nt o t he

medi um. These obser vat i ons est abl i sh a di r ect r out e f or mi gr at i on of LC f r om t he epi der mi s

i nt o t he der mi s and t hen out of t he ski n . These pr ocesses ar e appar ent l y i nduced by a l ocal

i nf l ammat or y r esponse, and ar e i ndependent of host - der i ved medi at or s . The phenot ype of mi gr at or y

cel l s was t hen exami ned by t wo- col or i mmunocyt ochemi st r y and FACS anal ysi s . The maj or i t y

of mi gr at or y l eukocyt es wer e I a+ LC, t he r emai nder compr i sed Thy- 1+, CD3 + , CD4 - , CD8 -

pr esumpt i ve T cel l r ecept or - y/ b+ dendr i t i c epi der mal cel l s, whi ch cl ust er ed wi t h t he LC, and

a smal l popul at i on of adher ent I a - , FcRI I +, CD11a/ 18+ macr ophages . I n cont r ast t o t he cel l s

r emai ni ng wi t hi n t he epi der mi s of gr af t ed ski n at 1 d, t he mi gr at or y cel l s wer e het er ogeneous

i n phenot ype, par t i cul ar l y wi t h r espect t o F4/ 80, FcRI I , and i nt er l euki n 2 r ecept or ot expr essi on,

whi ch ar e usef ul mar ker s t o f ol l ow phenot ypi c mat ur at i on of LC. Mor eover , cel l s i sol at ed f r om

t he epi der mi s of gr af t s at 1 d wer e mor e i mmunost i mul at or y i n t he al l ogenei c mi xed l eukocyt e

r eact i on and oxi dat i ve mi t ogenesi s t han LC i sol at ed f r omnor mal ski n, t hough l ess pot ent t han

spl een cel l s . The day 1 mi gr at or y cel l s wer e consi der abl y mor e i mmunost i mul at or y t han spl een

cel l s, and day 3- 5 mi gr at or y cel l s even mor e so, suggest i ng t hat f unct i onal mat ur at i on cont i nues

i n cul t ur e. Thus, mat ur at i on of LC commences i n t he epi der mi s and cont i nues dur i ng mi gr at i on,

but t he cel l s do not need t o be f ul l y mat ur e i n phenot ype or f unct i on bef or e t hey l eave t he ski n .

I n vi vo, t he mi gr at i on of epi der mal LCvi a t he der mi s i nt o l ymphat i cs and t hen t o t he dr ai ni ng

nodes, wher e t hey have been shown pr evi ousl y t o home t o T ar eas, woul d pr ovi de a power f ul

st i mul us f or gr af t r ej ect i on.

The gener at i on of cel l - medi at ed i mmune r esponses agai nst

f or ei gn ant i gens r equi r es t he par t i ci pat i on of bot h ant i gen-

speci f i c T cel l s and APC. Whi l e a wi de var i et y of cel l t ypes

can pr esent ant i gens t o act i vat ed T cel l s, t he abi l i t y t o act i -

vat e r est i ng T cel l s ( i mmunost i mul at i on) i s possessed by a

mor e sel ect gr oup of cel l t ypes ( 1) .

Member s of t he dendr i t i c cel l ( DC) t l i neage have pot ent

i mmunost i mul at or y pr oper t i es and ar e wi del y di st r i but ed

1 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 ; EC, epi der mal cel l s; LC, Langer hans cel l s; GM,

gr anul ocyt e/ macr ophage.
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t hr oughout t he body ( 2) . They pl ay an i mpor t ant r ol e i n t he

i ni t i at i on of i mmune r esponses i n vi vo and ar e t hought t o

be cr i t i cal " passenger l eukocyt es" t hat t r i gger gr af t r ej ect i on

( r evi ewed i n r ef er ence 3) . Evi dence i s accumul at i ng t hat DC

f unct i on by t r anspor t i ng ant i gens f r omper i pher al nonl ym-

phoi d t i ssues vi a t he l ymphat i cs or bl oodst r eam i nt o l ym-

phoi d t i ssues f or pr esent at i on t o r est i ng T cel l s ( 4- 9) . For

exampl e, ant i gen- bear i ng DCcan be i sol at ed f r omdr ai ni ng

LN af t er ski n pai nt i ng wi t h cont act al l er gens ( 10) , al l oant i gen-

bear i ng DCar e evi dent wi t hi n t he host ' s spl een af t er t r ans-

pl ant at i on of f ul l y vascul ar i zed car di ac al l ogr af t s ( 6) , and
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af f er ent l ymph DCcar r y pr ot ei n ant i gens t hat have been ad-

mi ni st er ed i nt r ader mal l y ( 9) .

Langer hans cel l s ( LC) ar e t he DC of t he epi der mi s and

l i kel y pr esent ant i gens t hat br each t he epi der mal bar r i er . I n

vi t r o exper i ment s wi t h cel l suspensi ons have demonst r at ed

t hat f r eshl y i sol at ed LC ar e poor l y st i mul at or y f or unpr i med

T cel l s but pr ocess and pr esent nat i ve pr ot ei n ant i gens t o T

cel l cl ones ( 11, 12) . Af t er cul t ur e, however , par t i cul ar l y i n

t he pr esence of gr anul ocyt e/ macr ophage ( GM) - CSF, LC un-

der go a mat ur at i on pr ocess char act er i zed by a number of

changes i n phenot ype and t he devel opment of i mmunost i mul a-

t or y act i vi t y f or r est i ng Tcel l s ( 13) . These cul t ur ed LCcl osel y

r esembl e DC f r om spl een and ot her l ymphoi d or gans.

Because l ymphat i cs must be i nt act f or opt i mal sensi t i za-

t i on t o ski n t r anspl ant s ( 14, 15) and t o cont act al l er gens ( 16) ,

i t can be pr oposed t hat epi der mal LC may gai n access t o l ymph

and t her eby t o dr ai ni ng LN, wher e t hey sensi t i ze host T cel l s

t o epi der mal ant i gens . However , t her e has been l i t t l e i nf or -

mat i on on t he behavi or of DCi n nonl ymphoi d t i ssues dur i ng

t he ear l y st ages of an i mmune r esponse. Her e, we have exam-

i ned LC i n epi der mal and der mal sheet s pr epar ed at var i ous

t i mes af t er t r anspl ant at i on of ski n . We obser ved ext ensi ve

changes i n t hei r phenot ype, di st r i but i on, and f unct i on, and

descr i be howt hese changes occur i n ski n t hat has been gr af t ed

t o syngenei c r eci pi ent s or mai nt ai ned i n or gan cul t ur e .

