
GRANULOCYTE/ MACROPHAGE COLONY- STI MULATI NG

FACTOR I S ESSENTI AL FOR THE VI ABI LI TY AND

FUNCTI ON OF CULTURED MURI NE EPI DERMAL

LANGERHANS CELLS

Langer hans cel l s ( LC) ' ar e l eukocyt es t hat ar e di st r i but ed i n t he supr abasal

r egi on of squamous epi t hel i a, par t i cul ar l y ski n . LC under go mar ked changes

when epi der mal cel l suspensi ons ar e pr epar ed by a st andar d t r ypsi ni zat i on

pr ot ocol and pl aced i n cul t ur e f or 1- 3 d. Sever al cel l sur f ace mar ker s ( Fc

r ecept or s, t he F4/ 80 ant i gen, membr ane ATPase, and nonspeci f i c est er ase)

decr ease subst ant i al l y ( 1, 2) , whi l e ot her s ( cl ass I and I I pr oduct s of t he MHC)

i ncr ease ( 3) . When accessor y f unct i on f or pr i mar y T- dependent i mmune r e-

sponses i s quant i t at ed, t he act i vi t y of t he LC popul at i on i ncr eases some 10- 30-

f ol d ( 1, 4) . Ther ef or e LC seem t o mat ur e i mmunol ogi cal l y i n bul k epi der mal

cul t ur e and acqui r e most of t he f eat ur es of l ymphoi d dendr i t i c cel l s .

Because LC mat ur at i on l eads t o t he devel opment of accessor y f unct i on f or

pr i mar y i mmune r esponses, t hi s pr ocess may cont r i but e t o t he sensi t i zat i on phase

of cel l - medi at ed i mmuni t y . Her e, we asked whet her mat ur at i on i s aut onomous,

or i f exogenous cel l s and f act or s ar e r equi r ed . We devel oped a panni ng t echni que

t o enr i ch t he t r ace LC popul at i on f r om f r eshl y di ssoci at ed mouse epi der mi s .

When t hi s was done, t he vi abi l i t y and f unct i on of cul t ur ed LC was dependent

upon f act or s t hat wer e f ound i n t he medi umof ker at i nocyt e cul t ur es, as wel l as

st i mul at ed macr ophages and T cel l s . We wi l l descr i be t hese exper i ment s and t he

i dent i f i cat i on of gr anul ocyt e/ macr ophage col ony- st i mul at i ng f act or ( GM- CSF) as

t he pr i nci pal i f not excl usi ve medi at or f or t he pr oduct i on of f unct i oni ng LC.
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Epi der mal cel l s wer e i sol at ed f r ommouse ear s exact l y as descr i bed ( 1) except t hat 0 . 5%
t r ypsi n was used. Br i ef l y, dor sal and vent r al hal ves of ear ski n wer e f l oat ed on a t r ypsi n
sol ut i on f or 20 and 40 mi n, r espect i vel y, t he epi der mal sheet s wer e peel ed f r om t he
under l yi ng der mi s, and t he sheet s wer e di ssoci at ed by gent l e shaki ng on a si eve . I a+ LC
account ed f or ^ - 1%of t he cel l suspensi on and wer e enr i ched by t he f ol l owi ng pr ocedur e .
Most Thy- l ' ker at i nocyt es ( 6) wer e r emoved by t r eat i ng t he suspensi on f or 1 h i n
cyt ot oxi ci t y medi um( RPMI - 1640 suppl ement ed wi t h 1%BSA and 25 mMHepes buf f er )
at 3 x 10 6 cel l s/ ml wi t h mAb ant i - Thy- 1 ( cul t ur e super nat ant f r om cl one 13 . 4, TI B 99
f r om t he Amer i can Type Cul t ur e Col l ect i on [ ATCC] , Bet hesda, MD) and compl ement
( 3- 4- wk- ol d r abbi t ser umf r omPel - Fr eeze, Rodger s, WI ) . 80- 90%of t he suspended cel l s
became t r ypan bl ue- posi t i ve . To r emove dead cel l s, t he suspensi on was di l ut ed i n HBSS,

cent r i f uged, and r esuspended i n 0 . 1 %t r ypsi n wi t h 80 Kg/ ml DNase i n HBSS at 10 6 vi abl e
cel l s per mi l l i l i t er . Af t er 20 mi n at 37° C, t he cel l s wer e di l ut ed i n RPMI - 1640 wi t h 10%
FCS, cent r i f uged, and r esuspended t o 106 cel l s/ ml i n an mAb t hat woul d sel ect i vel y bi nd

t o t he LC ( - 7- 15% of t he suspensi on at t hi s poi nt ) . For most exper i ment s, t he mAb was
r at ant i - mouse l eukocyt e common ant i gen ( 7) ( cl one M9/ 1, TI B 122 f r om ATCC) . I n
our i ni t i al wor k, t he mAb wer e t o MHC cl ass I I pr oduct s ( 8, 9) ( cl ones B21- 2, r at ant i -

mouse I - Anal , TI B 229 ; and cl one 14- 4- 5S, mouse ant i - mouse I - A" ' , HB32 [ ATCC] ) .
mAbs wer e added as hybr i doma cul t ur e super nat ant at 30%vol / vol t o cel l s at 106 cel l s/ ml
f or 30 mi n at 4° C i n RPMI - 1640 cul t ur e medi um suppl ement ed wi t h 10% FCS. The
suspensi on was washed t wi ce i n t hi s medi umand appl i ed t o bact er i ol ogi c Pet r i di shes ( 35
or 60 mm; Fal con 1007 or 1008 ; Fal con Labwar e, Oxnar d, CA) t hat had been coat ed f or
1 h wi t h a goat ant i - mouse I g i n PBS ( 0211- 0121, 32 ug per 60- mm di sh ; Cappel
Labor at or i es, Cochr anvi l l e, PA) or goat ant i - r at I g ( 01- 16- 12, 12 ug per 60- mm di sh ;
Ki r kegaar d and Per r y Labor at or i es, Gai t her sbur g, MD) . The cel l s set t l ed f or 30 mi n at
4° C, and t hen 10 mi n at r oom t emper at ur e . Nonat t ached cel l s wer e r emoved wi t h a
Past eur pi pet t e af t er swi r l s of t he di sh and moni t or i ng f or l oose cel l s under an i nver t ed
mi cr oscope . The at t ached, LC- enr i ched cel l s wer e t hen el ut ed by compet i t i on wi t h ei t her
r at or mouse I g ( 500 gg/ ml PBS; Jackson I mmunoResear ch) f or 45 mi n at 4° C, and t hen
pi pet t ed i nt o 1 . 5- ml coni cal pol ypr opyl ene t ubes . Af t er cent r i f ugat i on, t he cel l s wer e
r esuspended t o 3- 5 x 10 5 cel l s/ ml f or f ur t her cul t ur e or anal ysi s . The yi el ds wer e 1- 2 x
106 epi der mal cel l s per ear and 1- 3 x 10' LC/ mouse . >90% of t he l a' cel l s t hat wer e
appl i ed t o t he ant i - I g pl at es wer e r ecover ed i n t he adher ent f r act i on . The same panni ng
pr ocedur e was al so used on epi der mal suspensi ons t hat had been cul t ur ed 1- 3 d as
descr i bed ( 1) . Bef or e panni ng, t he cul t ur ed suspensi on was t r eat ed wi t h 0 . 1% t r ypsi n t o
r emove dead cel l s, and t hen panned wi t h ant i l eukocyt e or ant i - l a mAb as above .

