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RECI PROCAL EXPRESSI ON OF I NTERFERON y OR

I NTERLEUKI N 4 DURI NG THE RESOLUTI ON OR

PROGRESSI ON OF MURI NE LEI SHMANI ASI S

Evi dence f or Expansi on of Di st i nct Hel per T Cel l Subset s

BY FREDERI CK P. HEI NZEL, * MI CHAEL D. SADI CK, * BETTI E J . HOLADAY, *

ROBERT L. COFFMANJ AND RI CHARDM. LOCKSLEY*

Fr om t he * Di vi si on of I nf ect i ous Di seases, Depar t ment of Medi ci ne, Uni ver si t y of Cal i f or ni a,

San Fr anci sco Medi cal Cent er , San Fr anci sco, Cal i f or ni a 94143, and I DNAX Resear ch I nst i t ut e of

Mol ecul ar and Cel l ul ar Bi ol ogy, Pal o Al t o, Cal i f or ni a 94304

Lei shmani a speci es cause a spect r um of i l l ness t hat r anges f r om asympt omat i c
ser oconver si on t o pr ogr essi ve and ul t i mat el y f at al i nf ect i on. Al t hough many mani f est a-
t i ons of t hi s di sease ar e due t o di f f er ences among t he Lei shmani a speci es t hemsel ves,
host f act or s ar e cl ear l y i mpor t ant i n det er mi ni ng whet her i nf ect i on i s cont r ol l ed or
al l owed t o pr ogr ess i nexor abl y ( 1) .

Mur i ne i nf ect i on wi t h Lei shmani a maj or mi mi cs human i nf ect i on due t o L. donovani .

Bot h sel f - l i mi t ed and pr ogr essi ve vi scer al i nf ect i ons occur ; t he l at t er i s accompani ed
by hepat ospl enomegal y, anemi a, and hyper gammagl obul i nemi a. Among i nbr ed
mouse st r ai ns, non- MHCI I - l i nked genet i c suscept i bi l i t y t o di ssemi nat i on has been
wel l char act er i zed . Al t hough bot h C57BL/ 6 and BALB/ c mi ce ar e suscept i bl e t o
i nf ect i on wi t h L. maj or , C57BL/ 6 mi ce r esol ve i nf ect i on wi t h t he est abl i shment of
l ast i ng i mmuni t y, wher eas BALB/ c mi ce f ai l t o cont r ol l ocal r epl i cat i on of t he par a-
si t e and suf f er f at al pr ogr essi ve di sease . I n C57BL/ 6 mi ce, t he abi l i t y t o cont r ol i n-
f ect i on has been l i nked di r ect l y t o par asi t e- speci f i c Th by var i ous cel l t r ansf er and
depl et i on exper i ment s ( 2, 3) ; nei t her Lyt - 2+ T cel l s ( 4) nor NK cel l s ( 5) ar e cr i t -
i cal f or r esol ut i on of i nf ect i on . C57BL/ 6 mi ce heal concomi t ant wi t h t he appear ance
of mRNA f or I FN- y i n t he l ymphoi d or gans of i nf ect ed ani mal s ( 6) , t oget her wi t h
t he abi l i t y of l ymphocyt es t o gener at e I FN- y af t er st i mul at i on wi t h Lei shmani a an-
t i gens i n vi t r o ( 7) . Nei t her occur s among nonheal er BALB/ c mi ce wi t h pr ogr essi ve
di sease. Exper i ment s exami ni ng I FN- y pr oduct i on i n vi t r o among i nf ect ed or heal i ng
human pat i ent s have r epor t ed a si mi l ar associ at i on ( 8, 9) . Evi dence t o dat e suggest s
t hat I FN- y i s a cr i t i cal macr ophage- act i vat i ng f act or medi at i ng cel l ul ar def ense
agai nst t he obl i gat e i nt r acel l ul ar amast i got e ( 10, 11) .

The abi l i t y of BALB/ c l ymphocyt es t o r espond t o i nf ect i on by gener at i ng I FN- y
i s not due t o a f ai l ur e of L3T4+ cel l s t o pr ol i f er at e ; i n f act , t hese cel l s expand mor e
r api dl y i n i nf ect ed BALB/ c mi ce t han i n heal er st r ai ns ( 12- 14) . Recent st udi es have
document ed t wo subset s of hel per L3T4+ T cel l s among mur i ne T cel l cl ones ( 15) .

Thi s wor k was suppor t ed by gr ant AI - 26918 and BRSG S07 8. 05355 f r om t he Nat i onal I nst i t ut es
of Heal t h and t he MacAr t hur Foundat i on . F. P. Hei nzel was a r eci pi ent of Uni ver si t y of Cal i f or ni a
Academi c Senat e Resear ch Funds .
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The pr esence of t hese subset s has been est abl i shed i n vi vo ( 16, 17) . To dat e, no sur -
f ace ant i gens have been i dent i f i ed t hat di st i ngui sh t hese t wo subset s, and t hei r di s-
t i nct i on depends upon t he uni que l ymphoki ne pr of i l es gener at ed by t hese cel l s i n
r esponse t o ant i gens and mi t ogens . I FN- y i s uni quel y secr et ed by one subset , desi g-
nat ed Thl , t hat has been demonst r at ed t o medi at e del ayed- t ype hyper sensi t i vi t y ( 18) .
The ot her subset , desi gnat ed Th2, uni quel y r el eases sever al B cel l gr owt h and st i mul a-
t or y f act or s, i ncl udi ng I L- 4 and I L- 5 ( 19) . Our f i ndi ng t hat r esol ut i on of mur i ne
l ei shmani asi s was associ at ed wi t h t he pr oduct i on of I FN- y pr ompt ed us t o exami ne
t he hypot hesi s t hat pr ogr essi on of di sease concomi t ant wi t h L3T4+ cel l expansi on
was consi st ant wi t h Th2 cel l pr ol i f er at i on and woul d be associ at ed wi t h t he pr oduc-
t i on of I L- 4 i n t he same l ymphoi d t i ssues . We demonst r at e her e t hat I FN- y and
I L- 4 ar e pr oduced r eci pr ocal l y i n r esol vi ng or pr ogr essi ve i nf ect i on i n mur i ne l ei sh-
mani asi s, consi st ent wi t h t he hypot hesi s t hat di st i nct Th subset s moder at e t he spec-

t r umof t hi s i nf ect i ous di sease . Fur t her , passi ve admi ni st r at i on of a neut r al i zi ng ant i -
I L- 4 mAb at t enuat ed t he pr ogr essi on of Lei shmani a i nf ect i on i n suscept i bl e mi ce,
suggest i ng t hat act i vi t i es medi at ed by t hi s l ymphoki ne f avor t he pr ogr essi on of i n-
f ect i on .

