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ABSTRACT  
The reactionoflymphocyte populations，iniNOS－／－miceand wildtype  

controlmice，tOBabesiamicTDtiinfectionwasinvestigatedinthisstudy・During  
thecourseofinfection，inbothgroupsofmicetherewasgrossenlargementofthe  
spleensbutthespleencellpopulationdecreasedby50％・Atpeakparasitemia  
iNOS－／－micehadalowlymphocytecountandonoverall，aSlightincreasein  
】eukocytepopulationinperipheralblood・Ontheotherhandcontrolmiceshowed  
aslgnincantincreaseinleukocytepopulationbutlymphocytenumbersremained  
unchanged．Duringinfection theiNOS－／－micehad ahigher percentageofB  
lymphocytesandCD4＋Tcellsinthespleen・COmparedtothecontrolmice・1n  
responsetoBrmicrDtlinfectioniNOS－／－miceproducelessTし4，butmoreIFN－Y  

comparedtocontrolmice．ParalleltothehigherperCentageOfBcells，iNOS－／－  
micealsoproducedhigheramountsofB・micTVti－SPeCificantibodies・Theseresults  
suggestthatintheearlystagesofinfectionNOprotectsthelymphocytesagalnStB・  
micTDtiinvasionandthattheimmunedefenseiniNOS－／qmiceinvoIvestoalarge  
extent humoral immune response. 

INTRODUCTION  
BabesEamicTVtiisarodentpathogen，SpeCleSOfthehemoprotozoanparasite  

Babesia．BabesiaeinvadeerythrocyteswheretheymultiplyandcausehemolysIS  
andanemiainthehost（CallowandDalgliesh1982）．BabesiamicrotiandB・equi  
aretheonlyBabesiaspecieswhichinvadethehost，slymphocytesandmultiply  
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thereinitiallybeforetheyinvadetheerythrocytes・Thischaracteristicplacesthem  

ClosetothegenusTheilerLa（MehlhornandSchein1984）・Celトmediatedimmunity  
by CD4＋T cellsandIFN－Y plays animportant roleinthe protection agalnSt  
prim洩ryinfectionwithB．micTVti（Igarashietal．1994；Shimadaetal．1996）．Our  
earlierexperimentswithiNOSr／－miceunabletoproducenitricoxideinresponse  
toB・7nicIVtiinfectiondemonstratedthatNOisinvoIvedinearlylmmunedefense  
againsttheparasite・DifferencesintheexpressionpattemsofIFN－YandTNF－α  
duringthe courseofinfectionprovedthatiNOS－／－miceuse differentimmune  
deftnsemechanismsagalnSttheinvadingparasitesascomparedtothoseemployed  
bythewi1dtypecontrolmicewiththeabilitytoproduceNO（Remeretal．1998．  
inprint）・Theobjectiveofthepresentstudyistoidentifythelymphocytesubsets  
invoIvedinimmunedefenseagalnStB・mic7りtiiniNOS－／－andwildtypemice．   

MATERIALSAND METIIODS  
、l〃汀－〃わJハ析ハJJハ  

Bfeeding pairs of mice with disruPtediNOS gene（iNOS－／－）were  
generouslyprovidedby Dr．）．S．Mudgett（Merck ResearchLaboratories）．The  
C57BL／6mice used as controIs for this study were purchased from CLEA  
（Tbkyo，Japan）・A11micewerebetween6－9weeksofageatthebegimingofthe  
experimentsand allexperlment grOupS WereSeXand age matched・B・micTVEi  
（Munichstrain）waskindlyprovidedbyProf．A．0．HeydomfromtheInstituteof  
Parasitology and TropicalⅥさterinary Medicine，Freie Universit鮎Berlin．The  
micewereinoculatedintraperitonea11y（i．p．）withlxlO7parasitizederythrocytes  
（PRBC）andthecourseofparasitemiawasmonitoredevery2daysbycouTltingthe  
PerCentageOfPRBConGiemsa－StainedbIoodsmears．   
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Groupsofuminfectedmiceandinfectedmiceatthepeakandattheendof  
the parasitemia were sacr班ced．The spleens were removed and their weight  
measuredwithanelectronicbalance．Thespleenswerehomogenizedlxtweentwo  
frosted glass slides with Turkb solution（KANTO ChemicalCo．Inc．，Tbkyo，  

Japan）and the cellsin the suspenSion quantified usjng a modified Neubauer  
ChamberlThecell，numberswerecalculatedascells／mgspleenweight．   

