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ABSTRACT  

To elucidate helper T（Th）ce11activation by the classIImajor  
histocompatibilitycomplex（MHC），lamolecules，POSitiveantigenpresentimgcells  

（APC），ineludingmacrophagesandactivatingBcells，Changesofthenumberofla  
positiveAPCinspleence11wereexaminedbyflowcytometricanalysesinBabesia  
micTVfiandBebesia rodJulEruinfected mice．The number of neitherIa positive  

macrophages norIa positive B cells showed significantdifference betweenB・  

micr7）tiandB．rodhainiinfectedmiceuntilday9afterinoculation．However，the  

SPlenicThce］ldevelopedTFN－YProducingThcelltypel（Thl）inB・micTVtiand  

IL41）rOducingThcelltype2（Th2）inB．TVdhainiinfectedmice．Theseresults  

demonstrated that the proliferation of APCis not mqor factor for the  

differentiationofThce11intoThlorTh2cellandsuggestedthatsomehumoral  

factorsregulatethedifferentiationintheearlyphaseofinfectionwithB・micTVti  

and且」制動血血．  

1NTRODtJCTlON  

BabesiamicTVfiandB．TVdhainLare we11known asthe causativeagents of  
murinebabesiosis．Althoughthesetwoprotozoaareclassi貞edin（Othesamegenus，  

theyinduce different course ofinfection．Our previous studies（Shimada et al．  
1996）have demomstratedthatthesedifferences mainlycausedbythe earlyphase  
activation of splenic Th cellsubsets．Brieny，B．micTVtiinfected mice showed  

ノ∫∫   



MHC CLÅSSllIN BABESJAJNFECTlON  

PnnCIPally ThlcellwhichexpressesIFN－Y mRNA，While B．TVdhainiinfected  
micedevelopedTh2ce11whichexpressesIL4mRNA．   

IthasbeenwidelyacceptedthattheactivationandproliferationofantlgenL  
SPeCificTh ee11are regulatedby severalantigen presentingcells（APC），SuChas  

macrophage／dendriticcells，Bcells，andKupffercellsexpresslngIamoleculeson  
thesurface membrane（Åshwelletal．1984；Kayeetal．1988；Fiorentinoetal・  

1991；Croft etal．1992；Macatoniaetal．1993）．Severalreports suggestedthat  
macrophagesandBcellsasAPCmainlypromoteThcellintoThlcellandTh2  
Cell，reSpeCtively（Gajewskieta），1991；Croftetal．1992；Hsiehetal・1992，1993；  

Schmitz etal．1993）．However，there are few reports on theproliferation and  
POPulationofIapositiveAPCinspleencellsafterinfectionwithBabesiaspp．In  
this study，Changesofthenumberoftotalspleencells，andtheexpressionofIa  
POSltlVe Splerlic macrophages and B cells were examinedin B，mic7Vtior B．  
7Vdhainiinfeetedmiceintheearlyphaseofinfection．   

MATERIALS AND NIETHODS 
・・い…侶f、・仙りりいJりこ両  

MaleBALB／cmice，8weeksold，Were SuPPlied by SLCInc・（Shizuoka，  
Japan）．B．microti（Munichstrain）andB．rodhalfli（Australianstrain）havebe  

maintainedinourlaboratorybyserialpassagesofparasitizedbloodtomice・   

且甲er‘me乃ぬJJJモ斥cJわ乃  

Mice wereinoculated by peritonealinjection withlO4 parasitized  
erythrocytesofB．micrptiorB．rodhainiinO．2mlofsterilesalinedilutedper  
head．The percent parasitemia was mcmitored by Giemsa’s，Stained smears of  

Peripheralblood・   

劫中細血m机触肛仲間頼東研叫血頑両如拙潮閥〟■C  

Thetotalspleence11swereobtainedandpooledfrom3randomlychosen  
miceevery3day afterinocuIation（ai）asdescribedpreviously（Shimadaetal・  
1992）．Thenumberoftheco11ectedspleencellswerecountedbyhemocytomet  

