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ABSTRACT  
A65－kDaheatshockprotein（HSP65）ispてeSentinmouseperit？neal  

macrophagesthathavebeeninfectedwithalow－Vlru1enceBeverleystralnOf  
ToxqpLasmagondEiorimmunizedwithToxopLa5mahomogenate，aSdetermined  
byelectroblotassayuslngamOnOClonalantibodyspecincformicrobialHSP65・  
ThisHSP65is，however，nOt eXpreSSedintheinfection 

． 

withasubledlaldoseofliveBeverleystrainbradyzolteSOfT．gondLi，aCquired  
resistance agalnStinfectionwiththe virulentRH strainandtheylikewise  
expressedHSP65・Ratsaregenetical1yresistan（agamsttheinfectionev甲with  
high dose ofRH strain，and HSP65is also expressedin theirpentoneal  
macrophages．TheseresultssuggesttheimportantroleplayedbyHSP65in  
developlngeffectivedefensereactionsthatincludeeffectiveimmuner＄？POnSe  
agamstinLectionwithT・gOndiLirzvivo・Weclarifiedthat†8Tcellsaswellas  
CD4＋Tcellsplayacrucialrolein血eexpressionofHSP65inmacrophagesof  
animals whichhaveacquiredresistanceagalnSt Toxqulasmainfection．The  
expressionmechanism（S）andthefunctionofHSP65arestillunknown．   

INTRODUCTION AND HISTORY  
Exposureofcells toavarietyofstressfulconditionssuchaselevated  

temperature，StreSSfulchemicalintoxication，Orinfectionleads to the  
tranSCrlptlOn Ofahighly conserved set ofgenesand，Subsequently，tO the  
Synthesisofafamilyofpolypeptidescalledheatshockpr？teins（HSPs）  
（Lindquist1986；Schlesinger1986；Pelham1988）・Immunodomlnantantigens  
fromawidevarietyofbacteriaandparasiteshavebeenidentifiedbysequence  
homologyasbelongingtothefami1yofHSPs（Younget al，1988）．Recen［1y，  
HSPs have attracted山e attentionofimmunologlStS aS targetOfTcells for  
SpeCificrecognltionbyaIltibodiesandTcellsof［heim皿uneSyStem．Among  
山evariousHSPs，a65－kDamycobacterlalHSPhasbeenidentifiedasatarget   



HEAT SHOCK PROTⅥNINTOXOPL＾SMAINFECTION  

ofTcells，including†8Tceus（vanEdenetal・1988；Resetal・1988；Kogaet  
al．1989；0’Brienetal．1989；Holoshitzetal．1989；Haregewinetal．1989）．  
ThisHSPcontainsaslgnificantsequencesin1ilantyandcrossィeactivltyWith  
antigensfromavarietyofothermicrobes・Moreover，mOnOClonalantibodies  
（mAbs）againstthiscopnモOnbacterialHSPhavebeertusedtoidentifyaslmilar  
molecule ofidenticalsIZe and specificity thatlS prOduced by murine  
macrophages（Kogae＝止1989）・  
7bxopLasmagondLLisanobligateintrace11ularprotozoanparasitefound  

thTOughouttheworld，ⅥねshowedearlierdlatTce11splayanimportantrolein  
PrOteCtiveimmunityagainstinfectionwithTLWPLasmaparasites叩agasawa  
1984）lHowevenwealsofbundthattheprotective 

． 

differgreadyfromthoselnVOIvedinresistlnginfectionswithahighlyviru1ent  
strain（RHstrain）bythefo1lowingphenomena・Whenmicewereirnmunized  
with7bxqpZasmacellhomogenate7dbeforeinfectionwithalethaldoseof  
Beverleystrainbradyz？ites（1xlO4），themiceacquiredresistanceandsurvived・  
By contrast，VaCCinatlOn WiLh a sublethaldose oflive Beverley strain  
bradyzoites（1xlO2）wasrequiredforacquisitionofresistanCetOinfectionwith  
thehighlyviru1entRHstrain（Nagasawaetal・1991）・rmeSefindingsseem  
consistent with our observations thatimmunization with To．rqplasTna  
homogenatealongwithcompleteFreundlsadjuvantfailedtopreventinfection  
OfmicebytachyzoitesoftheRHstrain・   
In this paper，WePreSentthatHSP65possesslng anePltOPelocated  

betweenaminoacids172and2240fMycobac（eriumbovi5isexpressedinhost  
Peritonealexudate cells（PEC）infectedwithT・gOndLi・The degree of  
expressionofthisapparentHSPcorrelateswithprotectionthatoccurredin  
exposedmice，regardlessofdifferencesinviru1enceorstrainspec抗cityofdlis  
PrOtOZOaOrinspeciesofhost・  

