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Many l ong- t er m mouse Th cel l cl ones can be di vi ded i nt o t wo t ypes, based on

t he pat t er n of cyt oki nes secr et ed i n r esponse t o ant i gen or l ect i n st i mul at i on . Thl

cl ones secr et e I L- 2, I FN- y, and l ymphot oxi n ( LT) , ' wher eas Th2 cl ones expr ess I L-

4, I L- 5, I L- 6, and a gene of unknown f unct i on, P600 ( 1- 4) . Bot h t ypes of cl one se-

cr et e I L- 3, gr anul ocyt e- macr ophage CSF ( GM- CSF) , TNFa, pr epr oenkephal i n,

and sever al ot her i nduct i on- speci f i c pr ot ei ns . The di f f er ences bet ween Thl and Th2

cyt oki ne synt hesi s pat t er ns l ead t o mar kedl y di f f er ent f unct i ons ( 5- 8) . Th2 cl ones

ar e nor mal l y bet t er B cel l hel per s ( 8, 9) , whi l e Thl cl ones, al t hough t hey can pr ovi de

B cel l hel p i n some ci r cumst ances ( 7, 10, 11) , pr ef er ent i al l y i nduce macr ophage act i -

vat i on ( 12) and del ayed- t ype hyper sensi t i vi t y ( DTH) ( 6) . Recent evi dence ( St r eet ,

N. E. , J . H. Schumacher , T A. T Fong, H. Bass, D. F Fi or ent i no, J . A. Lever ah,

and T. R. Mosmann, manuscr i pt i n pr epar at i on) ( 13- 15) suggest s t hat ot her di f f er en-

t i at i on st at es of mouse Th cel l s exi st , and t hat t he Thl and Th2 phenot ypes r epr e-

sent act i vat ed ef f ect or cel l s .

The exi st ence of t hese t wo maj or t ypes of Th cel l may expl ai n t he wel l - document ed

separ at i on of i mmune r esponses i nt o DTHor ant i body pr oduct i on, whi ch of t en ap-

pear t o be mut ual l y excl usi ve ( 16) . I f B cel l hel p and DTH ar e pr edomi nant l y medi -

at ed by Th2 and Thl cel l s, r espect i vel y, t hi s suggest s t hat Thl and Th2 cel l s may

be mut ual l y i nhi bi t or y ( 17, 18) . The Thl pr oduct I FN- y i nhi bi t s pr ol i f er at i on of

Th2 cl ones i n vi t r o ( 19, 20) , whi l e an unknown pr oduct of a Th2 cl one may i nhi bi t

t he pr ol i f er at i on of Thl cl ones ( 21) . I n addi t i on t o cr ossi nhi bi t i on of pr ol i f er at i on,

we consi der ed t he possi bi l i t y t hat i nhi bi t or s of Thl and Th2 ef f ect or f unct i on al so

exi st . Her e, we r epor t t he pr el i mi nar y char act er i zat i on of a cyt oki ne pr oduced by

Th2 cl ones t hat i nhi bi t s t he synt hesi s of sever al cyt oki nes by Thl cl ones . Thi s cyt oki ne,

whi ch we have cal l ed cyt oki ne synt hesi s i nhi bi t or y f act or ( CSI F) , has been di st i n-

gui shed f r om t he ot her known Th2 cyt oki nes .
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Mat er i al s and Met hods

Mi ce.

	

BALB/ c, C57BL/ 6, and CBA/ J mi ce wer e obt ai ned f r omThe Jackson Labor at or y
( Bar Har bor , ME) and t he I nst i t ut e of Medi cal Resear ch ( San Jose, CA) . Femal e mi ce 8- 12
wk ol d wer e used i n al l exper i ment s .

Cel l Li nes.

	

Thl cl ones i ncl uded : HDK- 1, BALB/ c ant i - KLH ( 2) ; MD13- 2, BALB/ c ant i -
CRBC ( 1) ; MD13- 10, BALB/ c ant i - CRBC ( 1) ; GK15- 1, CBA/ J ant i - CRBC ( 11) ; LB2- 1,
C57BL/ 6 ant i - CRBC ( 1) ; ML3- A- Cl - 2- Ba, C57BL/ 6 ant i - BALB/ c ; and ML3- A- C2- 6- Nb,
C57BL/ 6 ant i - BALB/ c . Th2 cl ones i ncl uded : D10 . G4 . 1 ( D10) , AKR/ J ant i - conal bumi n, ob-
t ai ned f r omC. Janeway ( Yal e Uni ver si t y, NewHaven, CT) ( 22) ; CDC25 and CDC35, C3D2
ant i - r abbi t I gG, obt ai ned f r omD. Par ker ( Uni ver si t y of Massachuset t s, Wor cest er , MA) ( 23) ;
D9, C57BL/ 6, obt ai ned f r om G. Nabel ( Har var d Uni ver si t y, Bost on, MA) ( 24) ; MB2- 1,
C57BL/ 6 ( 1) ; and M411- 2 and M411- 6, BALB/ c ant i - CBA/ J . The mai nt enance and st i mul a-
t i on of ant i gen- speci f i c T cel l l i nes have been descr i bed pr evi ousl y ( 1, 2) . The mouse T cel l
l i ne HT2 ( 25) was obt ai ned f r om S. St r ober ( St anf or d Uni ver si t y, St anf or d, CA) and t he
WEHI 164. 13 l i ne ( 26) f r om M. Pal l adi no ( Genent ech, Sout h San Fr anci sco, CA) .

Medi a .

	

Assay medi um consi st ed of RPMI 1640 ( J . R. Sci ent i f i c I nc . , Woodl and, CA)
wi t h 10 17o FCS ( J . R. Sci ent i f i c I nc . ) , 0 . 05 mM2- ME( Si gma Chemi cal Co. , St . Loui s, MO) ,
and 20 mMHepes ( Gi bco Labor at or i es, Gr and I sl and, NY) . T cel l gr owt h medi um con-
si st ed of assay medi um cont ai ni ng 330 U/ ml mouse r I L- 2 .

Ant i bodi es.

	

mAbs agai nst I L- 2 ( S4B6) , I L- 5 ( TRFK4 and TRFK5) , and I FN- ' Y ( XMG1 . 2)
have been descr i bed pr evi ousl y ( 1, 2, 27) . The ant i - I L- 3 mAbs 8F8 . 11 and 43D. 11 ( 28) , as
wel l as t he ant i - GM- CSF ant i bodi es 22E9 . 11 and 35E10 . 11, wer e obt ai ned f r omJ . S. Abr ams
( DNAX) , t he ant i - I L- 4 ant i body I 1B11 ( 29) was f r omW. E. Paul ( Nat i onal I nst i t ut es of Heal t h,
Bet hesda, MD) , and t he 6B4 ant i - I L- 6 ant i body ( 30) f r omJ . van Sni ck ( Ludwi g Cancer I n-
st i t ut e, Br ussel s, Bel gi um) . The hamst er ant i - mouse T3 mAb 145- 2CI I ( 31) was obt ai ned
f r omJ . Bl uest one ( N. I . H. ) . Pol ycl onal r abbi t I gG ant i bodi es speci f i c f or t r ansf or mi ng gr owt h
f act or S( TGFf l ) wer e obt ai ned f r omR&DSyst ems ( Mi nneapol i s, MN) , and cont r ol r abbi t
I gG ant i bodi es wer e obt ai ned f r om R. Cof f man ( DNAX) .

T Cel l Super nat ant s .

	

Ant i gen- i nduced T cel l super nat ant s wer e pr epar ed by i ncubat i ng
T cel l cl ones ( 2 x 105 cel l s/ ml ) wi t h i r r adi at ed APC ( 5 x 10 6 cel l s/ ml ) and ant i gen i n assay
medi um. Ser um- f r ee Con A- i nduced T cel l super nat ant s wer e pr epar ed by i ncubat i ng T
cel l cl ones ( 5 x 10 6 cel l s/ ml ) wi t h Con A ( 5 Wg/ ml ; Si gma Chemi cal Co. ) i n RPMI 1640
l acki ng phenol r ed ( Gi bco Labor at or i es) and cont ai ni ng 0 . 05 mM2- ME and 20 mMHepes
f or 24 h .

Cyt oki nes.

	

TGFa was obt ai ned f r omR&DSyst ems . Pur i f i ed mouse P40 ( 32) was gener -
ousl y pr ovi ded by J . van Sni ck ( Ludwi g Cancer I nst i t ut e) . Pur i f i ed mouse I L- 5 ( 33) was
depl et ed of known Th2 cyt oki nes and pr ovi ded by R. Cof f man, DNAX. Pur i f i ed r ecombi nant
mouse cyt oki nes wer e pr ovi ded by : M. Howar d, DNAX( I L- 4) ; R. Kast el ei n, DNAX( I L- 4) ;
F. Lee, DNAX ( I L- 6 and I L- 7) ; J . Schr eur s, DNAX ( I L- 3 and GM- CSF) ; G. Zur awski ,
DNAX( human I L- I a) ; Scher i ng Resear ch, Bl oomf i el d, NJ ( I L- 2 and I FN- y) ; and M. Pal -
l adi no, Genent ech ( TNFa) .

Cyt oki ne Bi oassays .

