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ABSTRACT   
Heat－Shockproteins（HSPs）areevolutionari1yhighlyconservedpolypeptides・  

Theyareimmunodominantan－1genSinawidevarietyofbacteriaandparasites・  
Wereportedthattheinductionof65000MWHSP（HSP65）playsanimportant  
rolein develop）ng prOteCtiveimmunlty agalnStinfection with7bx叩Iasma  

gondii・Here，WeeXaminedtheroIeofTcellsintheexpressionofHSP65andin  
theacqu）SitionofprotectiveimmunltyinSCIDmicetransplantedwithfetal  
thymusorlivercellsfromsyngeneicC・B－17miceandinfectedwithTrgoTZdti・  
WhenSCIDmiceJackingTnatureTandBcellsweretransplantedwithfeta11iver  
cells（FIJ－SCTDrnice）．TandBlymphopoiesiswerereconstitutedtothelevelof  

normalmice，WhereasonlyTlymphopoleSiswasreconstitutedin SCIDmice  
graftedwithafetalthymuS（TG－SCIDmice）・Thesemicewereinfectedwiththe  
Beverley strain bradyzoites of T・gOndii7days after jmmunizationwith  
Tbx甲Iasmahomogenate・lmmunizationeffectdidnotoccurinuntreatedSCID  
mice（UrIISCIDmice），allofwhichdiedwithin2weeksafterinfection・HSP65  
wasnotexpressedintheirmacrophages・ThesurvivalofTG－SCIDmicewas  
slgnincantly prolonged byilnmunizatic．n as compared with that of the  
immunized UTrSCIDmice，and alJtheimmunized FLT－SCID mice acquired  
comp．eteresistanCeaSWe11astheimmunizedC・B－17mice・HSP65wasexpressed  
inmacrophagesofTG－SCIDmiceafterimmunization，andmuchhigherinthose  
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OfFIJ－SCIDmice．TheseresultsindicatethatTcellsplayacruCialroleinthe  
expression of HSP65arLdin theinduction of protectiveimmunity aBalnSt  
infectionwithT．gondiE．   

INTRODUCTION   

The roleofheat－Shock proteins（HSPs）ininfectionandimmunityhas been  
Studiedindetail．HSPsinparasiteinfectionappeartoplayumpOrtantrOlesinthe  
adaptationofmicroorganisms（Smqikaletal．1988；BuchmeierandHeffron1990）・  
Ontheotherhand，HSPareprominentantlgenicproteinsthatcanactivatehost  
immunesystems（Haregewoinetal．1989）．AmongthevariousHSPs，65000MW  
（HSP65）hasbeenidentinedasatargetofimmuneresponsesbyCD4＋T（Ottenl10ff  
etal．1988），CD8十T（Kogaetal．1988），andY8Tce11s（Haregewoinetal．1989；  
Holoshitzetal．1989；0’Brienetal．1989）．   

WereportedthatHSP65，POSSeSSlnganepitopelocatedbetweenaminoacids172  
and2240fk～cobacteriumbovEs，isexpressedinperitonealexudatecells（PEC）of  
micewhichhaveacquiredresistanceagalnStinfectior）withT・gOndii，anObligate  
intrace11ularparasite（Nagasawaetal・1992）・ThelevelofexpTeSSionofHSP65in  

host PEC closely correlates with the capacity to develop protective immunity 
agalnStbothlow－Virulentandhighlyvirulentstrainsofthisprotozoa・Moreover，We  

alsoreportedthatTcells，eSpeCiallytheY8Tcells，Playacrucialroleforthe  
expressionofHSP65inBALB／cmiceimmunizedwithTbxqplasma homogenate  
（Nagasawaetal．1994）．   

SCTDmicelackfunctionalTandBcells（Bosmaetal．1983；Custeretal．1985；  
Dorshkindetal．1984），andcannotmounteffectivecellularandhumoralimmune  
responsestoforelgnantigens・WhenSCIDmiceareengraf（edwithfetallivercells  
（designatedasFIJ－SCTDmice）fromsyngeneicC・B－17＋／＋mice，functionalTand  

