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The ant i body r esponse i s dependent upon i nt er l euki ns t hat i nduce act i vat i on,

pr ol i f er at i on, and t er mi nal di f f er ent i at i on of B cel l s . The l at t er event s, namel y t he

pr oduct i on of pl asma cel l s secr et i ng I g i n hi gh amount s ar e mai nl y i nduced by t he

cyt oki ne B cel l st i mul at or y f act or 2 ( BSF2) t , nowt er med I L- 6 ( 1) . The i nt er l euki ns,

i ncl udi ng I L- 6, ar e al l pl ei ot r opi c, and r DNA cl oni ng has now shown t hat pr evi -

ousl y cl oned I FN- ( 32 ( 2) , 26- kD i nduci bl e pr ot ei n ( 3) , and hybr i doma/ pl asmacy-

t oma gr owt h f act or ( 4) ar e i dent i cal t o BSF2 or I L- 6 ( 5, 6) . Al t hough I FN- ( 32 was

or i gi nal l y der i ved f r omhuman f i br obl ast l i nes i nduced wi t h st i mul i t hat r esul t i n

pr oduct i on of I FN- a, sever al st udi es have nowshown t hat I L- 6 does not have I FN- / 3

act i vi t y ( 7, 8) . Ot her ef f ect s of I L- 6 i ncl ude st i mul at i on of hemat opoi et i c st emcel l s

( 9) , ner ve cel l s ( 10) , and hepat ocyt es t o pr oduce acut e- phase pr ot ei ns ( 11) . I L- 6 i s

al so pr oduced by T cel l s and monocyt es/ macr ophages, and i nduces t hymocyt e gr owt h

and di f f er ent i at i on of mat ur e T cel l s ( 12- 14) . The r ecept or f or I L- 6 ( I L- 6R) has now

been char act er i zed ( 15) and cl oned ( 16) , and t he I L- 6R i s pr esent on act i vat ed B

cel l s, e. g . , mul t i pl e myel omas and EBVt r ansf or med B cel l l i nes ( 1, 17) .

Model s have been pr oposed t o expl ai n i nt er l euki n- sensi t i ve st ages i n Bcel l di f f er en-

t i at i on . For exampl e, t he sequent i al st eps of B cel l act i vat i on, di vi si on, and t er mi nal

di f f er ent i at i on ar e mai nl y i nf l uenced by I L- 4, I L- 5, and I L- 6, r espect i vel y ( 1) . I n

t hi s r egar d, smal l , r est i ng B cel l s expr ess I L- 4R, and I L- 4 pr omot es ent r y i nt o cel l

cycl e wi t h an associ at ed i ncr ease i n cl ass I I MHCant i gen expr essi on ( 18, 19) . LPS-

i nduced B cel l bl ast s have been shown t o expr ess r ecept or s f or I L- 5 ( 20) , whi ch ar e

absent on noncycl i ng cel l s, cl ear l y suggest i ng t hat B cel l bl ast s ar e t he I L- 5- r esponsi ve

subset . Recept or s f or I L- 6 have been demonst r at ed onl y on act i vat ed and di vi di ng
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AI - 21032, DE- 08228, DE- 08182, DE- 04217, AI - 07051 and by t he Vet er ans Admi ni st r at i on Resear ch
Pr ogr am. H. Ki yono i s t he r eci pi ent of a Resear ch Car eer Devel opment Awar d, DE- 00237 . Addr ess
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r I I . - 6 ENHANCES I gA SYNTHESI S BY PEYER' S PATCH B CELLS

B cel l s and on B cel l and pl asma cel l t umor popul at i ons ( 15, 16) . I t has al so been

shown t hat cyt oki nes r egul at e movement of B cel l s t hr ough r est r i ct i on poi nt s i n t he

cel l cycl e ( 21) . One of t hese occur s i n G, wher e macr ophage- der i ved f act or s ar e es-

sent i al , whi l e a second occur s 2- 4 h bef or e di vi si on ( Gz) and i s cont r ol l ed by I L- 2

and I L- 5, but not by I L- 3 or I L- 4 ( 22) .

Our own st udi es have been di r ect ed t owar d det er mi ni ng t he pr i nci pal cyt oki nes

i nvol ved i n t he mucosal I gA r esponse . Ant i body of t he I gA i sot ype compr i ses 60- 65 0/ 0

of t he t ot al I g pr oduced dai l y i n hi gher mammal s ( 23) . I gA associ at ed wi t h mucosal

sur f aces i s pr oduced l ocal l y by I gA pl asma cel l s di st r i but ed i n t he subepi t hel i al spaces

of mucosal membr anes and i n secr et or y gl ands, such as t he l acr ymal and sal i var y

gl ands ( 24) . Peyer ' s pat ches ( PP) ar e maj or I gA i nduct i ve si t es and cont ai n B cel l s

t hat ar e t he pr ecur sor s of I gA pl asma cel l s at mucosal ef f ect or si t es ( 25, 26) . The

PP cont ai n bot h smal l , r est i ng and bl ast B cel l popul at i ons, and B cel l s t hat have

r ecent l y commi t t ed t o I gA ( membr ane I gA + [ mI gA' ] ) ( 26) . I n t hi s st udy, we have

anal yzed t he ef f ect s of r ecombi nant mouse and human I L- 6 on var i ous PP B cel l

subset s t o det er mi ne t he r ol e of t hi s i nt er l euki n i n r egul at i on of I gA synt hesi s .

Mat er i al s and Met hods

Mur i ne I L- 6.

	

Mur i ne r I L- 6 ( mr I L- 6) was obt ai ned as a r ever se- phase HPLC- pur i f i ed
pr ot ei n der i ved f r omt r ansf ect ed COS- 7 cel l super nat ant s ( 27) . Br i ef l y, GY30 bone mar r ow
st r omal cel l s wer e i nduced f or 7 h wi t h human r I L- 1 at - 650 U/ ml . Tot al cel l ul ar RNA was
ext r act ed usi ng t he guani di ni um i sot hi ocyanat e met hod ( 28) and pol y( A) ' RNA was sel ect ed
by ol i go( dT) - cel l ul ose chr omat ogr aphy . cDNA l i br ar i es wer e const r uct ed by t he met hod of
Okayama and Ber g ( 29) usi ng t he pcD- SRa pl asmi d vect or ( 30) . pcD- mI L- 6 pl asmi d DNA
was t r ansf ect ed i nt o COS- 7 monkeys cel l s and mr I L- 6 was pur i f i ed by r ever se- phase HPLC.
mr I L- 6 was >95%pur e as shown by SDS- PAGE anal ysi s ( 31) . Uni t s of mr I L- 6 wer e det er -
mi ned usi ng t he f act or - dependent cel l l i ne NFS- 60 . 10 U/ ml I L- 6 was def i ned as t he concen-
t r at i on of I L- 6 i nduci ng hal f - maxi mal st i mul at i on of NSF60 cel l s as det er mi ned by t he MTT
col or i met r i c assay ( 32) .

Human I L- 6 and Pol ycl onal Ant i - I L- 6 Ant i body .