AportionofthespleencellsuspenSion／wasusedforthestain］ngOfla－POSitiveB  
Ce11s．ThesplenicadherentcellsforthestainlngOfIa－POSitivemacrophageswere  
obtainedbythemethodofKonoetal．（1964）．Brieny，1080fthespleence11swere  
platedin9cm culture dishwith15mlof RPMI1640medium・After the  
incubationat37Ocin5％CO2airfor90min，nOn－adherentcellswereremoved  
byvigorouslywashingwithwarm RPM11640for3times，andthen rem如血Ⅰ噂  
adherentce11swereco11ectedbyscraplngWithrubberpolicemanandwashedwith  
phosphatebuffered saline（PBS），pH7．2．Thepelleted4×1060fbothadherent  
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Cells and totalspleen ce11s were stained with 50 mlof50－fold diluted  
phycoerythrin（PE）－1abeled mouse anti－mOuSeI－Ad monoclonalantibody  
（PharMingen，SanDiego，CA）onicefor30min．ThecellswerewashedwithPBS  
COntainingO．1％fetalboviIleSerum（FBS）（GIBCO，NY）for3times．Then，the  
adherent cells were further stainedwith50ylof50－fold diluted nuorescein  
isothiocyanate（FITC）－1abeledratanti－mOuSe maCrOPhage（MAC－1）monoclonal  
antibody（Cedarlane，Ontario，Canada），andthetotalspletncellswerestainedwith  
lOO－fold diluted FITC－1abeled rat anti－mOuSeIgG monoclonalantibody  
（Cedarlane，Ontario，Canada）onicefor30min，reSPeCtively．Thesecellswere  
WaShedandsuspendedwithPBStothefinalvolunleOflmlforflowcytometric  
analyses，   

相川印加融扉釧功服  
The percentageofdouble positivece11sねr PEandFITCwasdetermined  

WithCYTO ACE（Japan SpectroscopicCo，Tokyo，Japan）by analyzing20，000  
Cellsateachtime．ThenumberofsplenicIa－pOSltivemacrophagesorBcellswere  

CalculatedfromitsperCentage andthetotalcountofco11ectedadherent ce11s or  
Spleence115，reSpeCtjvely．   

〃殖errreJJ〝叩〟JβJわ乃Cゐdr（‡CJどrJze銅ヅC）7Jo抽gα∬呼  

Forinvitrocytokinemeasurements，Spleencellswereco11ectedonday5ai  
fromB．micJりtiorB．ft）dhainiinfectedmiceandsuspendedinPBSwith5％FBS  
andthen elutedby celL enrichmentimmunocolumns，CELLECl二PLUS MOUSE  

CD4KIT，forobtaininghelperTcellsasCD4＋Tce11s（Cytovax，Biotechnologies  
lnc・，Alberta，Canada）．SplenicCD4十Tcellsfromintactmicewerealsousedasa  
eontrol．ThenumberofCD4＋TcellswereaqjustedtolO6／mlinRPMl1640（pH  
7．2）supplementedwithlO％ FBS，40rng／L of gentamicin and O．3g／L of  
gllltamine，OnemlofthecellsuspenSion perwellwasincubatedwith5FLg／ml  
COnCanaValinA（ConA）irL24－Wellcultureplateat37Ocin5％CO2airfor24hr．  
TheculturesupernatantWaSCOllectedaftertheincubatiomandmeasuredIし4and  
lFN－Ylevelsby the solid phasesandwich enzymelinked－immuno～SOrbent assay  
（ELISA）KTT（BioSourceCytoscreenMouseIL4andIFN－Ykit；CA）・   

RESULTS  

Cゐ〟乃gg∫〔ゾ〟ほ〃〟mみgrqrAPCcどJJ∫，・  

ThenumberoftotalspleniccellsincreasedafterBabesiainfection，however，  
itshowednostatisticallyslgnincantdifferencebetweenB，micTDtiandB．rodhaini  

infectedmicethroughouttheexperimentalperiods（Fig．1）・  
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Fig．1．ChangesofthenumberoftotaI  
sple即 CelIsin 且 椚i仁和元帥d 臥  
m肋血元血独tedlmCe．Closed square  
肌d diamondindica短tb sple帥Cell  
numt光rin乱川fc相方andβ．r【）（肋d如才  

in鮎ded mice，reSl光Ctively・Spleen  
Cellswere obtainedand pooled打om3  
randomly chosen miee．Each value  
representsthemean土SD・  
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Inaddition，thenumberofneitherIa－pOSitivemacrophagesnorla－POSitiveBce11s  

measuredbyflowcytometryshowedsiBnificantdifferencebetweenB・mLcru［iand  
B．TVdhainiinfectedmiceuntilday9ai（Fig．2）■  

Fig・2・Changes ofthe numberof  
Splemicla匹SltlVemaCrOphage且ndB  
比11jn β．仇frr（JJJand β．相成肌最  

infected mice．Closed square and  
diamondindicate the ce］lnumberin  
β．〝抗力扉J鮎Id且 r血≠乃fiIl托cted  

mice，reSPeCtively・Thecellrlumbers  
weredetemined o竹山e spleencetls  
門Oled from 3 randomly selec蛤d  
rmce at each period．Each value  
representsthemean土SD・   
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InB・micIVtiinfectedmice，theCD4＋T ce11s from day5aiproduced  
Sign捕cantlyIFN－YCOmParedwiththatfromcontrolmiceandB．TVdhainiinfected  
mice・Thecellcultured supernatantalso showedsignificantly highIL－4levels，  