	

The MTT assay ( 34) , as modi f i ed ( 1) , was used t o measur e I L- 2, I L- 4,
and LT/ TNFa usi ng mAbs t o est abl i sh monospeci f i ci t y f or I L- 2 and I L- 4 assays ( 2, 26) .
LT/ TNFa was assayed on WEHI 164 . 13 cel l s essent i al l y as descr i bed by Espevi k and Ni ssen-
Meyer ( 26) , except t hat 5 x 103 t ar get cel l s/ wel l wer e used, and t he assay was car r i ed out
i n t he pr esence of sat ur at i ng ( >2 ng/ ml ) amount s of I FN- y . Uni t s of act i vi t y wer e cal cul at ed

as descr i bed pr evi ousl y ( 1) .

Cyt oki ne ELI SAs .

	

Two- si t e sandwi ch ELI SAs f or I L- 3, I L- 5, and I FN- y wer e car r i ed out
as descr i bed pr evi ousl y ( 2, 27, 28) . The ELI SA f or GM- CSF was car r i ed out essent i al l y as

descr i bed f or t he I L- 5 assay, usi ng t he mAbs 35E10 and 22E9 . I nt r acel l ul ar I FN- y l evel s wer e

measur ed af t er l ysi ng cel l s i n 1%Tr i t on X- 100 ( Si gma Chemi cal Co. ) and r emovi ng nucl ei

by cent r i f ugat i on .
Col umn Chr omat ogr aphy .

	

1- 2 . 5- l i t er bat ches of ser um- f r ee Con A- i nduced D10 super na-
t ant wer e concent r at ed N10- f ol d usi ng YM- 5 membr anes ( Ami con Cor p. , Danver s, MA) ,
passed t hr ough a 5- ml mannose- conj ugat ed agar ose col umn ( E- Y Labor at or i es, San Mat eo,
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CA) , t hen f ur t her concent r at ed anot her t hr ee- t o f i vef ol d, f or a t ot al concent r at i on of 30- 50-
f ol d . Thi s mat er i al was f r act i onat ed by HPLC on a hydr oxyl apat i t e- based suppor t ( Bi o- Gel
HPHT, Bi o- Rad Labor at or i es, Ri chmond, CA) and on a gel f i l t r at i on col umn ( TSK- G 3000
SW, 60- cm l engt h ; LKB I nst r ument s, Gai t her sbur g, MD) as pr evi ousl y descr i bed ( 33) . Af t er
sequent i al chr omat ogr aphy on t hese t wo medi a, t he f r act i on wi t h CSI F act i vi t y i s r ef er r ed
t o as par t i al l y pur i f i ed CSI F ( ppCSI F) .

Ant i gens.

	

Keyhol e l i mpet hemocyani n was obt ai ned f r om Paci f i c Bi o- Mar i ne Labor at o-
r i es, I nc . ( Veni ce, CA) and used at a f i nal concent r at i on of 150 / Ag/ ml . TNP- KLH ( 132 TNP
r esi dues per 106 dal t ons pr ot ei n) was used at 1 p, g/ ml ( 35) . Conal bumi n ( Si gma Chemi cal
Co . ) was used at 100 Kg/ ml . Chi cken r ed bl ood cel l s wer e obt ai ned f r omPMKf ar ms ( Vacavi l l e,
CA) and used at 0 . 02% packed vol ume .

Ant i cyt oki ne Af f i ni t y Col umns .

	

Si x af f i ni t y col umns wer e pr epar ed by coupl i ng t he mAbs
XMG1 . 2 ant i - I FN- y, 22E9. 11 ant i - GM- CSF, S4B6 ant i - I L- 2, 8F8 . 11 ant i - I L- 3, 11BI l ant i -
I L- 4, and TRFK5 ant i - I L- 5 t o Af f i - Gel 10 ( Bi o- Rad Labor at or i es) . Each 1- 2- ml col umn
cont ai ned - 10- 20 mg of coupl ed ant i body.

CSI FAssay.

	

Sampl es wer e di l ut ed i n 96- wel l f l at - bot t omed mi cr ot i t er t r ays ( Fal con Lab-
war e, Oxnar d, CA) i n a vol ume of 0 . 05 ml . Thl cel l s ( 5 x 104 cel l s/ wel l ) , i r r adi at ed ( 2, 500
r ad) syngenei c spl een cel l s ( 5 x 105 cel l s/ wel l ) , and ant i gen wer e added i n a vol ume of 0. 15
ml . 11BI l ant i - I L- 4 mAb ( 10, ug/ ml ) was added t o t he assay i f sampl es wer e suspect ed of con-
t ai ni ng I L- 4 . Level s of I FN- y and ot her cyt oki nes i n t he 24- h super nat ant s wer e assayed .
Omi ssi on of ei t her ant i gen or APC r esul t ed i n negl i gi bl e cyt oki ne synt hesi s . When i ni t i al l y
assayed, one bat ch of ppCSI F i nhi bi t ed I FN- y pr oduct i on by - 50% at a di l ut i on of 1 : 200
i n an assay vol ume of 0 . 2 ml , and so t he st andar d uni t ( SU) was def i ned by assi gni ng a val ue
of 1, 000 SU/ ml t o t hi s CSI F pr epar at i on . CSI F act i vi t y i n unknown sampl es was quant i t at ed
by compar i ng l evel s of i nhi bi t i on of I FN- y synt hesi s by t he unknown wi t h t hat of t he st an-
dar d i n each assay usi ng a f our - par amet er cur ve- f i t t i ng pr ogr am( Assay Zap ; Bi osof t , Cam-
br i dge, UK) . Means t SD of t r i pl i cat e cul t ur es wer e det er mi ned .

mRNA Measur ement .

	

Thl cel l s wer e st i mul at ed wi t h ant i gen pl us APC t hat had been
depl et ed of er yt hr ocyt es by cent r i f ugat i on over Fi col l ( Hi st opaque ; Si gma Chemi cal Co. ) .
At 8 and 12 h, al i quot s of t he cel l s wer e wi t hdr awn and cyt opl asmi c RNA was i sol at ed ( 36) .
Di l ut i ons of RNAwer e bound t o f i l t er s and hybr i di zed wi t h synt het i c DNA pr obes t hat wer e
" P- l abel ed by f i l l - i n synt hesi s of over l appi ng DNA ol i gonucl eot i des as descr i bed pr evi ousl y
( 2) . The DNA pr obes cor r esponded t o bases 900- 989 f or I FN- - Y ( 2) and 1262- 1363 f or y- act i n
( 37) . Fi l t er s wer e exposed t o x- r ay f i l m and t he aut or adi ogr aphs quant i t at ed by l aser den-
si t omet r y .

Resul t s

Super nat ant sf r omTh2 but not Thl Cl ones I nhi bi t Synt hesi s of I FN- - y by Thl Cl ones .

	

Con

A- i nduced super nat ant s f r om seven Th2 cl ones al l i nhi bi t ed I FN- ' r pr oduct i on by

HDK- 1 cel l s ( Fi g. 1 A) . Thi s i nhi bi t or y act i vi t y was pr oduced by D10 cel l s i n r e-

sponse t o Con A, ant i gen pl us APC, or ant i T3 pl us APC( Fi g . 1 B) . The i nhi bi t or y

act i vi t y appear ed t o be pr oduced onl y by st i mul at ed cel l s, si nce Con A- st i mul at ed

CDC25 and CDC35 cel l s pr oduced 866 and 708 U/ ml of i nhi bi t or y act i vi t y, r espec-

t i vel y, wher eas unst i mul at ed cel l s pr oduced <40 U/ ml . We wi l l cal l t he f act or r espon-

si bl e f or t hi s act i vi t y CSI F

The decr ease i n I FN- ' Y pr oduct i on coul d be due t o a decr ease i n synt hesi s and/ or

secr et i on . I f a bl ock i n secr et i on was sol el y r esponsi bl e f or t he r educed I FN- y super -

nat ant l evel s, t hen t he i nt r acel l ul ar l evel s of I FN- y shoul d be gr eat l y el evat ed i n t he

pr esence of CSI F When HDK- 1 cel l s wer e st i mul at ed wi t h ant i gen pl us APC, t he

maxi mumext r acel l ul ar I FN- y l evel s at 24 h wer e 250 and 1, 100 ng/ ml i n t he pr es-

ence and absence of CSI F, r espect i vel y . The cor r espondi ng maxi mumi nt r acel l ul ar

l evel s wer e 1 . 0 and 4 . 5 ng/ ml .
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FI GURE 1 .

	

Th2 cl ones pr oduce an i nhi bi t or of I FN- y synt hesi s by Thl cel l s . HDK- 1 cel l s wer e
st i mul at ed wi t h ant i gen pl us APCi n t he pr esence of super nat ant s f r om seven Con A- i nduced
Th2 cl ones ( A) or f r om D10 cel l s i nduced wi t h Con A, Ag pl us APC, or ant i T3 mAb ( 4 . 5 / +g/ ml )

pl us APC( B) . I FN- - y secr et i on i s expr essed as a per cent age of t he l evel s pr oduced i n t he absence
of t he Th2- der i ved i nhi bi t or .

