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ABSTRACT  
Thec］assAmacrophage scavengerreceptor（SR）binds anextraordinary  

widerangeofligandsincluding bacterialpathogens andrnediates macrophage  
adhesion・In thepresent study，SR knock－Out mice wereinfected with Babesia  
micTDtitoclar巾1tSrOleinhostdefensemechanismsagalnStPrOtOZOaninfection・  

Severa】aspeetS OftheimmunologlCalresponses ofmiceduringinfection were  
studied・InB・micTD［iinfection．thcpackedcellvolumesofSR－／一miceat16－30  

daysafterinfectionweresignificantlyhigherthanthoseofSR＋／＋mice，although  
thecourseorparasitemiawasnotdifferentbetween（hesemice・Increaseinspleen  
weightsafterinfectionwerelessobviousinSR－／－micethaninSR＋／＋miceat20  
daysafterinfecLion・Flow cytometricstudies revealedthatthedecreasesinthe  

perCentageS Of Thyl・2＋as wellas CD4＋T cellsin spleen after B・micTVti  
infectioJIWerehigherinSR＋／＋micethanthatinSR＋mice，Whereastherewere  
no differencein the rates of上i220＋ cells between SR－／－and SR＋／＋mice．The  
peritonealmacrophages frorn SR＋／＋mice exhibited higher phagocytlC aCtivlty  
than those from SR－／→ mice．These resultsindicate that scavenger receptor  

enhancesimmuneresponsesandphagocytosisofparaSilizederythrocytes，although  
it does not directly play animportanlrole of protection agalnSt B・mlcruli  
in托ction．   
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INTRODUCTION  

Babesla・a tick－tranSmitted heamoprotozoa parasjte，CauSeS enOrmOuS  
economiclossesin domesticanimals throughoutthe world（McCosker1981）．  
Babesia mic7Dli・a SPeCies that parasitizes rodents・PrOduces transient high  
ParaSitemiainmiceandtheynaturallyrecoverfromtheacuteinfection（Ruebush  
andHanson1979）・Theimportanceofce］1－mediatedimmunityandIFN－YinB．  
micTUtiinfヒctionhasbeenreported（Irvinetal．1981；EuguiandAllison1980）．  
However，themechanismofmediatingcontroIoftheprlmaryinfectionwithB．  
micTVtihasnotbeenfullyunderstood・WepreviouslyreportedthatCD4＋Tce11  
PlaysaverylmPOrtantrOleinimmuneresponseofhosttoprotozoaninfection  
（Igarashiet al・1994）・At the meantime，IFNrY appearS tO take partin the  

response（Orindaeta］1994）・HoweveちnOtOnlyTFN－Y，butothercytokinesmay  
invoIveintheimmuneresponselTherefore，itisimportanttoexaminetheother  
fhctorsincluding TNF－α．Inthe present study，We丘〉CuSed onthe role of  
macrophagesinthecontrolofprlmaryinfectionwithB・micTD（iuslngknock－Out  
mice・Thero］eofmacrophagefortheresolutionofacuteprlmaryinfectionwith  
B・micTDtiwasinvestlgatedinthisstudy・  

TheclassAmacrophage scavengerreceptor（SR－A）isatrimerjcintegral  
membraneglycoprotein whichexistsintwoforms，typeIandIIgeneratedby  
altemative splicing ofa5ingle gene produet（Naitoetal．1992），This familyof  
receptorshasrecentlybeenextendedthrollghthediscoveryofseveraladditional  
SCaVenger reCeptOrS and nowincludes atleast threeindependent SR classes  
（Kodama et aJ・1988；Kodama et al．1990）．Scavenger receptoris denned  

according totheir ability to bindand mediate uptake of modinedlow density  
lipoproteins（LDL），SuChas鱒etylatedLDL（AcLAL）（ltrpstra1997）．However，  
therange ofligands recognizedby SR－Ais wide，includinglipopolysaccharide  
（LPS）andlipoeichonieacid．ThisbroadligandspecificityhassuggestedthatSR－A  

may play a roleinwide range of macrophage－aSSOCiated physiologlCaland  
pathophysjologlCalprocesses．Inthepresentstudy，Webcusedomthepossiblerole  