Fr equency of LC

LC enr i chment and yi el ds wer e det er mi ned by i mmunof l uor escent st ai ni ng wi t h ant i -
l a ant i bodi es . We used FI TC- 1121- 2 ( ant i - I - Ana l at 1- 3 ; i g/ ml ) , or bi ot i n 14- 4- 5S ( ant i - 1-
Ed, ' at 3- 6 wg/ ml ) f ol l owed by phycoer yt hr i n avi di n ( Bect on- Di cki nson I mmunocyt omet r y
Syst ems, Mount ai n Vi ew, CA) . Negat i ve cont r ol s wer e LC f r omt he i nappr opr i at e hapl o-
t ype and FI TC- ant i - Thy- 1 ( a r at I gG2b, i sot ype- mat ched wi t h B21- 2 and pur chased f r om
Bect on- Di cki nson I mmunocyt omet r y Syst ems) . The i mmunof l uor escent st ai ni ng was per -
f or med on cel l s t hat wer e cyt ospun ( Shandon Sout her n I nst r ument s, I nc . , Sel wi ckl ey, PA)
ont o gl ass sl i des, or at t ached t o pol y- L- l ysi ne- coat ed mul t i wel l di shes . Al t er nat i vel y, t he
suspensi ons wer e moni t or ed by cyt of l uor ogr aphy usi ng a FACS 440 as descr i bed ( 3) .

Cul t ur e of Enr i ched LC

LC wer e enr i ched by panni ng t o - 80%pur i t y ( see Resul t s) and r esuspended i n cul t ur e
medi um t hat consi st ed of RPMI - 1640 suppl ement ed wi t h 10% FCS, 5 x 10 - 5 M 2- ME,
20 ug/ ml gent ami ci n, 100 U/ ml peni ci l l i n, and 25 kg/ ml st r ept omyci n . A var i et y of
condi t i oned medi a and def i ned cyt oki nes ( see bel ow) wer e added t o l ook f or ef f ect s on
LC vi abi l i t y and f unct i on . 3 . 0- 5 . 0 x 10' enr i ched LC i n 0 . 2 ml wer e pl at ed i n 6- mmf l at -
bot t om mi cr ot est pl at es ( 3596 ; Cost ar , Cambr i dge, MA) . Af t er over ni ght cul t ur e, most
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of t he cont ami nat i ng ker at i nocyt es had adher ed t o t he di shes . The nonadher ent popul a-
t i on wi t h >95%LC was r emoved by pi pet t i ng and cul t ur ed an addi t i onal 0- 3 d . Bef or e
t est i ng accessor y f unct i on, t hese cul t ur ed LC wer e washed f r ee of most of t he cul t ur e
medi um by cent r i f ugi ng t he cel l s i n t he mi cr ocul t ur e pl at es . We spun t he pl at es t wi ce,
each t i me at 1, 000 r pmf or 2 mi n i n a Sor val l RT6000 cent r i f uge f ol l owed by r esuspensi on
i n f r esh medi um. The cel l s wer e f i nal l y r esuspended t o 0 . 2 ml f or vi abl e cel l count s and
f or use as accessor y cel l s i n st i mul at i ng t he pr i mar y mi xed l eukocyt e r eact i on ( MLR) .

Condi t i oned Medi a

Ker at i nocyt e- condi t i oned Medi um( KCM) .

	

Epi der mal cel l suspensi ons wer e pl at ed i n 100-

mmpl ast i c di shes ( 3003 ; Fal con Labwar e) at 15- 20 X 106 cel l s/ pl at e i n cul t ur e medi um
( see above) . Af t er over ni ght cul t ur e, f ew i f any LC but most of t he ker at i nocyt es had
adher ed f or mi ng a dense but subconf l uent monol ayer ( 1) . Nonadher ent cel l s wer e
r emoved by pi pet t i ng over t he monol ayer . The adher ent cel l s wer e cul t ur ed f or 2- 3 d t o
pr ovi de KCM. Thr ee di f f er ent bat ches of KCMwer e pr epar ed i n t hi s way and f ound t o

be act i ve i n suppor t i ng t he mat ur at i on of enr i ched LC i n cul t ur e ( see Resul t s) . The

medi um was cent r i f uged at 280 g, f i l t er ed t hr ough 0- 45- j um Mi l l i por e f i l t er s, al i quot ed,
and st or ed f r ozen at - 20' C.

Macr ophage- condi t i oned Medi um.

	

24- h- condi t i oned medi a wer e pr epar ed f r omt he J774
and RAWmouse macr ophage cel l l i nes, t hi ogl ycol l at e- el i ci t ed per i t oneal macr ophages,
and f r om Fc r ecept or - posi t i ve ( macr ophage- enr i ched) f r act i ons of spl een adher ent cel l s
( 10, 11) . The cel l s wer e cul t ur ed at 5- 10 X 10 5 cel l s/ ml f or 24 h wi t h or wi t hout
st i mul at i on wi t h 10 ug/ ml LPS ( Sal monel l a t yphosa ; Di f co Labor at or i es, Det r oi t , MI ) , 1
U/ ml mur i ne r I FN- f ( Genent ech I nc . , Sout h San Fr anci sco, CA) , or 50- 100 U/ ml mur i ne
r I L- l a ( Hof f man- LaRoche, I nc . , Nut l ey, NJ) .

Nat ur al Sour ces of CSFs .

	

The WEHI and L cel l l i nes wer e used t o pr ovi de condi t i oned
medi a wi t h mouse I L- 3 ( 12) and M- CSF r espect i vel y ( 13) . Bot h medi a act i vel y suppor t ed
t he devel opment of macr ophages i n l i qui d cul t ur es of 0 . 5 X 10 6 mouse bone mar r ow cel l s
i n 16- mm pl ast i c wel l s i n DMEMwi t h 10% FCS and ant i bi ot i cs . Pur i f i ed nat ur al mouse
M- CSF ( 13) was ki ndl y pr ovi ded by Dr . R. St anl ey ( Al ber t Ei nst ei n Medi cal Col l ege,
Br onx, NY) .