	

Human r I L- 6 ( hr I L- 6) was pr epar ed by

expr essi ng a cDNA f or I L- 6 i n Escher i chi a col i f ol l owed by f ur t her pur i f i cat i on, t he det ai l s

of whi ch ar e descr i bed el sewher e ( 6, 33) . Br i ef l y, t he pl asmi d pTBCDF12, whi ch cont ai ns

t he E. col i t r p pr omot er f or expr essi on, was const r uct ed i n or der t o gener at e a pT9- 11 f usi on

pr ot ei n . The t r ansl at ed f usi on pr ot ei n was t hen di gest ed wi t h kal l i kr ei n and ami nopept i dase-

P t o obt ai n bi ol ogi cal l y act i ve hr I L- 6. Thi s r ecombi nant mat er i al was f ur t her pur i f i ed by

r ever se- phase HPLC. The pur i t y of hr I L- 6 was >95%, as shown by SDS- PAGE anal ysi s,

and 10 5 U/ 19 . 3 Ag/ ml of hr I L- 6 was used as t he st ar t i ng mat er i al i n t hi s st udy. To obt ai n

t he pol ycl onal ant i body t o human I L- 6, a goat was i mmuni zed wi t h hr I L- 6. Thi s ant i ser um

neut r al i zed 1 U/ ml of hr I L- 6 act i vi t y at a di l ut i on of 10 - 5 ; however , t hi s ant i body di d not

neut r al i ze human I L- 2, I L- 4, or I L- 5 .

Sour ce of Cyt oki nes .

	

mr I L- 4 and I L- 5 wer e obt ai ned f r omHeLa cel l s t r ansf ect ed wi t h cDNA

f or I L- 4 ( 34) and I L- 5 ( 35) . These i nt er l euki ns wer e pur i f i ed f r om concent r at ed cul t ur e su-

per nat ant s as pr evi ousl y descr i bed ( 36) . mr I L- l a was gener ousl y pr ovi ded by Dr s . A. St er n

and P. Lomedi co ( Hof f man- La Roche I nc . , Nut l ey, NJ) . hr I L- 2 and mr TNFcl wer e ki nd

gi f t s f r omBi ogen Cor p. ( Cambr i dge, MA) . mr I FN- y was ki ndl y pr ovi ded by Genent ech ( Sout h

San Fr anci sco, CA) . Pur i f i ed human pl at el et - der i ved t r ansf or mi ng gr owt h f act or / 3 ( TGF) 3)

was pur chased f r om Col l abor at i ve Resear ch I nc . ( Bedf or d, MA) . TGF0 was >95% pur e,

as shown by SDS- PAGE anal ysi s, gi vi ng a si ngl e band of 25 kD under nonr educi ng condi -

t i ons and a si ngl e band of 12 . 5 kD under r educi ng condi t i ons . TGF- ( 3 suppor t ed t he gr owt h

of nor mal r at ki dney cel l s cul t ur ed i n sof t agar wi t h a hal f - maxi mal col ony- f or mi ng r esponse

occur r i ng at 1 . 35 ng TGF) 3 per mi l l i l i t er of cul t ur e medi um. mr I L- 7 was ki ndl y pr ovi ded

by I mmunex Cor p. ( Seat t l e, WA) ( 37) .
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Cyt oki ne Assays .

	

Bot h hr I L- 2 and mr I L- 4 wer e assayed on t he HT- 2 f act or - dependent cel l
l i ne ( 38) , as pr evi ousl y r epor t ed ( 36) . For assessment of mr I L- 4 act i vi t y, appr opr i at e di l u-
t i ons wer e t est ed i n t he pr esence ( or absence) of t he ant i - I L- 4 ant i body der i ved f r om t he
B cel l hybr i doma 111111, gener ousl y pr ovi ded by Dr . W. Paul ( Nat i onal I nst i t ut es of Heal t h,
Bet hesda, MD) ( 39) . The mr I L- 1a act i vi t y was assessed i n t he C3H/ Hej t hymocyt e comi t o-
geni c assay ( 40) . The act i vi t y of mr I L- 5 was measur ed usi ng t he dext r an- sul f at e B cel l co-
st i mul at i on assay as pr evi ousl y r epor t ed ( 36) . Fi nal l y, mr I FN- y was assessed by i nhi bi t i on
of gr owt h of WEHI 279, an I FN- - y- sensi t i ve cel l l i ne ( 41) ki ndl y pr ovi ded by Dr . K. Bot t oml y
( Yal e Uni ver si t y School of Medi ci ne, New Haven, CT) .

Mi ce. C3H/ HeN mi ce obt ai ned f r om t he Fr eder i ck Cancer Resear ch Faci l i t y ( NCI ,
Fr eder i ck, MD) wer e mai nt ai ned i n hor i zont al l ami nar f l ow cabi net s and pr ovi ded f ood and
wat er ad l i bi t um. Al l mi ce used wer e bet ween 7 and 12 wk ol d .

Pr epar at i on of PPB Cel l s .

	

PP wer e asept i cal l y r emoved and di ssoci at ed usi ng t he enzyme
Di spase®( Boehr i nger Mannhei mBi ochemi cal s, I ndi anapol i s, I N) i n Jokl i k- modi f i ed medi um
( Gi bco Labor at or i es, Gr and I sl and, NY) ( 42) . Cel l s wer e cul t ur ed over ni ght at 2 x 106
cel l s/ ml i n a 75- ml f l ask i n compl et e medi umconsi st i ng of RPMI 1640 ( Gi bco Labor at or i es)
suppl ement ed wi t h 1 mMsodi um pyr uvat e, 2 MML- gl ut ami ne, nonessent i al and essent i al
ami no aci ds, 5 x 10 - 5 M2- ME, gent amyci n, and 10% ( vol / vol ) FCS ( Fl ow Labor at or i es,
I nc . , McLean, VA) . B cel l s wer e pr epar ed by panni ng on pet r i pl at es ( 15 x 100 mm; Fal con
Labwar e, Oxnar d, CA) coat ed wi t h goat I gG ant i - mouse F( aV) 2 as pr evi ousl y descr i bed ( 43) .
The adher ent B cel l popul at i on was t hen t r eat ed wi t h a r at monocl onal ant i - T cel l cockt ai l
( ant i Thy- 1 . 2, Cl one HO- 13- 4 [ 44] ; ant i - Lyt - 2, Cl one 53 . 6- 72 [ 44] ; and ant i - L3T4, Cl one
GK1 . 5 [ 45] f or 30 mi n at 4° C f ol l owed by i ncubat i on ( 30 mi n at 4° C) wi t h monocl onal ant i - r at
i s chai n [ Cl one MAR 18 . 5 [ 46] ) , t hen i ncubat ed f or 30 mi n at 37' C wi t h a 1/ 10 di l ut i on of
baby r abbi t compl ement ( Pel - Fr eeze Bi ol ogi cal s, Roger s, AR) . Cel l s obt ai ned by t hi s met hod
wer e >98% mI g' .

B Cel l Fr act i onat i on .