Mat er i al s and Met hods

Mi ce

Mal e C57BL/ 10 ( H- 2b) , BALB/ c ( H- 2' ) , CBA/ Ca ( H- 2' ) , and

C3H/ He ( H- 2k) mi ce wer e obt ai ned f r om Ol ac Lt d . ( Bi cest er ,

Oxon, UK) . CD2 F, ( H- 2d) , CBA/ J ( H- 2k) , C57BL/ 6 ( H- 2b) ,
C57BL6H- 2k, C3H/ HeJ, and B6D2 Fl ( H- 2

bxd )
mi ce wer e ob-

t ai ned f r om t he Tr udeau I nst i t ut e ( Sar anac Lake, NY) .

Ski n Gr af t i ng

Ear ski n was used f or gr af t i ng because of i t s hi gh densi t y of LC

and t he ease wi t h whi ch epi der mal sheet s can be pr epar ed. The

ear s wer e r i nsed i n 70%et hanol and spl i t wi t h f or ceps i nt o dor sal

and vent r al hal ves . The dor sal hal ves, whi ch cont ai ned l i t t l e or none

of t he car t i l age of t he ear , wer e gr af t ed t o t he t r unk of t he r eci pi ent s

and pr ot ect ed wi t h a nonadher ent dr essi ng cover ed by a pl ast er cast .

Or gan Cul t ur e

Ski n f r om mouse ear s was pr epar ed as f or gr af t i ng, and bot h

hal ves wer e cul t ur ed on f i l t er paper ( Mi l l i por e, Pet er bor ough, UK)

( por e si ze, 4 . 5 or 0. 8 Am) at op spongost an r af t s ( Fer r osan, Den-

mar k ; suppl i ed by Tr i das Medi cal Pr oduct s Lt d. , Langl ey, Ber ks,

UK) f l oat i ng i n compl et e cul t ur e medi a ( RPMI 1640, 10%FCS,

2 mMgl ut ami ne, 45 ug/ ml peni ci l l i n, 45 Wg/ ml st r ept omyci n, and

90 gg/ ml kanamyci n) , si mi l ar t o t he met hod used f or f et al t hymus

or gan cul t ur e ( 17) .

Ant i bodi es

The f ol l owi ng wer e used as pr i mar y mAbs f or i mmunocyt ochem-

i st r y or FRCS anal ysi s : 25- 9- 3S ( HB38, ant i - I ab) , 10. 2- 16 ( TI B 93,

ant i - I ak) , and MKD6 ( HB3, ant i - l ad) , whi ch ar e mouse mAbs ;

Ml / 70 ( TI B 128 ant i - i C3bR) , 2. 4G2 ( HB197, ant i - FcRI I , [ 181) ,
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NLDC- 145 ( ant i - LC and vei l ed cel l s [ 19] ) , GK1. 5 ( TI B 207, ant i -

CD4) , 53- 6 . 72 ( TI B 105, ant i - CD8) , F4/ 80 ( 20) ( HB198, r ecog-
ni zes an ant i gen on macr ophages and LC i n si t u) , B21- 2 ( TI B
229, ant i - I - Ad) , and PC 615. 3 ( TI B 222) , 7134 ( CRL 1968) , and
3C7 ( 21) , ( t he l at t er t hr ee ar e ant i - I L2R p55) , whi ch ar e r at

ant i - mouse mAbs .

Second st age ant i bodi es wer e per oxi dase conj ugat es of goat

ant i - mouse I gM, goat ant i - r at I gG( Si gma Chemi cal Co. , St . Loui s,

MO) , andmouse ant i - r at I gG( Boehr i nger Mannhei mBi ochemi cal s,

I ndi anapol i s, I N) ; 10- nmgol d- conj ugat ed goat ant i - r at I gG( Jans-

sen, I CNBi omedi cal s Lt d . , Hi gh Wycombe, Bucks, UK) ; FI TC-

conj ugat ed mouse ant i - r at I gG( Boehr i nger Mannhei mBi ochem-

i cal s) , FI TC- conj ugat ed goat ant i - mouse I gM ( Si gma Chemi cal

Co. ) , and PE- conj ugat ed goat ant i - r at I gG ( Ser aLab) .

I mmunocyt ochemi st r y

Epi der mal and Der mal Sheet s .

	

Dor sal hal ves of spl i t ear s ( f r esh,

cul t ur ed, or af t er ski n gr af t i ng) wer e f l oat ed der mal si de down i n
a pet r i di sh cont ai ni ng 0. 5 Mammoni umt hi ocyanat e f or 20 mi n

at 37° C ( 22) ; epi der mi s was separ at ed f r omder mi s wi t h f i ne f or ceps

and st ai ned i mmedi at el y. Epi der mal and der mal sheet s wer e cut

i nt o N3 x 3- mmsect i ons, f i xed i n acet one f or 20 mi n, and t hen

r ehydr at ed i n PBS. They wer e i ncubat ed wi t h pr i mar y ant i bodi es
f or - 16 h at 4 ° C, washed t hr ee t i mes i n PBS cont ai ni ng 1%FCS

and 0. 01% NaN3, and t hen i ncubat ed i n FI TC- conj ugat ed mouse

ant i - r at I gG at 1 : 100 f or 90 mi n at 37 ° C. Af t er t hr ee washes, t he
sheet s wer e mount ed i n aquamount ( BDH Lt d. , Pool e, UK) and

eval uat ed under a UV mi cr oscope ( Or t hol ux I I ; E. Lei t z I nc . ,

Wet zl ar , FRG) . Der mal sheet s wer e handl ed exact l y as f or epi -

der mal sheet s ; eval uat i on of t he der mi s i n t hi s manner has not been

pr evi ousl y descr i bed . Count s t o det er mi ne LC densi t y wer e per -

f or med at x625 under wat er i mmer si on usi ng an ocul ar f r ame of

known ar ea.

Fr ozen Cr oss- sect i ons .

	

Fr ozen sect i ons of nor mal , gr af t ed, or cul -
t ur ed ear ski n wer e pr epar ed and st or ed at - 30° Cunt i l use . These

wer e f i xed i n acet one, r ehydr at ed, and i ncubat ed wi t h pr i mar y an-

t i bodi es f or 45- 60 mi n and FI TC mouse ant i - r at I gG ( at 1 : 100)

f or 45- 60 mi n . For i mmunoper oxi dase, per oxi dase goat ant i - r at

I gGwas used as a secondar y ant i body, and 3- ami no- 9- et hyl - car bazol e

was used as a chr omagen t o al l owbet t er di f f er ent i at i on of t he per -

oxi dase r eact i on pr oduct f r om t he pi gment i n t he epi der mi s and

der mi s .