Bce11sarefu．．yreconstituted・Ontheotherhand，Whenmicearetransp）antedwith  
asinglelobeoffetalLhymus（designatedasTG－SCIDmice），OnlyTcellsare  
reconstituted．Here，WeeXaminedtheimportanceofTce）lsinthedevelopmentof  
protectiveimmtmityandintheexpressionofHSP65inT・gOndiiinfectionuslng  
FIJ－andTG－SCTDmice．  

MATERIALS AND METHODS 

A涙加旧ね   

Female BALB／c mice purchased fromJapan Shizuoka Laboratory Animal  
Center（SLC）（HamamatsuJapan），andC．B－17＋／＋（C・B－17）andC・B－17scid／scid  
（SCID）micepurchasedfromCLEAJapanlnc．（Tbkyo，Japan）wereusedat8－10  
Weeksorage．  
rG－∫C〃）d〃dFエ㌢ぶCJD椚Jcg  

好   



ROLEOFTCELLSINHSP65EXPRESSION   

Fetalthymusandliverwereobtainedfrom15－day－OldC．B－17mouseembryos．  
TG－SCIDmiceweregeneratedbygraftingaslnglelobeoffetalthymusunderthe  
kidney capsule of SCID mice througha dorsalincision，uSlng a21G needle．  
Nembutalanesthesiawasappliedduringalloperativeprocedures．FIJ－SCIDmice  
Were generated as fo1lows．Feta11iver was mincedinto a血ely dispenSed cell  

suspensionandlxlO7celJsweretransplantedinto6－8week－OldSCIDmiceviathe  
tailvein．  
血勅映画加馴勅擁朝血   

MicewereinfectedwithaJethaldose（5xlO3bradyzoites）oftheBeverleystrain  
Obtaimedfromcystsinthebrainsofchronicallyinfectedmice．Tbimduceprotective  
immunltyagalnStinfectionwithalethaldoseofbradyzoites，micewerelqeCtedi．  
P．with0．2mg（totalprotein）ofTbxqplasma homogenate7daysbeforeinfbction．  
TbxqpLasma homogenatewaspreparedfromtheRHstraintachyzoitesbythree  
CyClesoffreeze－thawingasdescribedearlier（Nagasawaetal．1991）．  

J川′腑佃砧血恒   

ProteinextractsofadherentPEChomogenatesderivedfrominfectedmicewere  

mixed withlysate buffer（50mM Tris－HCl／1％Nonidet P－40／0．1％SDS／1mM  

】eupeptin／100mM phenylmethylsulfonylnuoride／1mM pepstatin A／100mM  
EDTA／150mMNaCl）．TheproteinconcentrationwasdeterminedusingtheBCA  
（bicinchoninic acid）reagent（Pierce，Rockford，IL）．The protein samples were  

SuSPendedanddenaturedinsamplebuffer［0．025MTris－HCl，pH6．8／2％SDS／  
10％（VOl／vol）glycerol／10％（VOl／vol）2－merCaPtOethanol／0．002％ bromophenol  

blue］by boiling fbr3min．The protein was separated by SDS／PAGE（12．5％  
polyacrylamide）at200V for30min．The murine mAblAlO，SPeCific foran  
epltOPelocatedbetweenaminoacids172and2240fHSP65derivedfromM．bovis，  

WaSPrOVidedbyJ，DeBruyn（InstitutePasteurdeBrabant，Belgium）．Proteinswere  
electrophoretica11y transferred to a PVDF membrane，and mAb binding was  
assayed uslng a PerOXidase－COnJugated secondary antibody as described before  
（Nagasawaetal．1992），  

