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At‡STRACT  

Therole ofT eells for the resolution ofacute prlmaryinfection with Bab  
mtcrotiwasinvestigatedin thepresentstudy・BAL8／emiceexhjbi【ed apeak  
ParaSitemia ofapproximately40％of parasitemia and subsequentlyrecovered  
naturallyEromtheirprlmaryinfection・Nude mi⊂e，however，COuldnotresoIve  
Primaryinfection and developed persistent highparasitemia・Micedepletedo（  
CD4＋Tcellswithmonoclonalantibody（mAb）hadhighparasitemiaandfai1ed to  
COntrOltheinfe⊂tion・HoweverldepletionofCD4＋Tcellsoneweekafterinfection  
did not affe⊂t the course ofinfection・Depletion of CD8十T cells showed no  
apparent effe⊂t On the course ofinfection・HighconcentrationofIFN－†WaS  
demonstratedintheculturesupernatantofspleencells fromuntreatedandanti－  
CD8mAbtreatedmice′ but not fromanti－CD4mAbtreatedmi亡e．Mieetreated  
WithantiT工FN－†mAb showedhigherpeakparasitemia andremainedabovelO％  
Ofparas汗emiauntildays26a［terinEectjon・Theseresult55ugge5rfhatCD4＋Tcel15  
PlayanessentialroleintheresolutionofB・mjcrotiacuteprlmaryinfectionand  
thatIFN－YPrOducedbyCD4＋Tcellsispartiallyresponsible forcontrolofearly  
S【ageof acuteinfectionwithβ■血亡rロfl■．   

INTRODUCTION   
8abesiaJa ti⊂k－tranSmitted hemoprotozoan parasiteJ CauSeS enOrmOuS  

economielossesin domesti⊂animals throughout the world（M⊂Cosker1981）．  
BL7besiJZ mlcroEl／a SPe⊂ies that parasitizes rodents′PrOdu⊂eS tranSienthigh  
ParaSitemiainmi⊂eandtheynaturallyrecoverfromtheacuteinfeetion（Ruebush  
and Hanson1979）・Theimportanee of eell－mediatedimmunityin B・mic  
inEection has been reporfed りrvin et al■1981；Euguiand A11ison1980）．  
Congenitally athymi⊂nudemice（Clarkand Allison1974）′1ethallyirradiated′  
thymectomized micc recon－Stituted with anti－theta scrum－treated bone marrow  
Ce11s（Ruebu5h and Hanson1980）or加adminisけ∂Hom of a山i－】ymphocyte  
SeTumin hamsters（Wolf1974）failto suppressinfection with B．microti＿  
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Likewise′Beell－dificient mi⊂eaeutelyinfectedwithBr microtEundergoremission  
WithsimiIarkineticsofparasitemiaasimmunoIogicallyintactmice（Cavaciniet  
al・1990）・These results suggestthatTcell，mediatedimmunityplayamore  
Slgnifieantrolethantheantibody－dependentimmunityintheresolutionofacute  
B・microtiinfeetion・HoweveT・the me⊂ha－nism of mediating⊂OntrOlof the  
Prlmaryinfeetionwith8・microtthas no亡been fully understood・  

Inthepresentstudy′WefocusedonroleofT亡ellsintheeontroIofprlmary  
infectionwithB・microlt usingimmunoeompetentBALli／emi⊂e，andimmuno－  
defieientathymi⊂nudemiceand SCIDmiee・Spe⊂ificallylWeSOughttoidentifyT  
Cellsubpopulation（s），andeffectofinvivodepletionofTcellsubpopulation（s）in  
the甲urSe Ofinfe⊂tion uslng anti－CD4and anti－CD8monodonalantibodies  
（mAb）・AIso′theT⊂ellsubsetsconfrollingtheeourseofinfectionwereiderLtified  
through cytokine produ⊂tioninspleen ce11sandbymonitorlngtheeffectof  
administrationof mAbagalnSteytOkinesprodu⊂edbyTcells・   

MATERIALSANDMETHODS  
Mi仁eandparasite：FemaleBALB／⊂miceusedinthestudywerepurchasedfrom  
CLI三A（Tokyo′Japan）・His10⊂OmPatiblefemale BALl∋／cnu／nu，and・ml／＋miee  
Were Obtained from CLEA・Female mutant mice having severe combined  
immurLedefi⊂ien⊂y（SCID）′andbaekgroundCB－17mi⊂eWerePurehasedfrom  
CLI：A′OrWerekindlyprovidedbyCentralInstituteforl三xperimentalAnimal  
（Kawasaki′Japan）・Allmi亡euSedrangedbetween5－7wksoldatthestartofthe  
experiment・B・microti（Muni⊂h strain）was kindly provided byProf．A．0．  
HeydornoftheInstituteofParasitologyandT†opicalVeterinaryMedicine，Free  
UniversityofBerlin′Cermany・Micewereinoculatedintraperitonea11y（IP）with  
lxlO7parasitizederythroeytes（PRBC）・Parasitemiawasestimatedbyeounting  
PRBCofCiemsa－Stainedmousebloodsmears′andwas monitored at2days  
interval．  