Cyt ocent r i f uge Pr epar at i ons .

	

Cel l popul at i ons wer e suspended at

105 / ml i n RPMI pl us 10%FCS and sedi ment ed ont o gl ass sl i des,

ai r dr i ed, and st or ed at - 30° Cunt i l use. They wer e i mmunoper ox-

i dase st ai ned as above.

Two- col or FRCS Anal ysi s

Cel l popul at i ons wer e l abel ed f i r st wi t h HB38 ( mouse ant i - I ab)

or wi t h TI B 93 ( mouse ant i - I ak, as a negat i ve cont r ol ) f ol l owed

by FI TC- conj ugat ed goat ant i - mouse I gM( Si gma Chemi cal Co. ) .

Al i quot s wer e t hen l abel ed wi t h one of t he var i ous r at mAbs ( al l

I gG, see above) agai nst t he mar ker s of i nt er est , f ol l owed by PE-

conj ugat ed goat ant i - r at I gG( y- chai n speci f i c ; Ser al ab) and f i xed

i n f or mol - sal i ne . Fl uor escence pr of i l es wer e gener at ed usi ng a FAC-

Scan f l owcyt omet er and Consor t 30 sof t war e ( Bect on Di cki nson

&Co. ) , wi t h t he val uabl e assi st ance of P. Fai r chi l d . For t hi s, t he

subset of I ab- posi t i ve, FI TC- l abel ed LC was def i ned ( r el at i ve t o t he

negat i ve cont r ol ) , and t he PE f l uor escence pr of i l e of t hi s subset

was acqui r ed and di spl ayed as a hi st ogr am. The pr of i l es wer e t hen

el ect r oni cal l y over l ai d . Not e t hat t he noncompet i ng r at ant i - l ab

mAb B21- 2 was i ncl uded i n t he PE anal ysi s t o conf i r mt hat al l t he
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FI TC- gat ed cel l s expr essed MHCcl ass I I and wer e a homogeneous

popul at i on .

Cel l Popul at i ons

Epi dmal Cel l ( EC) Suspensi ons.

	

Epi der mal sheet s wer e pr epar ed

by f l oat i ng ear hal ves ( f r esh or cul t ur ed) , essent i al l y as descr i bed

( 13) , except t hat 0 . 2 mMEDTA was i ncl uded dur i ng t he t r ypsi n

di gest i on st ep. EC wer e ei t her used di r ect l y or l ayer ed ont o 4- ml

BSA col umns ( p = 1 . 083) and cent r i f uged at 2, 000 g f or 20 mi n

at 4° C. The i nt er f ace cel l s wer e t er med l ow densi t y EC.

Mi gr at or y LC

	

Mi gr at or y LCwer e obt ai ned f r om cul t ur ed ear

hal ves t hat wer e f l oat ed di r ect l y on 2- 2 . 5 ml of compl et e medi a

i n 24- wel l pl at es f or 1- 7 d. At speci f i ed t i mes, t he nonadher ent

mi gr at or y cel l s wer e gent l y r esuspended, f i l t er ed t hr ough a 35- t i m

Ni t ex f i l t er ( Tekt o I nc. ) t o r emove hai r and debr i s, pel l et ed, and

count ed i n t r ypan bl ue bef or e use. Cel l popul at i ons obt ai ned usi ng

t hi s syst em bet ween 1 and 7 d of cul t ur e wer e 71% I a* LC ( ±

13%SD i n 17 exper i ment s, as descr i bed i n t he t ext ) .

Spl een Cel l Suspensi ons .

	

Si ngl e cel l suspensi ons wer e pr epar ed

f r om spl eens by gent l e t easi ng wi t h f or ceps . Er yt hr ocyt es wer e l ysed

usi ng t r i s- buf f er ed ammoni umchl or i de.

Nyl on Wool passed T Cel l s ( x+90% pur e) .

	

Unf r act i onat ed spl een

cel l suspensi ons or t he hi gh densi t y f r act i on of a BSA gr adi ent

of spl een cel l s wer e passed t hr ough nyl on wool col umns and

t r eat ed wi t h t r i s- buf f er ed ammoni um chl or i de t o l yse r esi dual

er yt hr ocyt es ( 5) .

I mmunost i mul at i on Assays

Oxi dat i ve Mi t ogenesi s .

	

Gr aded doses of i r r adi at ed ( 2, 000 r ad,

' 3 ' Cs) st i mul at or cel l s wer e added t o syngenei c sodi um per i o-

dat e- t r eat ed T cel l s ( 2 . 5 x 105 / wel l ) i n a f i nal vol ume of 0 . 2 ml

i n 96- wel l f l at - bot t omed mi cr ot est pl at es ( 23) . Pr ol i f er at i on i n t he

wel l s was measur ed by addi ng 1 / ACi of [ 3H] t hymi di ne/ wel l af t er

22- 26 h . The cel l s wer e har vest ed 16- 18 h l at er and count ed on

a ( 3 pl at e count er ( LKB I nst r ument s, I nc . , Gai t her sbur g, I VI D) .

Resul t s ar e t he means of t r i pl i cat e cul t ur es .

Al l ogenei c MLR.

	

MLRwer e set up as f or oxi dat i ve mi t ogen-

esi s assays, except t hat al l ogenei c nyl on wool - passed T cel l s wer e

used as r esponder s ( 2. 5 x 105/ wel l ) and pr ol i f er at i on was mea-

sur ed dur i ng a 16- 18- h t hymi di ne pul se on day 3- 4 .

Resul t s

Changes i n Epi der mal LCaf t er Ski n Gr af t i ng.

	

The di st r i -

but i on of Langer hans cel l s i n epi der mal sheet s was i ni t i al l y

vi sual i zed by i mmunof l uor escent st ai ni ng usi ng a donor -

speci f i c ant i - l a mAb. Epi der mal sheet s f r omal l ogr af t ed ski n

wer e pr epar ed bet ween 1 and 7 d af t er t r anspl ant at i on; be-

yond 7 d, t he gr af t s wer e t oo f r i abl e t o per mi t pr epar at i on

of sheet s . Si mi l ar r esul t s wer e obt ai ned i n sever al st r ai n com-

bi nat i ons ( CD2 F1 - CBA/ J; C57BL/ 6 - B6D2 Fl ;

C57BL/ 6 - C3H/ HeJ ; C57BL/ 10 - -zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" CBAB6 F1 ; C57BL/ 10

- CBA/ Ca) , al t hough r esul t s ar e pr esent ed onl y f or C57BL/

10 - CBA/ Ca.