MLR- condi t i oned Medi um.

	

Pr i mar y MLRs wer e gener at ed bet ween 3 X 10 4 dendr i t i c
cel l s and 3 X 10 6 al l ogenei c T l ymphocyt es i n 1- ml macr ocul t ur es ( 14) . The condi t i oned

medi umwas col l ect ed at 3 d .

Pur i f i ed Cyt oki nes

We wer e gener ousl y pr ovi ded wi t h a l ar ge panel of r ecombi nant cyt oki nes ( 13, 15- 19)

by sever al col l eagues ( Tabl e 1) . The cyt oki nes wi t h CSF act i vi t y ( I L- 3, GM- CSF, G- CSF,

M- CSF) wer e t est ed on mouse mar r ow cul t ur es ( see above) t o ensur e t hei r ef f i cacy .

Ant i cyt oki ne Ant i bodi es

Thr ee hi gh- t i t er pol ycl onal ant i ser a wer e t est ed f or neut r al i zat i on of ker at i nocyt e
condi t i oned medi a . Rabbi t ant i - mouse GM- CSF ser um ( 16) was ki ndl y pr ovi ded by Dr .
S. Gi l l i s, I mmunex Cor p . A 1 % vol / vol dose f ul l y neut r al i zed 10 ng/ ml r GM- CSF . I g
f r act i ons of r abbi t ant i - mouse r TNF and sheep ant i - mouse nat ur al I FN- a/ # wer e gi f t s of
Dr . E. A. Havel ] , Tr udeau I nst i t ut e and wer e used at a dose of 1- 5 X 10' neut r al i zi ng
U/ ml . The ant i bodi es wer e mi xed wi t h condi t i oned medi a f or 1 h bef or e addi t i on t o t he

LC cul t ur es .

Accessor y Funct i on

Accessor y f unct i on was t est ed i n t he pr i mar y MLR. I t was shown pr evi ousl y t hat t he
capaci t y of pr i mar y popul at i ons of l eukocyt es t o act as MLR st i mul at or s r equi r ed some
accessor y f unct i on maddi t i on t o t he expr essi on of MHC- encoded t r anspl ant at i on ant i gens .
For exampl e, I a' l ymphoi d dendr i t i c cel l s and cul t ur ed epi der mal LC wer e power f ul
MLR st i mul at or s ( 1, 4) , whi l e f r eshl y i sol at ed LCand I FN- . y- st i mul at ed macr ophages wer e
weak i n spi t e of t he expr essi on of l ar ge amount s of cl ass 11 MHC pr oduct s ( 1, 4, 8, 14) .
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Ther ef or e st i mul at or y act i vi t y i n t he pr i mar y MLRwas used as a measur e of t he accessor y

f unct i on t hat i s r equi r ed f or t he act i vat i on of ant i gen- speci f i c, r est i ng T cel l s . We added
gr aded doses of LC, or spl eni c dendr i t i c cel l s ( 10) t o a f i xed dose of 3 x 10 5 al l ogenei c,
l a- , nyl on wool - nonadher ent , spl een or l ymph node T cel l s i n 0 . 2- ml cul t ur e medi umi n
f l at mi cr ot est wel l s . The LC wer e used wi t h or wi t hout t r eat ment wi t h 900- 1, 500 r ad of
i oni zi ng " ' Cs i r r adi at i on, wi t h si mi l ar r esul t s . On day 4 or 5 of t he MLR, 1 J, Ci [ 5 H] TdR
was added, and [ ' H] TdR upt ake was measur ed 8 h l at er . St andar d devi at i ons of t r i pl i cat e
cul t ur es wer e <10%, and wer e not shown .

Resul t s

Enr i chment of LC by Panni ng.

	

l a' LCcompose - 1 %of ear epi der mal suspen-

si ons ( 1) , so t hat an enr i chment met hod had t o be devel oped t o st udy t he

pr oper t i es of LC i n t he absence of ker at i nocyt es . A panni ng t echni que pr ovi ded

LC i n suf f i ci ent pur i t y . The bul k of t he epi der mal ker at i nocyt es wer e ki l l ed wi t h

ant i - Thy- I and compl ement , and t hen t he LC wer e posi t i vel y sel ect ed by expo-

sur e t o speci f i c mAb and panni ng on ant i - I g- coat ed pl at es . I n t he f i r st exper i -

ment s we used ant i - l a, and i n subsequent exper i ment s, ant i - l eukocyt e common

ant i gen . Nei t her mAb bound si gni f i cant l y t o ker at i nocyt es ( 20) .

By phase- cont r ast and i mmunof l uor escence mi cr oscopy ( Fi g . 1, A and B) , i t

was evi dent t hat panni ng enr i ched t he LC f r om a st ar t i ng i nci dence of - I %t o

a l evel of 80- 85%. A smal l subpopul at i on of LC st ai ned mor e br i ght l y wi t h ant i -

l a ( ar r ows, Fi g . 1, B and C) . Quant i t at i on by f l ow cyt omet r y r eveal ed t hat t he

mean l evel of LC l a appr oached t hat of t he l a- r i ch dendr i t i c cel l s f r om spl een

( Fi g . 1 C) . St ai ni ng wi t h t he mAb FI TC- 1121- 2, whi ch speci f i cal l y st ai ns I - Ad and

not I - Ak LC ( Fi g . 1 C) , was used t o moni t or LC cont ent i n subsequent exper i -

ment s .

To t est t he ef f ect of t he LC enr i chment pr ocedur e on accessor y f unct i on, t he

MLR- st i mul at i ng act i vi t y of spl eni c dendr i t i c cel l s and cul t ur ed LC was eval uat ed

wi t h or wi t hout t r eat ment wi t h ant i - Thy- 1 and compl ement f ol l owed by panni ng .

I n ei ght exper i ment s, panni ng shi f t ed t he dose- r esponse cur ve of MLR- st i mul at -

i ng f unct i on by a f act or of t wo at most , and somet i mes not at al l ( Fi g . 2, A and

B, r espect i vel y) .

When f r esh LC wer e t est ed as MLR st i mul at or s and compar ed wi t h spl eni c

dendr i t i c cel l s ( Fi g . 2C) or t o cul t ur ed LC ( Fi g . 2D) , t he day 0 LC wer e 10- 20

t i mes l ess act i ve, whi ch i s i n accor dance wi t h pr evi ous r esul t s i n whi ch LC wer e

enr i ched by anot her met hod ( 4) . We concl ude t hat LC can be si gni f i cant l y

enr i ched by panni ng, and t hat t he use of t hi s met hod al l ows one t o obser ve t he

mar ked i ncr ease i n accessor y f unct i on t hat occur s dur i ng bul k epi der mal cul t ur e .