FJ帥′C）′わmビJ叩   

Peripheralbloodlymphocytes（PBL）ornon－adherentPECfromTG－SCIDand  
FLXLSCIDmicewereexaminedbymeanSOfnowcytometrywithaslnglelaser  
FÅCScan（BectonDickinson，MountainView，CA）．PBLorPECwerestainedwith  

dilutedmA♭stoanalyzethesurfacephenotype・AntiTCD4（GKl．5）conjugatedto  
phycoerythrin（PE），anti－J3220（RA4－6A2）conjugatedtoPE，andanti－CD3（145－  
2Cll）werepurcllaSedfrom BectonDickinson．Anti－CD8（53－6．72），anti－Thyl．2  
（30－H12），andanti－TCRY6werelabeledwith nuorescejnisothiocyanate（FITC）．  
Stainedcellswereanalyzedwithgatessettoexcludedebris，Clumps，anddeadcells  
bylightscattergatlng．  
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lJ両町′Jf＝－・VいJ！、ヾハ   

CellswereincubatedinRPMI1640medium（DainipponPharmaceuticalCo・，  

Ltd．，Australia）supplementedwith20mMHEPES，10％fetalbovinescrum（Flow  
Lab．Inc・，McLean，VA），100U／mlofpenicillin，100匹g／mlstreptomycinand5x10‾  
5M2－ME・Spleencellswereculturedataconcentrationof2・5x106cells／mlinO・1  
ml／we11inthepresenceof2・5LLg／mlConA（TypeIV）（Sigma，St・Louis，MO）or  

lOpg／mlLPS（E．coliOlll，DIFCOLaboratories，Detroit，MI）for72hrsat378c  
inahumid捕edatmosphereof5％CO2inair，thenO・5pCi［3H］thymidinewas  
addedtoeachwell．Cultureswereharvestedontoglass－fiberpaper8hrslaterand  
assayedfbrradioactivityinascintillationcounter（A］oka，Japan）．  

J、ゞJりいtJ仙・Jf・りさ   

MouseIgwasquanti鮎dbymeansofasandwichELISA．Polystyrenemicrotiter  
Plates（CostaちCambridge，MA）werecoatedwiththecapturereagentcontaining20  
匹gOfgoatanti－mOllSeIg（1gG，IgMandIgA；Cappe1Laboratories，Malvem，PA）in  
Catbonatecoatlngbufferandincubatedat40covernight．Theplateswerewashed  
WithPBScontainingO．05％Tween20（PBS－Tbeen）andblockedwith1％8SAin  
PBS－TWeenfor30minatroomtemperature．AfterwashingtheplateswithPBS－  
Tween，SerumSampleslOO－LblddilutedwithPBS－T伽eencontainlngO・01％BSA  
Wereadded，andincubatedontheplates払r2hrsatroomtemperature・Theplates  
Were血sed thoroughly，then50 plof al：1，000dilution of thealkaline  
Phosphatase－COnjugatedgoatanti－mOuSeIgGantitx）dyoranti－mOuSeIgMantibody  
（Sigma）incarbonatebufferwasaddedtoeachwe11・Theplateswereincubatedわr  
another2hrsatroomtemperature，WaShed，andthesubstrate，paranitrophosphate  
（Sigma），WaSaddedtoeachwell．Chromatophoredevelopmentwasdetectedusing  
anMTP－32microplatereader（ColonaElectronics，Ibaragi，Japan）in405nm・   

RESULTS  

仙川、血血㍑り再、・仙／・恒両＝／、、血．＼（’Jハノ仙、こソ亜t・ト＝J頼仙＝／F、、、′＝い仰山・∫J  

〃vercg〃∫   

SCIDmiceweretransplantedwithfttalthymusorfetallivercellsfrom15－day－  
oldC・B－17mouseembryos・Sixweekslater，thedevelopmentoflynlphocytesinthe  
PBLofthosemicewasexaminedbystainlngWitheitheracombinationofantidCD4  
and anti－CD80r a COmbination of anti－Thyl．2andanti－B220（Fig・1）・The  
percentaBeSOfCD4＋andCD8＋TcellsineitherTG－SCIDorFIJ－SCIDmicewere  
comparable with thosein PBL of normalBALB／c mice・TheanalysIS Of  
Thyl．2／B220pronlesshowed，however，thatBcellsdidnotdifferentjateinTG－  
SCIDmiceincontrasttoFIJ－SCIDandBALB／cmice．  

