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Summar y

We have char act er i zed t he mast cel l st i mul at i ng act i vi t y of mur i ne cyt oki ne synt hesi s i nhi bi t or y

f act or , r ef er r ed t o as i nt er l euki n 10 ( I WO) . I t was f ound t hat I L10 al one f ai l ed t o suppor t t he
gr owt h of mast cel l l i nes and mast cel l pr ogeni t or s . Never t hel ess, i t dr amat i cal l y enhanced t hei r

gr owt h when combi ned wi t h I L3 or I L4 . Mor eover , I L4 pl us I L 10 suppor t ed t he pr ol i f er at i on

of mast cel l s as wel l as I L- 3, suggest i ng t hat t hese t wo f act or s may pr ovi de a pat hway f or t hei r

devel opment i ndependent of I L3 . However , opt i mal mast cel l gr owt h was st i mul at ed by t he

combi nat i on of 11, 10, 114, and I L3 . Thi s par t i cul ar set of cyt oki nes ar e coor di nat el y pr oduced

by act i vat ed T cel l s and may const i t ut e an ef f ect i ve net wor k r egul at i ng ear l y and l at e st ages of
mast cel l devel opment dur i ng cer t ai n i mmune r esponses.

E
ar l y st udi es wi t h mut ant st r ai ns of mi ce suggest ed t hat

T cel l f act or s ar e necessar y f or t he gr owt h of mucosal

mast cel l s ( 1) . Sever al of t hese f act or s have been mol ecul ar l y

def i ned and char act er i zed i n var i ous bi oassays . Of t hese, onl y

11, 3 has been shown t o suppor t t he gr owt h of bot h l ong-

t er mmast cel l l i nes and f r eshl y i sol at ed mast cel l pr ogeni t or s

( 2) . I n cont r ast , 11, 4 i s onl y weakl y st i mul at or y f or most

cel l l i nes ( 3) and i s unabl e t o st i mul at e pr ogeni t or cel l s ( 4) .

Never t hel ess, 11, 4 pot ent i at es t hei r I L3- dependent gr owt h,

suggest i ng t hat i t f unct i ons pr i mar i l y as a cof act or . Recent l y,

I L9/ P40/ MEA was al so shown t o enhance t he I L3- dependent

gr owt h of mast cel l s, si mi l ar t o I L4 ( 5) . These st udi es i ndi -

cat e t hat t he opt i mal gr owt h of mast cel l s i s dependent on

mul t i pl e f act or i nt er act i ons . I dent i f i cat i on of such cyt oki ne

net wor ks may hel p expl ai n t he pr of ound r egul at or y ef f ect s

t hat T cel l s exer t on t hi s l i neage dur i ng cer t ai n al l er gi c and

i nf l ammat or y r esponses.

I n t he pr esent st udy, we have assessed t he mast cel l st i mul a-

t or y act i vi t i es of a new T cel l - der i ved f act or cal l ed I L- 10 ( 8) .

Al t hough t hi s f act or was f i r st descr i bed as cyt oki ne synt hesi s

i nhi bi t or y f act or ( CSI F) ( 6) , subsequent st udi es have r eveal ed

i t s pl ei ot r opi c act i vi t i es ( 7, 8) . Appar ent l y, t hi s f act or i s al so

pr oduced by B cel l s and may account f or t he novel mast cel l

st i mul at or y act i vi t y det ect ed i n t hei r super nat ant s ( 9) . Her ei n,

i t i s shown t hat 11710 i s a pot ent cor egul at or of mast cel l

gr owt h.

Mat er i al s and Met hods

Ani mal s.

	

C57BL/ 6 mi ce and Wi st ar r at s wer e pur chased f r om
Si monsen Labor at or y ( Gi l r oy, CA) .

Cyt oki nes and Ant i bodi es.

	

Pur i f i ed mur i ne r I L3 ( sp act = 1 . 5
x 108 U/ mg) was a gi f t of Dr . J . Schr eur s ( DNAX) . Pur i f i ed mu-

r i ne r I 1, 4 ( sp act = 6 x 107 U/ mg) was gener ousl y pr ovi ded by
Scher i ng- Pl ough Resear ch ( Bl oomf i el d, NJ) . One st andar d uni t of
act i vi t y i s def i ned as t he amount of f act or necessar y t o pr oduce
a hal f - maxi mal r esponse by t he MC/ 9 mast cel l l i ne. Pur i f i ed r I L10
( sp act = 2 x 10' U/ mg) was a gi f t of B. Cast l e and WDang
( DNAX) . Ant i - CD4 ( GK1 . 5) and ant i Thy- 1 ( 30H12) mAbs wer e
gi f t s of Dr . M. Kehr y ( DNAX) .