Mat er i al s and Met hods
Speci al Reagent s .

	

Rat mAbs wer e par t i al l y pur i f i ed by ammoni um sul f at e pr eci pi t at i on
f r om asci t es pr oduced by t he hybr i domas GK1 . 5 ( ant i - L3T4, I gG2b ; Amer i can Type Cul -
t ur e Col l ect i on, Rockvi l l e, MD) ( 20) , 11B11 ( ant i mur i ne I L- 4 ; I gGl ; ki ndl y pr ovi ded by Dr .
T. R. Mosmann, DNAX Resear ch I nst i t ut e, Pal o Al t o, CA) ( 21) , and R4- 6A2 ( ant i mur i ne
I FN- y, I gG1 ; . Amer i can Type Cul t ur e Col l ect i on) ( 22) . Bot h t he 111311 and R4- 6A2 hybr i d-
omas pr oduce neut r al i zi ng ant i bodi es . Pl asmi ds cont ai ni ng speci f i c cDNA wer e gi f t s f r om
t he f ol l owi ng i ndi vi dual s : mur i ne I FN- y ( 550- bp Eco RI - Eco RV f r agment ) , Dr . P. W. Gr ay,
Genent ech, I nc . , Sout h San Fr anci sco, CA( 23) ; I L- 2 ( 330- bp Pst I - Hi nd I I I ) and I L- 4 ( 370
by Pst l ) , Dr . T. Yokot a, DNAXResear ch I nst i t ut e, Pal o Al t o, CA( 24, 25) , and p- Act i n ( 2, 000-
bp Pst I ) , Dr . D. W. Cl evel and, Pr i ncet on Uni ver si t y, Pr i ncet on, NJ ( 26) . Pl asmi d pr epar a-
t i on, r est r i ct i on di gest s, and f r agment i sol at i on f r oml ow- mel t i ng poi nt agar ose gel wer e per -
f or med as descr i bed ( 27) . Dr . R. Devos ( Bi ogent , Ghent , Bel gi um) pr ovi ded mur i ne I L- 4
cDNA subcl oned i nt o pGEM- I ( Pr omega Cor p . , Madi son, WI ) t hat was used f or t he pr epa-
r at i on of t he I L- 4 RNA pr obe . An ol i gonucl eot i de pr obe compl ement ar y t o t he DNA se-
quence encodi ng r esi dues 207- 220 ( 28) of mur i ne I L- I D ( TGT TGAAGA CAA ATC GCT
TTT CCA TCT TCT TCT TTG GGT A) was obt ai ned f r omt he Bi omol ecul ar Resour ce
Cent er at UCSF Medi cal Cent er .

Par asi t es .

	

L. maj or pr omast i got es ( Wor l d Heal t h Or gani zat i on st r ai n WHOM/ I R/ - / 173)
wer e pr opagat ed i n M199 medi um( Gi bco Labor at or i es, Gr and I sl and, NY) cont ai ni ng 30%
FCS ( St er i l e Syst ems, Logan, UT) peni ci l l i n G( 100 U/ ml ) , st r ept omyci n ( 100 mg/ ml ) , and
amphot er i ci n B ( 40 mg/ ml ) , as descr i bed ( 7) . Pr omast i got es wer e har vest ed f r omst at i onar y-
phase cul t ur e by cent r i f ugat i on, washed, and enumer at ed mi cr oscopi cal l y af t er i mmobi l i za-
t i on of an al i quot i n 30% et hanol / 20% gl ycer ol i n PBS, pH 7 . 2, bef or e use .

Mi ce .

	

Femal e 8- 10- wk- ol d BALB/ c and C57BL/ 6 mi ce wer e pur chased f r omThe Jackson
Labor at or y ( Bar Har bor , ME) and housed i n t he ani mal car e f aci l i t y at UCSF Medi cal Cent er .
Mi ce wer e i nocul at ed i n each hi nd f oot pad wi t h 5 x 10 6 pr omast i got es i n HBSS. I n sel ect ed
exper i ment s, BALB/ c mi ce wer e pr et r eat ed wi t h 1 mg of GK1 . 5 ant i - L3T4- mAb i . p. 18 h
bef or e i nf ect i on as descr i bed ( 6) . Desi gnat ed mi ce wer e t r eat ed wi t h 0 . 5 mg of ei t her 111311
ant i - I L- 4 or R4- 6A2 ant i - I FN- y mAb i . p . at t he t i me of i nf ect i on and weekl y t her eaf t er .

Sampl e Ti ssues and Cel l s .

	

Uni nf ect ed and i nf ect ed ani mal s ( 3, 4, 6, and 8 wk of i nf ect i on)
wer e eut hani zed, t he exci sed spl eens and dr ai ni ng l ymph nodes wer e mi nced agai nst a No.
100 st eel mesh scr een, and t he suspended cel l s wer e washed i n RPMI 1640 medi um( I r vi ne
Sci ent i f i c, Sant a Ana, CA) . Er yt hr ocyt es wer e l ysed usi ng t r i s- buf f er ed ammoni umchl or i de
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and t he cel l s wer e washed t wi ce i n 0 . 15 Msodi um chl or i de, 15 mMsodi um ci t r at e buf f er ,
pH 7 . 2 ( SSC) , t hat had been pr et r eat ed wi t h di et hyl car bonat e ( DEPC, Si gma Chemi cal Co. ,
St . Loui s, MO) . Bl ood was col l ect ed f r om t he t ai l vei ns of i nf ect ed and uni nf ect ed BALB/ c
and C57BL/ 6 mi ce, and t he pr epar ed ser um was st or ed at - 20° C bef or e use.

Quant i t at i on of Ti ssue Par asi t es .

	