Wi t hi n t he f i r st 24 h af t er al l ogr af t i ng, t he epi der mal LC

i ncr eased mar kedl y i n si ze and upr egul at ed t hei r expr essi on

of l a ( compar e Fi g. 1, a and b) . These changes appear t o be

t he i n vi vo count er par t of t hose descr i bed f or i sol at ed LC

cul t ur ed i n t he pr esence of TNF- a and/ or GM- CSF. I n addi -

t i on, t her e was a dr amat i c decr ease i n t he densi t y of LCwi t hi n

148 5
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Tabl e 1 .

	

Changes i n Epi der mal LC Densi t y af t er Ski n Gr af t i ng

C57BL/ 10 ski n gr af t s on CBA/ Ca mi ce wer e r emoved at speci f i ed t i mes,
st ai ned wi t h ant i - l a, and t he LCdensi t y was det er mi ned . Val ues ar e t he
mean ± SD of 324 r andom f i el ds f r om t hr ee gr af t s at each t i me poi nt ,
and 67 r andom f i el ds f or nor mal ski n .

epi der mal sheet s wi t h t i me ( Fi g. 1, a- d) . The ef f l ux began

pr ompt l y af t er gr af t i ng, par t i cul ar l y over t he f i r st day, wi t h t he

number s of LC f al l i ng f r om921/ mm2 i n nor mal C57BL/ 10

ski n t o 392/ mm2 af t er gr af t i ng on t o CBA/ Ca r eci pi ent s

( Tabl e 1) . The densi t y was r educed t o 128/ mm2 by 7 d, and

most of t he LC t hat per si st ed r emai ned l ar ge and st r ongl y

l a + ( not shown) . As r epor t ed by ot her s, l a was i nduced on

ker at i nocyt es of t he al l ogr af t s by day 7 ( not shown) , but t he

LC expr essed hi gher l evel s so t hey coul d st i l l be enumer at ed .

A si mi l ar ser i es of CD2F1 and C57BL/ 10 i sogr af t s was

eval uat ed f or compar i son, and r esul t s ar e pr esent ed f or t he

l at t er . Over t he f i r st 3 d af t er gr af t i ng, t he changes not ed

i n epi der mal LC wer e i dent i cal t o t hose seen i n al l ogr af t s :

t he LCenl ar ged, i ncr eased t hei r expr essi on of l a, and decr eased

i n densi t y ( Tabl e 1) . Thus, t he ear l y changes not ed f or al -

l ogr af t s appear t o have been due t o a nonspeci f i c i nf l amma-

t or y r esponse r at her t han t he speci f i c al l ogr af t r eact i on . At

l at er t i mes ( days 5- 7) , t he densi t y of LCwi t hi n t he i sogr af t s

appear ed t o st abi l i ze and t he LCt hat wer e pr esent wer e si mi l ar

i n si ze and l a expr essi on t o t hose i n nor mal ski n ( not shown) .

Thi s coul d i ndi cat e t hat t he i nf l ammat or y r esponse t o gr af t i ng

had subsi ded, wher eas i n al l ogr af t s, t he i nj ur y cont i nued as

r ej ect i on pr oceeded, or i t mi ght r ef l ect an i nf l ux of LCf r om

t he r eci pi ent because t hese cel l s woul d al so be det ect ed by

t he ant i - l a ant i body used .

Ski n Or gan Cul t ur e Re r oduces t he Changes i n Epi der mal LC

Associ at ed wi t h Ski n Gr at i ng. To di ssoci at e t he ef f ect s of l o-

cal l y pr oduced si gnal s f or phenot ypi c changes and mi gr at i on

of LC f r om t hose of t he host , we adapt ed t he f et al t hymus

or gan cul t ur e syst em descr i bed by Jenki nson et al . ( 17) t o

ski n expl ant s. Dor sal ear ski n was pr epar ed as f or gr af t i ng,

and cul t ur ed on spongost an r af t s i n compl et e medi um ( see

Mat er i al s and Met hods) . The cul t ur ed ski n r esembl es a ski n

gr af t bef or e i t i s vascul ar i zed i n t hat i t sur vi ves by di f f usi on

of nut r i ent s, but unl i ke a ski n gr af t , i t i s i nf l uenced sol el y

by endogenousl y pr oduced medi at or s or by medi at or s added

t o t he syst em.

Ti me

d

Al l ogr af t s

Epi der mal LC

mm- 2

densi t y

I sogr af t s

0 921 ± 204

1 370 ± 128 392 ± 114

3 293 ± 110 317 ± 102

5 277 ± 114 469 ± 170

7 128 ± 105 390 ± 258
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Mi gr at i on of I anger hans Cel l s i n Ski n Tr anspl ant s
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Tabl e 2 .

	

Changes i n Epi der mal LC Densi t y
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Lar sen et al .

C57BL/ 10 ear ski n was cul t ur ed on spongost an r af t s and anal yzed as i n
Tabl e 1 . Val ues ar e t he means ± SD of >20 r andom f i el ds .

Epi der mal sheet s f r omcul t ur ed ski n showed si mi l ar changes

t o t hose seen i n gr af t ed ski n . Even wi t hi n 4 h, t her e was

a dr amat i c i ncr ease i n t he si ze of t he LC and t he i nt ensi t y

of I a expr essi on ( not shown) . Ther e was al so a st eady exodus

of LC f r omt he epi der mi s, al bei t wi t h sl i ght l y sl ower ki net i cs

compar ed wi t h gr af t ed ski n ( Tabl e 2) . Si mi l ar obser vat i ons

wer e not ed wi t h t he DC- r est r i ct ed ant i body NLDC- 145

on cul t ur ed ski n, but t hi s mar ker was consi der abl y weaker

t han I a, maki ng i t l ess usef ul f or count i ng and phot ogr aphy .

The si mi l ar i t i es bet ween al l ogr af t s, i sogr af t s, and cul t ur ed

ski n suggest t hat i nj ur y al one i s suf f i ci ent t o st i mul at e dr a-

mat i c phenot ypi c changes and t he mi gr at i on of epi der mal

LC. The f act t hese can occur i n cul t ur ed ski n i ndi cat es t hat

t he medi at or ( s) i s l ocal l y pr oduced.