LC Vi abi l i t y and Funct i on I s Medi at ed by KCM.

	

LC wer e i sol at ed f r om f r esh

epi der mal suspensi ons and cul t ur ed wi t h or wi t hout suppl ement at i on wi t h KCM.

Dur i ng t he f i r st day of cul t ur e, many of t he cont ami nat i ng ker at i nocyt es adher ed

t o t he sur f ace of t he cul t ur e di sh, and t hen t he nonadher ent , hi ghl y enr i ched

LC coul d be t r ansf er r ed t o f r esh wel l s . LC mor phol ogy, expr essi on of l a, and

vi abi l i t y ( Fi g . 3A) wer e not measur abl y changed by t he addi t i on of KCMdur i ng

t he f i r st day of cul t ur e . The expr essi on of l a i ncr eased f i vef ol d wi t h or wi t hout

KCM( not shown) , as not ed bef or e i n bul k epi der mal cul t ur es ( 3) . However , t he

addi t i on of KCMwas cr i t i cal f or vi abi l i t y on t he second and t hi r d days of cul t ur e .

I n t he absence of KCM, vi abl e cel l yi el ds f el l mar kedl y, whi l e wi t h KCM, vi abl e
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FI GURE 1 . Feat ur es of LC af t er enr i chment by panni ng . A. Phase- cont r ast mi cr oscopy
f ol l owi ng adher ence t o pol y- L- l ysi ne- coat ed mul t i wel l sl i des . Most of t he cel l s have t he
appear ance of l eukocyt es . The smal l number s of ker at i nocyt es ( bl ack ar r ows) ar e l ar ger , have
a smoot h sur f ace, and of t en cont ai n cyt opl asmi c gr anul es . x 300 . B. I mmunof l uor escence wi t h
ant i - I a . Same f i el d as A, but st ai ned wi t h FI TC- 1321- 2, ant i - I - A b . d . Not e t hat some of t he LC
( whi t e ar r ows) st ai n mor e br i ght l y . Thi s f r act i on t ypi cal l y i s <5% of t he t ot al I a' cel l s. C.
Cyt of l uor ogr aphy . LC wer e panned f r om ( C x D2) F, ( I - Ad

) and A ( I - A' ° ) mi ce wi t h ant i l eu-
kocyt e mAb and compar ed wi t h ( C x D2) F, spl een dendr i t i c cel l s ( DC) ( - - - ) . The st ai ni ng
r eagent s wer e FI TC- 1321- 2, ant i - I - A b, d ( t hi ck l i ne) or t he i sot ype- mat ched, I gG2b FI TC- Thy-

1 . 2 as cont r ol ( dot t ed l i ne) . Thy- 1 i s expr essed on cont ami nat i ng ker at i nocyt es but not LC ( 20) .
Not e t hat FI TC- 1321- 2 st ai ns

I - Ad but not I - A' LC, and t hat t he mean l evel of st ai ni ng i s

compar abl e t o spl eni c DC. The smal l subset of I a- r i ch LC i s evi dent ( ar r ow) .
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MLR- st i mul at i ng

act i vi t y of panned LC and dendr i t i c cel l s

.

Gr aded doses of LC

or

dendr i t i c cel l s wer e added t o 3 X 105 al l ogenei c, nyl on- nonadher ent , l a- , spl een cel l s

.

The

MLR

was moni t or ed on day 4 by measur i ng [ ' H] TdR upt ake

.

A

.

Panni ng has l i t t l e ef f ect on

t he

f unct i on of spl eni c dendr i t i c cel l s

.

Low- densi t y spl een adher ent cel l s ( 10) , f r om ( B6 X

D2) F,

mi ce, wer e cul t ur ed over ni ght and r oset t ed wi t h ant i body- coat ed r ed cel l s t o depl et e

macr ophages .

One por t i on of t he enr i ched dendr i t i c cel l s was panned wi t h ant i - l a ( O) , and t he

ot her

was not ( 0)

.

The dendr i t i c cel l s wer e t hen used as st i mul at or s f or t he MLR of B6

. H- 2k
T

cel l s

.

B

.

Panni ng does not af f ect t he accessor y f unct i on of cul t ur ed LC

.

Epi der mal cel l

suspensi ons

wer e cul t ur ed 3 d

.

A l ow- densi t y, LC- enr i ched f r act i on was i sol at ed ( 50% I a' LC)

as

descr i bed ( 1)

.

One par t of t he cel l s was t est ed as MLRst i mul at or s wi t hout f ur t her t r eat ment

( O) ,

whi l e t he ot her par t was enr i ched wi t h ant i - Thy- 1 pl us compl ement , f ol l owed by panni ng

( A) .

C

.

Compar i son of f r eshl y i sol at ed LC and spl eni c DC as MLR st i mul at or s

.

LC wer e

enr i ched

by panni ng ( p)

.

Spl eni c DC ( O) wer e l ow- densi t y spl een adher ent cel l s t hat wer e

di sl odged

f r om t he cul t ur e sur f ace af t er 5 h of cul t ur e

.

D

.

Compar i son of f r eshl y i sol at ed and

3- d- cul t ur ed

LC as MLR st i mul at or s

.

LC wer e enr i ched by panni ng f r om f r esh ( open symbol s)

or

3- d- cul t ur ed ( cl osed symbol s) epi der mal suspensi ons

.

I n one exper i ment ( ci r cl es) , t he st i mu-

l at or s

wer e st r ai n A and t he r esponder s st r ai n ( C X D2) F,

.

I n t he ot her ( t r i angl es) , t he

st i mul at or s

wer e ( B6 X D2) F, and r esponder s ( C X D2) F,

.

cel l

yi el ds f el l by a smal l ext ent ( Fi g

.

3 A)

.

No mi t ot i c f i gur es wer e obser ved, but

t he

mor phol ogy of t he KCM- suppl ement ed LC changed si gni f i cant l y

.

The LC

enl ar ged

and devel oped numer ous dendr i t i c and vei l ed pr ocesses ( Fi g

.

3, B and

C) .

The l evel of I a on 1- and 3- d- cul t ur ed LC di d not change ( not shown)

.

I n

t he pr esence of KCM, t he MLR- st i mul at i ng act i vi t y of cul t ur ed LC r ose

>10- f ol d

r el at i ve t o t hat obser ved at t i me 0 ( Fi g

.

4)

.

The accessor y f unct i on of

pur i f i ed

LC cul t ur ed wi t h KCM was si mi l ar t o t hat seen wi t h LC i sol at ed f r om

bul k

3- d epi der mal cul t ur es ( Fi g

.

4)

.

Thr ee di f f er ent KCM pr epar at i ons wer e

t est ed

wi t h si mi l ar r esul t s

.

A pl at eau i n LC- st i mul at i ng act i vi t y was obser ved
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FI GURE 3.