At desi gnat ed per i ods af t er i nf ect i on, t he f oot pad t hi ckness
was measur ed usi ng cal i per s t o assess t he pr ogr essi on of t he l ocal i nf ect i on ( 14) . The f oot pads
wer e r emoved, soaked i n al cohol , al l owed t o dr y, cr ushed agai nst a st eel scr een usi ng a pl ast i c
syr i nge bar r el , and st r ai ned t hr ough a No . 100 mesh scr een t o r emove l ar ge debr i s . The dr ai ni ng
popl i t eal l ymph nodes wer e exci sed, mi nced, and st r ai ned i nt o separ at e si ngl e cel l suspen-
si ons i n HBSS t hr ough a st eel mesh scr een . Cel l suspensi ons wer e washed, t r eat ed wi t h t r i s-
buf f er ed ammoni umchl or i de, pH 7 . 5, t o l yse er yt hr ocyt es, r ewashed, and br ought t o 10 ml
( f oot pad suspensi ons) or 1 ml ( l ymph node suspensi ons) vol umes i n HBSS. The number s
of vi abl e t i ssue par asi t es wer e est abl i shed by cul t ur e of di l ut i ons of t hese cel l suspensi ons
i n vi t r o f or 3 d at 27° C t o al l ow conver si on of amast i got es t o t he mot i l e pr omast i got e f or ms
under condi t i ons t hat do not suppor t t he vi abi l i t y of host cel l s . Det ect i on of vi abl e or gani sms
was accompl i shed bot h by di r ect mi cr oscopi c obser vat i on and by a modi f i cat i on of t he t et r azo-
l i umr educt i on assay used f or mammal i an cel l s as pr evi ousl y descr i bed ( 29) . I n br i ef , 100- 111
al i quot s of t he t i ssue suspensi ons wer e di st r i but ed t o 900 wl of M199 cont ai ni ng ant i bi ot i cs
and 30%heat - i nact i vat ed FCSand subsequent l y subj ect ed t o si x ser i al 10- f ol d di l ut i ons . The
f i nal di l ut i ons of t he f oot pad t i ssue r anged f r om 103 t o 10 8 , and of t he l ymph nodes, 102- 10 7 .
Al i quot s of 100 ul f r omeach di l ut i on t ube wer e t r ansf er r ed i n quadr upl i cat e sampl es t o 96-
wel l mi cr ot i t er t r ays and i ncubat ed at 27° C i n 5%C02 ai r . Af t er 72 h t he number s of sur -
vi vi ng and/ or pr ol i f er at i ng pr omast i got es wer e quant i t at ed by col or i met r i c r educt i on of 3-
( 4, 5- di met hyl t hi azol - 2- yl ) - 2, 5- di phenyl - t et r azol i um br omi de ( MTT; Si gma Chemi cal Co . )
as descr i bed ( 29) . Br i ef l y, 50 wg MTT was added t o each wel l f or 4 h, 80 Al of 0 . 05 MHCl
i n i sopr opanol was added t o di ssol ve t he bl ue f or mazan cr yst al s, and t he col or was quant i -
t at ed at 560 nmusi ng a Mi cr oel i sa pl at e scanner ( Bi o Tek I nst r ument s, I nc . ; Bur l i ngt on,
VT) agai nst a r ef er ence wavel engt h of 690 nm.

I sol at i on of RNA.

	

Pol y- A' mRNA was pur i f i ed f r om cel l pr epar at i ons usi ng guani di ne
HCl l ysi s ( 30) and ol i go- dT- af f i ni t y chr omot ogr aphy ( 31) , subj ect ed t o el ect r ophor esi s i n
f or mal dehyde- denat ur ed, I O/ o agar ose gel ( 5 or 10 wg/ l ane) , st ai ned wi t h et hi di um br omi de,
phot ogr aphed, and t r ansf er r ed t o nyl on membr anes ( Amer sham Cor p. , Ar l i ngt on Hei ght s,
I L) usi ng capi l l ar y bl ot t i ng. Et hi di umbr omi de st ai ni ng was used t o conf i r m t hat compar abl e
quant i t i es of RNA wer e pr esent i n each l ane .

Pr epar at i on of Label ed Pr obes .

	

Cyt oki ne- speci f i c cDNA f r agment s wer e l abel ed t o a speci f i c
act i vi t y of 1- 2 x 108 cpm/ I l g usi ng a - ni ck- t r ansl at i on ki t ( Bet hesda Resear ch Labor at or i es,
Gai t her sbur g, MD) and " P- a- dCTP sp act , 800 Ci / mmol e, NewEngl and Nucl ear , Bost on,
MA) ( 27) . Ant i sense RNApr obes wer e pr oduced usi ng an SP6 RNA pol ymer ase ki t ( Pr omega
Bi ot ec, Madi son, WI ) and 32P- a- CTP ( 3, 000 Ci / mmol , New Engl and Nucl ear ) . Ol i gonu-
cl eot i de pr obes wer e end- l abel ed t o a sp act of 2- 5 x 109 cpm/ wg usi ng T4 pol ynucl eot i de
ki nase ( I nt er nat i onal Bi ot echnol ogy I nc . , New Haven, CT) and 32 p- y- ATP ( 3, 000 mCi / mol ,
New Engl and Nucl ear ) ( 27) .

Nor t her n Hybr i di zat i ons .

	

For use wi t h cDNA pr obes, membr anes wer e pr ei ncubat ed over -
ni ght at 42° C i n pr ehybr i di zat i on sol ut i on ( 50% f or mami de, 0 . 1% Fi col l , 0 . 1% pol yvi nyl -
pyr r ol i done, 0 . 1%BSA, 1 . 5 MNaCl , 25 mMphosphat e buf f er , pH 7 . 4, 1 mg/ ml yeast RNA,
and 200 mg/ ml denat ur ed sal mon sper m DNA) and t hen f ur t her i ncubat ed wi t h 5 x 106
cpmof ni ck- t r ansl at ed pr obe at 42 ° C f or 18 h i n pr ehybr i di zat i on sol ut i on cont ai ni ng 10%
dext r an . The bl ot s wer e washed usi ng hi gh- st r i ngency condi t i ons ( 0 . 2 x SSC, 0. 1% SDS
at 55' C) and exposed t o x- r ay f i l m ( XAR5, East man Kodak Co . , Chest er , NY) wi t h i n-
t ensi f i cat i on scr eens at - 70° C . Membr anes hybr i di zed wi t h ol i gonucl eot i de pr obes wer e pr ei n-
cubat ed i n 0 . 2% pol yvi nyl - pyr r ol i done, 0 . 2% Fi col l , 0 . 2% BSA, 150 wg/ ml sal mon sper m
DNA, 1 . 7 mg/ ml yeast RNA, 2 x SSG over ni ght at r oomt emper at ur e, and t hen f ur t her i n-
cubat ed wi t h 5 x 106 cpm of pr obe i n t he same buf f er at 57° C. The membr anes wer e t hen
washed i n 2 x SSC f or 1 h at 50° C . I n i ndi cat ed exper i ment s, 32P- l abel ed ant i sense RNA
pr obe was used t o det ect I L- 4 mRNA usi ng hybr i di zat i on t echni ques si mi l ar t hose used f or
ni ck- t r ansl at ed pr obes, but wi t h i ncubat i ons and washes per f or med at 65° C and a f i nal i ncu-



62

	

HELPER T CELL SUBSETS I N MURI NE LEI SHMANI ASI S

bat i on wi t h 20 gg/ ml of RNase A ( Si gma Chemi cal Co. ) t o r emove nonspeci f i cal l y bound
pr obe ( 27) . The i nt ensi t y of hybr i di zat i on was anal yzed by l aser densi t omet r y ( LKB; Br omma,
Sweden) . Af t er aut or adi ogr aphy, t he membr anes wer e washed i n 20 mMTr i s/ 0 . 1% SDS/ 10
mMEDTA at 85° C f or 90 mi n t o r emove hybr i di zed pr obe .