・lJ古い〔川い‥J・い帖・、・仙／ノりり川∫∫＝′J・りり・、ハご－・＼（イJJ・仙／Jイ・い（J〃〝′J－・－・   

The functions of the reconstitutedlymphocytes of TG－SCIDandFulLSCID  
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Fig．1Two－COlornowc）・tOme叫  
irlPBLfromTG－SCIDandFLト   
SCIDmicel．5mon也sa托er  

transplantation．PBLfromTG－  
SC）D，FLT－SCID，UT－SCID，and  
C．B－17micewerestajnedwitha  
combirlaliomofanti－CD8andan由一  
CI）loracombinationofantL  
Thyl・2andantjLB220．respec一  
山Yely・Solidlinesindicate血e  
fractlOnOfeachsubpopulationand  
theperCentageOfeachfractionis  
indicared 

TG－SCID  

micewereexaTTlined．Asshowninrrhblel，SPleence11sfrombothTG－SCIDand  

FLr－SCIDmicerespondedtoConAaswellasthosefromnormalC・B－17mice，  

Whereas an LPS response was scarcely seeninthose from TG－SCID mice．To  
furtherevaluatethestateoftheBcellreconstitution，WemeaSuredserumlBlevel  
uslnganEIJTSA．ThelevelofcirculatlngTgGandlgMinbothTG－SCIDandSCID  

micewasaslowas thebackground，WhereastheJeveloftheseIgsinFLTqSCID  
micewascomparablewiththoseofnormalC．B－17mice．Thesedataindicatethat  
OnlyTcellswerereconstitutedinTG－SCIDmice，WhereasTandBce11sappeared  

inFIJ－SCIDmice．  

Tablel．MitogenicresponsesarldIglevelinSCIDmicegraftedwithfetalthymusorlivercelJs・  

Mitogenicresponses（S・］，＊）  Serum［geoncerltration（Pg／ml）  

Con A LPS  IgM  lgG  

TG－SCID  33．2士7．6  l．6士0．2  35．8士6．9  96．6土7．3  

FI＿TSCID 12．5土2．7   5．2土0．4  ＞500．0  1511．6土77．2  

UT－SCID l．5士0．3   l．5土0．4  ＜10  ＜10  

C．B－」7   20．5±5．9 10．り土3．6  ＞500．0  912．2土7．3  

＊S．1．，Stim山atiorlilldex．  
＃Eachva】ueisthemea11土SEoffourorfiYeindependentexperimenTsperformedintrlPlica（e・  
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■仙一高・J∫灯JJ州・′J〝・川什＝・・・山＝＝J′中川rり†（－／ハ．仙J‖りこ．＼（ソハ血t・－   

WereportedthatTce11splayanimportantroleinprotec［iveimmunityagalnSt  
infectionwithT．gondii（Nagasawaeta）．1991）．Thiswasa）sodemonstratedinthis  
StudyuslngSCIDmice．WeevaluatedtheprotectivefunctionofTcellsinTG－SCID  
andFIJTSCIDmiceagalnStTbxqplasmainfection．Themicewereinfectedwith5x  

lO30fbradyzoites7daysafterimmunizationwithTbxqpLasmahomogenate・As  
ShowninFig．2，allFIJ－SCID and BALB／cmice，COntrOlled theinfectionwith  

brady2；Oites after theimmun血tion．The survivalof TG－SCID mice was  
SignincantlyprolongedbyimmunizationcomparedwithUTしSCIDmice，Whichdied  
within2weeks afterinfection．However，TG－SCIDmice did not acqulre tOta］  

resistanCetOtheinfectioncomparedwithimmunizedFIJ－SCIDandBALB／cmice．  

Fig．2 肌ct ofimmuni祖t拍n Oれ  
resistancetoinfectionwith TbxqpLasmL7．  
TG－SCID（open square），FLrSCID  
（Closedsquare），m－SCID（OP印Circte）  
and C．B－17 mice（Closed cjrcle）were  
in触㍑dw仙5山03bradyzoite50fthe  
Beverleystmin7daysa魚erim汀川皿iz慮on  
WithO．2mgof花α（軍J鮎JMhomogena短  
asdes（：hbedinmaterialsa爪dmethds．  