	

Pur i f i ed PP B cel l s wer e f r act i onat ed on di scont i nuous Per col l gr a-
di ent s as pr evi ousl y descr i bed ( 36, 43) . Br i ef l y, Per col l ( Phar maci a Fi ne Chemi cal s, Pi scat away,
NJ) was di l ut ed 9/ 1 wi t h 10x HBSS ( Gi bco Labor at or i es) . Fr omt hi s 100% st ock sol ut i on,
50, 60, 65, and 70% Per col l sol ut i ons wer e made by di l ut i on i n 1 x HBSS. Gr adi ent s wer e
pr epar ed by l ayer i ng 2- ml al i quot s of 70, 65, 60, and 50% Per col l i n a 15- ml cent r i f uge t ube
( Fal con No . 2057 ; Bect on Di cki nson & Co. , Pal o Al t o, CA) . A suspensi on of 3- 5 x 10 7
pur i f i ed B cel l s i n 1 ml of i ncompl et e medi um( RPMI 1640 suppl ement ed wi t h Hepes buf f er ,
L- gl ut ami ne, sodi um pyr uvat e, nonessent i al ami no aci ds, gent amyci n, peni ci l l i n, and st r ep-
t omyci n) was car ef ul l y l ayer ed over t he 50%Per col l l ayer and t he gr adi ent was cent r i f uged
at 2, 000 r pmf or 20 mi n at 4° C( wi t h t he br ake of f ) . Fr act i ons wer e col l ect ed f r omt he Per col l
i nt er f aces wi t h a Past eur pi pet t e and washed t wi ce i n i ncompl et e medi umbef or e use i n i n
vi t r o assays .

Depl et i on/ Enr i chment of mI gA' B Cel l s .

	

For t he depl et i on or enr i chment of mI gA' B cel l s,
PP B cel l s wer e st ai ned wi t h FI TC- conj ugat ed goat ant i - mouse a chai n ( Sout her n Bi ot ech-
nol ogy Associ at es [ SBA] , Bi r mi ngham, AL) f or 30 mi n at 4° C. Cel l s wer e t hen washed t wi ce
wi t h i ncompl et e medi um and r esuspended at 5 x 10 6 cel l s/ ml f or cel l sor t i ng . Cel l separ a-
t i ons wer e per f or med by use of t he FACSt ar ® ( Bect on Di cki nson & Co. , Mount ai n Vi ew,
CA) and FI TC- ant i - a- t r eat ed B cel l popul at i ons wer e sor t ed i nt o mI gA' and mI gA- cel l
f r act i ons . Accor di ng t o t he f l ow cyt omet r y pr of i l e, br i ght l y st ai ned cel l s ( 4- 6%) wer e col -
l ect ed as mI gA' B cel l s.

I n Vi t r o Cul t ur es.

	

Pur i f i ed unsor t ed PP B cel l s or mI gA- depl et ed PP B cel l s wer e cul t ur ed
i n compl et e medi umat 10 5 cel l s i n 0 . 2 ml t ot al vol ume/ wel l i n 96- wel l f l at - bot t omed mi cr o-
t i t er pl at es ( Fal con Labwar e) , and r mI L- 6 was added t o gi ve f i nal concent r at i ons of 0 . 5, 5,
50, and 150 U/ ml . mI gA' B cel l s wer e cul t ur ed at 5 x 10 4 cel l s per wel l . Al l cul t ur es wer e
i ncubat ed f or 7 d at 37° C i n a humi di f i ed at mospher e of 83% N2, 7%02, and 10% C02 .

I sot ype- speck RI A.

	

Sol i d- phase absor bed and af f i ni t y- pur i f i ed goat I gG ant i bodi es speci f i c
f or mur i ne A, - y, and a H chai ns wer e obt ai ned f r om SBA. Thei r speci f i ci t y was conf i r med
i n RI A usi ng pur i f i ed mAbs and appr opr i at e myel oma pr ot ei ns as subst r at es . Radi oi odi na-
t i on wi t h car r i er - f r ee Na ' 2 ' 1 ( Amer shamCor p. , Ar l i ngt on Hei ght s, I L) was per f or med usi ng
t he chl or ami ne T met hod, modi f i ed t o r educe oxi dat i ve damage t o pr ot ei ns ( 47) .
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r I L- 6 ENHANCES I gA SYNTHESI S BY PEYER' S PATCH B CELLS

I mmul on Remova wel l assay st r i ps ( Dynat ech Labor at or i es, Chant i l l y, VA) wer e coat ed
wi t h goat ant i - mouse I A, - y, or a at 1 wg/ ml i n bor at e- buf f er ed sal i ne, pH 8 . 4, over ni ght at
4 ° C. Cont r ol st r i ps wer e l ef t uncoat ed, but al l st r i ps wer e bl ocked f or 2 h at 25 ° C wi t h 1° I o
( wt / vol ) BSA ( Si gma Chemi cal Co . ) i n bor at e- buf f er ed sal i ne, whi ch was al so used as t he
di l uent f or al l sampl es and 125 1- l abel ed r eagent s . Appr opr i at e di l ut i ons of t i ssue cul t ur e su-
per nat ant s wer e added t o washed wel l s i n t r i pl i cat e and i ncubat ed f or 6 h at 25° C. Af t er
washi ng, 100, 000 count s/ mi n of 1251- l abel ed i sot ype- speci f i c ant i - I g r eagent was added t o each
wel l and i ncubat ed over ni ght at 4° C. Af t er r emoval of t he unbound 1251 ant i bodi es by
washi ng, t he cel l s wer e count ed i n a gamma 5500 spect r omet er ( Beckman I nst r ument s, I r -
vi ne, CA) . Cal i br at i ons wer e made usi ng ser i al t wof ol d di l ut i ons of pur i f i ed mAb 1F3- C1 . 5
or 2E11 . 15 f or I gM and I gA, r espect i vel y, or a st andar d mouse ser um( Mi l es Labor at or i es,
Naper vi l l e, I L) f or I gG. Cal i br at i on cur ves and i nt er pol at i on of unknowns wer e obt ai ned
by comput er usi ng a " Logi t - l og" BASI C pr ogr am( RI A 001 ; Bi omedi cal Comput i ng Tech-
nol ogy Cent er , Vander bi l t Medi cal Cent er , Nashvi l l e, TN) .

Enumer at i on of I gA- pr oduci ng Cel l s.

	

To quant i t at e t he number of ant i body- f or mi ng cel l s,
t he enzyme- l i nked i mmunospot ( ELI SPOT) assay ( 48) was used . For t hi s assay, 96- wel l ni t r ocel -
l ul ose bot t om pl at es ( Mi l l i t i t er HA; Mi l l i por e Cor p . , Bedf or d, MA) wer e coat ed over ni ght
at 4° C wi t h goat ant i - mouse I g ( SBA) di l ut ed t o 5 hg/ ml i n PBS ( 100141/ wel l ) . Cont r ol wel l s
wer e coat ed wi t h PBS. Al l wel l s wer e t hen bl ocked f or 60 mi n wi t h compl et e medi um. I L- 6- st i m-
ul at ed or cont r ol PP B cel l s ( 5 x 103 t o 5 x 10 4 cel l s/ wel l ) wer e i ncubat ed on coat ed pl at es
i n 100 pl of compl et e medi umf or 6- 8 h . The pl at es wer e t hen t hor oughl y washed wi t h PBS
cont ai ni ng 0 . 05% Tween ( PBST) and t hen i ncubat ed wi t h 100 p. l / wel l bi ot i n- l abel ed goat
ant i - mouse I gA ( SBA) di l ut ed 1 : 1, 000 i n PBST cont ai ni ng 1 °/ FCS. Af t er over ni ght i ncu-
bat i on at 4° C, t he pl at es wer e washed t hr ee t i mes wi t h PBST t hen i ncubat ed f or 2 h wi t h
100 j ut / wel l avi di n- per oxi dase di l ut ed 1 : 1, 000 i n PBS- T. Spot s r epr esent i ng si ngl e ant i body
pr oduci ng cel l s wer e devel oped usi ng 3- ami no- 9- et hyl car bazol e as subst r at e, and vi sual i zed
wi t h t he ai d of a di ssect i ng mi cr oscope . The r esul t s ar e pr esent ed as t he mean ± SD f or
t r i pl i cat e det er mi nat i ons .