Epi der mal LCMi gr at e i nt o t he Der mi s of Tr anspl ant s and Ex-

pl ant s . Reduced number s of epi der mal LCmi ght have been

seen i n ski n gr af t s and cul t ur ed ski n because t hese cel l s di ed

i n si t u, wer e sl oughed f r omt he sur f ace of t he epi der mi s ( 24) ,

or mi gr at ed i nt o t he der mi s. To exami ne t he f at e of epi der mal

LC, we appl i ed t he t echni ques used f or eval uat i ng epi der mal

sheet s t o t he der mi s of cul t ur ed and gr af t ed ski n . The nor mal

der mi s f r om mouse ear has r el at i vel y f ew I a+ ( Fi g. 2 a) or

NLDC- 145+ cel l s . I n cont r ast , st r ongl y I a+ cel l s appear ed

i n si gni f i cant number s wi t hi n t he der mi s of cul t ur ed or gr af t ed

ski n at t he same t i me t he number of LC decr eased wi t hi n

t he epi der mi s . Af t er 24- 48 h i n or gan cul t ur e, or 1 d af t er

ski n gr af t i ng, LC wer e scat t er ed i n a hi gh f ocal pl ane i n t he

der mal sheet , j ust bel owwhat had been t he epi der mal - der mal

j unct i on ( Fi g. 2 b) . 3 d af t er or gan cul t ur e or ski n gr af t i ng,

t he LC wer e f ound i n " cor ds" or st r ands deeper wi t hi n t he

sheet s, suggest i ng t hat t he cel l s had ent er ed l ymphat i c or vas-

cul ar channel s ( Fi g. 2 c) . Event ual l y, t he LC l ef t t he der mi s

of bot h t he t r anspl ant s and expl ant s . These cel l s al so st ai ned

wi t h NLDC- 145 ( not shown) , maki ng i t unl i kel y t hese r esul t s

wer e due t o i nduct i on of I a on ot her el ement s of t he der mi s .

The di st r i but i on of LCwas al so exami ned i n cr oss- sect i ons

of cul t ur ed ski n and ski n gr af t s . These st udi es conf i r med t hat

t he LC i ni t i al l y became l ar ger and mor e I a+ wi t hi n t he

Fi gur e 2 .

	

Epi der mal LCr edi st r i but e t o t he der mi s . Der mal sheet s f r om
cul t ur ed ski n wer e st ai ned wi t h ant i - I a mAb, B21- 2 ( x50) . ( a) Nor mal
der mi s cont ai ns r el at i vel y f ew I a+ cel l s ( whi t e) . ( b) Af t er 48 h i n or gan
cul t ur e, numer ous scat t er ed I a+ cel l s have appear ed i n t he dcr mi s. ( c) Af t er
72 h, most I a+ cel l s i n t he der mi s ar e f ound i n gr oups or i n cor ds ; al -
t hough not cl ear l y vi si bl e i n t hi s phot ogr aph, di scr et e cel l s coul d be r eadi l y
seen by mi cr oscopi cal l y f ocusi ng up and down wi t hi n t he pl ane of t he
t i ssue i n t he or i gi nal speci men . Si mi l ar obser vat i ons wer e made i n al l ogr af t s
and i sogr af t s .

dur i ng Or gan Cul t ur e

Ti me

h

Epi der mal LC densi t y

mm- 2

0 921 ± 204

4 824 t 106

8 850 f 144

16 810 t 190

24 761 ± 215

48 226 t 96

72 83 ± 59
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Fi gur e 3 .

	

Redi st r i but i on of epi der mal LC( ar r ows) t o t he der mi s i n cr oss- sect i on . Fr ozen sect i ons of ( a) nor mal , ( b) al l ogr af t ed, and ( c and d) cul t ur ed

ski n st ai ned wi t h ( a- c) ant i - I a mAb, B21- 2, and ( d) NLDC- 145 ( x 400) . ( a) I n nor mal ski n, LC( whi t e) ar e smal l and l i e j ust above t he der mal - epi der mal

j unct i on . ( b) 24 h af t er al l ogr af t i ng, LC ar e at or st r addl i ng t he epi der mal - der mal j unct i on . ( c and d) Af t er 3 d i n or gan cul t ur e, LC ar e f ound wi t hi n

t he der mal l ymphat i cs.

epi der mi s ( not shown) . Lat er , t he cel l s l ef t t hei r pr edomi -

nant l y supr abasal posi t i on ( Fi g . 3 a) , and some cel l s wer e

seen appar ent l y st r addl i ng, or j ust under , t he epi der mal - der mal

j unct i on ( Fi g. 3 b) . At l at er t i mes, LC wer e f ound deeper

wi t hi n t he der mi s i n gr oups or cor ds ( Fi g . 3 c and d) bef or e

t hey di sappear ed ( not shown) . Unl i ke t he si t uat i on r epor t ed

f or DTH r esponses ( 24) , LCwer e not seen i n t he upper por -

t i on of t he epi der mi s, suggest i ng t hey wer e not bei ng sl oughed

f r omt he ski n, and no obvi ous epi der mal t hi ckeni ng was seen

i n ei t her t he t r anspl ant s or expl ant s. Thus, epi der mal LC mi -

gr at e i nt o t he der mi s af t er t r anspl ant at i on and or gan cul t ur e.

Epi der mal LCMi gr at e Out of Cul t ur ed Ski n .

	

To det er mi ne

whet her LC cont i nued t o mi gr at e out of expl ant s i nt o t he

1488

	

Mi gr at i on of Langer hans Cel l s

cul t ur e medi um, ear ski n was f l oat ed di r ect l y on medi um

i n 24- wel l pl at es . I ni t i al l y, f ew cel l s wer e seen at t he bot t om

of t he wel l s, but af t er 24 h, cel l s wi t h shor t pr ocesses wer e

evi dent ( Fi g. 4 a) . The number of cel l s i ncr eased over t he

next f ew days i n cul t ur e at t he r at e of N8- 10 x 103 / ear / d

( S. Ewi ng, unpubl i shed obser vat i ons) . They became l ar ger

wi t h mor e ext ensi ve cyt opl asmi c vei l s, and soon f or med cl ust er s

wi t hi n t he wel l s ( Fi g. 4 b) .

Cyt ocent r i f uge pr epar at i ons r eveal ed t hat vi r t ual l y al l t he

nonadher ent cel l s ( 95% ± 5%SD, n = 8) wer e l eukocyt es

( TI B 122+) . I n 17 exper i ment s, 71% ( ±13% SD) wer e

l ar ge I a + LC wi t h ext ensi ve cyt opl asmi c vei l s ( Fi g. 4 c) . The

r emai nder wer e smal l er Thy- 1+, CD3+, CD4 - , CDS -

i n Ski n Tr anspl ant s
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Fi gur e 4 .