	

Ef f ect of KCMon LC vi abi l i t y and mor phol ogy . LC wer e enr i ched t o ^ - 80%
pur i t y by panni ng wi t h ant i - l a mAb. The LCwer e t hen cul t ur ed wi t h or wi t hout 30%( vol / vol )
KCM. Most cont ami nat i ng ker at i nocyt es ( 20% of t he st ar t i ng i nocul um, Fi g . 1) adher ed t o
t he cul t ur e sur f ace dur i ng t he f i r st day of cul t ur e. A . Vi abl e cel l r ecover i es as assessed by
t r ypan bl ue st ai ni ng . Dat a ar e means f r om t hr ee exper i ment s. B and C. Cyt ol ogi c f eat ur es of
1- ( B) and 3- d ( C) enr i ched LC, cul t ur ed i n t he pr esence of 30% ( vol / vol ) KCM. Bot h
popul at i ons ar e uni f or m i n appear ance, but t he cel l s i n 3- d cul t ur es ar e l ar ger and have l onger
pr ocesses. X 500 .

af t er cul t ur e i n a dose of 10- 30% vol / vol KCM. We concl ude t hat t he vi abi l i t y

and f unct i on of cul t ur ed LC i s mar kedl y enhanced i n KCM.

Ef f ect s of Ot her Condi t i oned Medi a on LC Vi abi l i t y and Funct i on.

	

The condi -

t i oned medi um f r om LPS- st i mul at ed macr ophages was, l i ke KCM, act i ve i n

suppor t i ng t he vi abi l i t y and f unct i on of cul t ur ed LC ( Fi g . 5A) . Act i ve medi um

was obt ai ned f r om al l LPS- t r eat ed macr ophage popul at i ons t hat we t est ed,

i ncl udi ng t he J774 and RAWcel l l i nes, t hi ogl ycol l at e- el i ci t ed per i t oneal macr o-

phages, and Fc r ecept or - posi t i ve spl eni c adher ent cel l s . LPS had no di r ect ef f ect

on cul t ur ed LC. Even when mi xed wi t h t he medi um f r om unst i mul at ed macr o-

phages, LPS di d not enhance LC vi abi l i t y or f unct i on ( not shown) . r I FN- y and

r 1L- 1 a wer e weak or i nact i ve i n st i mul at i ng t he r el ease of t he r equi r ed cyt oki nes



FI GURE 5 .

	

Change i n LC accessor y
f unct i on af t er cul t ur e wi t h KCMand
ot her condi t i oned medi a . A . Macr o-
phage- condi t i oned medi a : LC wer e
panned f r om f r esh epi der mal suspen-
si ons and cul t ur ed f or 3 d i n t he
pr esence of 30% ( vol / vol ) macr o-
phage- condi t i oned medi um obt ai ned
as f ol l ows . 5 X 106 adher ent , t hi o-
gl ycol l at e- el i ci t ed per i t oneal macr o-
phages wer e cul t ur ed 24 h i n 5 ml
cul t ur e medi umand 10 j ug/ ml LPS
( A) , 1 U/ ml mur i ne r I FN- y ( A) , 50

10 1

	

t 0 3	 10 °	 10 2	 10 3

	

U/ ml mur i ne I L- 1 ( A) , or no suppl e-

Number of st i mul at or cel l s

	

ment ( A) . Addi t i onal l y, 106 Fcr ecep-
t or - posi t i ve ( i sol at ed by r oset t i ng
wi t h ant i body- coat ed r ed cel l s)

spl eni c adher ent cel l s ( 10) wer e cul t ur ed 24 h wi t h ( / ) or wi t hout ( p) 10 ug/ ml LPSi n 1 ml medi um.
Compani on LC pr epar at i ons wer e cul t ur ed wi t h ( 0) or wi t hout ( Q) KCM. Each pr epar at i on was
washed and t est ed f or MLR- st i mul at or y f unct i on . B. WEHI and L cel l condi t i oned medi um: LC wer e

panned f r om f r esh epi der mal suspensi ons wi t h ant i l eukocyt e mAb and cul t ur ed 2 d wi t h 75%
( vol / vol ) ker at i nocyt e- ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ) , L cel l - ( El ) , or WEHI - ( A) condi t i oned medi a . The cel l s wer e washed and
t est ed as MLRst i mul at or s .

E
a

c
v
E
T
r

x

10 3

10 5

10 2

	

10 3 10 4	 10 5

10 3

Number of st i mul at or cel l s
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FI GURE 4 . Change i n LC accessor y f unct i on af t er
cul t ur e wi t h KCM. LC wer e enr i ched f r om f r esh
epi der mal suspensi ons by panni ng wi t h ant i - I a mAb
and t hen cul t ur ed 3 d wi t h ( 40) or wi t hout ( ( D) 75%
( vol / vol ) KCM. The cel l s wer e washed f r ee of KCM
and br ought t o a const ant vol ume . The t opst i mul at i ng
dose i s a r ef l ect i on of r el at i ve cel l yi el ds wi t h or
wi t hout KCM. Fr eshl y panned day 0 LC ( C! ) wer e
i ncl uded as a compar i son, as wer e LC i sol at ed by
panni ng f r om bul k 3- d epi der mal suspensi on cul t ur es
( A) a par t of whi ch had been used 3 d ear l i er t o
pr epar e t he LC t hat wer e cul t ur ed wi t h or wi t hout
KCM. I n t hi s and al l subsequent exper i ment s, st i mu-
l at or s wer e f r om ( C X D2) F, mi ce and r esponder s ( 3
X 105 , l a - , nyl on nonadher ent T cel l s) wer e f r om
st r ai n A. [ ' H] TdR upt ake was measur ed at 72- 88 h .

f r om macr ophages ( Fi g . 5A) . I n cont r ast t o mouse macr ophages, LPS- st i mul at ed

human monocyt es di d not pr oduce a f act or t hat coul d act on mouse LC ( not

shown) .

The condi t i oned medi umf r om t he syngenei c and al l ogenei c MLR al so medi -

at ed t he mat ur at i on of LC i n cul t ur e ( dat a not shown) . However , t he medi um

f r om t he WEHI cel l l i ne and f r om L cel l s, whi ch ar e used as st andar d sour ces of

I L- 3 and M- CSF, wer e r epeat edl y i nact i ve i n i nduci ng LC mat ur at i on ( Fi g . 5B) .

These medi a di d st i mul at e t he expect ed devel opment of macr ophages i n mar r ow

cul t ur es ( not shown) .

GM- CSF I s t he Fact or t hat Medi at es t he Mat ur at i on of LC i n Cul t ur e .