Ofmacrophagesinthe controlofprlmaryinfectionwithB．micfVtiuslng SR－  
knockoutmice（Suzukietal．1997）．   

MATERIALS AND METIIODS  
．・lJん・t・  

Mice deficientin typeIandIISRrA（SRXOmice）were produced by  
disruption ofexon40ftheSR－A gene，Which encodesthe cL－helicalcoiledcoil  

domain，eSSentialfor the formation of functional trimeric receptors，by  

homologous recombination，thesemice were bred oTltO agenetic background of  
129×ICR，andmice were cross bred on to anidentical129／ICRbackground．   
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FemaleSRKOmicewereobtainedfromCSKResearchPark（Gotenba，Japan）and  
wereusedat8to15weeksofage．   

Pαr（フ∫～rg∫ぶピJ（わ椚  

BabesiamicTVtiwaskindlyprovidedbyProf・A・0・HeydornOftheJnstitute  
of Parasitology and Tropical＼紬rinary Medicine，Free Universlty Of  
Berlin，Germany・SRKOmousewereinoculatedintraperitonea11ywithlxlO7B・  
micIVtiparasi（eS・Parasitemia was daily monitored by countlng paraSitized  
erythrocytes of Giemsarstained mouse blood smears，eVerydayL Packed ce11  
volumewasmonitoredevery4daysaf（erinfection・   

PJ甲d和一わ乃′イ岬Jβビ〃Ce偵  

Infected and uninfected controlmice were kiJled under anesthesia，and  
spleenswereremovedaseptlCa】1y，mincedwithscissor，andsqueezedbetweentwo  
frostedglassslides．ThecellsuspenSionwasfilteredthroughthemesh（＃200）to  
removed tissuefragments・CoJltaminatedeTythrocytes werelyzedwith O・83％  
ammonium chloride，WaShedwith phosphatebuffered saline（PBS，pH7・4）and  
resuspendedtoconcentrationof5xlO6cells／mlinPBS・   

FJ伽ノC），Jo椚ビけic〟円（ゆ∫J∫げrcピノJ∫〟わ∫gJ  
SpleencellswhichsuspendedinPBScontainlng2・0％fetalbovineserum  

（FBS：BTO WHITrIAKER Walkersvi”e，Maryland）wereincubated with FITC－  

co11Jugatedanti－Thyl．2，FITC－COnjugatedanti－CD4，PE－COn」ugatedanti－CD8，PE－  
conJugatedanti－B22O or PE－COn」ugated NKl・1mAbfor30min onice・After  
washingwithPBS，Cel］sampleswereanalyzedbyflowcytometry（EPTCSXL，  
COUIJERCORPORATION，Miami，Florida）．   

純血伽依れ靴椚叩血騨  

Mouseperitonealmacrophagesweretakenbywashingtheperitonealcavlty  
with5miofs（erjle PBS，PH7・4・Thecellswerecentrifugedonceandcounted  
totELIcellnumber．At some experiment cells were resuspended to aqjust cell  
concentrationinDMEM（GIBCOBRL，GrandIsland，NewYork）containinglO％  
heat－inactivated FBS．Some animals wereinfected with B．mEmtiforlO days  

beforeharvestlngLhemacrophages・Thece11sweTeSeededon15－mmrOundglass  
coverslipson24－WellplateatadensityoflxlO6cells／we］1・   

J一高ハ・．一．リハト  

Phagocy（OSis was assayed by overlaylng the peritonealmacrophagewith  
O・1mlofparasitizederythrocytes，SuSPendedLo2xIO8cells／ml・Coverslipswere   
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incubatedfor45minat37Oc，5％CO2inainTheywererinsedinPBS，nXedin  
me血anoIforstainlngandquanti鮎ation・Af［erbeingstainedwithMay－GrunWald  

SOlutionforlOmin，andwithGiemsasolutionfor25min，COVerSlipswerewashed  
WithdistilledwateェThepercentageofingestedredbloodce11swasdeterminedby  
COuntlng200macrophage／coverslip・   

八川肌血こ－・′J＝－．、JJ川・一叫・ヾ  

Parasitizederythrocyteswere obtainedfrom SR＋／＋micelOdaysafter  
infectionqTheywerewashedthreetimeswithDMEMandresuspendedto2×108  