WhichindjcateTh2cellactivationinbothB．micTUtiandB．7tldhainiinfectedmice  

（Fig・3）－  

Fig．3．1FNLYandILAproductions  
by splemic CD4＋T cel】sinβ■  
肌わ′OJiand β．Ⅲ㌦血涙infected  

mice．SplenicCI辿＋T ceJIs were  
CO】1ectedon day5a爪erhocula暮ioれ  
wi山 β．椚iα〃J′ or β．「血J乃f  

infected miceandcultured（1（枯／m］）  

With5iLg／mlConAinRPM11640  
withlO％ FBS for 24 hr．The  
Cultured supernatant was collected  
after the incubation and measured 
IFN－YandlL－4】evelbytheELISA・  
Thecolumnheightandbarirldica（e  
the mean 土 SD of cytokines  
PrOduction・（＊）illdicatesstatistical1y  

Significa11t（P＜0．05）ofIFN－Y arld  
lL－4productlOnfrornthatincontrol  
mice．（ND）indicatesnotdetected．  
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DISCUSSION  

ThedifferentiationofThcellimtoThlorTh2cellhasbeenreportedby  

several investigators to be regulated by distinct APC population. They also 
SuggeStedthat macrophagesstimulateproliferation ofantlgen－SPeCific Thlcell，  
WhileBce11sstimulateTh2cell（Gqjewskietal．1991こCroftetal．1992；Hsiehet  
al，1992；1993；Schmitzetal．1993）．Consistentwith this notionisthe factthat  
Pr10rdepletionofBce11sfromsusceptibleBALB／cmiceinvivorendersthemto  
beresistant，Sinceantlgen－SpeCificThlce11isabletoresoIveLeishmaniainfection  
（Sacksetal．1984）．   

lnthisstudy，flowcytometricana］yseshavedemonstratedthattherlumberof  

すぎ   
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neitherIa－pOSitive macrophages norIa－pOSitive B cells showed significant  
difference between B．micTVtiand B．TY）dhainiinfectedmiceuntilday9ai．In  

addition，theintensltyOftheIaexpressiononeachofthesecellsalsoshowedno  
differencebetweenthesemiceduringtheexperimentalperiod（datanotshown）．1n  
SeVeralLeishmaniaspeCleS，itisgeneral1yacceptedthatthemumberofIa－POSitive  
Spleence11sdonotaffectthedifferentialproliferationofThce11subsets，Sinceno  
Significant differenceis observedinthe number ofIa－POSitive splenic cells  
betweensusceptibleBALB／cmiceandresistantC57BL／6miceintheearlyphase  
Ofinftction（Langetal．1991；SunderkotteretaJ．1993）・Correspondingtothe  
reportsinleishmaniasis，theproliferationofIa－POSitiveAPCand／orthedensltyOf  

Iamoleculeoneachce11arenotconsideredtoregulatedirectlytheactivationof  
distinctThcellsubsetsintheearlyphaseofinfectionwithBabe血spp・  

TheoutcomeoftheinLectionwithcertainintracellularprotozoaisreported  
todependonthedifferentialactivationofThcellsubsetsimtheearlyphaseofhost  
immune response．The resist孜nt C571〕L／6and C3H／HeN mice showed a Thl  

response，Whereassusceptib）eBALB／crrLicemountedTh2responseintheearly  
phase ofinfectionwith Leishmaniamqjor（Scottetal・1988）・ln PILZSmOdium  
chabaudEASinfection，reSistantC57BL／6mice developedtheactivationofThl  
Cell，WhilesusceptibleJ／AmiceinducedastrongTh2responseintheear1yphase  
ofinfection，reSultedin asevereandlethalc【）urSe Of malaria（Stevenson etal．  

1995）．   

1nthisstudy，thecytokineproductionbysplenichelperTcellsrevealedthat  
signincantIFN－YprOductionwasobservedonday5inB・mlcrutiinfectedmice，  
WhilemarkedlL－4productionwasdetectedandnosignincantlFN－YprOduction  
wasobservedinB．mdhainiinfectedmice．ThecytokineproductionbysplenicTh  
cellshowedthatB．micn）tiinfectedmice activatedThlcells，While B．n7dhai  

infectedmiceledtoactivateTh2cellintheearJyphaseofinfection，however，nO  
changeSOftheproliferativeresponseinlapositiveAPCwasobserved・  

Therefore，these results stIggeSted that some humoralfactors such as  
cytokinesmightbethestronglnteraCtivefactorsforthedifferentiationofThcell  
SubsetsintheearlyphaseofiTlfectionwithBabesiasppr  
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