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ABSTRACT   

Invasionspeci爪cityofEimeriastiedaisporozoitestoculturedrabbitliver  
biliary cells，parenChymalhepat∝yteS and kidney cells was monitoredr  
lntracellularsporozoiteswereobservedinliverbiliaryepithelialcells，aSearlyas  
3hrs when aninfectionrateof5％wasrecorded．1nfectionrate forrabbitliver  

biliaryepithelialcellswasmonitoredfor6hrsandincreasedtoapproximately9％  
at this time. No intracellular parasites were found in rabbit parenchymal 
hepatocytes and rabbit kldney ce11s，eVenOn PrOlonged culturlng・In theliver  
biliaryepitheljalce11sinoculatedwithnxedsporozoites，nOintracellularparasites  
were砧und・Sporozoitesattachedonthecellsurfaceoftheliverbi］iaryepithelial  
Cellsnxedwithparaformaldehyde，butdidnotpenetrate・  

Serumofmiceimmunizedwithrabbitliverbi］iaryepithelialce11s，Showed  
antibody reactivlty tOliverbiliary epithelialcelJs，higherthan，that ofrabbit  

parenchymal hepatocytes and rabbit kidney cells. After absorption with 
parenchymalhepatocytes，antibodyreactivltytOliverbiliaryepithelialcellsinthe  
SerumStillretaitled・Sporozoitepenetratjonactivltylntheliverbiliaryepithelial  
Ce11sreducedbythesupplementoftheserumofmiceimmunizedwithrabbitliver  
biliaryepithelialcel】sintheculturemedium．Theseresults suggestthatEimeria  
Stiedaisporozoitespenetratethehepatobiliaryce11sselectivelyandtheseepithelial  
Cel］s havethe sporozoite binding site（S）which might beidentified by specinc  
弧tibody・  
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INTRODUCT10N  

Eimerla sIEedai（E．stie（由i），aCOCCidia ofliver ofthe domestic rabbit，  
CauSeS Clinicalsymptoms reJatedto obstructivejaundice．The pathogenicitylS  
restrictedlylocatedinlivertissue，SpeCiallybileducts．TheinteractionbetweeTl  
hostlivertissueandtheparasjtehasnotyetbeenclearlyelucidated，althoughthere  

have been reports onthein vitro culture ofE．stiedaimerozoites（Fitzgerald  
1970；DoerrandHohn1972；CoudertandProvot1974）．  

This study，WaS COnducted to examine the host specificity of  
SpOrOZOitesinculturedce11sfromrabbitlivertissueandcomparethepenetration  
activity ofE・Stiedaisporozoitesin those cu］tured cells．rIbidentifytheliver  

OrlglnOftheculturedcells，immuno仇10reSCenCeWaSPerformedinlivertissue．   

M〟rERIALS AND こMETHODS  
C〟け〟柁dce〃∫  

Rabbitparenchymalhepatocyteswereisolatedfrommaleandftmalerabbits  
Weighting500－700gbyinsituperfusionontheliverwi（hcollagenaseasdescribed  
elsewhere（NakamuraetaJ・1980）．ThecellsuspenSion wascentrifuged at600g  
for7min・Af（erthat，thecellswereresuspendedat5x104cells／mlinWi11iam  
medium containlnglO％fttalbovine serum，1mM Dexamethazone and2nM  
insulin，thenwereincubatedwithcollagen－COatedpetridishes（FalconInc．）at370c  
in5％CO2・AnotJlerCeJltypeofculturedrabbitlivercellswereisolatedfrom  

rabbits similarweightingasdescribedabove．Briefly，apprOXimately20g ofthe  

bileductandliverbiliarytissueswerecutintosmalJpleCeS，andsuspendedin50  
mlofO・025％collagenaseinphosphatebufferedsaline（PBS）containingCaC12  
andMgC12，incllbatedat370cfor30minwithstirring・Aftercentrjfugationat  
600g for7min，the cells were suspended at5xlO4cells／mlin Dulbecco’s  
mod摘edminirnum essentialmedium containinglO％fetalbovine serum（D－  