Resul t s

Cyt oki ne- medi at edSuppor t of I gA Synt hesi s by PPB Cel l s.

	

Al t hough numer ous st udi es

have exami ned t he abi l i t y of var i ous pur i f i ed nat ur al and r ecombi nant cyt oki nes

t o r egul at e t he l evel and i sot ype of I gs secr et ed by act i vat ed B cel l s, f ew exper i ment al

syst ems have al l owed an exami nat i on of def i ned l eukocyt e- der i ved f act or s t hat sup-

por t commi t ment t o, and secr et i on of , I gA ant i bodi es ( 26) . The l evel s of I gA secr et ed

by cyt oki ne- suppor t ed cul t ur es of LPS- st i mul at ed spl een B cel l s have been uni f or ml y

l ow, and t he possi bl e skewi ng of t he i sot ype pr of i l e by LPS i nduct i on cannot be di s-

count ed . Our pr evi ous st udi es have shown t hat hi gh l evel s of I gA ar e secr et ed by

cul t ur es of noni nduced PP B cel l s suppl ement ed wi t h mr I L- 5 ( 36) . As an ext ensi on

of t hi s wor k, we have used cul t ur es of pur i f i ed PP B cel l s t o syst emat i cal l y exami ne

t he abi l i t y of i nt er l euki ns and cyt oki nes t o suppor t t he l at er st ages of B cel l di f f er en-

t i at i on t o t he secr et i on of I gA. Ext ensi ve t i t r at i ons of seven r ecombi nant human

and mouse i nt er l euki ns ( mr I L- 1a, hr I L- 2, mr I L- 4, mr I L- 5, mr I L- 6, hr I L- 6, and

mr I L- 7) and t hr ee addi t i onal cyt oki nes ( mr I FN- y, mr TNFa, and pl at el et - der i ved

TGF0) r eveal ed t hat onl y mr I L- 5 and r I L- 6 ( mur i ne and human) si gni f i cant l y en-

hanced I gA secr et i on by PPB cel l s ( Fi g. 1) . Whi l e none of t he ot her f act or s i ncr eased

t he l evel of I gA i n t he cul t ur e super nat ant s by >50%, t he I L- 5 and I L- 6 pr epar a-

t i ons suppor t ed - 400 and 1, 000% of t he I gA secr et ed i n t he cont r ol cul t ur es, r espec-

t i vel y . Bot h t he mur i ne and human r I L- 6 r epr oduci bl y i nduced secr et i on of appr ox-

i mat el y t wi ce t he amount of I gA compar ed wi t h I L- 5, and t her ef or e t he act i vi t i es

of t hi s i nt er l euki n wer e i nvest i gat ed i n gr eat er det ai l .
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FI GURE 1.

	

The pot ent i al ef f ect s
of cyt oki nes on I gAsynt hesi s i n
PP Bcel l cul t ur es . I n t hi s st udy,
t he cyt oki nes mr I L- l a ( 100
U/ ml ) , hr I L- 2 ( 100 U/ ml ) ,
mr I L- 4 ( 10 U/ ml ) , mr I L- 5 ( 50
U/ ml ) , mr I L- 6 ( 50 U/ ml ) ,
hr I L- 6 ( 50 U/ ml ) , mr I L- 7 ( 50
U/ ml ) , mr I FN- - y ( 100 U/ ml ) ,
mr TNFa ( 2 . 5 ng/ wel l ) and
TGF/ 3 ( 40 pg/ ml ) ( see det ai l s i n
Mat er i al s and Met hods) wer e
added t o pur i f i ed PP Bcel l cul -
t ur es ( 105 B cel l s/ wel l ) and i n-
cubat ed f or 7 d . Each cyt oki ne
was t i t r at ed i n an appr opr i at e
bi oassay ; i n t hese st udi es mul -
t i pl e doses of each cyt oki ne wer e
added andt he r esul t s pr esent ed
ar e t ypi cal r esponses i n t hese
cul t ur es . Level s of I gA i n t he
cul t ur e super nat ant was det er -
mi ned by RI A. Val ues ar e t he

I L

	

Z

	

U.

	

C

	

mean t SD of t r i pl i cat e cul -
E

	

E

	

E

	

E

	

t

	

F

	

E

	

i -

	

zo	 t ur es . Mean I gA i n medi um
cont r ol cul t ur es ( ei ght exper i -
ment s) was 1, 276 t 637 ng/ ml .

mr I L- 6 Sel ect i vel y Enhances I gA Secr et i on by PP B Cel l s.

	

The abi l i t y of mr I L- 6 t o

i nf l uence t he r el at i ve pr opor t i ons of I gM, I gG, and I gA secr et ed by PP B cel l s i n

t he absence of any ot her exogenous st i mul us was t est ed acr oss a r ange of concent r a-

t i ons t o exami ne whet her t hi s l ymphoki ne pl ays a r ol e i n det er mi ni ng t he enr i ch-

ment f or I gA pr oduct i on char act er i st i c of t he cel l s f r om t hi s mucosal t i ssue ( Fi g.

2) . mr I L- 6 exhi bi t ed a dose- dependent abi l i t y t o enhance I gA synt hesi s, wi t h a peak

r esponse 5- 20 t i mes t hat of cont r ol cul t ur es . I n cont r ast , I gMand I gG secr et i on

was onl y mar gi nal l y i ncr eased by t hi s l ymphoki ne, r egar dl ess of t he dose used . Com-

par i son of t he l evel s of each i sot ype i nduced by opt i mal doses of mr I L- 6 and mr I L- 5

r eveal ed t hat mr I L- 6 i s not as ef f ect i ve as mr I L- 5 at suppor t i ng I gMor I gG syn-

t hesi s, despi t e t he f act t hat i t suppor t s a subst ant i al l y hi gher l evel of I gA secr et i on .

These r esul t s i l l ust r at e t hat bot h of t hese i nt er l euki ns pr ef er ent i al l y suppor t I gA secr e-

t i on by PP B cel l s, and t hat t hi s ef f ect i s mor e pr onounced, bot h i n absol ut e amount

and r el at i ve t o I gM and I gG, wi t h mr I L- 6 .

mr I L- 6 and hr I L- 6 I nduce I dent i cal Act i vi t i es i n Mouse PP B Cel l s .