Mono⊂lonalAntibodies（mAb）：CKl・5and53－6・72mAbwereusedagainstmouse  
CD4andCD8，reSPeCtively′WhileXMGl・2andlltさ1wereusedagalnStinterferon－  
gammma（IFN・Y）andinterleukin（IL）A，reSPeetively（WakietalT1992）．MÅbwere  
Obtained frommou5e aSCites（Muelleretal・1986）and werepurifiedby50％  
ammoniumsulfatepreelPitationandsubsequentlydialized agalnStPhosphate－  
bufEered saline（PBS）．Protein con－Centration was determined with Bradford  
method（Bradford1976）usingbovineserurnalbumirt，aSStandard．  
neaEmentwithnAb：MiceweredepletedofT⊂ellsubsets byIPinjectionwithO・5  
mgofantirCD40rantirCD8mAbforthreesue亡eSSivedaysprlOrtOtheinfeetion′  
andwithadditiorLalsamedoseeverythreedaysposトinoculation・Controlmiee  
Were 

． 

forfourconsecutivedaysPI・andtheneverythreedays tilltheendotexperiment・  
Preparation of spleen cells：InEected and eontrolmiee were ki11ed under  
anesthesia，andtheirspleenswereremovedasepticall）1mincedwithsdssors，and  
squeezed between two frosted glass slides. The cell suspension was filtered 
through a sterile stainless mess to remove tissue fragments・Contaminated  
erythro⊂yteS Werelyzed with O・83％ammonium chloride．washed with Hank’s  
balanced salt solution（HBSS）and resuspended to a eoncentratiom of5xIO鼻  
⊂ells／mlinRPMI1640medium（Gibeo，GrandIsland′NY）．  
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Flowcytometri〔analysisofTぐellsubsets：Spleen⊂ellssuspendedinRPMI1640  
containing2，0％fetalbovineserum（FBS）wereincubatedwithFITC－COnjugated  
anti－CD40r anti－CD8mAbfor30minonice・AEter washingwith HBSS′⊂ell  
sampleswereanalyzedbynow⊂ytOmetry（払CS⊂an，BectonDi⊂kinson，Mountain  
View，CA）．  
PreparationofBabesia－1ysatean（igen（BLA）：Bloodfrommi⊂eWithabout80％  
parasitemiawasobtainedthroughcardia⊂PunCtureuSlngheparinizedsyrlngeS  
andwashed three times．Pe11etedPRBC were frozenwithliquidnitrogen and  
thawed′thissteprepeatedthreetimes・Thethawedsamplewascentrifugedat  
144′000gfor30minat4－C′andthesupematantobtainedwasdesignatedasBLA・  
DetectionoflFN・YandlL－4aぐLivityinspleen⊂ellculture＝5xlO6／mlspleence11s  
frominfe亡ted and controlmice were prepared and culturedin RPMl164O  
containing5・0％FBS．100unitspenicillin／mlandlOOmgstr2PtOmyCin／ml／in  
thepresenceofBLA・Culturesupernatan－washarvested72hrposトincubation  
andstoredat－80－cuntiluse．Con⊂entrationsoEIFNlandILr4weremeasured  
usingELISAkits（HollandBiotechnology，Netherlands；Endogenlne・／Boston・  
MA′reSPeCtively）・   

RESUtJS AND DISCUSSION   
BALB／enu／＋mi⊂einfe⊂tedwithB．microtidevelopedacuteinfectionregis－  

terlng41・75％peakparasitemiaondaylO′SubsequentlyfollowedwiLhremission，  
while nudemice failed to resoIveinfeetion（Fig・1）・Although parasitemiain  
nudemicede⊂reaSedto38・2％onday12′ahighlevelofinfeetionwassustained  
rangingbetween45－60％untilthe40thdayPI・SCIDmicedevelopcdrapidaeute  
infe⊂tionwithpeakparasitemiaof83・2％andfailedto⊂OntrOIprlmaryinfe⊂tion  
asthenudemi⊂edid．withimmuno⊂OmPetentmiceshowingspontaneousremis－  
sion（Fig・2）・Theseresults〔Onfirmearlierobservationofthefailureofnudemiee  
toresoIveB．microtiandPtasmodiuTnbergheiyoeLLiinfection（ClarkandAllison  
1974），SCIDmicehavingnofunctionalTandBcellsfailedtoresoIveprimary  
infe⊂Lion registerlng Similarlevels oEparasiLemia asnudemi⊂e・Cavacinietal・  
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（1990）demonstratedtha‖ヨーeelldeEicientmicecould controIB．microtf aswellas  
R c血血川diinEection・ThesedataputtogetherapparentlyindieatethatTcellT  
mediated me亡hanism（s）mayindeed play a vitalrolein the resolution  
mfcrl）ffin mice．   