0  10  20  3（）   48  50  

daysafteriローection  

丹叩血沈イノ八丁－へて川ノ川小・〔ゾり山．ヾ－・、再一丁†ノー．＼（ソJJ一仙JJJ・J、・＼－（－J〃′＝けJJ＝J  

鱒画面止血即甘岬血両ゆ血弗血飢鮎助刷物用血   
TG－SCIDorFLトSCIDmicewereimmunizedandcha11engedwith5xlO30f  

bradyzoites2monthsaftertransplantationasdescribedinMaterialsandMethods．  
Sevendayslater，the expression ofHSP65in hostmacrophages were examined・  

Figure3showsthatHSP65wassignificantlyexpressedinmacrophagesofTG－SCID  
mice，and much higherin those of FLT－SCIDmice・HSP65expression was  
undetectableinmacrophagesofUTしSCIDmicethathadbeeninfbcted7daysafter  
immunization．These resllltswereconfirmed by twoadditionalexperiments・We  
reportedthat Yb T cells play animportant rolein HSP65 expression af［er  
jmmunizationwithTbxppLasmahomogenate（Nagasawaetal・1994）・Figure4shows  

Y8T cellsin the peritonealcavlty OfbothTG－SCID and FLT－SCID mice・The  
numberofYaTcellswereincreasedafterinfection．  

ごJ．J   



ROLEOFTCELLSINHSP65EXPRESSION  

3  4   Fig・3 El∝trOblotsofpe血0竺al竺CrPph且草讐  
fromreconstituledSCIDmiceaf【erinfectioTIWith  
ThrppLasma．Lqsates ofperitoneaF rnacrophages  
wereharvestedfromC．B－17（1anel），UT－SCID  
（1ane2），TG－SCID（1ane3）andFIJLSCIDmice  
（lane4）infectedwiLh5xlO3bradyzoitesofthe  
Bever］ey strain7daysaf（erimmunizatiorlWilh  

l k O・2mgo一触甲Jd∫〝∽homogenateasdescdbed・  
Eachlanewas】0＆dedwithlO匹gOfproteir．・  

day 13 day O 

UT・SCID   

FLT・SCID  

TG－SCID  

TcRγ8  

Fig・4Two」COlorflowcytometry■nnOn－adherentPECfronTG－SCIDandFLトSCIDmicc・  
PECfromTG－SCID，FLTISCIDandUT－SCJDmiceO，9and13d且ySafterinfeetionwith  
叫Jas〝∽bradyzoiteswerestainedwithacornbinationofantiCD3andantiLTcR†a・TJle  
perCentageOfeachsubpopulatior［isindicated．  
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DISCUSSION   

We reportedthat the expression of HSP65in host macrophages closely  
COrrelateswiththeprotectionagainstTbxtplasmainfection（Nagasawaetal．1992）．  
Thatis，HSP65isexpressedinthePECofmiceinfectedwithalow－Viru1encestrain  
（Beverley strain）of r・gOndii，aS determined by e）ectrob］otting usirLg a mAb  
SPeCificformicrobialHSP65・ThisHSRhowever，isnotexpressedwhenthemice  
areinfeetedwiththehighlyvirulentRHstrainofT．goTuiiE．Furthermore，HSP65  
isexpressedathighlevelsinmacrophagesofhoststhathaveacquiredresistance  
agalnStinfection with alethaldose of bradyzoites of the Beverley strain by  
immunizationwith7bxqph7SmahomogenateoragaLnStthehighlyviru1entRHstrain  
Of T・gOndiiby vaccination with a sublethaldose oflive Beverley strain  
bradyzoites・   

ThemechanismsofprotectiveimmunltyagalnSt T・gOndilinfectionhavebeen  
analy2・edbymanyauthors・Mosthavesuggestedthatcell－mediatedimmunltyis（he  
major defense mechanism of the host against thisinfection（NaBaSaWa1984；  

Krahenbuhland ReminBtOn）982）and humoralimmune responses conftr only  
PaIlialprotection（Krahenbuhletal．1972；Johnsonetal．1983；Sharmaetal．1984；  