Ser umI gE Det er mi nat i ons .

	

Ser um was assayed f or I gE usi ng a sol i d- phase ELI SA t ech-
ni que . A doubl e- sandwi ch assay usi ng r abbi t ant i mur i ne I gE ant i ser um, and a r at mAb speci f i c
f or mouse I gE ( EM95) was used as descr i bed ( 32) .

Resul t s

Gr oups of heal er C57BL/ 6 and nonheal er BALB/ c mi ce wer e i nf ect ed wi t h L . maj or

i n t he f oot pads, and t he dr ai ni ng l ymph nodes and spl een wer e har vest ed at 3, 4,

6, and 8 wk af t er i nocul at i on . Pr evi ous st udi es have est abl i shed t hat i nf ect i on under

t hese condi t i ons causes compar abl e l ocal i nf ect i on f or t he f i r st 3 wk, but t her eaf t er ,

i nf ect i on i n t he C57BL/ 6 mi ce i s el i mi nat ed wher eas i nf ect i on pr ogr esses t o f oot pad

ul cer at i on and vi scer al di ssemi nat i on t o t he spl een and l i ver i n t he BALB/ c by 8 wk

of i nf ect i on ( 7) . The l ymphoi d cel l s wer e i mmedi at el y di sr upt ed, t he mRNA was

ext r act ed, and t he pol y( A) + RNA was pur i f i ed and subj ect ed t o el ect r ophor esi s be-

f or e sequent i al hybr i di zat i ons wi t h sel ect ed cDNA pr obes ( Fi g . 1) . I n heal er C57BL/ 6
mi ce, mRNA f or I FN- y was pr esent i n spl een by 3 wk of i nf ect i on, and was con-

t i nuousl y expr essed over t he subsequent 8 wk . Message f or I FN- y was pr esent i n

t he dr ai ni ng l ymph nodes at al l t i mes ( not shown) and cont i nued t o be heavi l y ex-

pr essed at 8 wk . I n cont r ast , i n t he BALB/ c mi ce, mRNA f or I FN- y was not pr esent

i n spl een unt i l 4 wk, peaked at 6 wk, and subsequent l y di sappear ed ; I FN- y mRNA

was not pr esent i n t he l ymph node cel l popul at i ons . Message f or I FN- y was not

FI GURE 1 . Cyt oki ne mRNA
dur i ng l ei shmani asi s . Pol y( A) '
RNA ( 5 Wg) was i sol at ed f r om
t he spl eens and l ymph nodes of
BALB/ c ( B) and C57BL/ 6 ( C)
mi ce at desi gnat ed t i mes af t er
i nf ect i on wi t h L. maj or . Nor t h-
er n hybr i di zat i ons wer e per -
f or med usi ng t he i ndi cat ed
cyt oki ne- speci f i c pr obes ( see
Mat er i al s and Met hods) . Con-
t r ol RNA i s f r om uni nf ect ed
BALB/ c spl een .
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pr esent i n nor mal C57BL/ 6 or BALB/ c spl eni c t i ssue . The pr esence of mRNAcor r e-

l at es wi t h pr evi ous measur ement s of I FN- y pr ot ei n pr oduced af t er st i mul at i on of

t hese l ymphocyt e popul at i ons wi t h l ei shmani a ant i gens i n vi t r o ( 6, 7) .

Rehybr i di zat i on of t he same bl ot s wi t h an I L- 2 cDNApr obe r eveal ed t hat , at most

per i ods af t er i nf ect i on, compar abl e l evel s of message f or t hi s l ymphoki ne wer e pr o-

duced . Al t hough r est i ng C57BL/ 6 spl een had r el at i vel y l ow l evel s of I L- 2 message

( not shown) , r est i ng BALB/ c spl eni c t i ssue cont ai ned det ect abl e I L- 2 mRNA.

Rehybr i di zat i on usi ng an I L- 4 cDNA r eveal ed si gni f i cant di f f er ences as compar ed

wi t h I FN- y . Thus, I L- 4 expr essi on was pr esent at 4, 6, and 8 wk i n BALB/ c spl een,

and at 8 wk i n BALB/ c l ymph node cel l s, but was not pr esent i n C57BL/ 6 cel l pr epa-

r at i ons . I L- 4 message was not pr esent i n spl een f r omei t her mouse st r ai n under r est i ng

condi t i ons .
Recent r epor t s have suggest ed t hat t he T cel l gr owt h f act or act i vi t y of I L- 4 r e-

qui r es I L- 1 as an accessor y gr owt h f act or f or Th2 cel l s ( 33) . When t he Nor t her n

bl ot s wer e r ehybr i di zed usi ng a l abel ed cDNA f or mur i ne I L- 1, I L- 1 message was

subst ant i al l y mor e expr essed i n t i ssues f r om i nf ect ed BALB/ c as compar ed wi t h

C57BL/ 6 mi ce ( Fi g . 1) . Al t hough expr essed at l ow l evel s i n nor mal BALB/ c spl een,

mRNA f or I L- 1 was i ncr eased 10- 20- f ol d i n l ymphoi d t i ssues f r om BALB/ c mi ce

at al l t i mes dur i ng t he cour se of Lei shmani a i nf ect i on .

Fi nal l y, t he bl ot s wer e assayed usi ng et hi di umbr omi de f l uor escence at t he begi n-

ni ng of t he assay ( not shown) and ß- act i n hybr i di zat i on at t he end of t he sequent i al

hybr i di zat i ons t o conf i r m t hat compar abl e pol y( A) + RNA had been anal yzed i n

each l ane ( Fi g . 1) .