TbidentifyTcellsubpopulationinthecontroIofB．microLiinfe⊂tion′BALB／c  
miceweretreatedwitheitheran（i－CD4oranti－CD8mAb．Thistreatmentwith  
mAbsresultedindepletionoEmorethart92％ofCD4・orCD8・T亡ellsinthe  
＄Pleens and had no detectable affects on the opposite subpopulation when  
COmParedwiththoseofuntreatedrnice・TteatmentwithnormalratIgGgave  
essentially similar results with those of untreatedmiee（data not shown）．  
DepletionoECD4◆T⊂ellsinBALl】／cmiceresultedinacourseofinEe亡tionsimi1ar  
tothatofnudemiee（Fig－3）・CD4－depletedmieehadthehighestpeakparasitemia  
Of69・5％ondaylOPl′andtheyfailedtoeleartheinfeetionexhibitirLgbetween34－  
4ア％parasitemia・Incontrast，mice depletedofCD8◆Tce115Showed a similar  
PattemOfparasitemiaurLtilday8PI′butclearedprimaryinfeetion′Simi1artothat  
ObservedinnormalratIgG－treatedorurLtreatedcontrolgroups・Årequlrement  
EorCD4◆T亡ellsin protectiveimmunityhas been demonstratedin L3be  
（Wakieta11992），n ChabaudL（Cavaeinieta11986；Stissetal1988）andR yoetli  
（Jayawadena et al1982；Ⅵnetzet al］990）．Our results also demonstrate the  
importanceofCD4◆Tcellsintheclearanceofinfectionwith B．microtE・While  
invoIvementofCD8◆Tcellshavebeensuggestedtocontributetothedevelop－  
mentofprote亡IiveimmuniEyagainstL！chabGudf（PodobaandStevenson1991），  
OurpreSentfindingsindicatethatCD8＋T cells seern tohave no ef（e⊂tOn tlle  
courseorβ．mfcrlフ汀   

InordertoexaminewhetherCD4＋TcelIsarerequired血roughoutapnmary  
inEection to eontroltheriseofinfeetion，treatment Ofmice with anti－CD4mAb  
WaSStartedthreedayspnorto，andsevenand14daysafterB・microtiinoculation・  
AsshowninFigure4，theadministrationofanti－CD4mAbpriortotheinEection  
resultedtothedevelopmentofhighparasitemia】uS‖ikeinnudemi亡e．howevezl  
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Figure5・TFN－Y PrOduくtionillLhc5uPCrnatan（OIsp）ccn⊂ell⊂ulLlrreS【，btahcd  
fr。munE，CatCd B＾LT3／c rnice（Il），OrrrOmmicelrealedw川－anli・CD4（臼），  
and wilh anti－CD8m人b（団），  

whentreatmenLwasStartedat7and14daysPI′infe⊂tionwasundercontrol，  
similartothatobservedinmAbuntreatedmiee－WhilethepresenceofCD4＋T  
cellsatearlyphaseoEacu（einfec（ionisne〔eSSaryintheresolutionofR chabaudE  
（Langhorneetal1990）′inthepresentstudy・depleEionof CD4◆Tee11s atseven  
and14daysPIdidnotaffecttheirabilitytocontroIofparasitemia・Theseresults  
alsosuggestthatCD4・Tcellsplayama】OrrOleduringtheprepatentandearly  
patentperiodsofBT mlcrotiprlmaryinfe亡tion・   