	

hr I L- 6 has r e-

cent l y been shown t o augment I g secr et i on i n PWM- st i mul at ed human B cel l cul -

t ur es, and t o i nduce mouse hemopoi et i c col ony f or mat i on ( 1, 9) . Di r ect compar i son

of t he ef f ect s of mr I L- 6 and hr I L- 6 af t er t hei r addi t i on t o cul t ur es of PP Bcel l s demon-

st r at ed t hat t hey possessed essent i al l y i dent i cal abi l i t i es t o suppor t I g synt hesi s ( Fi g .

3) . Bot h caused a dose- dependent i ncr ease i n ant i body secr et i on t hat was al most

excl usi ve f or t he I gA i sot ype. The avai l abi l i t y of goat ant i ser um speci f i c t o human

I L- 6 al l owed a cont r ol exper i ment t o be per f or med t o conf i r mt hat t he enhancement

of I gA synt hesi s by PP B cel l s i s a pr oper t y of I L- 6 . I ncl usi on of t he ant i - I L- 6 an-

t i ser umat a f i nal concent r at i on of 1 : 200 i n t he I L- 6 suppl ement ed cul t ur es r esul t ed
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FI GURE 2 . mr I L- 6 ef f ect s on I g
synt hesi s i n PP B cel l cul t ur es .
Pur i f i ed PP B cel l s wer e cul t ur ed
at 105 cel l s/ cul t ur e f or 7 d i n t he
pr esence of i ncr easi ng amount s of
mr I L- 6 and mr I L- 5 ( 50 U/ ml ) .
Level s of I gM( p) , I gG( Q) , and
I gA ( / ) i n cul t ur e super nat ant s
wer e det er mi ned by i sot ype- speci f i c
RI A. Val ues ar e r epr esent at i ve of
t he mean t SD of t r i pl i cat e cul -
t ur es f or f i ve separ at e exper i ment s .

FI GURE 3 .

	

hr I L- 6 ef f ect s on I g
synt hesi s by PP B cel l s . PP B

cel l s obt ai ned by panni ng wer e

cul t ur ed at 105 cel l s/ wel l wi t h

hr I L- 6 and mr I L- 6 f or 7 d . I gM

( 0) , I gG ( ( ] ) , and I gA ( / )

l evel s i n cul t ur e super nat ant s
wer e det er mi ned by i sot ype-
speci f i c RI A. Val ues r epr esent
t he mean f SD of t r i pl i cat e

cul t ur es .



i n a 98%r educt i on i n I L- 6- medi at ed I gA secr et i on, whi l e nor mal goat ser umwas

wi t hout ef f ect ( Fi g . 4) .

mr I L- 6 Act s Pr edomi nant l y on LowDensi t y PPB Cel l s .

	

Human t onsi l l ar B cel l s have

been shown t o be r ef r act or y t o human I L- 6 unl ess t hey ar e f i r st act i vat ed wi t h mi t ogens

( 1) , and we have shown t hat t he I L- 5- r esponsi ve B cel l s i n mouse PP ar e pr edomi -

nant l y i n t he l ow densi t y ( act i vat ed) f r act i on ( 36) . To det er mi ne t he act i vat i on st at us

of t he cel l s r espondi ng t o I L- 6, PP B cel l s wer e cul t ur ed i n t he pr esence of var i ous

concent r at i ons of I L- 6 af t er f r act i onat i on i nt o l ow densi t y ( act i vat ed) and hi gh den-

si t y ( pr edomi nant l y r est i ng) popul at i ons on di scont i nuous Per col l gr adi ent s . Det er -

mi nat i on of t he l evel s of I gM, I gG, and I gA i n t he cul t ur e super nat ant s af t er 7 d

of cul t ur e i ndi cat ed t hat t he cel l s t hat r esponded t o I L- 6 wi t h i ncr eased I g synt hesi s

wer e enr i ched i n t he l ow densi t y f r act i on ( Fi g . 5) . As i n t he case of unf r act i onat ed

PP cel l s, t he pr edomi nant i sot ype secr et ed by bot h t he hi gh and l ow densi t y cel l s

was I gA. Whi l e t he enhancement of I g secr et i on by mr I L- 6, as wel l as t hat pr evi -

ousl y demonst r at ed wi t h mr I L- 5 ( 36) , i s pr onounced i n t he l ow densi t y ( act i vat ed)

cel l f r act i on, t her e does not appear t o be a st r i ct cor r el at i on bet ween membr ane i so-

t ype expr essi on by act i vat ed PP B cel l s and i sot ype secr et i on. Al t hough a hi gher

pr opor t i on of t he PP mI gA+ cel l s ar e i n cycl e compar ed wi t h mI gA- cel l s, t he ab-

sol ut e number of cycl i ng ml gM+, mI gA - cel l s i s sever al t i mes hi gher t han t hat of

mI gA+ cel l s ( 36) . Despi t e t he enr i chment of t he act i vat ed mI gM+ cel l s i nt o t he l ow

densi t y f r act i on, vi r t ual l y no enhancement of I gMsecr et i on i s obser ved i n t he pr es-

ence of I L- 6 . Thus, t hese r esul t s demonst r at e t hat t he PP B cel l s t hat r espond t o

I L- 6 wi t h i ncr eased I g secr et i on ar e i n cycl e and t hat t hose PP B cel l s dest i ned f or

I gA secr et i on ar e uni quel y sensi t i ve t o t he di f f er ent i at i on- suppor t i ng act i vi t y of t hi s

i nt er l euki n .

PP B Cal l Cul t ur es Cont sl nl np

	

I mmunopl obul l n mSynt hesi s t npt ml )
r hI L- 6 ( l ost Nor mal

2, 000( 60U. / mi l

	

Ant l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"hj L. - 6

	

49. t 104

	

0

	

1, 000
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9, 000

FI GURE 4 .

	

Goat ant i - human I L- 6 i nhi bi t s hr I L- 6- medi at ed I gA secr et i on . Pur i f i ed PP B cel l s
wer e cul t ur ed f or 7 d at 105 cel l s/ cul t ur e wi t h hr I L- 6 at 50 U/ ml . Goat ant i - human I L- 6 ( 1 : 200
f i nal di l ut i on) and nor mal goat ser um ( 1 : 200) wer e added t o cul t ur es 30 mi n bef or e addi t i on
of B cel l s . I gA l evel s i n cul t ur e super nat ant s wer e det er mi ned by i sot ype- speci f i c RI A. Val ues
r epr esent t he mean t SD of t r i pl i cat e cul t ur es .
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r mI L- 6 Added
Lar ge B Cel l s ( Low Densi t y)

	

( U. / ml )

	

Smal l B Cel l s ( Hi gh Densi t y)

None

5

50

150

0. 5

8, 000 6, 000 4, 000 2, 000 0

	

0 2, 000 4, 000 6, 000 8, 000

I mmunogl obul i n Synt hesi s ( ng/ ml )

	

I mmunogl obul i n Synt hesi s ( ng/ ml )

FI GURE 5 .