MC/ 9 Mast Cel l Li ne.

	

The mur i ne mast cel l l i ne, MC/ 9, was
mai nt ai ned i n RPMI 1640 ( Gi bco Labor at or i es, Gr and I sl and, NY)
suppl ement ed wi t h 10%FCS, 50 mM2- ME, and 5%super nat ant
f r om Con A- act i vat ed T cel l s .

I nf ect i on wi t h Ni ppost r ongl yl us br asi l i ensi s ( Nb) .

	

Nb l ar vae wer e
mai nt ai ned by passage t hr ough r at s as descr i bed ( 10) . Mi ce wer e
i nf ect ed subcut aneousl y wi t h 1, 000 st age 3 l ar vae ( L3) , and 14 d
l at er wer e ki l l ed by C02 asphyxi at i on .

Cl onal Mast Cel l Assay.

	

Mesent er i c l ymph nodes f r omC57BL/ 6
mi ce i nf ect ed wi t h 1, 000 L3 of Nb wer e depl et ed of T cel l s af t er
t r eat ment wi t h ant i - CD4 ( GK1 . 5) and ant i - Thy- 1 ( 30Hi 2) ant i -
bodi es and goat ant i - r af I gG- coat ed magnet i c beads ( Advanced
Magnet i cs I nc. , Cambr i dge, MA) . The unbound cel l s usual l y r ep-
r esent ed 10- 20% of al l mesent er i c l ymph node cel l s ( MLNC) and
cont ai ned <5%T cel l s . The T cel l - depl et ed MLNCwer e cul t ur ed
at 4 x 10 5 cel l s/ ml i n modi f i ed I scove' s medi um ( Gi bco l abor a-
t or i es) suppl ement ed wi t h 20%FCS, 0 . 8%( wt / vol ) met hyl cel l u-
l ose, 50 mM2- ME, and sat ur at i ng concent r at i ons of var i ous gr owt h
f act or s . Af t er 14 d i n cul t ur e, t he si ze and number of col oni es wer e
scor ed .

St ai ni ng of Cul t ur ed Cel l s.

	

I ndi vi dual col oni es f r om met hyl cel -
l ul ose cul t ur es wer e t r ansf er r ed ont o gl ass sl i des and st ai ned wi t h
Wr i ght ' s- Gi emsa f or mor phol ogi cal anal ysi s . To i dent i f y t he pr es-
ence of connect i ve t i ssue mast cel l s ( CTMC) , col oni es wer e pi cked
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and st ai ned wi t h al ci an bl ue/ saf r ani n ( Rowl ey Bi ochemi cal I nst i -

t ut e, Rowl ey, MA) or wi t h ber ber i ne sul f at e ( Si gma Chemi cal Co. ,
St . Loui s, MO) t o det er mi ne hepar i n- cont ai ni ng gr anul es . Mat ur e

CTMC have been shown t o st ai n al ci an bl ue+/ - , saf r ani n' , and
ber ber i ne sul f at e'.

El ect r on Mi cr oscopy.

	

Mast cel l col oni es wer e pr epar ed and ex-
ami ned by el ect r on mi cr oscopy by Dr . R. Si bl ey, and P. Hui e ( St an-

f or d Uni ver si t y, St anf or d, CA) .
Pr ol i f er at i on Assay.

	

5 x 103 MC/ 9 mast cel l s wer e pl at ed i n

f l at - bot t omed 24- wel l pl at es ( Fal con Labwar e, Oxnar d, CA) con-
t ai ni ng 1 ml of RPMI 1640, 10%FCS, 50 mM2- ME, and var yi ng

concent r at i ons of cyt oki nes . Af t er 3 d of cul t ur e, cel l count s wer e
per f or med on t r i pl i cat e cul t ur es usi ng a cel l count er ( Coul t er El ec-

t r oni cs I nc. , Hi al eah, FL) .