MEM】0％FBS）andincubatedasdescribedabove．During2weeks，ePithelialtype  
Cellsmultipliedinthecellculture．Thisculturedcellsweretentativelynamedliver  

biliaryepitheJialcells・Rabbitkidneycellswereisolatedfromthesamerabbitsas  

described above．Briefly，the kidney tissues were cutinto smallpleCeS，and  
SuSPendedin50mlofO・25％trypslninPBS，incubatedat370cfor15minwith  
Stirrlng．Aftercentrifugationat600g for7min，thece11sweresuspendedat5x  
lO4ce11s／mlinD－MEM10％FBSandincubatedasdescribedabove．Duringlweek，  
nbroblastsmultipliedto becomemonolayerinthecellculture・BS－CIcells，an  
African Green Monkey kidney cellline，WaS purChased fbrm Dainippon  
PharmaceuticalCo．（Osaka，Japan）andculturedinD－MEMlO％FBS・Bovinebile  
epithelialcellswereharvestedfrombileductsofcar（lebyscraplngandincubated  
asd¢SCribedabove．Mouseembryonicfibroblastswereobtainedfromembryoof  
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1CRmieeonthe14th－16thdayofthegestation・Forexperiments，eaChtypecel）s  
wereremovedfromculLuredpetridishesbytrypslnizJng，reSpeCtively・Zeropolnt  
twoml，Ofthece11suspension，ataCOnCentration5x104ce11s／ml，WaSCulturedon  
15mm round coverslipat370c overnight，beforeinocuJation・1n the caseof  
hepatocytes，thecellswerecu】turedoncollagen－COatedcoverslips（Iwaki，Tokyo・  
Japan）．   

J）り／■lMJJt・．ヾ  

Eimerias（iedaiandEimeria”ZLZgnaO∝yStSWereCOllectedfromfeacesof  
infectedrabbitsbysucrosenoatation・Sporozoiteswerereleasedfromsporu1ated  
oocystsbyuseofO・4％taulocholicacidandO・2％trypslninPBSat370cfor2  
hrs. The released sporozoites were separated by filtration using polycarbonate 
membrane filter（Nucleopore，3FLm POre Size，Costar，Cambridge，MA）and  
centrifugedatl，200gforlO min・The sporozoitesweresuspendedinD－MEM  
lO％FBSataconcentrationoflO5SPOrOZOites／ml・Someofthesporozoiteswere  
fixedwithPBScontainlngl％paraformaldehydeat4Ocfor15min・   

ハリ…川∫州・‥佃、い・いJ州・∴・砧、り・′J∫‥・・′J＝ハ・一行（イト  
Culturemediumwasrernovedfrom thecellmonolayeredcoverslips，and  

O・2mlof sporozoites suspenSion was mountedonto the coverslips，incubated  
either at3TC or at40c for a specifyinglength・Some of coverslips were  
pretreatedbynxationwithPBScontainingl％paraformaldehydeat4Ocfor15  
min．Afterincubation，thecoverslipswerewashedinPBSandfixedwithmethanoL  
andstajnedwithGiemsa．Thenumberofintracellularsporozoiteswascountedper  
400ceJIs▲Eachexperimentwasrepeatedatleast（hreetimes・   

J椚椚〟押～z（l油川わ＝而α  

Toprepareantisera，agalnSttheculturedliverbiliaryepithelialcells，mice  
wereimmunizedwiththeculturedce11s，TheculturedliverbiJiaryepithelialcells  
harveSted，WereWaShedbycentrifugationat600gforlOmin，3times，in PBS；  
nxed with chi11ed PBS containingl％paraformaldehyde for15 minand  
resuspendedinPBSataconcerltrationoflO7／ml・ThecellsuspenSionwasmixed  
withthesameVOlumeofFreund■scompleteadjuvant．ThreeBALB／cfemaleadult  
mice wereinoculatedintraperitoneally withO・5miofthe emulsion・Themice  
wereinoculatedintravenouslywith O・1mlofthe cellsuspension fcrr2weeks  
interva13times・On thelOth day post finalinoculation，the serum Ofmice  
obtainedwereinactivatedat56Ocfor30rnin，thenpooledandstoredat－20Oc  
untiluse．The serum Ofmiceobtained onthelstday befbreimmllnization was  
usedascontrol．  
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J〃伽c√J仰〟〃研〟0作∫Cて〝チビd〃血dり叫〃狙rJ  