BALB/ c mi ce t hat have been pr et r eat ed wi t h mAb GK1 . 5 t o depl et e L3T4+ cel l s

at t he t i me of i nf ect i on heal Lei shmani a i nf ect i on ( 6, 34) . To ascer t ai n t hat speci es

di f f er ences di d not account f or t he pr evi ous di scr epant f i ndi ngs, sequent i al cyt oki ne

hybr i di zat i ons wer e r epeat ed usi ng t i ssues har vest ed f r om i nf ect ed BALB/ c mi ce

and f r omi nf ect ed BALB/ c mi ce t hat had been pr et r eat ed wi t h GK1 . 5 ant i body. Ti ssues

wer e har vest ed at 8 wk at a t i me when L3T4+ T cel l s have r epopul at ed t he l ym-

phoi d t i ssues of GK1 . 5- t r eat ed mi ce ( 6) . A gr oup of C57BL/ 6 mi ce wer e coi nf ect ed

and assayed concur r ent l y . The f i nal hybr i di zat i on ut i l i zed an I L- 4 ant i sense RNA

pr obe f ol l owed by RNase di gest i on t o i mpr ove t he sensi t i vi t y of I L- 4 det ect i on . As

pr evi ousl y demonst r at ed, i nf ect ed C57BL/ 6 mi ce demonst r at ed message f or I FN- y

and I L- 2 i n spl een but no message f or I L- 4 ( Fi g . 2 A) . Conver sel y, BALB/ c demon-

st r at ed message f or I L- 2 and I L- 4, but l i t t l e message ( 20- f ol d l ess) f or I FN- y . Fi -

nal l y, BALB/ c t hat had been pr et r eat ed wi t h GK1 . 5 demonst r at ed t i ssue expr essi on

of I FN- y and I L- 2, but not I L- 4. The dr ai ni ng l ymph node t i ssues f r omt he BALB/ c,

but not f r omt he GK1 . 5- pr et r eat ed BALB/ c, expr essed r eadi l y det ect abl e I L- 4 mes-

sage ( Fi g . 2 B) . Message f or I L- 4 ( and I FN- y) was consi st ent l y mor e heavi l y ex-

pr essed i n l ymph node t han i n spl eni c t i ssues ( Fi gs . 1 and 2) , pr esumabl y r ef l ect i ng

t he ascendi ng nat ur e of t he i nf ect i on f r omt he f oot pads, t o t he dr ai ni ng l ymph nodes,

and t hence t o t he spl een ( 6) .
To assess I L- 4 bi ol ogi c act i vi t y i n vi vo, ser um I gE l evel s wer e quant i t at ed i n

C57BL/ 6, BALB/ c, and GK1 . 5- pr et r eat ed BALB/ c mi ce bef or e and af t er 8 wk of

i nf ect i on ( Tabl e I ) . Ser uml evel s i n i nf ect ed BALB/ c mi ce, but not i n cont r ol , C57BL/

6- , or GK1 . 5- pr et r eat ed mi ce, wer e si gni f i cant l y el evat ed, and wer e compar abl e wi t h

l evel s r epor t ed af t er nemat ode i nf ect i on i n BALB/ c mi ce ( 35) .
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FI GURE 2 .

	

Lymphoki ne mRNAgener at i on af t er t r an-
si ent i n vi vo depl et i on of L3T4' cel l s . ( A) Pol y( A) '
RNA ( 10 l i g/ l ane) was i sol at ed f r om t he spl eens of
C57BL/ 6 ( C) , BALB/ c ( B) and GK1 . 5- pr et r eat ed
BALB/ c mi ce ( G) af t er 8 wk of i nf ect i on and hybr i di zed
wi t h t he i ndi cat ed cDNA pr obes . To i ncr ease sensi t i vi t y,
I L- 4 mRNA was det ect ed usi ng 32 P- l abel ed ant i sense
RNA and was f ol l owed wi t h RNase di gest i on t o r emove
unbound pr obe . ( B) Pol y( A) ' RNA ( 10 j i g) was ob-
t ai ned f r om t he dr ai ni ng nodes of i nf ect ed BALB/ c ( B)
and GK1 . 5- pr et r eat ed BALB/ c mi ce ( G) af t er 8 wk of
i nf ect i on and hybr i di zed wi t h I L- 4- speci f i c ant i sense
RNA.

The pr esence of I L- 4 mRNA i n l ymphoi d t i ssues dur i ng pr ogr essi on of i nf ect i on,
t oget her wi t h t he pr i or demonst r at i on of L3T4' cel l expansi on dur i ng t he cour se
of di sease ( 12- 14) , suggest ed t hat t hese L3T4' cel l s mi ght r epr esent Th2 cel l s t hat
have pr evi ousl y been def i ned at t he cl onal l evel ( 15) . I n an at t empt t o i nt er f er e wi t h

TABLE I

Ef f ect of L . maj or I nf ect i on on Ser um I gE Level s i n Nor mal and

GK1 . 5- pr et r eat ed Mi ce

Gr oups of t hr ee BALB/ c, mAb GK1 . 5- pr et r eat ed BALB/ c, or C57BL/ 6 mi ce
wer e i nf ect ed wi t h L . maj or , and t he ser a wer e col l ect ed bot h i mmedi at el y ( 0 wk)
and af t er 6 wk of i nf ect i on bef or e bei ng assayed f or I gE ( see Mat er i al s and

Met hods) .

Mouse st r ai n
GK1 . 5

Pr et r eat ment
Dur at i on of

i nf ect i on

wk

Ser um

ugl ml

I gE l evel

t SD

BALB/ c - 0 0 . 22 ± 0 . 11

BALB/ c - 6 28 . 55 ± 7 . 48

BALB/ c + 0 0 . 10 ± 0 . 02

BALB/ c + 6 1 . 24 ± 1 . 68

C57BL/ 6 - 0 <0 . 10 ± ND

C57BL/ 6 - 6 <0 . 10 t ND
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I L- 4- medi at ed f unct i ons i n vi vo, we admi ni st er ed neut r al i zi ng ant i - I L- 4 mAb t o
suscept i bl e BALB/ c mi ce and moni t or ed t he cour se of subsequent Lei shmani a i n-
f ect i on . As assessed by t hi ckness of t he pr i mar y l esi on at 5 and 8 wk ( Fi g. 3) and
by di r ect quant i t at i on of par asi t es i n t he f oot pads and l ymph nodes ( Tabl e I I ) , ant i -
I L- 4 si gni f i cant l y at t enuat ed t he pr ogr essi on of l ei shmani asi s i n suscept i bl e BALB/ c
mi ce . Pr ot ect i on agai nst t i ssue swel l i ng and ul cer at i on was most si gni f i cant at 5 wk,
and was associ at ed wi t h a 5- l og r educt i on i n t he number s of r ecover abl e t i ssue par a-
si t es f r om t he pr i mar y ( f oot pad) l esi ons . Ser um I gE concent r at i ons wer e r educed
f r om8 . 8 ± 2 . 1 wg/ ml i n t he i nf ect ed BALB/ c t o 0 . 4 ± 0 . 2 wg/ ml i n i nf ect ed BALB/ c
mi ce t hat had r ecei ved ant i - I L- 4 ant i body. The ant i - I L- 4- t r eat ed mi ce event ual l y
devel oped pr ogr essi ve i nf ect i on, al t hough t he cour se of di sease cont i nued t o be del ayed
even at 8 wk . Tr eat ment wi t h an mAb agai nst I FN- y of t he same i sot ype had a mi n-
i mal ef f ect on t he cour se of i nf ect i on ( sl i ght exacer bat i on) , consi st ent wi t h t he l i mi t ed
amount s of I FN- y pr oduced by t hese mi ce. Compar abl e r esul t s wer e obt ai ned i n
t hr ee separ at e exper i ment s i nvest i gat i ng t he ef f ect s of ant i - I L- 4 admi ni st r at i on on
t he cour se of Lei shmani a i nf ect i on .