Pavia1986）．Asdemonstratedin this study，HSP65expression wasinducedin  
peritonealmacrophages ofBALB／cmiceinfectedwithalow一virulencestrain of  
7bx（plasma（Beverley strain）but notin those of either nude or SCID mice．  

Moreover，intransp］anrationstudiesuslngSCIDmice，WefoundthatTG－SCIDand  
FIJ－SCIDmiceacquiredresistanceagalnStinfectionwith7broplasma parasites  
When they had beenimmunized withIhqplasmLZ homogenate，andHSP65was  
expressedintheirperitonealmacrophages（Fig．3）．Thus，Tce11sappeartOplayan  
importantroleintheHSP65expressionafter7bxoplasmainfection，aSWellasin  
theacqulSitionofprotectiveimmunlty．   

AlthoughTG－SCIDmicesurvivedlongerthanUT－SCIDmiceafter T．gondii  

infection，reSistancewasnotcomplete，incontrasttoFLr，SCIDorC・B－17miceL  

Further，theexpressionlevelofHSP65waslowinTG－SCTDmicecomparedwith  
thatin FIXqSCIDorCB－17mice．Thus，the protective potentialandtheHSP65  

expressionlevelseemtobecIoselycorT’elatedasreported（Nagasawae（al・1992）・  

UnderstandingthecauseofthesedifferencesbetweenTGrSCIDandFLr－SCIDmay  
bevaluableinclarifyingthemechanismsofprotectionandexpressionofHSP65in  
Tbx叩IasmLlinfection．OneexplanationforthesedifferencesmaybethatTandB  

CellsarefulLyreconstitutedin FIJ－SCIDmice，WhiJeonlyTcellsarepresentin  

TG－SCID mice・B cells may be required as APC toinduce efficient protective  

immunlty Or SpeCinc antibodies agalnSt Throplasma may partly participatein  
PrOteCtionbymediatingADCCorcomplementLdependentlysIS，althoughtransfer  
Ofaspecificantibodydidno［conferanyprotectivepotentialuponnudeandSCID  

lこJ   
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mice（datanotshown）．AnotherexplanationfbrthesedifferencesbetweenTG－SCID  
andFLr－SCIDmaybethatreconstitutionofY6Tcellsisdifferentinquantltyand  

qualitybetweenthesetwogroupsofreconstitutedSCIDmice・1fthedifferentiation  
OfYaTce11sismoreincompleteinTGrSCID，thaninFLT－SCIDmice，thismay  

explain why TG－SCID mice did not acqulre the complete resistance and strDng  
expressionofHSP65agalnStT．gondliinfection．AsubsetofYaTcel］srecognlZeS  
HSP65（Haregewoin et al．1989；Holoshitz et al．1989；0’Brien etal・1989）・  
Furthermore，Y8Tce11sincreaserapidlyinthebloodofpatientsacutelyinfected  

withT．gondii（DePaolietal．1992；Scaliseetal．1992）．ThisTcelJsubsetis  
thought torepresent a nrstlineofdefense againstinfection（Young and E11iott  

1989，Hiromatsuetal．1992）．We丘）undthatY8Tcellsplayanimportantrolein  

protectiveimmunity（submittedforpublication）andtheexpressionofHSP65in  

mice acquired resistance against Tbxqplasmainfection（Nagasawa etalL1994）・  
Thus，thedistinctdevelopmentofTcells，eSpeCial1ytheYaTcells，inthesetwo  
groupsofreconstitutedSCIDmicecouldbereflectedasdifferencesinprotective  
immunltyandHSPexpression．Thismotionissti］lunderinvestlgation・   

Inconclusion，tramSplantationstudiesuslngSCIDmiceconnmledandextended  
Our吊ndings that T cel】s play a crucialrole jn acqulrlng reSistance agalnSt  

TbxqplasmLZinfectionandinHSP65expressionintheperitonealmacrophagesof  

miceinfected with T．gondii．Furthermore，theinductjon of HSP65in host  
nlaCrOphagesiscloselycorrelatedwithprotectionagalnSt7bx甲Iasmainfection・   
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