Cells／ml．  

gぬぬ政一∫  

DatawereanalyzedstatisticallybyStudentTst－（est，   

RESUuS  

Fluctuationsofparasitemias andpackedcellvolumesin SR＋／十andSR－／－  
micethathadbeeninoculatedintraperitoneallywithlxlO7B．micIDtiareshown  

inFiguresland2・SR－／一micedevelopedacuteinfectionreglSterlng47・0％peak  

parasitemiaonlOdaysaf［erinfection，WhileSR＋／＋micedevelopedreglSter）ng  

52・9％peakparasitemiaon10days・Recoverofparasitemiawassimilarforboth  
Strainsofmieeduring30daysafterinfection・However，thepackedce11volumes  

OfSR＋／＋miceat16－30daysafterinfectionweresignificarLtlylowerthanthoseof  

10  20  

Day＄a¶訝拍OCulさ紬n  
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Dayらa他rinoculation  

Fig．1Infection cours80fβαわg∫f由  
椚fc′OJJinSR＋／＋mice（○）andSR－／一  
皿ce（▲）．Mean parasitemia were  

Obtajrl∈dfromgroupsoffourmice，Data  
repfeS印tStheme員n±SD．  

Fig．2InfectiQn COurSe Ofβqあだ∫ね  
〝禦r〃′～inSR＋／十mke（○）andSR－／一  

m】Ce（▲），MeaれPCV were obtained  
from gro11PS Of eight mice．Data  
EePreSentSthe me即】±SD．＊Studentt－  
testPd）．05．   

舶  
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Fig・3SpleenweightsinSR＋／＋血ce  

（□）and SR－ノー mice（■）duri帽  
infection course of Babesia mi（：r〃Ii．  

Datarepresentsthe，nean±SE・   

Fig・4Phenotypicdistributionofspleen  
cellsinSR＋／＋mice（□）amdSR一／－mice  
（■），Ce］］surface expression of the  
indicated markers was determined by  
fiow cytometer. 

SR＋mice・SpleenweightsofSR＋／＋micewerehigherthanthoseofSR－／－miceat  
20daysafterinl七ction，aSShowFigure3・PhenotyplCCOmPOSltionsofspleencells  
innon－infectedSR＋／＋and－／－miceareshowninFigure4・PercentageofCD4＋T  

cellsfromSR＋／＋micewashigherthanthatfromSR一／一，WhilepercentageofB220  
posltjveBcellsfromSR＋／＋micewaslowerthanthatfrom SRJ－・TotalcelL  
numberandspleenweightwerenotdifferentbetweentwostrains・Figures5and  
6showlheratesofspleniclymPhocytesubsetsanerinfection，aSeXaminedby  
nowcytometeL PercentagesofB220＋positiveBcellsatlOdaysafterinfection  
were35．9％and38．8％fromSR＋／＋andSR－／－mice，reSpeCtive］y・Theybecame  
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Figr51，1fectioncoLlrSeOfThyl・2＋ccH  

populationin SR＋／＋mice（L「）ar［d  
SR＋rnice（＿）duriTlginfectioncourse  
ofBabesiamicrL）（i．Datarepresentsthe  
mean±SD．  

Fig・6lnfection course ofB220＋ce”  
p？PulatiollinSR＋／＋mice（□）andSR－／－  
m）Ce（■）duringinfectlOn COurSe Of  
βdわど血 肌Jcrorf．D且【a rep【eSentS the  
lnearl上SD．   
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Fig．81rlfectioncourseofCD8＋cell  

POpulationin SR＋／＋TTlice（□）and  

SR－／－ mice（■）duringinfectiorl  
course of βd占g∫fα m～cr（汀ブ．Data  
representsthemeall±SD．  

Fig．7hlfectioncourseofCD4＋ce”  
pop山ationin SR＋／＋mice（□）amd  
SR－／－ mice（■）duringinfection  
COurSe Of Bubesia microti， Data  

represer［tSthemean±SD．  

lowerthanhalfoflOdaysinbothSR＋／＋andSR－／－miceat20daysafterinftction・  
TherewerenosignincantdifferencesintherateofB220positiveBcellsbetween  
SR＋／＋andSR＋mice・PercentageofThyl・2＋posltiveTcellsreducedpercent  
Change from63・2％to7・9％at20days af（erinfbctionin SR＋／＋mice．The  
reduction wasless drasticfrom46・6％in SRr／－miceto16・5％・This period  