Di scussi on

Pr evi ous st udi es have document ed t hat L3T4+ l ymphocyt es t aken f r om BALB/ c
mi ce dur i ng pr ogr essi ve i nf ect i on or af t er subcut aneous i mmuni zat i on wi t h L. maj or
can adver sel y i nf l uence t he cour se of di sease when t r ansf er r ed i nt o r eci pi ent ani mal s
( 36, 37) . Conver sel y, L3T4+ l ymphocyt es t aken f r om BALB/ c mi ce t hat have r e-
cover ed f r om Lei shmani a i nf ect i on af t er pr i or i mmunol ogi c mani pul at i ons, such
as t hymect omy or subl et hal i r r adi at i on, conf er i mmuni t y on r eci pi ent mi ce ( 3, 37) .
We and ot her s have pr evi ousl y shown t hat t he number s of L3T4+ cel l s wi t hi n t he

FI GURE 3 .

	

Ef f ect of ant i - I L- 4 on t he cour se of l ei shmani asi s. Gr oups of f our BALB/ c mi ce wer e

i nf ect ed wi t h L. maj or i n t he hi nd f oot pads and t he si ze of t he l esi ons measur ed at 0, 1, 5, and
8 wk af t er no t her apy ( O) or weekl y i nt r aper i t oneal i nj ect i ons of ant i - I L- 4 ( O) or ant i -
I FN- y ( ®) mAb. Mean and SD of t he measur ement s ar e shown . Number s i n par ent heses at
t he t op of t he bar s i ndi cat es t he per cent age of l esi ons t hat wer e ul cer at ed i n each gr oup.
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TABLE I l

Ti ssue Amast i got es i n BALBI c Mi ce Tr eat ed wi t h Ant i - I L- 4 or

Ant i - I FN- y Dur i ng Lei shmani a I nf ect i on

Gr oups of t hr ee BALB/ c mi ce wer e ei t her unt r eat ed ( cont r ol ) or r ecei ved week-
l y i nt r aper i t oneal i nj ect i ons of ant i - I L- 4 or ant i - I FN- y mAbs af t er i nf ect i on wi t h
L. maj or . At 5 and 8 wk t he f oot pads and popl i t eal l ymph nodes dr ai ni ng t he
l esi ons wer e har vest ed, mi nced, and di l ut ed bef or e i n vi t r o cul t ur e f or 3 d . Num-
ber s i ndi cat e f i nal di l ut i ons of t i ssue yi el di ng vi abl e par asi t es .

l ymph nodes and spl eens of i nf ect ed BALB/ c mi ce ar e gr eat er t han or compar abl e
wi t h t hose i n heal er st r ai ns of mi ce by 6- 8 wk of i nf ect i on ( 12- 14) . As shown her e,
however , l ymphoi d t i ssues f r omheal er C57BL/ 6 mi ce or f r omBALB/ c mi ce pr et r eat ed
wi t h ant i - L3T4 ant i body cont ai n message f or I FN- y i n vi vo, wher eas l ymphoi d t i ssues

f r om BALB/ c mi ce wi t h pr ogr essi ve i nf ect i on cont ai n message f or I L- 4, but l i t t l e
f or I FN- y . These r esul t s ar e most consi st ent wi t h t he hypot hesi s t hat t he expansi on
of L3T4+ cel l s dur i ng t he r esol ut i on of l ei shmani asi s r ef l ect s pr ef er ent i al act i vat i on

of a di f f er ent subset of L3T4+ cel l s t han t hose act i vat ed dur i ng pr ogr essi ve i nf ec-

t i on . The di spar at e expr essi on of I FN- y and I L- 4 suggest s t hat t hese subset s ar e t he

i n vi vo cor r el at es of t he r ecent l y descr i bed subset s of mur i ne L3T4+ T cel l cl ones

( 15) .
The descr i pt i on of t wo subset s of mur i ne Th cl ones, desi gnat ed Thl and Th2 based

on t hei r pr of i l es of secr et ed l ymphoki nes ( 15, 19) , was f ol l owed by r epor t s document i ng
t he pr esence and act i vat i on of bot h subset s af t er ant i geni c st i mul at i on i n vi vo ( 16,
17) . Thl cel l s pr ef er ent i al l y secr et e I FN- y and I L- 2 ( 15, 19) , and have been shown
t o medi at e del ayed- t ype hyper sensi t i vi t y ( 18) . Th2 cel l s pr ef er ent i al l y secr et e I L- 4
and I L- 5 i n r esponse t o mi t ogeni c or ant i geni c st i mul at i on ( 19) . Al t hough I L- 2 wi l l
al so suppor t gr owt h of Th2 cel l s, I L- 4 act s as an aut ocr i ne gr owt h f act or i n t he pr es-
ence of I L- 1 ( 33, 38) . By anal ogy wi t h st udi es usi ng cl oned T cel l s ( 33, 38) , t he pr oduc-
t i on of bot h I L- 4 and I L- 1 message i n t he l ymphoi d or gans of mi ce wi t h pr ogr essi ve
Lei shmani a i nf ect i on, as shown her e, woul d pr esumabl y f avor expansi on of Th2 cel l s .
Al t hough t he pr esence of I L- 4 mRNA pr ovi des onl y i ndi r ect evi dence f or Th2 cel l

act i vat i on, dat a f r om Th2 cl ones suggest s t hat I L- 4 i s t r anscr i pt i onal l y r egul at ed

i n r esponse t o act i vat i on st i mul i ( 19) .