	

LC mi gr at e out of cul t ur ed ski n . ( a) A phase cont r ast pho-

t omi cr ogr aph of mi gr at or y cel l s f r omear s af t er 24 h of cul t ur e; not e cel l s

have shor t pr ocesses ( x 200) . ( 6) Af t er 5 d of cul t ur e, t he cel l s f or m cl ust er s

and have ext ensi ve cyt opl asmi c vei l s ( x200) . ( c) Cyt ocent r i f uge pr epar a-

t i on of mi gr at or y cel l s wi t h t he char act er i st i c mor phol ogy of cul t ur ed

LC, st ai ned wi t h ant i - l a ( B21- 2) ( x1, 000) .
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Lar sen et al .

Fi gur e 5 .

	

The phenot ype of day 3 mi gr at or y LC by t wo- col or FACS.

Mi gr at or y LCwer e anal yzed f or expr essi on of var i ous mar ker s ( see Mat er i al s

and Met hods) . Not e t hat t he dat a ar e di spl ayed on a hi gh- sensi t i vi t y scal e

f or cl ear r esol ut i on of t he pr of i l es: expr essi on of MHC cl ass 11 i s at l east

t wo or der s magni t ude gr eat er t han t hat of F4/ 80 and RRI I , f or exampl e .

l ymphoi d cel l s, whi ch we pr esume ar e Thy- 1+ TCR- , y/ 5'

dendr i t i c epi der mal cel l s ( DEC) t hat al so mi gr at ed f r omt he

epi der mi s ( r esul t s not shown) . Cl oser exami nat i on r eveal ed

t hat at l at er t i mes, t he LC wer e cl ust er ed wi t h DEC, t he

si gni f i cance of whi ch i s bei ng i nvest i gat ed ( C. P Lar sen, J . A.
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Funct i onal mat ur at i on of LC accompani es mi gr at i on . ( a and

b) C57BL/ 10 EC wer e t est ed f or t hei r abi l i t y t o st i mul at e ( a) oxi dat i ve

mi t ogenesi s of per i odat e- t r eat ed syngenei c T cel l s or ( b) an al l ogenei c MLR

usi ng unt r eat ed C3H/ He T cel l s . Unf r act i onat ed ECf r omf r esh ski n ( open
squar es) wer e unabl e t o st i mul at e ei t her r esponse, whi l e ECf r omcul t ur ed

ski n ( f i l l ed squar es) showed modest i mmunost i mul at or y act i vi t y compar ed

wi t h whol e spl enocyt es ( open ci r cl es) , LC- enr i ched l ow densi t y EC f r om

cul t ur ed ski n ( f i l l ed t r i angl es) showed even gr eat er i mmunost i mul at or y ac-

t i vi t y, wher eas l ow densi t y ECf r omf r esh ski n ( open t r i angl es) wer e unabl e

t o i nduce si gni f i cant T cel l pr ol i f er at i on ( a and b) . Dashed l i nes i ndi cat e

T cel l s al one. Si mi l ar r esul t s wer e obt ai ned i n t hr ee exper i ment s . ( c and

d) Mi gr at or y LC wer e t est ed f or t hei r abi l i t y t o st i mul at e ( c) oxi dat i ve

mi t ogenesi s or ( d) an al l ogenei c MLR, as above. LChar vest ed af t er 3- 4 d

of cul t ur e ( open squar es) wer e mor e i mmunost i mul at or y t han LC har vest ed

af t er 1 d of cul t ur e ( f i l l ed squar es) ; whol e spl enocyt es ( open ci r cl es) wer e

t est ed f or compar i son . Si mi l ar r esul t s wer e obt ai ned i n f i ve exper i ment s .

Roake, and J . M. Aust yn, unpubl i shed obser vat i ons) . Ther e

wer e no cel l s i n t he wel l s wi t h det ect abl e st ai ni ng f or CD4,

CD8, or I g. I n addi t i on t o t he nonadher ent cel l s, t he wel l s

al so cont ai ned an adher ent popul at i on wi t h t he phenot ype

FcRI I +, CD11b/ 18+ ( i C3b r ecept or ) , F4/ 80+, I a - , pr esum-

abl y macr ophages f r omt he der mi s . These cel l s wer e not har -

vest ed but st ai ned i n t he wel l s or on gl ass cover sl i ps ( r esul t s

not shown) . Thus, t he mi gr at or y popul at i on was appar ent l y

compr i sed of LC, Thy- 1+ DEC, and macr ophages, al t hough

t he nonadher ent f r act i on used i n subsequent st udi es ( bel ow)

cont ai ned onl y t he f or mer t wo cel l t ypes. The accumul at i on

of LC i n t he cul t ur e medi um pr ovi ded di r ect evi dence f or

mi gr at i on of epi der mal LC out of t he ski n vi a t he der mi s .
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Mi gr at or y LCBegi n t o Acqui r e t he Phenot ype of DC.

	

Havi ng

obser ved a r api d upr egul at i on of l a on epi der mal LC, we next

exami ned whet her ot her phenot ypi c changes occur r ed . As

r epor t ed by ot her s ( 11, 25) , r esi dent epi der mal LC wer e f ound

t o expr ess I a, CD45 ( l eukocyt e common ant i gen) , CD11b/

CD18 ( i C3b r ecept or ) , NLDC- 145, FcRI I , and F4/ 80, but

I 1r 2Ra was not det ect abl e ( not shown) . The l at t er t hr ee

mar ker s ar e par t i cul ar l y i nf or mat i ve, FcRI I and F4/ 80 bei ng

downr egul at ed dur i ng mat ur at i on of cul t ur ed LC, whi l e I I r

2Ra i s acqui r ed ( 11, 26) . Negat i ve cont r ol s wer e CD4 ( TI B

207) and CD8 ( TI B 105) .