COrreSpOndedtothetimewhensplenomegaryoccurredinSR＋／＋mice・Asshowin  
Figures7and8・fluctuationsofCD8＋posltiveTcellwerelessevidentinboth  
Strains；Changedfrom7・6％and6・0％to2・9and3・9％at2Odaysafterinftctionin  
SR＋／＋andSR－／－mice，reSpeCtively・Therewerenoslgnincantdifferencesinthe  

rateofCD8＋positiveTcellsbetweenthem．Ontheotherhands，theratesofCD4＋  
POSitiveTcellschangedfrom49・4％toll・5％at20daysafterinfectioninSR＋／＋  

mice and33・5％to28・3％in SR－／一mice・TheperCentageS OfNKl・1＋celland  

NKl・1＋CD4＋cellsdidnotdifferbothstrains（datanotshown）．AsshowninTable  

l・peritonealmacrophagesobtainedfrominfbctedmiceatlOdaysafterinfection  
Orfromnon－infectedSR＋／＋micelngeSted26・0％or203％erythrocytesinfected  
withB・micrDti・lnSR一／－mice，PerCentSOfperitonealmacrophagesthatingested  
theinfectederythrocyteswere16・8％and15・0％when obtainedfromlOdays  
afterinfectionandfromnon－infectedmice，Theratesofperitonealmacrophages  
thatingestedinfectederythrocyteswere significantlyhigherinSR＋／＋micethan  
thosefromSR－／一mice．  

DISCUSSION  
Theimportance of cell－mediatedimmunltyandIFN－Yinintercellular  

PrOtOZOainfec【ionhasbeeTlrepOrted（Shearetal・1989；Sal1yetaI．1990；Sedegah  

宵ざ   
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etal．1994），IthasbeenshownthatCD4＋Trce11playsaveryimportantrolein  
hostimmuneresponsetoprotozoaninfection（SilSSetal・1988；Podobaetal・1991；  
Wakiet al1992）．Mice treatedwith anti－CD4mAb fai1to controIB・m  
jnfection．However，the mechanism mediating the prlmaryinfectionwith B・  
micTDtihasnotbeenfu11yunderstood・Theroleofmacrophagefortheresolution  
ofacuteprlmaryinfectionwithB・micTVtiwasinvestlgatedinthisstudy・The  
developmentofmicedeficientintypeIandtypelIScavengerreceptors，through  
disruptlOnOfexon40ftheSR－Agene，hasprovidedamethodforinvestlgation・  
FluctuationsofparasitemiawerenotdifferentbetweenSR－／－andSR＋／＋miceafter  
B．micmtiinfection．Basedonthisresult，SCaVengerreCePtOrSeemSnOttOPlayan  
importantroleforexclusionofparasitizederythrocyteswithB・micTV（i・However，  
the packed cellvo］ume of SR＋／＋mice at16－3O days afterinfection were  
signincantlylowerthanthoseofSR－／－mice，andspleenweiglttsofSR＋／＋mice  

wereheavierthanthoseofSR－／－miceat20daysafterinfection・Interestingly，the  

peritonealmacrophagesfromSR＋／＋miceweremorephagocyticthanthosefrom  
SR－／－mjceinvitro・Thissuggeststhatscavengerreceptormediatesuptakeofboth  

ofinfectedand non－infected erythrocytes，althoughthe phagocytlC aCtivlty Of  
macrophagesagalrLStB・micTVti－infectederythrocytesinthepresentstudyislower  
than that reportedfor the uptake ofrnodified－LDL・Inthe same time，flow  
cytometric studies revealedthatthepercentage oflymPhocytesin spleenfrom  
SR＋／＋micewaslowerthanthatfromSR－／－miceafterB．micIVtiinfection．  

Basedonourresults，WeCOnCludethatscavengerreceptordoesnotdirectly  
play an rolein protection agaInSt B・mLcrotiinfection・However・SCaVenger  

receptor，aS a binding factor of rnacrophage，PreSumably enhanCeimmune  
responsesandinducemacrophage forelimination ofparasitized anddamaged  
erythrocyte．  
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