Besi des i t s act i vi t y as a T cel l gr owt h f act or f or Th2 cel l s, I L- 4 has maj or B cel l
gr owt h and mat ur at i onal act i vi t i es ( 39, 40) , and has been i dent i f i ed as an I g swi t ch
f act or f or I gG1 and I gE pr oduct i on ( 41) . Mar ked hyper gammagl obul i nemi a i s char -
act er i st i c of vi scer al l ei shmani asi s, and woul d be consi st ent wi t h t he sust ai ned pr oduc-

t i on of B cel l st i mul at or y f act or s dur i ng t he cour se of di sease . I mpor t ant l y, t he pr o-

Ti ssue

Di l ut i on of t i ssue yi el di ng

5 wk

vi abl e l ei shmani a

8 wk

Foot pads

Cont r ol 10l >l o s
Ant i - I L- 4 10 2 106

Ant i - I FN- y 10 6 >10s

Lymph nodes

Cont r ol l 0 4 106

Ant i - I L- 4 10 ; l 05

Ant i - I FN- y 10' >l o l
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nounced el evat i ons of ser umI gEt hat wer e measur ed i n BALB/ c mi ce wi t h pr ogr essi ve

l ei shmani asi s pr ovi de f ur t her evi dence f or t he f unct i onal act i vat i on of Th2 cel l s . The

I gE l evel s wer e compat abl e wi t h t hose accompanyi ng i nf ect i on wi t h t he i nt est i nal

nemat ode Ni ppost r ongyl us br asi l i ensi s ( 35) . As i n t he st udi es r epor t ed her e i n l ei sh-

mani asi s, el evat ed I gE l evel s i n Ni ppost r ongyl us i nf ect i on coul d be compl et el y sup-

pr essed wi t h ant i - I L- 4 ant i body ( 35) .

The abi l i t y of pr i or ant i - L3T4 ant i body t r eat ment t o conf er a heal er phenot ype

on suscept i bl e BALB/ c mi ce was associ at ed bot h wi t h t he di sappear ance of mRNA

f or I L- 4, mar ked at t enuat i on of t he I gE r êsponse, and t he appear ance of mRNA

f or I FN- y . These f i ndi ngs ar e consi st ent wi t h act i vat i on of Thl , as opposed t o Th2,

cel l s, and suggest t hat i mmunol ogi c mani pul at i ons such as ant i - L3T4 t r eat ment or

subl et hal i r r adi at i on must pr ef er ent i al l y af f ect Th2 cel l popul at i ons, per haps due

t o di f f er ences i n t he r epopul at i on ki net i cs of t hese t wo L3T4 + T cel l subset s af t er

t hei r t r ansi ent depl et i on. Despi t e t he associ at i on of I L- 2 secr et i on wi t h Thl cl ones

( 15) , t her e was l i t t l e r el at i onshi p bet ween t he l evel s of I L- 2 mRNA expr essi on and

t he out come of Lei shmani a i nf ect i on . At l at e t i me per i ods ( 8 wk) , I L- 2 mRNA was

expr essed at appr oxi mat el y t wof ol d gr eat er l evel s i n heal i ng mi ce ( Fi g . 2) . Our pr e-

l i mi nar y exper i ment s ut i l i zi ng cel l s enr i ched af t er compl ement - medi at ed ant i body

l ysi s i ndi cat e t hat si gni f i cant amount s of t he I L- 2 mRNA i n nonheal i ng mi ce ar e

associ at ed wi t h Lyt - 2' cel l s ( unpubl i shed obser vat i ons) . Evi dence f r om Lyt - 2'

depl et ed mi ce ( 42) and nude mi ce sel ect i vel y r econst i t ut ed wi t h ei t her L3T4' or

Lyt - 2' cel l s ( 4) suggest s t hat Lyt - 2' cel l s pl ay at best a mi nor r ol e i n cont r ol of

Lei shmani a .

The associ at i on of I FN- y expr essi on wi t h heal i ng has been shown i n bot h mur i ne

( 7) and human ( 8, 9) l ei shmani asi s . Lei shmani a exi st as obl i gat e Í nf t macr ophage

amast i got es i n t he mammal i an host . Act i vat i on of macr opl hdges i s r equi r ed f or t he

el i mi nat i on of t he or gani sm i n vi t r o, and I FN- y has beéh i dent i f i ed as t he maj or

macr ophage- act i vat i ng f act or medi at i ng def ense agai nst Lei shmani a ( 10, 11) . I n t he

ki net i c exper i ment s descr i bed her e, suscept i bl e BALB/ c mi ce di d show evi dence f or

I FN- y pr oduct i on i n t he spl een dur i ng ear l y i nf ect i on, al t hough message f or t hi s

l ymphoki ne di sappear ed by t he t i me t hat vi scer al di ssemi nat i on had occur r ed . I FN- y

mRNA was not pr esent i n t he cel l s t aken f r om t he dr ai ni ng l ymph nodes . The di s-

appear ance of message f r om t he spl een dur i ng t he pr ogr essi on of di sease i s consi s-

t ent wi t h t he appear ance of a suppr essor i nf l uence dur i ng i nf ect i on . Dat a pr esent ed

her e suggest t hat some of t hi s i nf l uence may be medi at ed by I L- 4 .

Because of t he pl ei ot r opi c ef f ect s of I L- 4 on t he i mmune syst em, we admi ni st er ed

neut r al i zi ng ant i - I L- 4 ant i body t o i nf ect ed BALB/ c mi ce t o est abl i sh whet her ac-

t i vi t i es medi at ed by t hi s l ymphoki ne mi ght be causal l y r el at ed t o t he pr ogr essi on

of i nf ect i on . As demonst r at ed, ant i - I L- 4 t her apy si gni f i cant l y at t enuat ed t he pr ogr es-

si on of l ei shmani asi s as assessed bot h by t he si ze of t he l ocal l esi on and t he number s

of t i ssue par asi t es. The t r eat ed mi ce di d event ual l y devel op pr ogr essi ve di sease as

evi denced by t he i ncr ease i n t i ssue par asi t es at 8 wk. Thi s may have been r el at ed

t o t he devel opment of ant i bodi es t o t he r at mAb 11B11 as document ed usi ng . A capt ur e-

sandwi ch ELI SA t o det ect t he pr esence of ant i - r at ant i bodi es ( dat a not shown) .

The mechani sms by whi ch I L- 4 mi ght exacer bat e Lei §hmáhi a i nf ect i on ar e un-

known. We pr esume t hat neut r al i zat i on of I L- 4 sel ect i vel y i nt er f er es wi t h Th2 cel l