	

mr I L- 6 ef f ect s on PP B cel l subpopul at i ons separ at ed on Per col l densi t y gr adi ent s .
Pur i f i ed PP B cel l s obt ai ned by panni ng wer e separ at ed i nt o l ar ge B cel l s ( 50 and 60%Per col l
i nt er f aces) and smal l Bcel l s ( 65 and 70%Per col l i nt er f aces) and wer e cul t ur ed at 105 cel l s/ cul t ur e
f or 7 d wi t h i ncr easi ng amount s of mr I L- 6 . I gM( Eg) , I gG( EI ) , and I gA ( / ) l evel s i n cul t ur e
super nat ant s wer e det er mi ned by i sot ype- speci f i c RI A. Val ues r epr esent t he mean t SDof t r i pl i cat e
cul t ur es .

The PPB Cel l s t hat Respond t o mr I L- 6 wi t h I ncr eased I gA Synt hesi s Ar e mI gA' .

	

Acen-
t r al i ssue per t ai ni ng t o mucosal i mmune i nduct i ve si t es, such as t he PP, i nvol ves

t he mechani sm( s) t hr ough whi ch t hey ar e pr edi sposed t o t he sel ect i ve i nduct i on of

I gAcl ass ant i body r esponses . To di f f er ent i at e bet ween t he possi bi l i t i es t hat I L- 6 di r ect s

i sot ype swi t chi ng, as opposed t o sel ect i vel y pot ent i at i ng t he di f f er ent i at i on of pr evi -

ousl y commi t t ed B cel l s, f l ow cyt omet r i c sor t i ng was used t o separ at e PP B cel l s

i nt o mI gA' and mI gA' subpopul at i ons . Cul t ur e of t hese separ at e subpopul at i ons

i n t he pr esence of var i ous concent r at i ons of I L- 6, f ol l owed by anal ysi s of t he secr et ed

I gs f or t he l evel s of I gM, I gG, and I gA, cl ear l y demonst r at ed t hat t he cel l s t hat se-

cr et e I gA i n r esponse t o I L- 6 expr ess mI gA at t he i ni t i at i on of t he cul t ur e ( Fi g. 6) .

Removal of t he mI gA' cel l s abol i shed bot h backgr ound and I L- 6- suppor t ed I gA

secr et i on . I n cont r ast , t he enr i ched mI gA+ subpopul at i on r esponded i n a dose- de-

pendent manner wi t h enhanced I gA secr et i on . I n conj unct i on wi t h t he dat a ob-

t ai ned wi t h densi t y- separ at ed cel l s pr esent ed above, t hese r esul t s ar e consi st ent wi t h

a model i n whi ch I L- 6 act s on act i vat ed mI gA+ ( I gA- commi t t ed) B cel l s t o suppor t

t hei r synt hesi s of i ncr eased amount s of I gA.

mr I L- 6 Suppor t s an I ncr ease i n t he Number of I gA- secr et i ng Cel l s i n t he Absence of Pr ol i f er at i on.

Based on t he compar at i ve " backgr ound" l evel s of I gA synt hesi s i n nonsuppl ement ed

cul t ur es of l ow densi t y ver sus hi gh densi t y and mI gA' ver sus mI gA- PP B cel l s,

i t i s cl ear t hat t he PP B cel l popul at i on r epr esent s an enr i ched sour ce of act i vat ed

mI gA' cel l s t hat ar e ei t her secr et i ng I gA at t he t i me of i sol at i on, or t hat wi l l pr o-

gr ess t o I gA secr et i on i n t he absence of exogenousl y added l ymphoki nes . The abi l i t y
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of I L- 6 t o i ncr ease t he absol ut e amount of secr et ed I gA coul d be medi at ed t hr ough

pr ol i f er at i on and expansi on of t hese " synt hesi s commi t t ed" cel l s, by enhancement

of t he synt het i c r at e of t hese commi t t ed cel l s, or t hr ough t he r ecr ui t ment and di f f er en-

t i at i on t o I gA secr et i on of addi t i onal cel l s f r om t he act i vat ed mI gA+ pool . To

di f f er ent i at e bet ween t hese possi bi l i t i es, we measur ed t he number of I gA secr et i ng

cel l s and t he amount of I gA secr et ed as a f unct i on of t i me. As det ect ed i n an ELI SPOT

assay, t he number of cel l s secr et i ng I gA i n t he pr esence of exogenousl y added I L- 6

r ose t o near a pl at eau number ( gr eat er t han ei ght t i mes backgr ound) wi t hi n t he f i r st

24 h of cul t ur e ( Tabl e I ) . Addi t i onal l y, no di f f er ence i n t he number of vi abl e cel l s

was det ect ed over t he f i r st 3 d of cul t ur e, ei t her i n t he pr esence or absence of I L- 6 .

Par al l el st udi es demonst r at ed t hat i n t he pr esence of I L- 6 pl at eau l evel s of I gA wer e

secr et ed i nt o t he cul t ur e super nat ant s by day 3 ( dat a not shown) . These dat a dem-

onst r at e t hat t he I L- 6 enhancement of I gA synt hesi s measur ed i n t hese st udi es i s

a r api d event and do not i ndi cat e t hat pr ol i f er at i on i s i nvol ved . Rat her , t he r esul t s

suggest t hat t he PP cont ai n a si gni f i cant f r act i on of I L- 6- sensi t i ve act i vat ed m1gA'

B cel l s t hat ar e poi sed t o t er mi nal l y di f f er ent i at e t o I gA secr et i on i n t he pr esence

of t hi s r egul at or y l ymphoki ne .

TABLE I

I L- 6 Enhances t he Fr equency of I gA- pr oduci ng Cel l s i n PP B Cel l Cul t ur es

FI GURE 6 .

	

mr I L- 6 ef f ect s on FACS separ at ed

PP Bcel l popul at i ons . PP Bcel l s obt ai ned by

panni ngwer e st ai ned wi t h FI TC- l abel ed ant i -

a and separ at ed i nt o mI gA' and mI gA-

popul at i ons. Whol e PP B cel l s and ml gA-

PP B cel l s wer e cul t ur ed at 105 cel l s/ cul t ur e

f or 7 d wi t h I L- 6. mI gA' PP B cel l s wer e cul -

t ur ed at 5 x 104 cel l s/ cul t ur e f or 7 d wi t h I L-

6 . I gM( EM) , I gG( p) , and I gA( / ) l evel s i n

cul t ur e super nat ant s wer e det er mi ned by i so-

t ype- speci f i c RI A. Val ues r epr esent t he mean

± SD of t r i pl i cat e cul t ur es .

Panni ng pur i f i ed PP B
Cel l s

( 106 cel l s/ cul t ur e) wer e i ncubat ed f or 1 or 3 d wi t h

mr I L- 6 at a f i nal concent r at i on of 50 U/ ml . Cont r ol cul t ur es wer e i ncubat ed

i n cul t ur e medi um al one . At t he end of cul t ur e, cel l vi abi l i t y was det er mi ned

by t r ypan bl ue dye excl usi on and I gA spot - f or mi ng cel l s ( SFC) r esponses wer e

exami ned by ELI SPOT assay ( see Mat er i al s and Met hods) .

Exp.