Four Con A- i nduced Thl super nat ant s wer e depl et ed of I FN- - y and I L- 2 ( whi ch

woul d i nt er f er e wi t h t he CSI F assay) by passage over monocl onal ant i cyt oki ne af f i ni t y

col umns, and t hen t est ed f or CSI F act i vi t y . These Thl super nat ant s, even at a di l u-

t i on of 1 : 10, di d not i nhi bi t I FN- 7 pr oduct i on ( Fi g. 2 A) . The sl i ght l y i ncr eased

I FN- - y l evel s i n cul t ur es t r eat ed wi t h t he hi ghest concent r at i on of M264- 37 super na-

FI GURE 2 .

	

Thl cl ones do not secr et e CSI F. Super -

nat ant s f r om f our Con A- i nduced Thl cl ones wer e
depl et ed of I L- 2, I L- 3, I FN- y, and GM- CSF, and

t est ed f or CSI F act i vi t y usi ng HDK- 1 cel l s ( A) . I n-
hi bi t i on by ppCSI F i s shown f or compar i son . The

same sampl es wer e al so t est ed i n t he pr esence of 14

U/ ml ppCSI F ( B) . The upper and l ower dashed l i nes

r epr esent t he l evel s of I FN- y i n t he absence and pr es-
ence of CSI F, r espect i vel y. Al l val ues ar e expr essed
as a per cent age of t he I FN- - y l evel s pr oduced i n t he
absence of bot h ppCSI F and Thl super nat ant s .
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t ant coul d be account ed f or by t he r esi dual I FN- y i n t hi s sampl e. Thus, Thl super -

nat ant s ei t her do not cont ai n CSI F, or t hey cont ai n bot h CSI F and an i nhi bi t or

t hat masks i t s act i vi t y. Thi s second possi bi l i t y i s r ul ed out by t he demonst r at i on

t hat I L- 2- and I FN- y- depl et ed Thl super nat ant s di d not count er act CSI F act i vi t y

( Fi g . 2 B) . Taken t oget her , t hese exper i ment s demonst r at e t hat Th2 but not Thl

super nat ant s cont ai n CSI F.

CSI F I nhi bi t s Pr oduct i on of Sever al Thl Cyt oki nes .

	

Si nce ppCSI F st i l l cont ai ned GM-

CSF and I L- 3, t he l evel s of t hese cyt oki nes wer e f ur t her r educed by usi ng ant i cyt oki ne

af f i ni t y col umns bef or e t est i ng f or CSI F' s abi l i t y t o i nhi bi t t he synt hesi s of sever al

ot her Thl Cyt oki nes . Pr oduct i on of I FN- y was consi st ent l y i nhi bi t ed i n al l Thl cl ones

t est ed ( e. g. , Tabl e 1) . The synt hesi s of I L- 2, LT/ TNF, I L- 3, and GM- CSF was i n-

hi bi t ed i n some cases but not ot her s ; e . g . , I L- 2 pr oduct i on was i nhi bi t ed i n HDK- 1

cel l s but not i n MD13- 10 cel l s . When i nhi bi t i on was obser ved, t he ext ent of max-

i mum i nhi bi t i on var i ed bet ween di f f er ent cl ones and cyt oki nes, r angi ng f r om - 60

t o >95To . Even f or a si ngl e cl one, di f f er ent cyt oki nes wer e maxi mal l y i nhi bi t ed at

di f f er ent concent r at i ons of CSI F I n par t i cul ar , t he synt hesi s of LT/ TNF was i nhi bi t ed

by r el at i vel y l ow concent r at i ons of CSI F, but t he ext ent of maxi mal i nhi bi t i on was

much l ess t han t hat of I FN- y .

CSI FI nhi bi t s Lat e but not Ear l y Cyt oki ne Synt hesi s .

	

The ki net i cs of i nhi bi t i on of cyt oki ne

synt hesi s wer e exami ned f or ant i gen- st i mul at ed HDK- 1 cel l s ( Fi g . 3) . I n gener al ,

t he synt hesi s of al l cyt oki nes was not i nhi bi t ed by CSI F at ear l y t i mes, e . g . , bef or e

8. 5 h ( bef or e 6. 5 h f or I L- 2) . Two cyt oki nes synt hesi zed mai nl y at ear l y t i mes ( GM-

CSF and LT/ TNF) wer e i nhi bi t ed sl i ght l y or not at al l , wher eas t he synt hesi s of

cyt oki nes pr oduced mai nl y at l at er t i mes ( I FN- y and I L- 3) was i nhi bi t ed subst an-

t i al l y. Di f f er ences i n t he exact ki net i cs of CSI F act i on and cyt oki ne synt hesi s coul d

t hus account f or some of t he var i abi l i t y of i nhi bi t i on seen i n Tabl e I .

I nhi bi t i on of I FN- ,y Synt hesi s Occur s at t he mRNA Level .

	

HDK- 1 cel l s wer e st i mu-

l at ed wi t h ant i gen pl us APC i n t he pr esence or absence of ppCSI F, and t ot al cyt o-

pl asmi c RNAwas pr epar ed f r om cel l s at 8 and 12 h af t er st i mul at i on. RNAsampl es

wer e t est ed f or I FN- ,y and y- act i n mRNA l evel s by dot - bl ot hybr i di zat i on . I FN- y

TABLE I

Ef f ect of CSI F on t he Synt hesi s of Thl Cyt oki nes

HDK- 1 and MD13- 10 cel l s wer e st i mul at ed wi t h ant i gen pl us APC i n t he pr esence

of var yi ng di l ut i ons of ppCSI F t hat had been depl et ed of GM- CSF and I L- 3 .

Cyt oki ne l evel s i n t he 24- h super nat ant s ar e expr essed as a per cent age of t he

amount pr oduced i n t he absence of CSI F .

Cel l l i ne Cyt oki ne 14 U/ ml

Per cent

CSI F

of cont r ol synt hesi s l evel

42 U/ ml CSI F 125 U/ ml CSI F

HDK- 1 I FN- , y 47 . 6 t 0. 8 29. 1 t 1 . 0 18 . 6 t 0. 7

I L- 2 71 . 7 ± 2. 3 59. 6 t 3 . 9 40 . 4 t 6 . 1

LT/ TNF 41 . 9 t 1 . 4 45 . 1 t 2 . 3 42 . 8 t 1 . 1

I L- 3 63 . 9 t 11 . 4 52 . 6 t 6 . 8 38 . 4 t 1 . 9

GM- CSF 86 . 9 t 8 . 5 79. 1 t 7 . 8 66 . 8 t 9 . 3

MD13- 10 I FN- ,y 36 . 0 t 4 . 9 27 . 5 t 3 . 4 23 . 2 t 2 . 6

I L- 2 88 . 2 t 5 . 1 109. 3 t 13 . 3 96 . 0 t 16 . 4

I L- 3 60 . 2 t 5 . 1 63 . 0 t 2 . 7 51 . 0 t 6 . 5

GM- CSF 109. 9 t 13 . 0 119. 9 t 7 . 4 97 . 6 t 19 . 2
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FI GURE 3 .

	

Ki net i cs of i nhi bi t i on of cyt oki ne synt hesi s by CSI F HDK- 1 cel l s wer e st i mul at ed
wi t h ant i gen pl us APCi n t he pr esence or absence of 100 U/ ml ppCSI F t hat had been depl et ed
of I L- 3, I L- 4, I L- 5, and GM- CSF. Super nat ant s wer e col l ect ed at t he i ndi cat ed t i mes and as-
sayed f or cyt oki ne l evel s .

mRNA l evel s wer e moder at el y r educed by CSI F at 8 h, and st r ongl y r educed at

12 h over a r ange of 5- 40 U/ ml CSI F ( Fi g . 4) . I n cont r ast , y- act i n mRNA l evel s

wer e not si gni f i cant l y r educed by CSI F at ei t her 8 or 12 h, and possi bl y showed a

sl i ght enhancement at 12 h . The i nhi bi t i on of I FN- y pr ot ei n l evel s i n t he 24- h super -

nat ant s by CSI F was sl i ght l y l ess t han t he i nhi bi t i on of mRNA l evel s at 12 h .

Thl but not Th2 Cl ones Respond t o CSI F.