Thean［ibodyreactlVlty，agalnSteaChculturedceJIs，Wa＄PerformedbyIFAT・  
Eachculturedce）1swerefixedwithPBScontainlngl％paraformaldehydeat4Dc  
for15min・AfterwashinginchiIledPBSthreetimes，theculturedcellsuspensions  
WaSdroppedontoslideglasses，driedatroomtemperatureandstoredat－80Oc  
untiluse・The serum ofmice obtained，four fbld serialdilutedin PBS were  
mountedontheculturedce11scoatedsTideglassesat370cforlhLAfterwashing  
withchilledPBS，FITC－COTt）ugatedantirmouseIgG，200folddilutedinPBSwas  
addedandtheincubationcontinuedat370cforlhェThepresenceofspec摘c  
fluorescenceontheceJlmembraneswasexaminedbyfluorescencemicroscope・  

舶∫0岬Jわ叩／c〟JJ〟作dre抽  

TbexamimetheantibodyspeCi鮎ity，theserumWaSdonebyabsorptlOnwith  
Culturedcel］s・Briefly，100ylofthetestedserumWaSmixedwithlOmgofeither  
parenchymaJhepatocytesorliverbiliaryepithelialcellsat4Ocovernight，under  
gentleshaking・Afterthat，the suspenSionswere centrifugedat12，000gfor20  
min，thesupernatantWaSStOredaト20Dcuntiluse．   

「′∫‥・∫・′＝…′′…′∫ト・・／・、川り－…∫、／一り′い・りJ′り…鮎川一…り′川、  

Cultured cells monolayered on coverslips wereinctlbatedin D－MEM  
lO％FBS containinginactivated serum Of either non－infected mice orthat of  

immumized mice，at378c forlhr．After washed twicewiththe medium，the  
SPOrOZOitessuspenSionwasmountedontothecoverslipsandincubatedat370cfor  

6hrs・Thepenetrationactivjtywasmeasuredasdescribedabove．   

REStTIJS  
J、川・〃用心里…J′＝宮・イ、／岬・こ■りJハ高JJJ＝吊J・…・．J‥〃、、   

Intracellularsporozoiteswereeasilydistinguishedunderalightmicroscope，  
because the penetrated sporozoites became Stumpy and surrounded by  

ParaSitophorousvacuole（Fig・1）・Intracellularsporozoiteswerefoundinbiliary  

epithelialcells（5％）at3hrspostinoculation（p．i．）．Thenumberofintracellular  
SpOrOZOitesincreasedgradually，therefore，theinfectionratewasmonitoredfor6  

hrsinthece11culture・Irlftctionrateforbiliaryepithelialcellswasapproximately  
9％ at this time・However，nOintrace11ular parasites were fourLdin the  
paremchymalhepatocytesandrabbitkidneycells．At40c，penetrationactivitywas  
notdetected▲Wher）theliver biliaryepithelialcellswerefixed，thesporozoites  
attached on the ce11surface but not penetrated（Fig．2）．Tb compare the  
Penetration activity of E・Stiedaisporozoites，E・magna SPOrOZOites were  
Challenged agains［the same cultured cells■1t was observed that E．  
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sporozoiteshaveapredilectionfortherabbitbilecellswherethepenetrationwas  
upto6・64％・1nothercelJtypeSWaS2・36％forBS－Cl，1・8％forrabbitkidney，  
0．65％forBFPTCandO．6％forbovinebiliaryepithelialcells・  