expansi on and subsequent Th2- medi at ed suppr essi on, al t hough t hi s i s di f f i cul t t o
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pr ove i n t he absence of an under st andi ng of t he mechani sms f or t he l at t er pr ocess .
Because B cel l depl et i on by admi ni st r at i on of ant i - u ant i body bef or e i nf ect i on al so
amel i or at es subsequent di sease ( 43) , i t i s possi bl e t hat ant i - I L- 4 i nt er r upt s cr i t i cal
B cel l ci r cui t s i mpor t ant f or di sease pr ogr essi on . Si nce passi ve t r ansf er of ant i body
has no ef f ect on t he cour se of di sease ( 44) , t hi s put at i ve B cel l ef f ect woul d be i nde-
pendent of ant i body . Addi t i onal l y, I L- 4 mi ght di r ect l y i nt er f er e wi t h macr ophage
act i vat i on by I FN- y . Al t hough I L- 4 has some macr ophage- act i vat i ng capaci t i es of
i t s own, i ncl udi ng st i mul at i on of cl ass 11 ant i gen expr essi on ( 45) and up- r egul at i on
of CR3 ( 46) , a macr ophage r ecept or f or Lei shmani a ( 47, 48) , i t cannot al one act i -
vat e macr ophages t o r esi st par asi t i zat i on by Lei shmani a ( 49) . Pr evi ous st udi es have
document ed t hat admi ni st r at i on of I FN- y can amel i or at e t he cour se of Lei shmani a
i nf ect i on i n mi ce ( 50) . Al t hough I FN- y can di r ect l y act i vat e macr ophages t o ki l l t he
or gani sm ( 7, 10, 11) , i t i s possi bl e t hat some of t he benef i ci al ef f ect s ar e due t o t he
capaci t y of I FN- y t o i nhi bi t di r ect l y many of t he ef f ect s of I L- 4 ( 39, 51, 52) , i ncl udi ng
cl onal expansi on of Th2 cel l s ( 53) . A combi nat i on of I FN- y and ant i - I L- 4 mi ght
have maj or i mmunomodul at or y ef f ect s on t he cour se of Lei shmani a i nf ect i on .

The dat a pr esent ed her e suggest t hat pr ogr essi on of mur i ne l ei shmani asi s occur s

wi t h pr ef er ent i al act i vat i on of Th2 L3T4+ l ymphocyt es as demonst r at ed by t i ssue

expr essi on of I L- 4 and pr of ound el evat i ons of ser um I gE. I n cont r ast , r esol ut i on
of i nf ect i on occur s wi t h pr ef er ent i al act i vat i on of Thl L3T4 + l ymphocyt es as
demonst r at ed by t i ssue expr essi on of I FN- y, a l ymphoki ne known t o st i mul at e er adi -
cat i on of i nt r acel l ul ar Lei shmani a by i nf ect ed macr ophages, and by t he acqui si t i on
of del ayed- t ype hyper sensi t i vi t y r esponses t o Lei shmani a ant i gens . These f i ndi ngs
suggest t hat t he host r esponse t o i nf ect i on wi t h Lei shmani a, as assessed by t he i m-
munol ogi c bi as t owar ds Thl or Th2 L3T4+ T cel l act i vat i on, det er mi nes whet her
i nf ect i on i s cont ai ned or al l owed t o pr ogr ess . These dat a woul d pr edi ct t hat Lei sh-
mani a ant i gens t hat pr ef er ent i al l y st i mul at e Thl cel l s woul d ser ve as ef f ect i ve vac-
ci ne candi dat es, wher eas t hose t hat st i mul at e Th2 cel l s mi ght not . Whet her bi as
among Th subset s occur s i n ot her spect r al i nf ect i ous di seases, such as l epr osy or

cocci di odomycosi s, wi l l be i mpor t ant ar eas f or f ur t her i nvest i gat i on .

Summar y

We pur i f i ed pol y( A) + mRNA f r om t he spl een and l ymph nodes at desi gnat ed
t i mes af t er i nf ect i on wi t h Lei shmani a maj or i n genet i cal l y suscept i bl e BALB/ c and

r esi st ant C57BL/ 6 mi ce . The st eady- st at e l evel s of I L- 2, I FN- y, I L- 4, and I L- l ß

mRNA wer e det er mi ned usi ng Nor t her n hybr i di zat i ons . I L- 2 mRNA l evel s i n t he

i nf ect ed or gans of BALB/ c and C57BL/ 6 mi ce wer e compar abl e af t er i nf ect i on, but

I FN- y and I L- 4 mRNA l evel s wer e r eci pr ocal l y expr essed . Level s of I FN- y mRNA

i n C57BL/ 6 dr ai ni ng nodes and spl een wer e si gni f i cant l y gr eat er t han i n BALB/ c
mi ce except at 4 and 6 wk of i nf ect i on, when spl eni c I FN- y mRNA l evel s wer e t r an-

si ent l y compar abl e . I n cont r ast , I L- 4 mRNA was appar ent onl y i n BALB/ c and not

i n C57BL/ 6 nodes and spl een . Ti ssue l evel s of I L- l ß mRNA wer e 10- 20- f ol d gr eat er

i n BALB/ c mi ce . BALB/ c mi ce wer e pr et r eat ed wi t h GK1 . 5 mAb, a mani pul at i on

t hat pr omot es heal i ng of subsequent i nf ect i on by t r ansi ent l y depl et i ng L3T4 + cel l s .

At 8 wk of i nf ect i on, by whi ch t i me l ymphoi d or gans wer e r epopul at ed wi t h L3T4+

cel l s, GK1 . 5- pr et r eat ed BALB/ c mi ce pr oduced I FN- y, but not I L- 4 message. Ser um

l evel s of I gE wer e mar kedl y el evat ed i n i nf ect ed BALB/ c, but not i n i nf ect ed C57BL/ 6
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or GK1 . 5- pr et r eat ed BALE/ c mi ce, consi st ent wi t h i n vi vo bi ol ogi c act i vi t y of I L- 4

i n nonheal i ng mi ce. Tr eat ment of i nf ect ed BALB/ c mi ce wi t h neut r al i zi ng ant i - I L- 4

ant i body abol i shed t he el evat i on of ser umI gE and si gni f i cant l y at t enuat ed t he pr ogr es-

si on of di sease as assessed by si ze and ul cer at i on of t he l esi on, and by r educt i on

i n t he number of t i ssue par asi t es .

Bot h pr ot ect i ve and del et er i ous r esponses t o Lei shmani a i nf ect i on have pr evi ousl y

been shown t o be L3T4+ cel l dependent . Our f i ndi ngs ar e consi st ent wi t h t he

di f f er ent i al expansi on of pr ot ect i ve, I FN- y- pr oduci ng Thl cel l s i n heal i ng mi ce, and

t he expansi on of del et er i ous, I L- 4- pr oduci ng Th2 cel l s i n nonheal i ng mi ce . The i n-

ver se r el at i onshi p of I FN- - f and I L- 4 gene expr essi on dur i ng l ei shmani asi s may un-

der l i e t he di ver gence of cel l ul ar and humor al i mmuni t y t hat occur s dur i ng chr oni c

i nf ect i on wi t h Lei shmani a and possi bl y ot her i nt r acel l ul ar par asi t es .

We t hank Dr s . R. Swoboda and R. Devos f or pr ovi di ng l abel ed I L- 4 ant i sense RNA pr obe,

Dr s . T. R. Mosmann and W. L . Seaman f or t hei r t hought f ul advi ce and comment s, and

J . Wal ker f or secr et ar i al assi st ance .

Recei ved f or publ i cat i on 14 Jul y 1988 and i n r evi sed f or m 4 Oct ober 1988 .
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