Day

mr I L- 6

Number of I gA

1

None

SFC/ 105 B Cel l s

Day

mr I L- 6

3

None

1

2

3

9, 440 t 640

ND

11, 920 t 720

1 . 160 t 120

ND

1, 400 t 80

9, 760

6, 560

16, 001

t 800

t 660

f 640

740 t 120

280 t 34

1, 180 t 120
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Di scussi on

The PP ar e maj or I gA i nduct i ve si t es i n hi gher mammal s ( 26) ; however , we onl y
par t i al l y under st and t he mechani sms i nvol ved i n r egul at i on of t hi s r esponse . Past
st udi es have shown t hat i sol at ed T cel l s f r om PP can sel ect i vel y r egul at e I gA syn-
t hesi s i n vi t r o ( 49) . Ot her st udi es usi ng cl oned T cel l s f r om t hi s t i ssue have shown

t hat t wo br oad r egul at or y mechani sms ar e oper at i ve ( 50- 53) . Fi r st , cl oned T cel l s
f r om mi ce ( 50) and hybr i doma cel l l i nes f r om human appendi x ( 51) coul d appar -

ent l y i nduce B cel l s t o swi t ch f r om mI gM t o mI gA expr essi on . Second, mor e cl as-

si cal Th cel l cl ones wer e al so der i ved f r om PP t hat pr ef er ent i al l y suppor t ed I gA r e-

sponses ( 52, 53) . Taken t oget her , t hese st udi es woul d suggest t hat PP T cel l subset s

occur t hat can pr oduce swi t ch f act or s, whi l e possi bl y ot her s may pr oduce cyt oki nes

f or r egul at i on of I gA synt hesi s . I n t hi s l at t er r espect , i t i s l i kel y t hat a uni que pr of i l e

of cyt oki nes wi l l be of i mpor t ance i n t he I gA r esponse .

We have t aken advant age of t wo maj or aspect s of I gA i nduct i ve si t es, e . g . , t he

pr esence of endogenousl y t r i gger ed B cel l s t hat ar e i n cel l cycl e and an i ncr eased

f r equency of B cel l s whi ch have commi t t ed t o I gA. Thi s has al l owed us t o avoi d

t he use of pol ycl onal B cel l act i vat or s such as LPS and PWM, whi ch can al so i nduce

cer t ai n i sot ype r esponse pat t er ns and t hus possi bl y skew r esul t s and t hei r i nt er pr e-

t at i ons . Our past st udi es and t hose of ot her s have shown t hat mr I L- 5- enhanced I gA

synt hesi s i n PPB cel l cul t ur es ( 36, 54, 55) . The use of LPS i n t hese PP B cel l cul t ur es

yi el ded somewhat di scr epant r esul t s . I n one st udy, i t was shown t hat r I L- 5 i nduced

I gA synt hesi s i n LPS- t r i gger ed mI gA ` but not mI gA- B cel l s ( 54) . However , t he

second st udy suggest ed t hat I L- 5 enhanced I gA synt hesi s i n LPS- st i mul at ed, mI gA -

PP B cel l s ( 55) . We addr essed t he ef f ect s of mr I L- 5 by addi t i on t o nonst i mul at ed

cul t ur es, and showed t hat t hi s i nt er l euki n si gni f i cant l y enhanced I gA synt hesi s ( 36) .

Thus, t he PP B cel l syst em of f er s t he advant age of pr ovi si on of B cel l s t hat ar e cy-

cl i ng and t hat expr ess r ecept or s f or cyt oki nes t hat r egul at e t he event s t hat l ead t o

pr oduct i on of t hi s i sot ype .

We have exami ned i n t hi s st udy al l of t he cur r ent l y avai l abl e i nt er l euki ns ( except

I L- 3) , as wel l as mur i ne I FN- y, TNFa, and TGF- ( 3 f or pot ent i al ef f ect s on mur i ne

PP B cel l s . Our r esul t s cl ear l y showt hat r I L- 5 and, especi al l y, r I L- 6 i nduce si gni f i cant

i ncr eases i n I gA synt hesi s . Thi s does not pr ove t hat t he ot her cyt oki nes do not con-

t r i but e t o B cel l act i vat i on or pr ol i f er at i ve r esponses ; however , i t does suggest t hat

t hese ot her cyt oki nes al one ar e not i nvol ved i n t er mi nal event s t hat l ead t o t he pr oduc-

t i on of I gA. I t woul d al so suggest t hat t he ef f ect seen wi t h r I L- 6 was not due t o con-

t ami nat i on wi t h one of t he ot her cyt oki nes t est ed . Si nce t he ef f ect of I L- 6 ( i ncl udi ng

bot h human and mouse r I L- 6) i s so pr onounced f or enhancement of I gA synt hesi s

i n PP B cel l cul t ur es, we have ext ensi vel y st udi ed t hi s ef f ect . .

I t has been shown t hat r est i ng B cel l s do not expr ess I L- 6R ( 15) , and ot her s have

shown t hat human t onsi l l ar B cel l s, whi ch wer e r ef r act or y t o I L- 6, coul d be i nduced

t o r espond af t er st i mul at i on wi t h PWM( 56) . Our st udi es wer e di r ect ed t owar ds de-

t er mi ni ng whet her act i vat ed B cel l s woul d al so be r esponsi ve t o I L- 6 . Thus, PP B

cel l s wer e separ at ed on Per col l gr adi ent s i nt o act i vat ed ( bl ast , l owdensi t y) and r est i ng

( smal l , hi gh densi t y) B cel l popul at i ons . Gener al l y, I L- 6 i nduced t wo- t o t hr eef ol d

hi gher I gA r esponses i n t he l ow densi t y B cel l popul at i on t han occur r ed i n t he hi gh

densi t y popul at i on ; however , I L- 6 di d i nduce smal l B cel l s t o r espond and t o ul t i -

mat el y secr et e I gA i n vi t r o. Separ at i on of B cel l s on densi t y gr adi ent s does not r esul t
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i n compl et e separ at i on of act i vat ed and r est i ng B cel l s . The r ecept or on human B

cel l s has been f ul l y char act er i zed ( 15) and cl oned ( 16) ; however , l i t t l e i s known r e-

gar di ng t he I L- 6Ron mur i ne B cel l s . We ar e t her ef or e per f or mi ng st udi es t o i den-

t i f y I L- 6R on mur i ne PP B cel l subpopul at i ons .

I t i s cl ear l y possi bl e t hat I L- 6 coul d i nduce PPB cel l s t o under go an i sot ype swi t ch

t o I gA and t hi s possi bi l i t y has been ext ensi vel y i nvest i gat ed . Fi r st , we have pr evi -

ousl y shown t hat bot h hi gh and l ow densi t y PP B cel l popul at i ons cont ai n appr oxi -

mat el y equal number s of mI gA' B cel l s ( 36) . Thus, exper i ment s wer e under t aken

wi t h PP B cel l s t hat wer e depl et ed of mI gA+ B cel l s by f l ow cyt omet r y . When

mI gA- B cel l s wer e cul t ur ed wi t h mr I L- 6, no i ncr ease i n I gA secr et i on was ob-

ser ved . However , when cul t ur es cont ai ni ng enr i ched number s of mI gA' PP B cel l s

wer e exami ned, opt i mal l evel s of mr I L- 6 i nduced up t o 13 14g/ ml of I gA i n B cel l

cul t ur es cont ai ni ng - 5 x 10 4 mI gA+ B cel l s . I n ot her st udi es, we have shown t hat

depl et i on of mI gA+ B cel l s f r ombot h l ow and hi gh densi t y B cel l cul t ur es abr ogat ed

t he I L- 6 ef f ect . Taken t oget her , t hese r esul t s i ndi cat e t hat t he maj or t ar get of I L- 6

i n t he PP B cel l popul at i on i s a cel l t hat has al r eady commi t t ed t o I gA.