	

ppCSI F was t est ed on seven Thl cl ones

t hat wer e der i ved f r omt hr ee mouse st r ai ns and wer e speci f i c f or par t i cul at e ant i gens,

FI GURE 4 . CSI F r educes mRNA
l evel s f or I FN- ' Y but not act i n . HDK- 1
cel l s wer e st i mul at ed wi t h ant i gen pl us
APC i n t he pr esence or absence of
ppCSI F. Cel l s wer e har vest ed at 8 and
12 h f or cyt opl asmi c mRNA i sol at i on,
and super nat ant s wer e t aken at 24 h
f or I FN- . y pr ot ei n det er mi nat i on .
mRNA l evel s wer e assessed by hybr i d-
i zat i on wi t h synt het i c DNA pr obes,
and pr ot ei n was measur ed by ELI SA.
Al l val ues ar e expr essed as a per cent age
of l evel s pr oduced i n t he absence of
CSI F.
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FI GURE 5. Thl but not Th2
cl ones r espond t o CSI F. Seven
Thl cl ones wer e st i mul at ed wi t h
ant i gen pl us APC i n t he pr es-
ence of di l ut i ons of ppCSI F, and

I FN- ,y secr et i on was measur ed

1u

	

( A) . HDK- 1 ( Thl ) and D10
( Th2) cel l s wer e st i mul at ed wi t h

ppCSI F( %)

	

ant i gen pl us APC i n t he pr es-
ence of di l ut i ons of ppCSI F t hat
had been depl et ed of I L- 3, I L-
4, I L- 5, and GM- CSF ( B) .
Level s of I L- 2, I L- 3, and I FN-

,y ( HDK- 1) or I L- 3, I L- 4, and

I L3

	

I L- 5 ( D10) wer e assayed i n t hezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
"

	

u- a

	

24- h super nat ant s . Al l val ues

113

	

ar e expr essed as aper cent age of

t he cyt oki ne l evel s pr oduced i n
n

	

I L2

	

t he absence of ppCSI F .
O I L3

O I FNy

sol ubl e pr ot ei ns, or al l oant i gens . I FN- , y synt hesi s by al l seven cl ones was i nhi bi t ed

by ppCSI F ( Fi g . 5 A) . Si nce some of t he Th2 cyt oki nes may have been pr esent i n

t he ppCSI F pr epar at i on, I L- 3, I L- 4, and I L- 5 wer e depl et ed by passage over mAb

af f i ni t y col umns . The r esul t i ng CSI F pr epar at i on di d not suppr ess t he pr oduct i on

of I L- 3, I L- 4, or I L- 5 by t he Th2 cl one D10 ( Fi g. 5 B) . Two addi t i onal exper i ment s

wi t h D10 yi el ded si mi l ar r esul t s, and i n ot her exper i ment s ( not shown) , CSI F di d

not i nhi bi t t he pr oduct i on of I L- 5 by t he Th2 cl ones MB2- 1, CDC25, or CDC35,

nor di d i t i nhi bi t I L- 4 synt hesi s by MB2- 1. Synt hesi s of ot her cyt oki nes i n r esponse

t o ant i gen pl us APC i n t hese exper i ment s was t oo l ow t o r el i abl y det er mi ne CSI F

ef f ect s . I n gener al , we have not seen convi nci ng i nhi bi t i on of t he pr oduct i on of any

cyt oki ne by Th2 cel l s r espondi ng t o ant i gen pl us APCs .

CSI F Act i on on Thl Cel l s May Be I ndi r ect .

	

CSI F i nhi bi t ed I FN- ' y synt hesi s i n r e-

sponse t o ant i gen pl us APC or ant i T3 pl us APC, but not I FN- , y synt hesi s st i mu-

l at ed by ant i - T3 bound t o a pol yst yr ene sur f ace, or by Con A( Tabl e I I ) . Si nce onl y

t he st i mul at i ons i nvol vi ng APC wer e i nhi bi t abl e, CSI F may act i ndi r ect l y on t he
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TABLE I I

CSI F I s Ef f ect i ve i n St i mul at i ons I nvol vi ng APC

HDK- 1 cel l s wer e st i mul at ed wi t h ant i gen pl us APC, ant i - T3 mAb ( 9 ug/ ml ) pl us APC, ant i - T3 bound t o

96- wel l f l at - bot t omed t r ays, or Con A ( 5 Ag/ ml ) , each i n t he pr esence or absence of CSI F- cont ai ni ng 1310

super nat ant . Tr ays wer e coat ed wi t h ant i - T3 by i ncubat i ng wi t h 50 ug/ ml ant i - T3 mAb i n 50 141 PBS f or

1 h at 37° C, f ol l owi ng whi ch, t he pl at es wer e ext ensi vel y washed . I FN- 1' l evel s i n 24- h super nat ant s ar e ex-

pr essed as a per cent age of t he amount s pr oduced i n t he absence of CSI F, usi ng t he cor r espondi ng st i mul a-

t i on condi t i on .

T cel l s, vi a a cel l t ype i n t he APC popul at i on . CSI F act s mai nl y at l at er t i mes ( Fi g .

3) , consi st ent wi t h t he hypot hesi s t hat CSI F i s f i r st modi f i ed i nt o, or i nduces a sec-

ondar y f act or t hat t hen i nhi bi t s I FN- - y synt hesi s . Addi t i onal evi dence f or i ndi r ect

act i on was obt ai ned by var yi ng t he CSI F assay condi t i ons . 10- f ol d changes i n Tcel l

and/ or APC number s di d not af f ect t he ext ent of i nhi bi t i on of I FN- y synt hesi s by

CSI F or t he sensi t i vi t y of det ect i on of CSI F ( dat a not shown) . I n cont r ast , sat ur at i ng

amount s of CSI F i nhi bi t ed I FN- y synt hesi s mor e ef f ect i vel y ( t o 16%i nst ead of 35 %

of cont r ol I FN- y amount s) i f t he assay vol ume wer e r educed t wof ol d . I f t he r esi dual
I FN- y l evel s r epr esent t he cyt oki ne secr et ed at ear l y t i mes bef or e CSI F act i on, t hese

r esul t s ar e consi st ent wi t h t he i nhi bi t i on of I FN- - y synt hesi s bei ng dependent on

a sol ubl e f act or pr oduced i n t he assay. I n t hi s case, such a f act or woul d accumul at e

t o ef f ect i ve concent r at i ons mor e r api dl y i n a smal l er assay vol ume .

CSI FDoes not Di r ect l y I nhi bi t Thl Pr ol i f er at i on .

	

I n cont r ast t o i t s ef f ect on Thl cyt oki ne

synt hesi s, CSI F had no measur abl e ef f ect on t he abi l i t y of Thl cel l s t o pr ol i f er at e

i n r esponse t o I L- 2 . I n t he pr esence of exogenous I L- 2 ( 500 ng/ ml ) , ant i gen- st i mul at ed

HDK- 1 cel l s pr ol i f er at ed 5. 2- f ol d by day 3, and 42 . 6- f ol d by day 6, as assessed by

cel l count i ng . The cor r espondi ng pr ol i f er at i on val ues i n t he pr esence of I L- 2 pl us

100 U/ ml ppCSI F wer e 5. 0- f ol d and 40 . 0- f ol d . Si mi l ar r esul t s ( not shown) wer e ob-

t ai ned usi ng t he MTT assay. However , i n t he absence of exogenous I L- 2, ppCSI F

was somet i mes abl e t o decr ease pr ol i f er at i on of HDK- 1 cel l s when added at t he t i me

of ant i gen st i mul at i on ( r esul t s not shown) ; pr esumabl y, t hi s i nhi bi t i on was i ndi r ect

and was a r esul t of CSI F' s abi l i t y t o r educe I L- 2 pr oduct i on by HDK- 1 cel l s ( Tabl e

I , Fi g . 3) .

Ot her Cyt oki nes t hat Af f ect I FN- - y Synt hesi s .

	

I n some but not al l exper i ment s, exoge-

nous I L- 4 and especi al l y I L- 2 i ncr eased t he pr oduct i on of I FN- y by Thl cl ones ( dat a

not shown) . Si nce I L- 2 was synt hesi zed i n var i abl e amount s by st i mul at ed Thl cel l s,

exogenous I L- 2 and I L- 4 mi ght onl y be ef f ect i ve i n exper i ment s i n whi ch nonsat ur at i ng

amount s of endogenous I L- 2 wer e synt hesi zed . I n t he exper i ment shown i n Fi g .

6 A, ant i - I L- 2 ant i body i nhi bi t ed t he pr oduct i on of I FN- y, i ndi cat i ng t hat nor mal

I FN- - y synt hesi s was enhanced by I L- 2 pr oduced by t he Thl cel l s r espondi ng t o an-

Exp . St i mul at i on 5 U/ ml CSI F

Per cent of cont r ol

19 U/ ml CSI F

I FN- - y synt hesi s

74 U/ ml CSI F 294 U/ ml CSI F

1 Ant i gen pl us spl een 72 . 6 f 12 . 8 29 . 1 t 3 . 5 20 . 5 t 6 . 6

Ant i - T3 pl us spl een 88 . 7 t 8 . 0 78 . 6 t 2 . 8 68 . 5 t 2 . 6

Ant i - T3 ( coat ed) 95 . 7 t 6 . 7 103 . 3 f 6 . 7 94 . 5 f 9 . 3

Con A 102 . 7 ± 4 . 2 95 . 4 ± 5 . 3 94 . 7 t 5 . 0

2 Ant i gen pl us spl een 17 . 5 t 5 . 9 12 . 8 t 1 . 6 8 . 2 ± 1 . 8

Ant i - T3 pl us spl een 54 . 5 ± 3 . 1 45 . 6 t 6 . 0 42 . 0 t 7 . 2
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FI GURE 6 .