J．‖止川l什－ノ仙川∫・げ＼川豆い＝．小．f  

Bloodfrominfectedanduninfectedmicewascollectedbycardiacpuncture・  
Forleukocyte－numbers the blood was diluted with Turk’s solutionin a  

haemocytometerandthecellscountedwithamodifiedNeubauerchamber．Forthe  
proportionoflymphocytesintheto（alleukocytepopulationGiemsa－Stainedblood  
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SmearSWereeXaminedunderlightmicroscopel   
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Infectedanduninfectedmiceweresacri重cedandthespleenremoved．The  
Spleenswerethenhomogenizedt光tWeentWOfrosted glassslideswithphosphate  
bufferedsaline（PBS）＋heparin（100U／ml）andthesuspenSionnlteredthrougha  

nylonmeshtoremovetissuefragments．ErythrocytesinthesuspenSionwerelysed  
WithO．83％ammoniumchloride，thecellswerewa5hed2times withPBSamd  
resuspendedwithPBStoaconcentrationof2×107cells／ml・Ce11suspensionswere  
incubatedwithF7TC－CO叫ugatedanti－Tcellandanti－CD8＋mAborPELCOnJugated  

anti－Bce11andanti－CD4＋mAbfor30minonice，WaShed3timesandanalyzedby  
now－CytOmeter（COUIJER㊤Epics⑧XL，CoulterTM，Miami，USA）・   

〟gd∫〟Ⅳ椚g〃Jq／JFⅣ－γα乃d几－ヰ  

Bloodsamplesofinfectedanduninfectedmicewereco11ectedbycardiac  
PunCture．The serum WaS SeParated and storedin －800C untiluse・The  
COnCentrationsofIFN－YandIL－4intheserumweremeasuredbyELISAtestkits  
（ENDOGENInc．，Cambridge，USA）．   

A血伽ゆ血炉  

Babesia micTVti－SpeCific antibody－titers were determined byindirect  
immuno－nuOreSCenCeantibodytest（IFAr）．BabesiamicfVti－antigencoveredslides  

werekindlyprovided byDrTAvarzed・Theantlgen－SpOtSWereCOVeredwiththe  
PBS－diluted serumfrominfectedandunlnfectedmicefor30min，incubatedwith  
FITCrcoruugatedanti－mOuSeIgGfor30min，WaShedinPBSandexaminedwitha  
fluorescencemicroscope（Microphot－FX，NIKON，Tokyo，Japa11）・   

RESUuS AND DISCUSSION  

The spleensofuninfectediNOS－／rmicewereslightlysma11erinsizeand  
Weight but contained relativeJy more cells than the spleens ofnormalC57BL  
mice．DuringthecourseofinfectionwithB・micTVtithespleensincreasedinsize  
inbothiNOS－／－andwildtypemice．TheiTICreaSeiniNOS－／－miceattheendofthe  
parasitemia was only slightly morethanin normalmice（Fig・1）■Tn the same  

Period血e relative numbers of cellsinthe spleen decreasedin both groups，  

howeverthedecreasewasgreateriniNOSL／－miceascomparedtowildtypemice  
（Fig．2）．Thesefindjngscorrespondwithhistologyresultsofearlierexperiment’s  
whichshowedthatduringB，micTVtiinfectionthereislittlefoLlicleactivationin  
the spleen ofiNOS－／－mice as compared to that observedin C57BL controIs  
（RemeTetal・1998，inprint）・Therefore，theincreaseiniNOS－／，mice spleen  
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Fig・2Relativecell－nurnbersinthespleen  
OfiNOS－／－and wildtyF）e C57BL mice  
duringB・microEiinfection．Cell－numbers  
Calculatedincells／mgsp】eenweight．  

Unin紬cted peak  end  

Time polnt of parasitemia 

Fig・1Increaseinsp】ee11WeightiniNOS－／－  
miceandwildtypeC57BLmiceduringB・  
microEiinfectioI】．The r［umbers oYer the  
COlumns show the relativeincreasein  
Weight compared（O the splee几 Of  
unin托ctedanimals．  

Weights，Whilst relative cellnumbers remain relativelylower，is caused by an  
increaseinredpulpsizeratherthanproliferationofthewhitepu］plnreaCtionto  

theparaSi【es（Hildebrandt1981）．  

UninfectediNOS－／－micehadlowerleukocyte－numbersinthe blood than  
theirwi1dtypecontroIs．Duringthecourseofinfectionleukocyte－numbersinthe  
COntrOIsincreasedmarkedlybutreturnedtonormalbeforetheendofparasitemia．  