	

A panel

of pur i f i ed cyt oki nes ( Tabl e I ) was t hen added t o LC cul t ur es . Most wer e i nact i ve

( not shown) i ncl udi ng : I L- 1 ( 15) , I L- 2, I L- 3 ( 19) , I L- 4 ( 18) ; G- CSF ( 17) , and M-

CSF ( 13) ; cachect i n/ TNF, I FN- a/ 0/ 7 .

However , when r GM- CSF ( Fi g . 6) and pur i f i ed nat ur al GM- CSF ( not shown)

wer e eval uat ed, t he LCbehaved i dent i cal l y t o cul t ur es suppl ement ed wi t h KCM

or wi t h macr ophage- condi t i oned medi um. I n t he pr esence of l ow doses of GM-
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TABLE I

Cyt oki nes Test ed on Epi der mal Langer hans Cel l s

* U/ mg except wher e st at ed .

10 3

FI GURE 8.

	

GM- CSF does not i nf l uence acces

10 5

	

k

	

A,

	

sor y f unct i on dur i ng t he MLR. A. Enr i ched LC
wer e cul t ur ed f or 3 d wi t h 10 ng/ ml r GM- CSF,
washed, and t est ed as MLRst i mul at or s i n t he
pr esence of 1 %( vol / vol ) r abbi t ant i - GM- CSF

( A) or cont r ol ser um( 0) . B. Enr i ched LC wer e
cul t ur ed f or 3 d wi t h 30%KCM, washed, and

t hen t est ed as MLRst i mul at or s i n t he absence

( 0) or pr esence of 10 ng/ ml r GM- CSF ( 0) . The

l at t er i nduced backgr ound pr ol i f er at i ve act i v
103 1

	

i

	

i t y, i ncl udi ng t he T cel l onl y wel l s ( A) , whi ch
10 2

	

10 3

	

10 2

	

10 3

	

was due t o t he i nduct i on of col oni es of l ar ge

Number of st i mul at or cel l s

	

r ound myel oi d cel l s .

A

10 2	 10 3 10 2 10 3 10 4

Number of st i mul at or cel l s

B
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FI GURE 7 . Ant i - GM- CSF r educes t he ac-
t i vi t y of KCM. LCwer e enr i ched f r omf r esh
epi der mal suspensi ons by panni ng wi t h an-
t i l eukocyt e mAb and cul t ur ed 3 d wi t h
KCMand t he i ndi cat ed suppl ement s bef or e
washi ng and t est i ng as MLRst i mul at or s . A.
LCwer e cul t ur ed wi t h : 75%( vol / vol ) KCM
( 0) , KCMpl us 1 %r abbi t pr ei mmune ser um
( 0) , KCMpl us r abbi t ant i - GM- CSF ( A) , or
wi t h KCM pl us ant i - GM- CSF pl us 100
ng/ ml r GM- CSF ( A) . B. LC wer e cul t ur ed
wi t h 30%( vol / vol ) KCM( 40) , wi t h KCMand
1%r abbi t ant i - GM- CSF ( A) , KCMand r ab-
bi t ant i - mouse TNF( O) or KCMand sheep
ant i - mouse I FN ( O) .

Cyt oki ne
Expr essed

i n
Act i vi t y Dose Sour ce

Mouse r I L- I a E. col i 6 x 10 6 10- 20 ng/ ml P. LoMedi co, Hof f man- La-

Roche, Nut l ey, NJ

Mouse r l FN- - t E. col i 6 x 106 2- 20 ng/ ml Genent ech, Sout h San Fr anci sco,

CA

Mouse r I L- 3 COs - 3- 10%vol / vol T. Yokot a, DNAX, Pal o Al t o,

CA

Mouse r I L- 4 COs - 200- 1, 000 U/ ml T. Mosmann, DNAX

Mouse M- CSF Nat ur al 8 x 107 100- 3, 000 U/ ml R. St anl ey, Al ber t Ei nst ei n Col -

l ege of Medi ci ne, Br onx, NY

Mouse I FN- a/ # Nat ur al 105 U/ ml 100- 1, 000 U/ ml E. Havel l , Tr udeau I nst i t ut e,

Sar anac Lake, NY

Mouse r GM- CSF Yeast >4 x 107 0. 01- 100 ng/ ml S. Gi l l i s, I mmunex, Seat t l e, WA

Mouse GM- CSF Nat ur al - 10- 100 U/ ml Genzyme, Bost on, MA

Human r I L- 2 E. col i 5. 3 x 106 2- 20 U/ ml S. Rudni ck, Bi ogen, Cambr i dge,

MA

Human r TNF Yeast 10 8 10 U/ ml B. Beut l er , A. Cer ami , S. Wol pe,

( cachect i n) The Rockef el l er Uni ver si t y,

NewYor k

Human r G- CSF E. col i 8 x 10 7 60 U/ ml M. Moor e, Sl oan Ket t er i ng, New

Yor k
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CSF, t he LC r emai ned vi abl e, devel oped many pr ocesses, st ai ned br i ght l y wi t h

ant i - l a mAb, and become ver y act i ve MLR st i mul at or s ( Fi g. 6, A- C) . Hal f -

maxi mal act i vi t y was obser ved at ^- 5 pM( 0 . 1 ng/ ml ; Fi g . 6C) .

Thr ee pol ycl onal ant i ser a wer e t hen eval uat ed t o t est i f t he f unct i on of KCM

coul d be i nhi bi t ed . Rabbi t ant i - GM- CSF bl ocked t he ef f ect of KCM, and t he

bl ock was r ever sed by addi ng back an excess ( 100 ng/ ml ) of r GM- CSF ( Fi g . 7A) .

Rabbi t ant i - TNF and sheep ant i - I FN- a/ / 3 di d not bl ock t he ef f ect of KCM( Fi g .

7B) . Taken t oget her , t he r esul t s i ndi cat e t hat GM- CSF i s t he pr i nci pal i f not

excl usi ve medi at or of LC mat ur at i on i n cul t ur e .

Ef f ect s of GM- CSF on t he MLR.

	

To ensur e t hat t he obser ved ef f ect s of GM-

CSF wer e on t he mat ur at i on of LC bef or e addi t i on t o t he MLR, we added GM-

CSF t o MLRs t hat wer e i nduced by gr aded doses of cul t ur ed LC ( Fi g . 8) or

spl eni c dendr i t i c cel l s ( not shown) . Ant i - GM- CSF di d not bl ock t he MLR-

st i mul at i ng act i vi t y of LC t hat had mat ur ed i n t he pr esence of cyt oki ne ( Fi g .

8A) . Exogenous GM- CSF di d not enhance t he MLR, but i t di d i nduce myel oi d

col oni es and some backgr ound pr ol i f er at i on i n t he unst i mul at ed T cel l s ( Fi g .