	

Ef f ect s of I L- 2, I L- 4, and TGR
S on I FN- y synt hesi s. HDK- 1 cel l s wer e
st i mul at ed wi t h ant i gen pl us APCwi t h var -
i ous combi nat i ons of cyt oki nes and ant i bodi es :
I L- 2 ( 500 ng/ ml ) , I L- 4 ( 50 ng/ ml ) , TGF- 0 ( 10
ng/ ml ) , ppCSI F ( 125 U/ ml ) , 54136 ant i - I L- 2
( 10 1&g/ ml ) , r abbi t ant i TGR0 ( 50 j i g/ ml ) , and
nor mal r abbi t I gG ( 50 Kg/ ml ) ( A and B) .
Ti t r at i ons of t hese r eagent s showed t hat t hese
l evel s wer e sat ur at i ng . Al l cul t ur es cont ai ned
111311 ant i - I L- 4 ( 10 pg/ ml ) , except t hose i n
whi ch I L- 2 or I L- 4 was added ( A) . Al l val ues
ar e expr essed as a per cent age of t he I FN- y

l evel s pr oduced i n t he absence of ppCSI F, an-

t i bodi es, and cyt oki nes.

t i gen pl us APC. When ant i - I L- 2 ant i body was pr esent , I L- 4 enhanced I FN- y pr oduc-

t i on sl i ght l y, and excess I L- 2 ( over comi ng t he ef f ect of t he ant i - I L- 2 ant i body) coul d

st r ongl y enhance I FN- y l evel s . Al t hough bot h I L- 2 and I L- 4 ant agoni zed t he ef f ect

of CSI F by i ncr easi ng t he amount of I FN- y secr et ed, CSI F was st i l l act i ve i n t he

pr esence or absence of sat ur at i ng amount s of I L- 2 or I L- 4 ( Fi g . 6 A) .

Par t i al l y pur i f i ed ant i TGFf 3 ant i bodi es sl i ght l y enhanced t he synt hesi s of I FN- y,
wher eas exogenous TGF- 0 sl i ght l y i nhi bi t ed I FN- y pr oduct i on ( Fi g. 6 B) . These

r esul t s suggest t hat I FN- y synt hesi s can be i nhi bi t ed by TGFf 3, and t hat TGF- 0

i s pr oduced i n t he assay under nor mal condi t i ons . CSI F i nhi bi t ed I FN- y pr oduc-

t i on i n t he pr esence or absence of TGF- 0 or ant i TGF0, showi ng t hat CSI F i s not

TGF- i 3 .

Par t i al Pur i f i cat i on and Bi ochemi cal Char act er i zat i on of CSI F.

	

CSI F- cont ai ni ng D10

super nat ant s wer e chr omat ogr aphed on t wo medi a . On bot h col umns, CSI F ac-

t i vi t y el ut ed i n a si ngl e ar ea. On t he hydr oxyl apat i t e- based suppor t , 95%of t he ap-

pl i ed act i vi t y was r ecover ed ; al so shown ar e t he el ut i on posi t i ons of ot her pr ot ei ns

( Fi g . 7 A) . On t he gel f i l t r at i on col umn, 63 %of t he appl i ed act i vi t y el ut ed br oadl y,

wi t h t he f r act i ons of hi gh act i vi t y cor r espondi ng t o appar ent mol ecul ar masses of

27- 50 kD ( Fi g . 7 B) . The wi dt h of t he peak may be t he r esul t of mi cr ohet er ogenei t y

si mi l ar t o t hat obser ved wi t h ot her cyt oki nes ( e . g . , I L- 5 ; [ 33] ) . CSI F coul d be se-

quent i al l y chr omat ogr aphed on bot h col umns i n ei t her or der wi t h no si gni f i cant

al t er at i on of r el at i ve mobi l i t y or act i vi t y yi el d ( dat a not shown) . These r esul t s sug-

gest t hat CSI F may be a si ngl e ent i t y, and we have not yet obser ved any evi dence

f or di r ect l y syner gi st i c i nt er act i ons of CSI F wi t h any ot her cyt oki ne. ppCSI F ( 2, 100 U

i n 0. 25 ml 10 mMphosphat e buf f er , pH 7. 4) was car ef ul l y aci di f i ed t o pH 2 wi t h

HCl , al l owed t o st and f or 1 h at r oom t emper at ur e, neut r al i zed wi t h 1 MHepes

( sodi um sal t ) , and i mmedi at el y assayed ; <5% of t he act i vi t y r emai ned .

CSI FI s Di st i nct f r omKnown Thl and Th2 Cyt oki nes.

	

Var i ous bl ocki ng ant i cyt oki ne

monocl onal and pol ycl onal ant i bodi es wer e t est ed f or t he abi l i t y t o i nhi bi t CSI F ac-
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FI GURE 7 .

	

Col umn chr omat ogr aphy of CSI Fcont ai ni ng D10 super nat ant . 10 ml of 27- f ol d con-
cent r at ed D10 super nat ant appl i ed t o a Bi o- Gel HPHT col umn i n 10 mMsodi um phosphat e,
pH 7 . 4, 0 . 12 mMCaC12, 0. 01% Tween- 20 at a f l ow r at e of 0 . 5 ml / mi n was el ut ed wi t h a 60- mi n
gr adi ent t o 0. 35 Msodi um phosphat e, pH 7 . 4, 3 . 5 uMCaC12, 0. 01% Tween- 20. The el ut i on
posi t i ons of ot her pr ot ei ns ar e i ndi cat ed by hor i zont al bar s ( A) . Gel f i l t r at i on of 0 . 2- ml 30- f ol d
concent r at ed D10 super nat ant on TSK- G3000 SWwas per f or med as pr evi ousl y descr i bed ( 33)
( B) . The el ut i on posi t i ons of pr ot ei ns of known mol ecul ar wei ght ar e mar ked by t he ar r ows . I n
bot h cases t he absor bance at 280 nmwas moni t or ed ( cur ved l i ne) and al i quot s f r om t he 1- mi n
f r act i ons wer e assayed f or CSI F act i vi t y ( shaded ar eas) .

t i vi t y. CSI F act i vi t y was not r educed by mAbs speci f i c f or I L- 2, I L- 3, I L- 4, and

I L- 6 ( 10 t t g/ ml ) , I L- 5 ( 2 Wg/ ml ) , and GM- CSF ( 20 j i g/ ml ) , or by pol ycl onal ant i -

TGFa ant i bodi es ( 50 j i g/ ml ) . Sever al cyt oki nes wer e al so t est ed i n t he CSI F assay

and f ound t o be i nact i ve, ei t her as agoni st s or ant agoni st s . The synt hesi s of I FN- ' y

was enhanced or i nhi bi t ed by <11%by I L- 1 ( 10 1 U/ ml ) , I L- 5 ( 2 . 4 ng/ ml ) , I L- 6 ( 25

ng/ ml ) , or I L- 7 ( 500 U/ ml ) . I FN- y synt hesi s was enhanced by I L- 2 and I L- 4 ( Fi g .

6) , sl i ght l y enhanced by P40 ( r esul t s not shown) , and i nhi bi t ed by TGF0 ( Fi g. 6) .

Exper i ment s usi ng r ecombi nant cyt oki nes and mAbs, as wel l as knowl edge of i t s

bi ochemi cal pr oper t i es and pr esence i n Th2 but not Thl super nat ant s, di st i ngui sh

CSI F f r ommany of t he known cyt oki nes ( Tabl e I I I ) . I n gener al , we r equi r ed at l east

t wo noni dent i cal pr oper t i es bef or e each cyt oki ne was consi der ed di st i nct f r omCSI F.

Accor di ng t o t hese cr i t er i a, CSI F i s not I L- 1, I L- 2, I L- 3, I L- 4, I L- 5, I L- 6, I L- 7,

GM- CSF, I FN- - y, I T, TNF, TGFa, P40, or met - enkephal i n, and i s unl i kel y t o be

sol ubl e i mmune r esponse suppr essor ( SI RS) ( 38) .

Di scussi on

Sever al l i nes of evi dence show t hat ant i body and DTHr esponses ar e of t en mut u-

al l y excl usi ve ( 16- 18, 39) . I f t hese r esponses ar e mai nl y due t o Th2 and Thl cel l s,

r espect i vel y, t hi s suggest s t hat Thl and Th2 cel l s r eci pr ocal l y i nhi bi t t he gr owt h and

f unct i on of t he ot her cel l t ype. Some of t he known mechani sms i ncl ude t he i nhi bi -

t i on of gr owt h of Th2 cl ones by I FN- y ( 19, 20) , t he i nhi bi t i on of al l I L- 4 ef f ect s

on B cel l s by I FN- - y ( 40) , and t he i nhi bi t i on of Thl pr ol i f er at i on by a Th2- der i ved

f act or ( 21) . Al t hough t he act i vi t y i n t he l ast st udy was i dent i f i ed as an aut ocr i ne
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TABLE I I I

Evi dence f or Noni dent i t y of CSI F wi t h Known Cyt oki nes

gr owt h i nhi bi t or f or Th cel l s, t he r esul t s need t o be r ei nt er pr et ed i n l i ght of r ecent

i nf or mat i on ( 1, 3, 5) . The Th2- der i ved gr owt h i nhi bi t or y act i vi t y i nhi bi t ed t he gr owt h

of a Thl cl one " 1, 000- f ol d mor e ef f ect i vel y t han D10 gr owt h ( 21) , but i t appear s

t o be di st i nct f r omCSI F si nce t he t wo act i vi t i es have di f f er ent appar ent mol ecul ar

masses, and ppCSI F does not i nhi bi t pr ol i f er at i on of Thl cl ones .

I n addi t i on t o I FN- y and t he D10- der i ved pr ol i f er at i on i nhi bi t or , t he CSI F i dent i f i ed

i n t hi s st udy coul d be anot her of t he cr ossi nhi bi t or y r egul at or s of Thl and Th2 cel l s.