Resul t s and Di scussi on

I L10 Enhances t he 11, 3- and I L4- dependent Gr owt h of a Mast

Cel l Li ne, MC/ 9. The mast cel l st i mul at or y act i vi t y of 11, 10

was assessed i n a 3- d pr ol i f er at i on assay. I t was f ound t hat

11, 10 f ai l ed t o i nduce t he pr ol i f er at i on of MC/ 9 cel l s, al t hough

i t ext ended t hei r vi abi l i t y f or 1- 2 d ( dat a not shown) .

Never t hel ess, I L- 10 ( at >10 U/ ml ) caused a modest enhance-

ment i n t hei r gr owt h when combi ned wi t h an opt i mal con-

cent r at i on of I L3 ( Fi g . 1) . I n separ at e exper i ment s, we ob-

ser ved t hat 11, 10 enhancement was mor e pr onounced when

sub- opt i mal amount s of I L3 wer e used ( dat a not shown) .

I L- 10 was al so f ound t o i ncr ease t he gr owt h of MC/ 9 cel l s

i n r esponse t o 11, 4 ( Fi g . 1) . I n t hi s case, mar ked syner gy was

obser ved at sub- opt i mal as wel l as sat ur at i ng concent r at i ons

of I L4 . Because 11, 4 i s l ess st i mul at or y f or var i ous mast cel l

Fi gur e 1 .

	

11, 10 enhances t he f act or - dependent gr owt h of MC/ 9 mast
cel l s . MC/ 9 mast cel l s ( at 5 x 103 cel l s/ ml ) wer e cul t ur ed f or 3 d wi t h
11, 3 ( 200 U/ ml ) , 11, 4 ( 200 U/ ml ) , 1140 ( 25 U/ ml ) or combi nat i ons of

t hese f act or s as i ndi cat ed . Cel l number s wer e det er mi ned usi ng a cel l count er
( Coul t er El ect r oni cs I nc . ) . Dat a ar e r epor t ed as mean ± SD of t r i pl i cat e
cul t ur es.
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l i nes t han 11, 3 ( 3) , i t was of gr eat i nt er est t hat t he combi na-

t i on of I L10 and I L4 was al most as ef f ect i ve as I L3 ( Fi g .

1) . These r esul t s suggest t hat 11, 10 and I L4 ar e abl e t o sup-

por t t he gr owt h of mast cel l s i n t he absence of I L3 . Thi s

may be i mpor t ant i n cer t ai n i n vi vo condi t i ons wher e I L3

i s ei t her absent or ext r emel y l i mi t ed. I t has al r eady been

demonst r at ed t hat t he combi ned act i ons of 11, 4 and I 1r 3 ar e

much mor e ef f ect i ve i n st i mul at i ng mast cel l gr owt h t han

each f act or al one ( 3) . Her e, we show t hat 11710 f ur t her aug-

ment s t he st i mul at or y ef f ect s of sat ur at i ng l evel s of 11, 4 +

I L3 ( Fi g . 1) .

I L10 I s a Pot ent Cof act or f or Col ony For mat i on by Mast Cel l

Pr ogeni t or s . To assess whet her I L10 coul d af f ect t he gr owt h

of mast cel l pr ogeni t or s, cl onal assays i n semi - sol i d medi um

wer e per f or med wi t h T cel l - depl et ed MLNCi sol at ed f r om

Nb- i nf ect ed mi ce. MLNC f r om par asi t i zed mi ce ar e an en-

r i ched sour ce of mast cel l pr ogeni t or s and do not cont ai n

si gni f i cant number s of ot her l ymphoi d pr ecur sor s ( per sonal

obser vat i on) . Our r esul t s showt hat pr ogeni t or cel l s wer e com-

pl et el y unr esponsi ve t o 11, 10 and r esponded poor l y even t o

hi gh concent r at i ons of I L3 or 11, 4 ( Fi g. 2) . However , t he

combi nat i on of any t wo of t hese f act or s r esul t ed i n a mar ked

i ncr ease i n mast cel l col ony f or mat i on. For exampl e, when

11, 10 was combi ned wi t h I L3 or I L4, col ony number s wer e

i ncr eased 13- or 15- f ol d, r espect i vel y ( Fi g . 2) . The most pr o-

f ound gr owt h was el i ci t ed by a combi nat i on of al l t hr ee f act or s,

Fi gur e 2 .