8B) . We concl ude t hat GM- CSF medi at es t he i mmunol ogi c mat ur at i on of LC i n

cul t ur e, but i t does not i nf l uence subsequent dendr i t i c or T cel l f unct i on i n t he

MLR.

Di scussi on

LC Enr i chment by Panni ng.

	

To st udy t he mechani smwher eby epi der mal LC

become act i ve accessor y cel l s dur i ng cul t ur e ( 1, 2, 4) , i t was necessar y t o separ at e

t hi s t r ace cel l t ype f r om most of t he ker at i nocyt es i n t he st ar t i ng epi der mal

suspensi on . We consi der ed sever al enr i chment met hods at t he out set . We wer e

unabl e t o r emove al l ker at i nocyt es by cyt ot oxi ci t y appr oaches ( ant i - Thy- 1 or an-

t i desmosomal ant i bodi es and compl ement ) . Cyt ot oxi ci t y was usef ul as a f i r st st ep,

however , and pr ovi ded a pr el i mi nar y enr i chment f r om an i ni t i al l evel of ^- 1

LC t o a l evel of 7- 15%LC. Cel l sor t i ng of t hese par t i al l y enr i ched popul at i ons

on t he FACS coul d pr ovi de LC i n >95% pur i t y ( 4) , but we encount er ed

subst ant i al l osses i n yi el d and vi abi l i t y dur i ng t he sor t i ng pr ocedur e . Ther ef or e

we coat ed t he epi der mal suspensi ons wi t h ei t her ant i l eukocyt e or ant i - l a mAb,

washed, and panned on di shes coat ed wi t h ant i - I g . Panni ng depl et ed >90% of

t he LC f r om t he appl i ed suspensi on and di d not mar kedl y r educe t he accessor y

f unct i on of t he at t ached cel l s ( Fi g . 2) . The panned LC wer e suf f i ci ent l y pur e t o

est abl i sh a dependence on exogenous cyt oki nes f or vi abi l i t y and f unct i on ( Fi gs .

3- 8) .

The Ef f ect s of Ker at i nocyt e- condi t i oned Medi um and GM- CSF on Cul t ur ed

LC. The addi t i on of appr opr i at e cyt oki nes t o enr i ched popul at i ons of f r esh LC

had t hr ee ef f ect s over a 2- 3- d per i od of cul t ur e : cel l vi abi l i t y was mai nt ai ned at

^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 50% of t he st ar t i ng i nocul um; t he LC became l ar ger and exhi bi t ed many

pr ocesses and vei l s ; and st i mul at i ng capaci t y i n t he pr i mar y MLR i ncr eased 10-

20- f ol d . As a r esul t of t he combi ned ef f ect s on vi abi l i t y and f unct i on, t he

st i mul at i ng act i vi t y of 3- d cul t ur ed LC popul at i ons was t ypi cal l y enhanced 100-

f ol d by exogenous cyt oki nes .

The act ual i ncr ease i n t he st i mul at i ng act i vi t y of i ndi vi dual LC mi ght have

been even gr eat er t han i s suggest ed by our dat a ( Fi g . 4) . Thi s i s because some of
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t he act i vi t y t hat was seen wi t h f r esh popul at i ons coul d be due t o a f r act i on of l a-

r i ch LC ( Fi g . 3, B and C) t hat ei t her wer e i n t he pr ocess of mat ur i ng i n si t u or

had been exposed t o smal l amount s of GM- CSF dur i ng t he pr epar at i on of t he

epi der mal suspensi on . I t i s possi bl e t hat t he maj or i t y of LC i n t he st ar t i ng

popul at i on have i nsi gni f i cant accessor y f unct i on .

The i ncr eased accessor y act i vi t y t hat was i nduced by KCMor GM- CSF mi ght

be due t o t hr ee ef f ect s . One r el at es t o i mpr oved vi abi l i t y ( Fi g . 3) , whi ch i s a

char act er i st i c ef f ect of CSFs on t hei r t ar get cel l s ( 21, 22) . We suspect t hat

enhanced vi abi l i t y i s not t he onl y ef f ect of GM- CSF si nce, i n i sol at ed i nst ances

( per haps r el at ed t o hi gher l evel s of cont ami nat i ng ker at i nocyt es) , LC vi abi l i t y

was mai nt ai ned cl ose t o t he l evel of t hat seen wi t h GM- CSF, but l i t t l e or no
i ncr ease i n accessor y f unct i on was obser ved . A second f act or i s t he i ncr ease i n
t he l evel of l a or cl ass I I pr oduct s t hat occur s i n cul t ur e ( 3) . Fr eshl y i sol at ed LC
have si mi l ar amount s of l a t o spl eni c dendr i t i c cel l s ( Fi g . 1) , but ar e much l ess
act i ve as MLR st i mul at or s ( Fi g . 2C) . We have al so f ound t hat l a l evel s i ncr ease
i n cel l s t hat ar e cul t ur ed i n t he absence of KCM f or a day, yet t her e i s l i t t l e
i ncr ease i n accessor y f unct i on ( M. Wi t mer - Pack, unpubl i shed obser vat i ons) .
Ther ef or e t he l evel s of l a on LCdo not seem t o be t he sol e det er mi nant of t he
l evel of accessor y f unct i on . We pr opose t hat GM- CSF exer t s a t hi r d di f f er ent i a-

t i on ef f ect t hat al l ows t he LC t o become an act i ve accessor y cel l compar abl e t o

t he dendr i t i c cel l s i sol at ed f r oml ymphoi d or gans and l ymph. Thi s di f f er ent i at i on

r esul t s i n an accessor y cel l t hat can cl ust er and act i vat e r est i ng, ant i gen- speci f i c

T cel l s i n a manner anal ogous t o t hat seen wi t h l ymphoi d dendr i t i c cel l s ( 4) .

I mpl i cat i ons of Our Dat a i n Pi npoi nt i ng t he Li neage of Langer hans Cel l s .