Thl f unct i on shoul d be i nhi bi t ed by CSI F, si nce I FN- y i s an i mpor t ant medi at or

of sever al Thl f unct i ons ( 7, 12, 41) . Ther e may al so be an i ndi r ect enhancement

of Th2 gr owt h, si nce t he decr ease i n I FN- y l evel s shoul d r educe i nhi bi t or y ef f ect s

on Th2 gr owt h ( 19, 20) . CSI F i nhi bi t i on of I L- 2 but not I L- 4 synt hesi s may al so

sl i ght l y r educe t he r el at i ve gr owt h r at es of Thl cel l s, si nce Th2 cel l s r espond bet t er

t han Thl cel l s t o t he pr ol i f er at i ve ef f ect s of I L- 4 ( 3) . We have suggest ed pr evi ousl y

( 3) t hat t hese cr ossi nhi bi t or y cyt oki ne ef f ect s may be i mpor t ant ear l y i n i mmune

r esponses, wher eas t he pr oduct i on of speci f i c I g i sot ypes may count er bal ance t hi s

ef f ect l at er i n t he r esponse .

CSI F coul d al so have a mor e subt l e r ol e i n t he r egul at i on of i mmune r esponses .

I n vi t r o, Thl cl ones ar e of t en ver y poor B cel l hel per s ( 8, 9) , unl ess t he cyt oki ne

l evel s ar e adj ust ed by decr easi ng I FN- y and i ncr easi ng I L- 2 l evel s ( 7) . Si nce CSI F

i nhi bi t s I FN- y pr oduct i on, of t en mor e ef f ect i vel y t han I L- 2 pr oduct i on, and f r eshl y

i sol at ed Thl cl ones t end t o pr oduce mor e I L- 2 t han l ong- t er mThl cl ones ( 2) , CSI F

may modi f y t he f unct i ons of Thl cel l s so t hat t hey become mor e ef f ect i ve Bcel l hel per s.

I f t r ue, t hi s ef f ect woul d onl y be seen i n r esponses i n whi ch at l east some Th2 cel l s

wer e act i vat ed . Thi s may expl ai n t he appar ent l y cont r adi ct or y obser vat i ons t hat Thl

cel l s can be good B cel l hel per s under some ci r cumst ances, but t hat a st r ong DTH

r esponse ( pr esumabl y due t o st r ong Thl act i vat i on) i s of t en unaccompani ed by

si gni f i cant ant i body synt hesi s .

CSI F appear s t o sel ect i vel y i nhi bi t Thl cyt oki ne synt hesi s, r at her t han gener al l y

Cyt oki ne

Pr esent i n

Th2 sup

Absent i n

Thl sup

Ab bl ocks

CSI F act i vi t y

Cyt oki ne has

CSI F act i vi t y

Bi ochemi cal l y

si mi l ar t o CSI F

I L- 1 No Yes - No No : separ at es by si ze

I L- 2 No No No No -

I L- 3 Yes No No - No : separ at es on HPHT

I L- 4 Yes Yes No No No: separ at es on HPHT, si ze

I L- 5 Yes Yes No No -

I L- 6 Yes Yes No No No : separ at es by si ze

I L- 7 - - - No No: not aci d l abi l e

GM- CSF Yes No No - No : not aci d l abi l e

I FN No No - - -

LT No No - - -

TNF Yes No - - No : not aci d l abi l e

TGF- 0 - - No Yes ( par t i al ) No : not aci d l abi l e

P40 Yes - - No No : not aci d l abi l e

Met - enk Yes No - - No : separ at es by si ze

SI RS - - - - No : separ at es by si ze
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i nhi bi t cel l gr owt h or vi abi l i t y. CSI F t r eat ment di d not r educe t he l evel s of - y- act i n

mRNA, nor di d i t i nhi bi t pr ol i f er at i on i n r esponse t o exogenous I L- 2 . Al t hough

I L- 2 enhances I FN- -y pr oduct i on ( 42, and Fi g. 6) , and CSI F of t en i nhi bi t s I L- 2 pr oduc-

t i on, t he r esul t s i n Fi g. 6 al so show t hat CSI F exer t s i t s ef f ect i n ei t her t he pr esence

or absence of I L- 2 . Thi s i ndi cat es t hat CSI F does not i nhi bi t I FN- ' y synt hesi s si mpl y

by i nhi bi t i ng I L- 2 pr oduct i on . Al t hough TGF/ 3 al so i nhi bi t s I FN- y synt hesi s ( 43,

and Fi g . 6) , CSI F was abl e t o i nhi bi t I FN- - y synt hesi s mor e ef f ect i vel y t han sat ur at i ng

amount s of TGF0 . Thi s i ndi cat es t hat CSI F does not act onl y by i nduci ng TGF0 .

The act i on of CSI F on Thl cyt oki ne synt hesi s may be i ndi r ect , si nce ( a) CSI F

i nhi bi t s I FN- -y synt hesi s i n r esponse t o ant i gen pl us APCbut not Con A; ( b) I FN- . y

synt hesi s i s i nhi bi t ed onl y at l at er t i mes af t er st i mul at i on ; and ( c) t he vol ume of t he

assay i s cr i t i cal l y i mpor t ant t o t he degr ee of i nhi bi t i on obt ai ned . Two possi bl e mech-

ani sms ar e t he i nduct i on by CSI F of an ef f ect or mol ecul e synt hesi zed by a cel l i n

t he APC popul at i on, or t he modi f i cat i on of CSI F t o an act i ve f or m by t he APC

popul at i on . Pr el i mi nar y exper i ment s ( unpubl i shed dat a) showt hat APCpr et r eat ed

wi t h CSI F ar e onl y mar gi nal l y r educed i n t hei r abi l i t y t o subsequent l y i nduce Thl

cel l s t o pr oduce I FN- . y . Thi s i ndi cat es t hat , i f CSFact s pr i mar i l y on t he APCpopu-

l at i on, t he ef f ect i s most l y r ever si bl e, or r equi r es t he pr esence of T cel l s .

Anal ysi s of I FN- -y mRNA l evel s showed t hat t he ef f ect of CSI F i s medi at ed at

t he mRNA l evel , i n agr eement wi t h i nt r acel l ul ar pr ot ei n measur ement s . Possi bl e

mechani sms i ncl ude r educt i on of t r anscr i pt i on, accel er at ed degr adat i on, or al t er ed

mRNA pr ocessi ng . I FN- - y mRNA l evel s wer e sl i ght l y r educed at 8 h, and st r ongl y

r educed by 12 h, consi st ent wi t h I FN- , y secr et i on dat a showi ng t hat CSI F i nhi bi t i on

i s det ect ed onl y at l at e t i mes . The del ayed i nhi bi t i on of I FN- ,y pr oduct i on may al so

expl ai n why sat ur at i ng CSI F never compl et el y i nhi bi t s cyt oki ne synt hesi s ; t he r e-

si dual cyt oki ne l evel s may r epr esent t he amount s of cyt oki nes synt hesi zed at ear l y

t i mes af t er st i mul at i on .

Al t hough t he Thl and Th2 phenot ypes ar e di spl ayed by t he maj or i t y of l ong- t er m

mouse Th cl ones, ot her cyt oki ne secr et i on pat t er ns exi st among nor mal Th cel l s

and shor t - t er m cl ones ( 2, 13, 20, and St r eet , N. E. , J . H. Schumacher , T. A. T.

Fong, H. Bass, D. F. Fi or ent i no, J . A. Lever ah, and T. R. Mosmann, manuscr i pt

submi t t ed f or publ i cat i on) . These ot her phenot ypes may be pr ecur sor s of Thl and

Th2 cel l s, and t he det ai l s of t he f unct i ons of such pr ecur sor s ar e not yet known .

I t wi l l be i mpor t ant t o assess CSI F pr oduct i on and ef f ect s i n t hese ot her Th t ypes,

par t i cul ar l y i n cel l s secr et i ng bot h Thl and Th2 cyt oki nes .

The i nt er pr et at i on of t he r ol e of CSI F i s compl i cat ed by t he f act t hat Th2 cel l s

al so pr oduce I L- 4, whi ch par t i al l y count er act s t he ef f ect s of CSI F. Thi s si t uat i on

i s anal ogous t o t he pr oduct i on of I L- 2 and I FN- , y by Thl cel l s, si nce t hese t wo cyt oki nes

have opposi ng ef f ect s on Th2 cel l s ( 19, 20) . I t i s possi bl e t hat t hese pai r s of cyt oki nes

ar e pr oduced i n di f f er ent r at i os under di f f er ent condi t i ons, or t hat t he l ocal cl ear -

ance r at es of each cyt oki ne ar e ver y di f f er ent , l eadi ng t o t empor al di f f er ences i n t he

ef f ect s obser ved . Resol ut i on of t hese quest i ons awai t s i mpr oved met hods f or det ect i ng

and mani pul at i ng cyt oki ne l evel s i n vi vo.