Relationship between（he expres5ion ofHSP650n host macrophages  
and protective immunity in mice infected with T. gondii. 
rnlerOleofHSPsininfectionandimmunltylSgalnlngmuChattention，  

andithasbeenpostulatedthatHSPresponsetostressduringinflammation  
actua11yplaysaroleinthehostdefenseagainstcertaininfections（Pollaand  
Kantengwa1991）・HSPsinparasiteinfectionappear，Ontheonehand，tOPlay  
血portantrOlesinadaptationofmicroorganisms・LForexample，theymayplay  
aroleindifferentiationofparasitesandindevelopmentofinfectivity（Smejkal  
et al．1988；Buclmeier and Heffron1990）．Likewise，HSPsfunction as  
prominent antigenic proteins that can activate the host immune system 
（Har甲eWOinetal・1989）・Whetherthehostcellsstressedbytheinvadirlg  
ParaSlteSSynthesizeHSPs，WhetherandhowhostHSPscanaffectparasite－host  
interactions，andwhetherHSPsgeneratedbyhostcellsorparasitesparticIPate  
in protectiveimmunity and／orin the development ofautoirnmunities are  
questions血atneedtobefurtherstudied．   
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ShowninFig．1isthe65－kDaHSPdetectedbyanimmuno－histochemical  
electronmicroscopyuslng gOldparticles．Wehave reportedthat HSP65，  
meチSuredbyelectroblotassaywithspecificmAb（IAlO）・isexpressedin  
pentOnealexudatece11s（PEC）ofmiceinLtctedwidlalow－viru1encestrainof  
TbxqpLas帽（Beverley）butisnotexpressedifinLtctedwithahigh－Viru1en？e  
RHstrain（Nagasawaetal・1992）・AIso・theexpressionofHSP65decre？SeSln  
thePEClysatefrommiceinfectedwiththeseriallypassagedtachyzolteSOf  
Beverleystrain，Whichintum，increases・inpathogenicl【ytoapproximatethe  
RHstrainintermsofinfectivlty．Thesefindingssuggestthatexpressionof  
Virulenceintheseparasitescorrelateswithinteractionbetweenthehostcells  
andparasites．Thiscorrelationoccursdespltem如Ordifferencesbetweenthe  
StrAmsofTaxqpLLLTnW．Itis，therefore，POStulated血atthelow－Viru1encestrain  
OfT．gondiL withthe capacltytOPerSistinhost macrophagesfbrtpro10nged  
Periods maygenerate productionofabundant quantitiesofhost HSPthat  
Can then be expressed onthe surfhce ofmacrophagesand，thus，PreSented  

Fig・1 
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effectivelytoTcellstoinduceimmunlty．Bycontrast，miceinfectedwitha  
highlyviru1entstrainofT．gondiZ（RH）seemsunabletoproduceHSPonthe  
macrophages山eyinf由t．  
Manmaliancellsmay synthesiヱeHSPsinresponsetoinfbctionsand／or  

physiologicalstimulation．With regard to phagocytes，these cells protect  
themselvesfromnoxiousmolecules血attheyproduce，ヲuChashigh1yreactive  
OXygenmetabolites．PhagocytosisandphysiologicalactlVatOrSOftheoxi血dYe  
burstinduce HSPsynthesisinmacrophages（PollaandKantengWa1991）．  
HowevezIToxqpLasmaparasitesmaysurviveandreplicatewithinmacrophages  
afterphagocytosis．ThesurvivalofT叩Lasmawithincertainphagocyticce11s  
hasbeenstudiedbyWilsonetal．（1980）．Tbeseinvestigators showedthat  
SurVivaloftachyzoiteswithinhuman monocyte－derivedmacrophagesand  
normalmouseperitonealmacrophages canbe attributedto failure ofthis  
ParaSitetostimulateanOXidativeburstthatnormal1yoccurswithphagocytosis  
OfCdndida，StaphyLococcusspp，Orlatexparticles．Duringearlyphasepost－  
infection，infectivltyOrVirulenceofintracellularparasitesshouldbedefined  
bytwofactors．Onefactorwillt光deteminedbyparasitesthemselvesascited  
above and anotherfactor shouldbe regulatedby naturalresistance genes  
expressedinhostmacrophages（Blackwe11etal－1991）・Atlates甲geS，Tc巳11s  
Willmainly controlinfections，aCtivatlng Or directly destroylnginfected  
macrophages・   