	

Bot h

LC and l ymphoi d dendr i t i c cel l s ar e bone mar r ow der i ved ( 23, 24) , but t hei r

pr eci se l i neage i s not est abl i shed . I t i s of i nt er est t hat GM- CSF medi at es di f f er -
ent i at i on of bot h maj or t ypes of myel oi d cel l s, gr anul ocyt es and macr ophages,
wher eas G- and M- CSF ar e mor e l i neage speci f i c ( 21, 22) . Because LC ar e
i nf l uenced by GM- CSF but not by G- or M- CSF, we suggest t hat LC r epr esent a
t ype of myel oi d l i neage t hat i s di st i nct f r om t ypi cal phagocyt es . Thi s woul d be
consi st ent wi t h pr i or dat a demonst r at i ng st abl e di f f er ences i n phenot ype and

f unct i on bet ween dendr i t i c cel l s and mononucl ear phagocyt es ( 25) .
Compar i son of t he Ef f ect s of GM- CSF on LC wi t h t he Ef f ect s of Ot her Cyt oki nes on

Accessor y Cel l s . I t i s becomi ng evi dent t hat t he accessor y f unct i on of dendr i t i c

cel l s f or pr i mar y T cel l r esponses l i ke t he MLR can be i ncr eased by cyt oki nes .
I L- I ampl i f i es t he f unct i on of l ymphoi d dendr i t i c cel l s about t hr eef ol d, but t he

cel l s ar e al r eady ver y act i ve bef or e exposur e t o cyt oki ne ( 26) . GM- CSF does not
i ncr ease t he f unct i on of mat ur e LC ( Fi g . 8) or spl eni c dendr i t i c cel l s ( dat a not
shown) . I t i nst ead act s on f r eshl y i sol at ed LC, whi ch quant i t at i vel y ar e weak
st i mul at or s of t he MLR and pol ycl onal T cel l mi t ogenesi s ( 1, 4) . GM- CSF
t her ef or e may be speci al i zed t o mobi l i ze act i ve dendr i t i c cel l s f r om a weakl y
act i ve, nonl ymphoi d t i ssue sour ce .

Two ot her T cel l - der i ved pr oduct s enhance t he expr essi on of cl ass I I MHC
pr oduct s but do not appear t o i nduce accessor y cel l s f or pr i mar y r esponses . I FN-

. y i ncr eases t he expr essi on of l a on mononucl ear phagocyt es ( 27) and many
nonl eukocyt es . The l ymphoki ne- t r eat ed macr ophages do not act as st i mul at or s
of t he pr i mar y MLR ( 8, 26) , but ar e bet t er pr esent i ng cel l s f or sensi t i zed CD4+



1496	 GM- CSF MEDI ATES LANGERHANS CELL MATURATI ON I N VI TRO

T l ymphocyt es ( 14) . I L- 4 or BSF- 1 i s a cyt oki ne t hat enhances l a on smal l mouse

B l ymphocyt es ( 28) . Her e t oo t he upr egul at ed Bcel l s ar e weak i n st i mul at i ng a

pr i mar y MLR but ar e act i ve i n pr esent i ng al l oant i gens t o f r eshl y sensi t i zed T

l ymphobl ast s U. Met l ay, M. Bi r kel and, R. St ei nman, and E. Pur e ; unpubl i shed

r esul t s) .

I t i s not ewor t hy t hat bot h cyt oki nes t hat modul at e t he f unct i on of dendr i t i c

cel l s f or pr i mar y r esponses can be r el eased i n t he absence of sensi t i zed T cel l s .

I L- 1 and GM- CSF ar e pr oduced by such non- T cel l s as macr ophages and

ker at i nocyt es . Ther ef or e t hese cyt oki nes coul d be r el eased dur i ng t he af f er ent

l i mb of t he i mmune r esponse, per haps i n nonl ymphoi d or gans wher e many

ant i gens ar e f i r st deposi t ed, wher e t hey may be cr i t i cal f or t he pr oduct i on of

act i ve dendr i t i c cel l s . I n cont r ast , I FN- y and I L- 4 ar e t he pr oduct s of T cel l s

t hat have al r eady begun t o r espond t o ant i gen . I FN- y and I L- 4 mi ght be expect ed

t o enhance T cel l - macr ophage or T- B cel l i nt er act i ons i n t he ef f er ent l i mb of

i mmuni t y .

We ar e ext endi ng our st udi es t o t est i f GM- CSF al t er s dendr i t i c cel l f unct i on

i n si t u . Gi ven t he r ol e of GM- CSF as a medi at or of dendr i t i c cel l mat ur at i on i n

cul t ur e, we ar e i nt er est ed i n t est i ng i f t hi s cyt oki ne can mobi l i ze dendr i t i c cel l s

f r om t i ssues and/ or act as an adj uvant dur i ng pr i mar y i mmune r esponses .

Summar y

A panni ng met hod has been devel oped t o enr i ch Langer hans cel l s ( LC) f r om

mur i ne epi der mi s . I n st andar d cul t ur e medi a, t he enr i ched popul at i ons pr ogr es-

si vel y l ose vi abi l i t y over a 3- d i nt er val . When t he cul t ur es ar e suppl ement ed wi t h

ker at i nocyt e- condi t i oned medi um, LC vi abi l i t y i s i mpr oved and t he cel l s i ncr ease

i n si ze and number of dendr i t i c pr ocesses . Accessor y f unct i on, as moni t or ed by

st i mul at i ng act i vi t y i n t he mi xed l ymphocyt e r eact i on ( MLR) , i ncr eases at l east

10- 20- f ol d . The condi t i oned medi a of st i mul at ed macr ophages and T cel l s al so

suppor t t he vi abi l i t y and mat ur at i on of cul t ur ed LC. Apanel of pur i f i ed cyt oki nes

has been t est ed, and onl y gr anul ocyt e/ macr ophage col ony- st i mul at i ng f act or

( GM- CSF) subst i t ut es f or bul k- condi t i oned medi um. The r ecombi nant mol ecul e

exhi bi t s hal f - maxi mal act i vi t y at 5 pM. Wi t hout act i vi t y ar e : I L- 1- 4 ; I FN- a/ , Q/ ' y ;
cachect i n/ TNF ; M- and G- CSF. A r abbi t ant i - GM- CSF speci f i cal l y neut r al i zes

t he capaci t y of ker at i nocyt e- condi t i oned medi um t o gener at e act i ve LC. How-

ever , GM- CSF i s not r equi r ed f or LC f unct i on dur i ng t he MLR i t sel f .

We concl ude t hat t he devel opment of i mmunol ogi cal l y act i ve LC i n cul t ur e i s

medi at ed by GM- CSF. The obser vat i on t hat t hese dendr i t i c cel l s do not r espond

t o l i neage- speci f i c G- and M- CSFs suggest s t hat LC r epr esent a di st i nct myel oi d

di f f er ent i at i on pat hway . Because GM- CSF can be made by noni mmune cel l s and

can medi at e t he pr oduct i on of act i ve dendr i t i c cel l s, t hi s cyt oki ne pr ovi des a T-

i ndependent mechani sm f or enhanci ng t he sensi t i zat i on phase of cel l - medi at ed

i mmuni t y .

We t hank Har ol d Ral ph, Jr . f or hi s ski l l ed hel p wi t h cyt of l uor ogr aphy ; Sumi Koi de, Kayo
I naba, and St even Wol pe f or shar i ng many of t he r eagent s t hat wer e used i n t hi s st udy ;
and Dr s . S. Gi l l i s and E. Havel l f or pr ovi di ng val uabl e cyt oki nes and ant i bodi es .

Recei ved f or publ i cat i on 21 Jul y 1987 .
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