Summar y

Acyt oki ne synt hesi s i nhi bi t or y f act or ( CSI F) i s secr et ed by Th2 cl ones i n r esponse

t o Con Aor ant i gen st i mul at i on, but i s absent i n super nat ant s f r omCon A- i nduced
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Thl cl ones. CSI F can i nhi bi t t he pr oduct i on of I L- 2, I L- 3, l ymphot oxi n ( LT) / TNF,

I FN- - y, and gr anul ocyt e- macr ophage CSF ( GM- CSF) by Thl cel l s r espondi ng t o

ant i gen and APC, but Th2 cyt oki ne synt hesi s i s not si gni f i cant l y af f ect ed . Tr ans-

f or mi ng gr owt h f act or S ( TGFj 3) al so i nhi bi t s I FN- y pr oduct i on, al t hough l ess ef f ec-

t i vel y t han CSI F, wher eas I L- 2 and I L- 4 par t i al l y ant agoni ze t he act i vi t y of CSI F

CSI F i nhi bi t i on of cyt oki ne synt hesi s i s not compl et e, si nce ear l y cyt oki ne synt hesi s

( bef or e 8 h) i s not si gni f i cant l y af f ect ed, wher eas l at er synt hesi s i s st r ongl y i nhi bi t ed .

I n t he pr esence of CSI F, I FN- y mRNA l evel s ar e r educed sl i ght l y at 8, and st r ongl y

at 12 h af t er st i mul at i on . I nhi bi t i on of cyt oki ne expr essi on by CSI F i s not due t o

a gener al r educt i on i n Thl cel l vi abi l i t y, si nce act i n mRNA l evel s wer e not r educed,

and pr ol i f er at i on of ant i gen- st i mul at ed cel l s i n r esponse t o I L- 2, was unaf f ect ed .

Bi ochemi cal char act er i zat i on, mAbs, and r ecombi nant or pur i f i ed cyt oki nes showed

t hat CSI F i s di st i nct f r om I L- 1, I L- 2, I L- 3, I L- 4, I L- 5, I L- 6, I L- 7, I FN- y, GM-

CSF, TGF, 3, TNF, I T, and P40 . The pot ent i al r ol e of CSI F i n cr ossr egul at i on of

Thl and Th2 r esponses i s di scussed .

We t hankJ . Abr ams, R. Cof f man, M. Howar d, R. Kast el ei n, F Lee, M. Pal l adi no, J . Schr eur s,
J . van Sni ck, and G. Zur awski f or pr ovi di ng val uabl e cyt oki ne and ant i body r eagent s . We

t hank J . Schumacher f or pr ovi di ng t echni cal advi ce and F Vega f or synt hesi zi ng ol i gonucl e-
ot i des .

Not e added i n pr oof The i dent i t y of CSI F as a novel cyt oki ne has r ecent l y been conf i r med by
t he i sol at i on of a cDNA cl one t hat expr esses CSI F act i vi t y when t r ansf ect ed i nt o COS cel l s
( Moor e, K. W. et al . , manuscr i pt i n pr epar at i on) . mAbs speci f i c f or CSI F r eact wi t h bot h

t he r ecombi nant pr ot ei n and t he 1310- der i ved f act or ( Mosmann, T. R. et al . , manuscr i pt i n
pr epar at i on) . The sequence of t he cDNAcl one i s di f f er ent f r omal l pr evi ousl y known cyt oki nes .
At t he t i me of submi ssi on of t hi s cDNA cl one sequence f or publ i cat i on, we wi l l r equest t he
Nomencl at ur e Commi t t ee of t he I nt er nat i onal Uni on of I mmunol ogi cal Soci et i es t o assi gn
an I L desi gnat i on f or t hi s f act or .

Recei ved f or publ i cat i on 19 June 1989 and i n r evi sedf or m 28 August 1989.

Ref er ences

1 . Mosmann, T R. , H. Cher wi nski , M. W. Bond, M. A. Gi edl i n, and R. L . Cof f man .

1986 . Two t ypes of mur i ne hel per T cel l cl one . I . Def i ni t i on accor di ng t o pr of i l es of l ym-

phoki ne act i vi t i es and secr et ed pr ot ei ns . J. I mmunol . 136 : 2348 .

2 . Cher wi nski , H. M. , J . H. Schumacher , K. D. Br own, and T. R. Mosmann . 1987 . Two

t ypes of mouse hel per T cel l cl one. I I I . Fur t her di f f er ences i n l ymphoki ne synt hesi s be-

t ween Thl and Th2 cl ones r eveal ed by RNA hybr i di zat i on, f unct i onal l y monospeci f i c

bi oassays, and monocl onal ant i bodi es . J. Exp. Med. 166 : 1229 .

3 . Mosmann, T R. , and R. L . Cof f man . 1989. Het er ogenei t y of cyt oki ne secr et i on pat -

t er ns and f unct i ons of hel per T cel l s . Adv . I mmunol . 46 : 11 .

4 . Br own, K. D. , S. M. Zur awski , T R. Mosmann, and G. Zur awski . 1989 . A f ami l y of

smal l i nduci bl e pr ot ei ns secr et ed by l eukocyt es ar e member s of a new super f ami l y t hat

i ncl udes l eukocyt e and f i br obl ast - der i ved i nf l ammat or y agent s, gr owt h f act or s, and i ndi -

cat or s of var i ous act i vat i on pr ocesses. f . I mmunol . 142 : 679 .

5 . Ki m, J . , A. Woods, E. Becker - Dunn, and K. Bot t oml y. 1985 . Di st i nct f unct i onal pheno-

t ypes of cl oned l a- r est r i ct ed hel per T cel l s . J. Exp. Med. 162 : 188 .
6 . Cher , D. J . , and T. R. Mosmann . 1987 . Two t ypes of mur i ne hel per T cel l cl one . I I .

Del ayed- t ype hyper sensi t i vi t y i s medi at ed by Thl cl ones . f . I mmunol . 138 : 3688 .



209 4

	

Th2- DERI VED I NHI BI TOR OF Thl CYTOKI NE SYNTHESI S

7 . Cof f man, R. L . , B. W. Seymour , D. A. Lebman, D. D. Hi r aki , J . A. Chr i st i ansen, B.
Shr ader , H. M. Cher wi nski , H. F. Savel koul , F. D. Fi nkel man, M. W. Bond, and T. R.
Mosmann . 1988 . Th e r ol e of hel per T cel l pr oduct s i n mouse B cel l di f f er ent i at i on and

i sot ype r egul at i on. I mmunol . Rev. 102 : 5 .

8 . Ki l l ar , L . , G. MacDonal d, J . West , A. Woods, and K. Bot t oml y. 1987 . Cl oned, l a- r est r i ct ed
T cel l s t hat do not pr oduce i nt er l euki n 4( I L- 4) / B cel l st i mul at or y f act or 1( BSF1) f ai l t o

hel p ant i gen- speci f i c B cel l s . J I mmunol . 138 : 1674 .

9 . Boom, W. H. , D. Li ano, and A. K. Abbas . 1988 . Het er ogenei t y of hel per / i nducer T

l ymphocyt es. I I . Ef f ect s of i nt er l euki n 4- and i nt er l euki n 2- pr oduci ng T cel l cl ones on

r est i ng B l ymphocyt es . J. Exp. Med. 167 : 1352 .
10 . St evens, T. L . , A. Bossi e, V. M. Sander s, R. Fer nandez- Bot r an, R. L . Cof f man, T. R.

Mosmann, and E. S. Vi t et t a. 1988. Subset s of ant i gen- speci f i c hel per T cel l s r egul at e
i sot ype secr et i on by ant i gen- speci f i c B cel l s . Nat ur e ( Loud. ) . 334 : 255 .

11 . Gi edl i n, M. A. , B. M. Longenecker , and T. R. Mosmann . 1986 . Mur i ne T- cel l cl ones
speci f i c f or chi cken er yt hr ocyt e al l oant i gens . Cel l . I mmunol . 97 : 357 .

12 . St out , R. D. , and K. Bot t oml y . 1989. Ant i gen- speci f i c act i vat i on of ef f ect or macr ophages
by I FNy- pr oduci ng ( Thl ) T cel l cl ones . Fai l ur e of I L4- pr oduci ng ( TH2) T cel l cl ones
t o act i vat e ef f ect or f unct i on i n macr ophages . J I mmunol . 142 : 760 .

13 . Swai n, S. L. , D. T. McKenzi e, A. D. Wei nber g, and W. Hancock . 1988 . Char act er i za-

t i on of T hel per 1 and 2 cel l subset s i n nor mal mi ce . Hel per T cel l s r esponsi bl e f or I L- 4

and I L- 5 pr oduct i on ar e pr esent as pr ecur sor s t hat r equi r e pr i mi ng bef or e t hey devel op

i nt o l ymphoki ne- secr et i ng cel l s . J I mmunol . 141 : 3445 .

14 . Budd, R. C. , J . C. Cer ot t i ni , and H. R. MacDonal d . 1987 . Sel ect i vel y i ncr eased pr oduc-

t i on of i nt er f er on- gamma by subset s of Lyt - 2' and L3T4' T cel l s i dent i f i ed by expr es-

si on of Pgp- 1 . J I mmunol . 138 : 3583 .

15 . Fi r est ei n, G. S. , W. D. Roeder , J . A. Laxer , K. S. Townsend, C. T. Weaver , J . T. Hom,

J . Li nt on, B. E. Tor bet t , and A. L . Gl asebr ook . 1989 . A new mur i ne CD4' T cel l subset

wi t h an unr est r i ct ed cyt oki ne pr of i l e . J. I mmunol . 143 : 518 .