Si nce mr I L- 6 i nduced some I gA synt hesi s i n smal l B l ymphocyt e popul at i ons,

i t was i mpor t ant t o det er mi ne i f t hi s i nt er l euki n was i nduci ng bot h pr ol i f er at i ve and
di f f er ent i at i ve si gnal s . Of cour se, most st udi es have i ndi cat ed t hat I L- 6 act s on di vi di ng

B cel l s t hat expr ess I L- 6Rand pr omot es t er mi nal di f f er ent i at i on t o I g secr et i on ( 1) .

Our st udi es suppor t t hi s mode of I L- 6 ef f ect . When PP B cel l cul t ur es wer e sup-

pl ement ed wi t h mr I L- 6, i t was shown t hat bet ween 24 and 72 h of i ncubat i on, t he

cel l s di d not under go si gni f i cant r ounds of di vi si on . No i ncr ease i n [ 3 H] t hymi di ne

i ncor por at i on was det ect ed i n I L- 6- suppl ement ed cul t ur es compar ed wi t h cont r ol

cul t ur es at 24, 48, or 72 h ( dat a not shown) . However , t he number s of B cel l s secr et i ng

I gA dr amat i cal l y i ncr eased i n cul t ur es assessed at 1 and 3 d i n t hat t her e was an

N8- f ol d i ncr ease on day 1 and a 15- 18- f ol d i ncr ease by day 3 of cul t ur e . These r esul t s

cl ear l y i ndi cat e t hat mr I L- 6 i nduces PP B cel l s t o t er mi nal l y di f f er ent i at e i nt o I gA-

pr oduci ng cel l s . I t woul d al so appear t hat most I L- 6- r esponsi ve cel l s expr ess mI gA

and t hese cel l s ar e subsequent l y st i mul at ed t o pr oduce I gA.

We wer e awar e of t he possi bi l i t y t hat t he mr I L- 6 pr epar at i on coul d cont ai n a smal l

amount of anot her cyt oki ne, whi ch woul d account f or t he obser ved ef f ect . One pos-

si bi l i t y woul d be TGF- 0, whi ch i s known t o be pr oduced by COS- 7 cel l s and has

a si mi l ar mol ecul ar mass t o I L- 6 ( 25 kDf or TGFa and 26 kD f or I L- 6) . We di r ect l y

addr essed t hi s poi nt by t est i ng sever al r el evant concent r at i ons of TGF0 ( 8 pg t o

1 ng) i n PP B cel l cul t ur es . We wer e unabl e t o obser ve any changes i n l evel s of I gA

( I gM or I gG) secr et ed . Mor e di r ect evi dence f or an I L- 6 ef f ect was pr ovi ded by

st udi es wi t h hr I L- 6 and ant i - I L- 6 . I n t hi s case, we obt ai ned an i dent i cal dose- dependent

i ncr ease i n I gA synt hesi s wi t h human I L- 6 and t hi s ef f ect was bl ocked speci f i cal l y

by t he ant i - I L- 6 ant i body . We t hus concl ude t hat t he dr amat i c ef f ect s of bot h mouse

and human I L- 6 on mur i ne I gA synt hesi s ar e di r ect l y due t o t hese i nt er l euki ns and

not t o cont ami nat i ng pr ot ei ns .

The r esul t s pr esent ed t hus f ar suggest t hat I L- 6 pl ays an i mpor t ant r ol e i n t he

t er mi nal st ages of mucosal i mmune r esponses . We have pr el i mi nar y dat a suggest i ng

t hat T cel l s f r om mur i ne PP secr et e I L- 6 and t hese st udi es ar e ongoi ng . Fur t her -

mor e, I L- 6 i s known t o be pr oduced by a wi de var i et y of cel l s i ncl udi ng T cel l s ( 57) ,

macr ophages ( 58, 59) , and f i br obl ast s ( 3) . Ot her s have r ecent l y shown t hat I L- 6 mRNA
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i s t r anscr i bed at hi gh l evel s i n human spl een, l i ver , ki dney, and per i pher al bl ood

l eukocyt es ( 60) . Recept or s f or I L- 6 have al so been f ound on r est i ng T cel l s ( 16) , and

I L- 6 has been shown t o af f ect t he devel opment of hemopoi et i c st emcel l s and t hymo-

cyt es . These st udi es i ndi cat e t hat t hi s l ymphoki ne pl ays an i mpor t ant r ol e i n t he

devel opment of many cel l t ypes, i ncl udi ng B cel l s . Because of t he pl ei ot r opi c nat ur e

of I L- 6 and i t s wi despr ead pr oduct i on by di f f er ent t i ssues, i t i s l i kel y t hat event s

t hat dr i ve PP B cel l s t owar d t he I gA i sot ype occur bef or e t hese cel l s become r espon-

si ve t o I L- 6, and t hat t he maj or f unct i on of I L- 6 i n t he PP i s t o i nduce t he t er mi nal

di f f er ent i at i on of t hese cel l s i nt o I gA- secr et i ng pl asma cel l s .

Summar y

Fr eshl y i sol at ed mur i ne PP B cel l s wer e cul t ur ed wi t h 10 di f f er ent cyt oki nes, i n-

cl udi ng I L- l a, I L- 2, I L- 4, I L- 5, I L- 6, I L- 7, I FN- - y, TNFa, and TGF/ 3, t o i nves-

t i gat e a possi bl e r ol e f or t hese cyt oki nes i n i nduct i on of I g synt hesi s . Of i nt er est was

t he f i ndi ng t hat onl y I L- 5 and bot h mouse r ecombi nant ( mr ) and human r ecom-

bi nant ( hr ) I L- 6 enhanced I gA synt hesi s . The ef f ect was gr eat er wi t h ei t her mr I L- 6

or hr I L- 6 t han wi t h mr I L- 5 . I L- 6 i nduced cycl i ng mI gA+ PP B cel l s t o secr et e hi gh

l evel s of I gA ( - 7- f ol d i ncr ease over cont r ol ) . Of i mpor t ance was t he f i ndi ng t hat

mr I L- 6 had l i t t l e ef f ect on secr et i on of I gM or I gG by PP B cel l cul t ur es . hr I L- 6

al so i ncr eased I gA secr et i on by PP B cel l s and t hi s enhancement was abol i shed by

a goat ant i - hr I L- 6 ant i ser um. mr I L- 6 di d not cause B cel l pr ol i f er at i on but i nduced

a shar p i ncr ease i n number s of B cel l s secr et i ng I gA. I sot ype- swi t chi ng was not a

mechani sm f or t hi s mar ked i ncr ease i n I gA synt hesi s si nce mI gA- PP B cel l s wer e

not i nduced t o secr et e I gA by mr I L- 6 . Fr om t hese st udi es we concl ude t hat I L- 6

pl ays an i mpor t ant r ol e i n pr omot i ng t he t er mi nal di f f er ent i at i on of PP B cel l s t o

I gA- secr et i ng pl asma cel l s .
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