In our previous experiments，Whenmice wereimmullized with  
Tbxqp［a5TTW Cellhomogenate，HSP65wasdetectableinPECfromdleSemice7  
dafterimmtlnizationbutwasnotdetectable丘omeitherunimmunizedcontroIs  
OrToxqulasmacellhomogenatethemselves．Furthermore，micethatacquired  
resistanceagamstahigh－Viru1enceRHstrainaftertheresolutionofinfection  
withBeverleystrainbradyzoitesstTOnglyexpressedHSP65intheirPEC．Vh  
alsoreported血atTcellsplayamaJOrrOleinmediatingprotectiveimmunlty  
againstlow－aTldhigh－virulencestrainsofT・gOndiLfromstudiesinwhichT  
CeuSWeredepletedinvivowithamAbagainstThyl．2（Nagasawaetal．1991）．  
FurtherevidezICe COmeS from the finding thatinterferonY releasedfrom  
SenSitizedTcells acts as am叫Ormediatorofthehostdefenses agalnStT．  
gondliinfection（Gazzinelliet al．1991；Subauste and Remington1991）・  
Takingtheseres111tstoge血er，OnemightsuggestthattheexpressionofHSPsin  
miceimmunized by TbxppLasma cellhomogenate may be attributable to  
CytOkineslikeinterferonγ．Suchcytokinesmayinduc巳Tcellstoreacttoand  
attackmacrophagesinftctedwithTbxqplasmaparasites．Indeed，maCrOphages  
SubjectedtointerftronγaCtivationarerecogniヱedbyclass－Ⅰ－reStrictedCD8＋T  
Ce11s raised against65－kDa HSP（Kogaetal．1989）．Perhaps，bradyz．oite－  
immtmemiceprovideaconstantSO11rCeOfHSPantlgenSforTcellstlmulation  
andthus，CannOtCauSeClinicaldisease・Onceactivated，maCrOphageswouldbe  
expected10rapidly eliminate the highlyviru1ent parasites before clinical  
diseasedevelops．  
HSPsexpressedwithinhostcellsmayalsopartlClpateintheelimination   
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Of pathogens，either by a nonimmunologlCalself－nOnSelf discrimination  
mechanisms・aShypothesizedbyForsdyke（1985）・OraSaC？nSequenCeOf  
PrOCeSSulgandpresentation of forelgn antlgenS for effectlVelmmunlly  
（vanBuskirketal．1989）．hthecourseofcharacterizingT－Cellstimulatory  
antlgenSOftubercleorleprosybaci11i，TcellswithreactivltytOthe65・kDa  
HSP have frequently beenidentified．hmiceimmunizedwithkilled  
MycobacteTLiumtubeTCuLo5is，＞10％ofTcellsthatexhibi［reactivitytowhole  
M．tubeTruLosis particles recognize the65－kDa HSP（Kaufmann1989），  
Moreover；aSignificantnumberofhealthyindividualspossessTcellsspecific  
forthemycobacteria165－kDaHSP（Munketal．1988）．Thus，the cellular  
immumereSPOnSetOthe65－kDaHSPcannOtbetakenasanidentificationof  
immunltytOtuberculosisorleprosy，anduseofdlisantlgenisinappropnate  
fordiagnosisofthesediseases．Still，HSPm且yCOntrib11tetOaCquiredreSistanCe  
againstavarietyofintracellularpathogens（Kauhlann1989）．Becauseof山eir  
highdegreeofconservationinmicrobes，65－kDaHSflaswellasotherHSPsis  
likelyseenbytheiInmuneSyStemquitefrequently．  