16 . Par i sh, C. R. 1972 . The r el at i onshi p bet ween humor al and cel l - medi at ed i mmuni t y . Tr ans-

pl ant . Rev. 13 : 35 .

17 . Kat sur a, Y. 1977 . Cel l - medi at ed and humor al i mmune r esponses i n mi ce . I I I . Dynami c

bal ance bet ween del ayed- t ype hyper sensi t i vi t y and ant i body r esponse . I mmunol ogy. 32 : 227 .

18 . Hei nzel , F. P, M. D. Sadi ck, B. J . Hol aday, R. L. Cof f man, and R. M. Locksl ey . 1989 .

Reci pr ocal expr essi on of i nt er f er on y or i nt er l euki n 4 dur i ng t he r esol ut i on or pr ogr es-

si on of mur i ne l ei shmani asi s . Evi dence f or expansi on of di st i nct hel per T cel l subset s .

J Exp. Med. 169 : 59 .

19 . Fer nandez- Bot r an, R. , V. M. Sander s, T. R. Mosmann, and E. S. Vi t et t a . 1988 .

Lymphoki ne- medi at ed r egul at i on of t he pr ol i f er at i ve r esponse of cl ones of T hel per 1

and T hel per 2 cel l s . J. Exp. Med. 168 : 543 .

20 . Gaj ewski , T. F. , and F. W. Fi t ch . 1988. Ant i - pr ol i f er at i ve ef f ect of I FN- gamma i n i m-

mune r egul at i on . I . I FN- gamma i nhi bi t s t he pr ol i f er at i on of Th2 but not Thl mur i ne

hel per T l ymphocyt e cl ones . J. I mmunol . 140 : 4245 .

21 . Hor owi t z, J . B. , J . Kaye, P. J . Conr ad, M. E. Kat z, and C. A. Janeway, Jr . 1986 . Aut o-
cr i ne gr owt h i nhi bi t i on of a cl oned l i ne of hel per T cel l s . Pr oc. Nai l . Acad. Sci . USA. 83 : 1886 .

22 . Kaye, J . , S. Por cel l i , J . Ti t e, G. Jones, and C. A. Janeway, Jr . 1983 . Bot h a monocl onal

ant i body and ant i ser a speci f i c f or det er mi nant s uni que t o i ndi vi dual cl oned hel per T

cel l l i nes can subst i t ut e f or ant i gen and ant i gen- pr esent i ng cel l s i n t he act i vat i on of T

cel l s . J Exp. Med. 158 : 836 .
23 . Tony, H. P, and D. C. Par ker . 1985 . Maj or hi st ocompat i bi l i t y compl ex- r est r i ct ed, pol y-

cl onal B cel l r esponses r esul t i ng f r omhel per T cel l r ecogni t i on of ant i i mmunogl obul i n

pr esent ed by smal l B l ymphocyt es . J. Exp. Med. 161 : 223 .

24 . Nabel , G. , J . S. Gr eenber ger , M. A. Sakakeeny, and H. Cant or . 1981 . Mul t i pl e bi ol ogi c



FI ORENTI NO ET AL .

	

209 5

act i vi t i es of a cl oned i nducer T- cel l popul at i on . Pr oc . Nai l . Acad. Sci . USA. 78 : 1157 .

25 . Wat son, J . 1979 . Cont i nuous pr ol i f er at i on of mur i ne ant i gen- speci f i c hel per T l ympho-

cyt es i n cul t ur e . J. Exp. Med. 150 : 1510 .

26 . Espevi k, T. , and J . Ni ssen- Meyer . 1986. A hi ghl y sensi t i ve cel l l i ne, WEHI 164 cl one

13, f or measur i ng cyt ot oxi c f act or / t umor necr osi s f act or f r omhuman monocyt es . j I m-

munol . Met hods . 95 : 99 .

27 . Schumacher , J . H. , A. O' Gar r a, B. Shr ader , A. van Ki mmenade, M. W. Bond, T R.

Mosmann, and R. L . Cof f man . 1988 . Th e char act er i zat i on of f our monocl onal ant i bodi es

speci f i c f or mouse I L5 and devel opment of mouse and human I L5 enzyme- l i nked i r r i -
munosor bent assays . J. I mmunol . 141 : 1576 .

28 . Abr ams, J . S. , and M. K. Pear ce. 1988 . Devel opment of r at ant i - mouse i nt er l euki n 3

monocl onal ant i bodi es whi ch neut r al i ze bi oact i vi t y i n vi t r o. f . I mmunol . 140 : 131 .

29 . Ohar a, J . , and W. E. Paul . 1985 . Pr oduct i on of a monocl onal ant i body t o and mol ecul ar

char act er i zat i on of B- cel l st i mul at or y f act or - 1 . Nat ur e ( Loud. ) . 315 : 333 .

30 . Vi nk, A. , P. G. Coul i e, P Waut er s, R. P. Nor dan, and J . van Sni ck . 1988 . B cel l gr owt h

and di f f er ent i at i on act i vi t y of i nt er l euki n- HPI and r el at ed mur i ne pl asmacyt oma gr owt h

f act or s . Syner gy wi t h i nt er l euki n 1 . Eur . J I mmunol . 18 : 607 .

31 . Bl uest one, J . , D. Par dol l , S. Shar r ow, and B. J . Fowl kes. 1987 . Char act er i zat i on of mu-

r i ne t hymocyt es wi t h CD3- associ at ed Tcel l r ecept or st r uct ur es . Nat ur e ( Land. ) . 326 : 82 .

32 . Uyt t enhove, C. , R. J . Si mpson, and J . van Sni ck . 1988. Funct i onal and st r uct ur al char -

act er i zat i on of P40, a mouse gl ycopr ot ei n wi t h Tcel l gr owt h f act or act i vi t y. Pr oc . Nat l .

Acad. Sci . USA. 85 : 6934 .

33 . Bond, M. W. , B. Shr ader , T. R. Mosmann, and R. L. Cof f man . 1987 . A mouse T cel l

pr oduct t hat pr ef er ent i al l y enhances I gA pr oduct i on . I I . Physi cochemi cal char act er i za-

t i on . J. I mmunol . 139 : 3691 .

34 . Mosmann, T. R. 1983 . Rapi d col or i met r i c assay f or cel l ul ar gr owt h and sur vi val : appl i -

cat i on t o pr ol i f er at i on and cyt ot oxi ci t y assays. J. I mmunol . Met hods . 65 : 55 .

35 . Ki ef er , H. 1979 . Chemi cal modi f i cat i on of pr ot ei ns, hapt ens and sol i d suppor t s . I n I m-

munol ogi cal Met hods, Vol . 1 . I . Lef kovi t s, and B. Per ni s, edi t or s . Academi c Pr ess, New

Yor k .

36 . Whi t e, B. A. , and F. C. Bancr of t . 1982 . Cyt opl asmi c dot hybr i di zat i on . Si mpl e anal ysi s

of r el at i ve mRNA l evel s i n mul t i pl e smal l cel l or t i ssue sampl es . f Bi ol . Chem. 257 : 8569 .

37 . Leader , D. P, I . Gal l , and H. Lehr ach. 1985 . The st r uct ur e of a cl oned mouse gamma-

act i n pr ocessed pseudogene . Gene. ( Amst . ) . 36 : 369 .

38 . Webb, D. R. , K. Mason, G. Semenuk, T M. Aune, and C. W. Pi er ce . 1985 . Pur i f i cat i o n

and anal ysi s of i sof or ms of sol ubl e i mmune r esponse suppr essor ( SI RS) . J . I mmunol .

135 : 3238 .

39 . Cr owl e, A. J . , and C. C. Hu . 1966. Spl i t t ol er ance af f ect i ng del ayed hyper sensi t i vi t y and

i nduced i n mi ce by pr e- i mmuni zat i on wi t h pr ot ei n ant i gens i n sol ut i on . Cl i n. Exp. I m-

munol . 1 : 323 .

40 . Mosmann, T. R. , and A. Zl ot ni k . 1989 . Mul t i pl e f unct i ons of I L4 and i t s r ol e i n i mmune

r egul at i on. I n Gr owt h Fact or s, Di f f er ent i at i on Fact or s, and Cyt oki nes . A. Habeni cht ,

edi t or . Spr i nger - Ver l ag, Hei del ber g . I n pr ess .

41 . Fong, T A. T, and T. R. Mosmann . 1989 . The r ol e of I FN- y i n Del ayed Type Hyper -

sensi t i vi t y medi at ed by Thl cl ones . f . I mmunol . I n pr ess .

42 . Kel so, A. , H. R. MacDonal d, K. A. Smi t h, J . C. Cer ot t i ni , and K. T. Br unner . 1984 .

I nt er l euki n 2 enhancement of l ymphoki ne secr et i on by T l ymphocyt es : anal ysi s of est ab-

l i shed cl ones and pr i mar y l i mi t i ng di l ut i on mi cr ocul t ur es . f . I mmunol . 132 : 2932 .

43 . Espevi k, T. , I . Fi gar i , M. R. Shal aby, G. Lacki des, G. Lewi s, H. Shepar d, and M. A.

Pal l adi no. 1987 . I nhi bi t i on of cyt oki ne pr oduct i on by cycl ospor i n A and t r ansf or mi ng

gr owt h f act or S. f . Exp. Med. 166 : 571 .