Incontrast，therewasonlyamodestriseinleukocyteLnumbersofiNOS－／－mice，  

Whichwas maintaineduntilthe endofparasitemia（Fig．3）．The percentageof  

lymphocytesiniNOSq／Lmicedecreaseddurimgthecourseofparasitemia，Whilein  

C57BLcontrolmiceitremainedunchanged（Fig．4）．  

TakinglntOCOnSiderationthatB．micTVtiisoneoftheBabeshzethathasan  
early phase ofmultiplicationin the host’slymphocytes（Mehlhorn and Schein  
1984），thehigher percentage of）ymphocytesinwi1dtypemice suggeststhat NO  
hastheabilitytoprotectthelymphocytesagalnStdestructionbytheparasite．How  
these茄ndingsareconnectedwiththedifferencesinspleenactivation（Remeretal．  
1998，inprint）andb】00dleukocyte－numbersisyetnotwellknownanddeserveS  

closerexamination，  
To differentiate the subsets of the lymphocytes flowcytometry was 

performed．HereitturnedoutthatuninfectediNOS－／－andwildtypecontrolmice  
had almost thesame proportions of T to BIymphocytes（1：1▲2andl：0・81，  
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Fig・4Percentageof］ymphocytesinthe  
differential－bloodsmearofiNOS－／－mice  
and wildtypemice during B・microti－  
infection．  

unint∝tOd peak end  
TlmepointoIpara＄ltemia  

Fig・3Leukocytenumbersirltheb）00dof  
iNOSL／－mice andwi1dtype C57B］mice  
duringB・micTOtiinfection・  

respectively），but therewere significantdifferencesin ratios betweenthetwo  

groups duringinfection（Tablel）．Therewasalso adistinct differencein the  
proportionsofCD4＋toCD8十cells二iNOS－／rmicehadinitial1yalowerpercentage  

OfCD4＋cells，butdevelopedahigherCD4＋：CD8＋ratioduringinfection・  

rrhblel・Rat）00flymphocyte subsetsiniNOS＋mice andtheir  
C57BLcontroIsduringthecourseofinfeet10nWithB・microfi・  

CD4＋／CD8＋ratIO  T／Brat】0  

Wildtype iNOS－／－  WildtypeiNOS－／－  

3．27：1 2．57：1  

4．83：l （i．30：1  

3．63：1 4．57：1  

ullin氏dd  l：0．81 l：1．20  

匹ak  l：2・47 1：3・90  
end  l：1．53 l：2．27  

To重ndouttherelativedominanceofThlorTh2subsetsamongtheCD4＋  

cells，theconcentrationsofIFN－Y，IL－4andB．micTDti－SpeCificantibody－titerin  
the serum Were determined．iNOSJ－micehadhigheramounts ofIFN－Y，lower  
amountsofTL－4andahighertiterofspeC摘cantibodies，COmparedtowildtype  
C57BLmice（Figs．5and6，andTable2）．  
Theimportance of the CD4＋T cellsin resoIving B・micrDtlprlmary  

infectioninnormalmicehasalreadybeenreported（Igarashietal・1994；ShimadBL  
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uninl∝tOd 叩k  end  

Parasibmiさ  

Fig・5IFN－YintheserumOfiNOS一／一and  

WildtypeC57BLmicedurjngB．microti－  
infection．  

unin†octed 匹ak  end  

Parasitemia  

Fig．6tL－4intheserumofiNOS－／－and  
WildLypeC57BLmiceduringB．microtE－  
im托ctiol】．  

Thble2・Babdami（：rOLiNSpeCi鮎antibodyLtiteriniNOSL／－andwildtypeC57BLmiced11ringdle  

COuI盲eOfinfection．  

mouse  unin触ted  匹ak  end  

Wildtype  l：1，024  1：4，096  

iNOS－ト  1：1，024  l：16，384  

etal．1996）．Theresults ofoure且periments demonstratethatCD4＋Tce11salso  

playanimpor（antroleintheimmunedefenseiniNOS－／－mice．Weietal．（1995）  

reportedthatahighconcentra［ionofNOpreventstheoverexpansionoftheThl  

Subset followlng a StrOng antlSenic challenge・This may explain the high  
COnCentrationsofIFN－YfbundiniNOS－／－micewithB．micTDli－infection（Remer  
etal．1998，in print；Weietal．1995）．ThehigherproportionsofBlymph∝yteS  
andthehighB．micIVti－SPeCi航cantibody－titerdespitethegeneral1owernumbers  
Oftota11ymphocytesiniNOS－／－miceindicateagreaterimportanCeOfhumoral  
immuneresponsetoprlmaryinfectioniniNOS＋mice．   
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