At l east t he maj or i t y of LCr emai ni ng i n epi der mal sheet s

af t er 24 h of cul t ur e expr essed hi gh l evel s of l a and al so st ai ned

f or FcRI I and F4/ 80, but not I I r 2Ra ( not shown) . The

phenot ype of mi gr at or y LC t hat had l ef t t he ski n and accu-

mul at ed i n t he cul t ur e medi umaf t er 1, 3, and 5 d of cul t ur e

was t hen exami ned by si ngl e- and t wo- col or i mmunoper oxi -

dase st ai ni ng of cyt ospi ns, r eveal i ng mar ked het er ogenei t y i n

t he expr essi on of t hese mar ker s ( not shown) . These f i ndi ngs

wer e conf i r med by t wo- col or FACS anal ysi s of day 3 mi gr a-

t or y LC, whi ch demonst r at ed var i abl e expr essi on of t he var -

i ous mar ker s, wi t h undet ect abl e t o modest l evel s of FcRI I

and F4/ 80, modest t o hi gh l evel s of t he I I r 2Rot , NLDC-

145, and CD11b/ CD18 ( i C3bR, whi ch changes l i t t l e dur i ng

mat ur at i on) , and ver y hi gh l evel s of l a ( Fi g. 5) . Thus, mi gr a-

t or y LCbegi n t o acqui r e mar ker s associ at ed wi t h mat ur e DC,

but do not need t o be f ul l y mat ur e i n phenot ype bef or e t hey

mi gr at e f r om t he epi der mi s .

Funct i onal Mat ur at i on Accompani es Mi gr at i on .

	

To det er mi ne

whet her f unct i onal mat ur at i on of epi der mal LC occur r ed

dur i ng cul t ur e, we f i r st pr epar ed epi der mal cel l suspensi ons

f r omf r esh or 1- d expl ant s and assessed t hei r abi l i t y t o st i mu-

l at e oxi dat i ve mi t ogenesi s ( a r api d, pol ycl onal , pr ol i f er at i ve

r esponse of per i odat e- t r eat ed T cel l s) and t he pr i mar y al -

l ogenei c MLR. Bul k and l ow- densi t y EC suspensi ons, con-

t ai ni ng - 1%and N2- 7%I a+ LC, r espect i vel y, wer e f ound

t o be mor e ef f ect i ve st i mul at or s when pr epar ed f r omcul t ur ed

ski n t han f r esh ski n ( Fi g. 6, a and b) , al t hough t hey wer e

consi der abl y l ess pot ent t han spl een cel l s . Thi s i ndi cat es t hat

f unct i onal mat ur at i on begi ns i n si t u wi t hi n t he epi der mi s .

The st i mul at or y act i vi t y of mi gr at or y LC was t hen t est ed

at var i ous t i mes af t er cul t ur e. I n bot h assays, day 1 mi gr at or y

cel l s ( cont ai ni ng 60%± 14 SD I a+ LC) wer e t i 25- 50 t i mes

mor e pot ent t han spl een cel l s on a per cel l basi s, whi l e day

3 mi gr at or y cel l s ( cont ai ni ng 65% t 9 SD I a+ LC) wer e

- 75- 100 t i mes mor e pot ent ( Fi g. 6, c and d) . I n f i ve i nde-

pendent exper i ment s, t he day 1 mi gr at or y cel l s wer e l ess

st i mul at or y t han day 3, 4, or 5 mi gr at or y popul at i ons ; t hi s

coul d not be account ed f or si mpl y by t he number of LC

pr esent . These r esul t s i ndi cat e t hat LC do not need t o be

f ul l y mat ur e i n a f unct i onal sense bef or e t hey mi gr at e f r om

t he ski n .

Di scussi on

DCwi t hi n nonl ymphoi d t i ssues ar e t hought t o be i mpor -

t ant " passenger l eukocyt es" t hat sensi t i ze host T cel l s af t er

t r anspl ant at i on ( r evi ewed i n r ef er ence 3) , but t her e i s l i t t l e
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i nf or mat i on on t he behavi or of t hese cel l s i n gr af t s . Whi l e

i t has been assumed t hat epi der mal LC f r om ski n al l ogr af t s

mi gr at e i nt o t he dr ai ni ng nodes and i ni t i at e r ej ect i on, t he

evi dence f or t hi s i s l ar gel y ci r cumst ant i al . For exampl e, t he

i mpor t ance of a l ymphat i c dr ai nage f or r ej ect i on of ski n al -

l ogr af t s was demonst r at ed i n cl assi cal st udi es ( 14, 15) , and

al t hough DC can be i sol at ed f r om af f er ent l ymph as vei l ed

cel l s, an epi der mal or i gi n f or t hese cel l s has not been pr oven.

I t i s possi bl e t o i sol at e ant i gen- l aden DCf r om dr ai ni ng l ymph

nodes af t er t he appl i cat i on of cont act sensi t i zer s ( 10) , i mpl yi ng

t hat t hese cel l s mi gr at e f r om t he epi der mi s . However , t hese

cont act al l er gens mi ght have been acqui r ed en r out e wi t hi n

t he l ymph, or wi t hi n t he node i t sel f .

I n t he cur r ent st udy, t he use of epi der mal and der mal sheet s

pr epar ed f r om t r anspl ant ed ski n al l owed us t o demonst r at e

di r ect l y t he mi gr at i on of LC out of t he epi der mi s i nt o t he

der mi s, t oget her wi t h a number of ot her changes i n t he cel l s.

Wi t hi n 4 h, t he cel l s i ncr eased bot h i n si ze and l a expr essi on,
and si gni f i cant mi gr at i on f r om t he epi der mi s was evi dent

wi t hi n 24 h . Thi s was concomi t ant wi t h t he appear ance of
st r ongl y I a+ cel l s wi t hi n t he der mi s, whi ch wer e l at er ar -

r anged i n di st i nct cor ds or st r ands, pr esumabl y wi t hi n l ym-
phat i cs. These event s wer e si mi l ar i n al l ogr af t s and i sogr af t s,

cer t ai nl y over t he f i r st f ewdays af t er gr af t i ng . They wer e al so
seen i n an or gan cul t ur e model wher e t he cel l s cont i nued

t o mi gr at e i nt o t he cul t ur e medi um, pr ovi di ng a sour ce of
cel l s t hat spont aneousl y mi gr at ed f r omt he ski n f or i n vi t r o

anal ysi s . Thi s r eveal ed het er ogenei t y i n phenot ype and i n-

cr eased i mmunost i mul at or y f unct i on . The f act t hat some

mi gr at or y cel l s mor e cl osel y r esembl ed LC i n si t u, at l east

wi t h r espect t o t he mar ker s exami ned, i ndi cat es t hat LC do

not need t o become phenot ypi cal l y f ul l y mat ur e bef or e t hey

can mi gr at e . The hi er ar chy of f unct i on ( day 5 mi gr at or y cel l s
> day 1 mi gr at or y cel l s > spl een > day 1 EC i n si t u > day

0 ECi n si t u) poi nt s t o a si mi l ar concl usi on. Thus, af t er gr af t i ng

( and i n cul t ur e) , LC begi n t o mat ur e i nt o cel l s mor e cl osel y

r esembl i ng l ymphoi d DC and mi gr at e out of t he t i ssue.