	

11, 10 i s cof act or f or
mast cel l pr ogeni t or gr owt h . T

cel l - depl et ed MLNC f r om Nb-
i nf ect ed mi ce wer e cul t ur ed wi t h
11, 3 ( 200 U/ ml ) , I L4 ( 300 U/ ml ) ,
I I A0 ( 300 U/ ml ) , or combi na-
t i ons t her eof . Col oni es ( con-
t ai ni ng >50 cel l s) wer e enumer -
at ed on day 14 of cul t ur e, Dat a ar e
r epor t ed as mean ± SDof t r i pl i -
cat e cul t ur es .

Fi gur e 3 .

	

11, 10 augment s col ony si ze. Shown ar e t ypi cal col oni es f ound
i n cul t ur es st i mul at ed wi t h 11, 3 + I L4 i n t he absence ( A) and pr esence
( B) of I I A0 ( x150) .



suggest i ng t hat some mast cel l pr ogeni t or s r equi r e mul t i pl e

f act or i nt er act i ons i n or der t o i ni t i at e cl onal gr owt h . Mor eover ,

t he combi nat i on of 11, 3 + 114 + 11, 10 not onl y i ncr eased

t he number of col oni es, but i t al so dr amat i cal l y i ncr eased t hei r

si ze. Thi s i s i l l ust r at ed i n Fi g. 3, wher e t he aver age di amet er

and densi t y of col oni es suppor t ed by 110 + I I r 4 + I L10

i s shown t o be gr eat er t han t hose suppor t ed by I L3 + I L4 .
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Thi s r esul t i ndi cat es t hat t he cont i nuous pr ol i f er at i on of

daught er cel l s wi t hi n i ndi vi dual col oni es was enhanced by
t he pr esence of 1140 . Thi s out come i s anal ogous t o r esul t s

of st udi es showi ng t hat opt i mal gr owt h of ot her hemat opoi -
et i c l i neages i s al so dependent on i nt er act i ons wi t h mor e t han

one f act or ( 11) .

Next , i ndi vi dual col oni es f r om each exper i ment al gr oup

Fi gur e 4.

	

I L10 augment s pr oduct i on

of pur e mast cel l col oni es . Cel l s f r om

i ndi vi dual col oni es wer e anal yzed f or

mor phol ogy by l i ght and el ect r on mi -

cr oscopy . Gr eat er t han 98%of al l t he

col oni es gener at ed i n cul t ur es suppl e-

ment ed wi t h 11, 3 + I L4 + I L10 con-
si st ed of pur e mast cel l s i dent i f i ed by

t he pr esence of met achr omat i c gr anul es

af t er st ai ni ng wi t h Wr i ght ' s- Gi emsa ( A)

( x2, 000) . An el ect r on mi cr ogr aph of
a t ypi cal cel l ( B) conf i r ms i t s i mmat ur e

st at e by t he pr esence of cyt opl asmi c

vacuol es i ncompl et el y f i l l ed wi t h dense

mat er i al ( smal l ar r ows) and onl y an oc-

casi onal dense gr anul e ( l ar ge ar r ow)
( x 8, 500) . N - nucl eus .



wer e anal yzed f or cel l ul ar composi t i on and wer e f ound t o

consi st ent i r el y of mast cel l s ( Fi g . 4 A) . To det er mi ne whet her

CTMCwer e pr esent , cel l s wer e st ai ned wi t h ber ber i ne sul -

f at e t o det ect hepar i n . Al l col oni es t est ed wer e negat i ve. Fur -

t her mor e, none of t he cel l s st ai ned wi t h saf r ani n, whi l e al l

st ai ned wi t h al ci an bl ue ( dat a not shown) . Thus, i t appear s

t hat t he col oni es gener at ed by var i ous concent r at i ons of 1173,

I I r 4, and RAO wer e composed of mucosal - l i ke mast cel l s.

Thi s was conf i r med by t he ul t r ast r uct ur al appear ance of cy-

t opl asmi c vacuol es cont ai ni ng smal l el ect r on- dense pr ogr anul es

( Fi g . 4 B) si mi l ar t o t hose pr evi ousl y descr i bed f or sever al

i mmat ur e mucosal mast cel l l i nes ( 1) .

Because I LA0 has been shown t o be a pr oduct of act i vat ed

T cel l ( 6) and B cel l subset s ( 9) , i t i s l i kel y t o pl ay a r ol e
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