Fi紗relStumpyintr媚曲由一叩ぬ細緻細面弼幽取囲頗極細卯締約輌  

ト抽肌・ユ叫仙ハ仙、、こ■＝山u」州－l・八州、州l、ミ、－Jl州・li山1・りl州ごに－1∴  

βノ   



HOST SPECIFICITY OF EIMERIA ST［EDA［   

／帖／川t・J川J〃‖仙・抽，．甘、、…い・．川J小り．八・丁目J  

Specificnuorescencewasfoundontherabbit】iverbiliaryepithelialcel）s  
incubafedwi（htheimmunizedserum，uPtOl：4，096・Theseruma］soshowed  
antibody reactivlty tO hepatocytes up tol二256・After absorptLOnwith the  
hepatocytes・antibodyreac［ivltytOthehepat∝yteSreducedto＜4・While，．antibody  
reac（ivltytOliverbiliaryductcellsretainedtol：256．Ontheotherhand，after  
absorption witlltherabbitljver epithelialcells，thereactivl【ytoliverbiliary  
epithelialcellsreducedtol＝64・SerumOfmicepreimmunizedwithrabbitliver  
biliaryepithelialce11s showedno speCi航cfluorescencetoany kindofcultured  
Ce11s．  
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ab＄．blle¢011＄  

Figure3 Effectsofantl－rabbi（biJiaJTePitheliaJcellantiserumOn［he  
E・StTedaisporozoitespenetrationoftheraL）bitbiJiaryepitheliaIeells．   

J廿・イ・一J・川Jト′●・J小′J伸げ ハ〃√叶、、りイ血ゾん～Jt・tJJ…りい・′≠り〃・りJヾJI州一丁りれ・  

即眠仇血川鋸血旬  
Supplement oftheimmunized miceserum dilutedl：160foldinthe cell  

Cultureshowednocyto－pathogenicefftct．Preincubationoftheimmunizedserum  

dilutedl＝160andl＝320foldin thecul［ure medium markedly reduced the  
SpOrOZOitespenetrationactivity（P＜0．05）．Pleincubation oftheimml】nizedserum  
Which was absorbedwith the rabbitliver biliary epithelialcells，Showed no  
Significantdifftrenceonpenetrationactivlty，COmParedtothatofunsupplemented  
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COntrOl．Preincubation ofthe cells with preimmunized serum，dilutedl：40，  
Showednoinhibitoryeffecttothesporozoitespenetration（Fig・3）・   

DISCUSSION  
Our results showed that Eimeria stiedaisporozoites have penetration  

activitytotheliverbiliaryepithelialcells，butnottohepatocytesandkidneycells・  
TheseresultswereconsistentwiththeobservationofCoudertetal．（1994）．Antir  
culturedrabbitliverbiliaryepithelialcellsserum，reaCtSthesporozoitesbindir）g  
Sitestoreducethesporozoitespenetrationactivlty・ThesesuggestthatE・Stiedai  
sporozoites have binding capaclty tO rabbitliver biJiary epithelialcells，tO  

penetratethecellsandthebindingslteisantlgenicandspeC浦cfortheliverbiliary  

epithelialcells・Incontrast，E・magnaCanPenetrateVariouskindofcellcultures，  

not only rabbit cells，butalso bovine and Green Monkey kidney ceJIs・Itis  

considerablythatthebindingsites（receptors）ofE．mLlgnaandE・Stledaiwouldbe  

different，the receptorofE．stiedaiislocated onrabbitbiliary epitheliaLcells，  
WhilethereceptorofE．magnaisdistributedonmanykindoftissuecells．  

We have no data，however to show our hypothesisin this study・We  
Observedthat E．stiedbisporozoitehasL－fucose residueswhich playlmPOrtant  
roles forattachmentand／orpenetrationofthehostcells，Whilethehostcel】11aS  
lectin－1ikesubstancetobind－Lfucoseresidues（unpublisheddata）．Onepossibility  

WOuld txconsideredthattheantlgenicbinding site specificfortheliverbiliary  

eppithelialcellsisthelectinlikesubstance．FurtherstudyjsnecessarytQdetermine  

Whethertheantlgenicbindingsitewhichweobservedinthisstudy，isalectinljke  
Substance．  
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