I t i s not abl e t hat af t er gr af t i ng LC di d not appear t o move

upwar ds i n t he epi der mi s, and ker at i nocyt e hyper pl asi a was
not evi dent . Thi s i s i n cont r ast t o a r epor t on t he behavi or

of LC dur i ng a human del ayed- t ype hyper sensi t i vi t y ( DTH)

r esponse, wher e mar ked epi der mal t hi ckeni ng was obser ved

and LC appear ed t o be car r i ed upwar ds, ul t i mat el y, i t was
suggest ed, t o be sl oughed f r om t he sur f ace ( 24) . Possi bl y,

t her e ar e di f f er ences i n t he behavi or of epi der mal LC i n si t es
cont ai ni ng r api dl y gener at ed secondar y i mmune r eact i ons ( e. g. ,

DTH) compar ed wi t h nonspeci f i c i nf l ammat or y or nascent

pr i mar y i mmune r esponses ; i t woul d be of i nt er est t o ex-

ami ne t he behavi or of epi der mal LC dur i ng second- set r ej ec-
t i on of ski n al l ogr af t s. I t i s al so st r i ki ng t hat t he mi gr at i on

of LC f r om epi der mi s t o der mi s, and t hence out of t he ski n,
coul d occur i n t he absence of any l ymph or capi l l ar y f l ow.

Si mi l ar di r ect ed mi gr at i on has been r epor t ed i n vi vo, i n t hat
DC home t o Tdependent ar eas of l ymph nodes or spl een,
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r espect i vel y ( 4, 7) . Di r ect ed mi gr at i on has al so been obser ved
i n ot her or gan cul t ur e syst ems : DC mi gr at e spont aneousl y
out of mur i ne i sl et s of Langer hans ( Lar sen, C. , K. Leow, and
J. Aust yn, unpubl i shed obser vat i ons) , but mi gr at e i nt o t he
medul l a of embr yoni c t hymus r udi ment s ( 27) .

We f eel t hat t he changes not ed i n t he LC of ski n gr af t s
do not mer el y r ef l ect t he nor mal t ur nover of t hese cel l s . Fi r st ,
t he changes i n mor phol ogy, si ze, and l a expr essi on wer e seen
f or t he maj or i t y of t he r esi dent popul at i on of LC. I n con-
t r ast , nor mal ear ski n has onl y a smal l per cent age of l ar ge
and st r ongl y I a+ LC ( 25) , whi ch may r epr esent cel l s t ur ni ng
over at t he basal r at e . Second, t he ef f l ux of LC i n bot h t r ans-
pl ant s and expl ant s was r api d ( hal f - l i f e, N1- 2 d) . Two pr evi ous
st udi es t hat f ocused on t he or i gi n and t ur nover of LC usi ng
bone mar r ow chi mer as f ound t he hal f - l i f e of LC i n si t u t o
be >5 wk ( 28, 29) . I nt er est i ngl y, i n bot h st udi es, t he t ur n-

over of LC i n nonr ej ect i ng ski n gr af t s ( par ent - Fl ) was
f ound t o be f ast er ( hal f - l i f e, N2 wk) , al t hough t i me poi nt s

ear l i er t han 11 d wer e not exami ned .

I n i nj ur ed or i nf l amed t i ssues, si gnal s may be pr oduced
t hat pr omot e t he mat ur at i on of LCand t hei r ef f l ux f r omt he
t i ssues . The st i mul us( i ) f or mat ur at i on and mi gr at i on of LC

has not been def i ned, but i t woul d appear t o be a consequence
of a r el at i vel y " nonspeci f i c" r esponse ( e. g. , i nf l ammat i on) r at her
t han par t of t he adapt i ve i mmune r esponse ( al l ogr af t r eac-
t i on) , si nce si mi l ar r esul t s wer e obt ai ned f or al l ogr af t s and

i sogr af t s, as wel l as i n or gan cul t ur e. Mor eover , t he r esponse
appear s t o be a " l ocal " one and t her e seems t o be no r equi r e-

ment f or medi at or s pr oduced by i nf i l t r at i ng host cel l s or f r om
t he gr af t bed, because onl y endogenousl y pr oduced medi -

at or s ar e pr esent i n or gan cul t ur e. Thus, l ocal i nf l ammat i on
appear s t o be a suf f i ci ent st i mul us t o i nduce LC mat ur at i on

and mi gr at i on .

I n l i ght of t he si mi l ar movement of LC wi t hi n cul t ur ed

and gr af t ed ski n, t he f i ndi ng t hat LC mi gr at e out of ski n
i nt o t he cul t ur e medi umi n vi t r o st r ongl y suggest s t hey exi t
si mi l ar l y i n vi vo. Al most cer t ai nl y, t hey can t hen mi gr at e
as vei l ed cel l s i n l ymphat i cs t o dr ai ni ng nodes and home t o

T- dependent ar eas . The r api d depar t ur e of LC f r omi nj ur ed
or i nf l amed t i ssues woul d pr ovi de an ef f i ci ent means of t r ans-

por t i ng what ever ant i gens ar e pr esent ( i f any) t o t he l ym-
phoi d t i ssues wher e ant i gen- speci f i c T cel l s can be encoun-
t er ed . I n addi t i on, t he upr egul at i on of membr ane l a, and

pr esumabl y speci f i c MHC- pept i de compl exes, i s l i kel y t o i n-

cr ease t he cel l ' s abi l i t y t o pr esent t he r el evant pept i des sam-
pl ed i n t he per i pher y . The f act t hat some mi gr at i ng LC i n
vi t r o ar e r el at i vel y i mmat ur e al so r ai ses t he possi bi l i t y t hat ,
once t hey ar e wi t hi n t he node, t hey may be abl e t o acqui r e
and pr ocess sol ubl e ant i gens t hat wer e car r i ed i n t he l ymph,
t hi s abi l i t y seemi ng mor e t ypi cal of i mmat ur e r at her t han
mat ur e cel l s ( 12) . Al t hough LCmi gr at e si mi l ar l y out of bot h
al l ogmf t s and i sogr af t s, i n t he case of an al l ogenei c ski n gr af t ,
t he del i ver y of al l ogenei c LC i nt o t he r eci pi ent ' s nodes woul d
pr ovi de a power f ul st i mul us f or i ni t i at i on of r ej ect i on .
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