Correlation between the expression of HSP65 and acquisition  
protectiveimmunity to T．gondLiexists across the barrier  
SpeCies or hosl  
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Tbinvestlgate Whetherthereis a correlationbe【weenexpresSion of  
HSP65andprotectionagalnStT．gondiLisseenregardlessofthehostspecies，  
expe止mentsweredesignedusingrats（Hisaedaetal・inpress）・Ratscompletely  

resoIvedinfectlOneVen With ahigh－viru1ent strain（RH）ofT．gondiiand  
HSP65wasstronglyexpressedontheirmacrophages，Whileonly50％ofLEC  
ratswithgenetica皿ydeftctiveCD4＋Tcells（Ag11ietal・1990）couldcontrol  
theinfection and HSP65was only faintly expressed．Furthermore，allof  
athymic nude rats died of acuteinfectionand this protein was scarcely  
expressedon血eirmacrophages（Hisaedaetal．inpress）．¶leSereSultsindicate  
that expression of HSP65 closely correlates with protectlon against 
ToxqpLasmainfectionnotonlyinmicebutinratsaswell．Moreover；Tcells，  
especial1y78and／orCD4’cLPTcells，aPPearedtobeimportantinacqpiring  
hosttheresistanCetOT．gondiL，andplayacruCialroleintheexpresslOnOf  
HSP65．   

Role of y6 T cells in protection against Toxoplasmn infection 
Recently，a Subsetof†8TcellshasbeenshowntorecognizeHSP65  

（0’Brienetal・1989：Holoshitzetal・1989；HaregeTOinetal・1989）and was  
foundtoincreaserapidlyinperipheralbloodofpatlentSwithacuteT．gondLi  
infection（DePaolietal・1992；Scaliseetal・1992）．¶luS，itisnotsurprising  
dlatY8TcensrecognlZingHSP65andinvoIvedinprotectiveimmunityinsome  
kinds ofinfectionincluding toxoplasmosis・This Tcellsubsetisthought  
POSSiblytorepresentafirstlineofdefenseagalnStinfectionandisprobably  
demonstrableinnormalindividuals．Fuzthermore，theseHSP65－reaCtiveY8T  

，l′こ   
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cells should have beenpnmedpr巳Viouslyby contactwithmany different  
microbesorbyexposuretoHSPgeneratedinhostce11sundervariousstressfu1  
conditions．rrTlerOleofHSPsasaselectivetargetforγ8Tceusremainsmore  
SpeCulativethantheroleofHSPsinotherformSOfimmunologlCreaCtions，  
Particularlynonspecificresistancetoparasites・  

TheexpressionmechamimsofHSP650nhostmacrophagesstillremain  
obscure．We，however，demonstrateddla【Tce11s，eSpeCially†8Tcells，playa  
cruCialroleinexpressingHSP650nhostmacrophages（Nagasawaetal・in  
press）．   

Conclu5ion  
CharacterizationofeffectorandregulatoryfunctionsofHSPsinother  

hostsandmicrobialsystemsshouldprovideaninsightintomechanismsof  
virulenceandprotectiveadaptationsthatcontroIviru1ence・Thus，itseems  
likelythatHSPscouldassumeacriticalimportanCeinnumeroushost－paraSite  
relationships，includingresistanCeOfhosttootherwisedestruCtivelyvirulent  
ParaSites・Atanyrate，itseemsclearfromaseriesofourexperimentsthat  
expressionofHSP650nperitonealmacrophagescorrelatesdramaticallywith  
capaclty tOinhibit destructive consequences ofinfection withbothlow－  
virulenceandhigh－VirulencestrainsofT．gondii．InFigure2，WePreSent  
hypotheticalmechanismsofHSP65expressiononhostmacrophagesbyY8T  
and／orαβTcellsinanimalsthathaveacquiredresistanceagainstinfec［ion・  
Although，WeCOuldnotdetectHSP65inTox叩Easmathemselvesbywestem  
blottingwithmonoclonalanti－HSP65（IAlO）asmentionedabove，thesame  
assaywithpolyclonalanti－HSP65antibodyshowed thataverysma11amount  
ofthis peptide exists withinparasites．Accordingly，We hypothesize the  
mechanismsintheexpressionofhostHSP65andintheprotectionagaulStT・  
gondiiinfectionasfo1lows・At the first stageafteTinfectionwithalow－  
viru1ence7bxqp［asma，Circulating†8Tce11s reactive tomicrobialHSP65  
recognizeToxopla5ma－derivedHSP65whichispresentedbyhostmacrophages・  
andthentheyaccumulateandareactivated．Atthesecondstage，theyactivate  
macrophages by releasing cytokine（s）1ikeinterferonγandinduce the  
expressionofhost－derivedHSP650ntheircellsurface・Atthethirdstage・†8  
T cells o＝坤Tcells reactive tohostHSP65furtheraccumulateandare  
activated．SuchHSP65－reaCtingTcellsdirectlydestroyhostmacrophagesor  
activatemacrophages■toki11intracellularT．goTZdiL．   
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