Theroleof CD4十Tee11sthatcontributetotheresolutionofa⊂utePhaseoE8・  
microtLisnotknown．lnL］chabaudlinfeetion，tWOSubsetsoECD4＋Tcellshave  
beensuggestedtoberesponsibleforthecontrolofprlmaryinfeetionatdifferent  
stage′ShowingThleellspredominatinguntilafterpeakparasitemia′andTh2  
eellspredominatingaEterthedeereaseofparasitemia（Langhorneetal1989）・Thl  
ee11smediatedelayed－tyPeOfhypersensitivity（DTH）oractiva［ema⊂rOPhagesand  
produceTFN－†andIL－2，WhileTh2cellsa亡taShelperce11sforan（ibodyprodu⊂tion  
andproduceIL－4andIL－5（MosmannandCof（TnarL1987）・Tbdeterminetherole  
ofCD4・Tee11subsctsinB．microt［infection′1ymphokine produetionin spleen  
cellswasassayedduring thefirstlOdaysPI・ProductionoflFN－γandIL－4inthe  
supernatantofspleen cellculturein the presenceofspecific Babesiaantigen  
obtained from anti－CD4′anti－CD8mAb trea【ed，Or untreated miee was deter－  
mined・＝igh⊂OnCentration oEIFN・7WaSdetectedinculturesonday4from  
untreatedandanti－CD8rtreatedmi⊂e，butproductionoflFN－TOfspleen〔e11sfrom  
CD4－depletedmicewas⊂OmPle（Clyinhibited（Fig・5）・1L－4wasnotdetectableinall  
groups during thefirstlOdays・eX⊂ePt［hataverylowconcentrationoEIL－4was  
notedinuntreatedandanti－CD8treatedmiceonlyonday8Pl，（datanotshown）・  
ThesedatademonstratedthatIFN－YisapparentlyprodueedbyCD4・Tee11sduring  
early phase of8・m（croLiinfection and suggest that Thlce11s arc apparently  
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F即reる．C仇1r父O一風mf〔佃＝nl∝lioninun血ald F卸陀7・（加ほOr8・加ゎ山上ーーreでIionh＝川代旺d  
tlALB／c†而ce（●），h mi⊂e treatCd wItT”nti－1FN－  BALE）／⊂mke（0いnmieehiccLでd win aTltl－TFNrY  
T（■ト叩d帥■i－】L－4（△〉mAb・  mAbt叩gjnningonthedayofin∝ula【ion（■）・and  

On day8（△）fりStin∝ulatjon・  

invoIvedin the recovery of acuteinfection with B・microtiandcollaborate  
PreViou写rePOrtSthatDTHresponseoceursinparallelwithresistanceagalnSt8．  
mfcr（IH（Ruebushetal1986）．   

TbconfirmtheroleofIFN－YPrOducedbyCD4＋Tcellsintheresolutionofβ．  
mtcroti，miceweretreatedwithanti－IFN－TOranti－IL－4mAb・Assh、OWninFig・6，  
treatment ofmi⊂e With anti－1し4mAb resultedin the resolution ofinEeetion，  
Simi1artothatofnormalrat－IgCtreatedoruntreatedgroups・Mi⊂etreatedwith  
antilFN・†mAb，however，Showedhigherpeakparasitemia（65・0％）comparedto  
untreated mice（46・0％）and to anti－IL－4mAb treated group（50％），and was  
SuStainedatgreatterthanlO％parasitemiauntilthe26thdayPI・Howeveいhe  
effectofanti－IFN一丁mAbwaslessmarkedamongmi⊂ethatre⊂eivedlowerdoseof  
anti－CD4mAb．Iftreatmentofmi⊂ewithanti－IFN・YmAbwasstartedon the7th  
day PI，mice showedlower parasitemia thanlhosemiee that received the  
（reatmentonday O（Fig・7）・TheroleofIFNTYOnthebloodstageofmalafia  
inEectionhasbeenreported（Wakietal1992；Clarketal1987；Shearetal1989；  
Medingetal・1990）andhasbeensuggestedtoactivatemacrophages（73eutleretal  
1986）・Intheprepentstudy・treatrnentOfmieewithanti－IFN・Yaloneshowed  
higherparasitemLarelativetothecontrolgroup，however′ObstruCtiveeffectof  
arLtiTIFN・7OntherecoveryoEinfectionwasnotslgnificantcomparedtotheeffeet  
OEanti－CD4・ltmaybesupposed thatonetyPeOEantibodyisinsuffiderLttOdepIete  
allIFN－YaCtivityln Vivo，thustheneedtoprepareothertypesoEmAb again5t  
TFN－7．AIso′itseemsthatIFN－YalonecaftnOtrePlacethecapaeityofCD4十丁亡Clls  
in clearlng aCute Prlmaryinfection′and that additionalfactors such asIL－2′  
t11mOr neCrOSis faetor as suggestedin malarialinfection（Thverne et al1990；  
Taverneeta11987）maybenecessaryintheresolutionof8・microEi・   

t）asedonourresults′We亡On亡1udethatCD4†Tcellsplayanessentialrolein  
theresolutionofB．microttacuteprlmaryinEeetion and thatIFNてPrOducedby  
CD4＋膏cells，atleastinpart，isresponsibleEorthecontroIofearlystageoEa⊂uteB．  
Ⅲfrr（）ffinf白ctionin mi⊂e．  

∫r・こし   
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