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PK∞n¢Onb伽爪（u9Jmll  

R9ur07・8iod－emica＝＝hara¢teds七csot263K－Mo打P蝕  
囲Sampt鴨句℃m地相O一雨COino飢l細由w柑－263K－Mo．RMしql旧1Cwerel瓜由tostldy仇eelec廿OPh側mig用心onaftすdeglycosyl細iona壷PK廿閲tme吼  
P）FαaSSeSSTnentOftheelectrophoreticaldifFeTenCeSamOn9distinctstrains，thebJotin（A）wasscannedandanaryzedbysoftwareindudedintheUVPinage  
analysissystenltOlocatemeexactpositionofthebands．  
（qThePKresistanceprofileof263K－MoPrPSc’wasstudbdando脚IParedw代hRML  
P）Th8（eSUJtsoftheexperimentshownin問Werequan6tatedbydcnsitcmcbicanaレSis．1一時datahthe汽gurerepresenttheavqag色士Standardemrfrom  
廿l怜Oindependentanimals・TTledifte（enCeSWereStatisticaJry由gn婿carTtaさeVak）atedbyone－WayANOVAわ＜0．01）．  

rnixedPrPSGb・OmOneSPeCjeswithPrPCfromadmerentanEma］  
SPeCiesandsubjectedthemixturetoseriaZroundsofPMCAto  
generate．propagate．andstabiIizenewprionstrains．Hamster  

PrPScgenerat由from mouse RML prions wasinf乾t10UStO  
Wi［d－tyPehamsters．DetailedanaJysisoftJlediseasecharacteris－  

tic＄andcomparisonwiththeiTlnessproducedbyseveralknown  

hamsterprionstrainsindicatethattheinvttro－generatedinねc－  

tjousmateria［acrossthespeciesbarriercorrespondstoanew  

Prionstraininhamsters¢emedRML－Ha）．Themaind折erences  

OftheRML－Hawereontheincubatbntimesafteri．p．JnOCU（ation．  

theexb’emdyhighresistancetoPKdegradation．andthepattern  
ofbraindamage（rabIeSl）．Similarry．PrPScgeneratedbycon－  
versionofmousePrPCwithharnsterP貯Sc什omthe263Kstrain  
WaSShowntobeinfectioustowiJd－tyPemice．withanjncubation  

PeriodcomparabletothatobtainedafterinocuFationw肘ISOme  
Ofthemouse－adaptedscrapiestrains，SUChasRMLAgain，the  

disease produced bythe new prions（termed263K－Mo）was  

ClearlydistinguishabTe育omtheoneproducedbysomeof軸e  

Currently known rnouse prion strains．The mqiordifferences  
wereseeninthee16ctTOPhoreticalmigration．e血reme［yhighre－  
＄istancetoproteolyticdegradatjon．andpattemofbrainspongi－  

forrTldegeneratlon（TabIeS2）．Toruleoutthatnewrygenerated  

PrPScintheseexperimentswascomingfrom…denovo・▼sponta－  
neousconversionofPrPCintoPrPScduringPMCAIWe 
SarnPlesofhealthybrain homogenatefromtendifFerentmice  

andharnstersthatweresubjectedtoserbJroundsofPMCAam－  

plfficationintheabsenceofPrP戸seed．Afterupto20seriaJ  
roundsofPMCA．wedidnotQbservedenovoformationofPrPSc  
inanyofthbsanlPTes．1Tlismaterialwasinoculatedintowird－tyPe  

animals．andnodiseasewasobservedmorethan400daysafter  

inocutation．Theseresuttsstrong吋indicatethatthegenerationof  

PrPScreportedinthepresentstudywasduetointersp9Ciespnon  
COnVerSion．Nevertheles＄．We血ou（dliketohighlightthatrecentJy  

Wehavebeenab］eto白enerateぎnvkroPrPScdenovoyithoutad－  
djtionofPrPScseed（datanotshown）．’However，tO（eaCh  
aim．thePMCAcondttionsneedtobemodified．Themodifica－  

tionsincIudechangesonthePMCAparametersOengthofincu－  

batjonand potencyofsonication），Preincubation，OrP（etreat－  

mentofthenormaIbrainhomogenatetoinduce／StabilizePrP  

misfo（dingpriortoPMCA．Thesefindingssuggestthatdenovo  

formationofPrPSccanbeexperimenta［りdistjnguish由dfrorn  
rep‖cationofpreformedPrPSc．indicatingthatthebiochemicaJ．  
conformationaしOrStabi町PrOPe長esofthePrPstructuresin－  
VOfvedin bbth processes are probab［y difFere吼StandaTd  

PMCAcond摘ons．asthoseusedinthecurrentstudy．donotre－  

su托inspontaneousPrPScformation、   
hte佗Stin91y，一nOUrSerialPMCAamp－i触atfonsofRMLPrPSc  

intoharnsterPrPCIWeObservedlaPrOgreSSivechangeonthe  
WeStemblotprofiteofthenew吋generatedRML－HaPrPSc．tn－  
deed．1n the月rstroundofPMCAitheglycoform distribution  
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VeSted．1七npet℃即tぬnhm呼∩細田州Were騨eParOdineonve相加  
buffer（PBS∞∩也i叫g150mMNaCい・0％¶托研X－100．andthecomple鴫  
COCktaiIof町doasohh弛前○相打Om80◎hdngerMannheim．Mannheim．Ger－  
manyトTh¢SamPlesworod訂i何dbya加¢f．bw一＄P8edcen廿汎喝a臨）∩（1500  
叩m†∝30s）w冊IanEppendαIc倒1厨hge田amburg，Gemany）．mode15414．  

SodaIRopIIcaゼOnO†PrIonslnVitmbyPM¢A  

AJiquotsoflO％brainhomogenatefr？rnClini腿IIysickrniceihf由tedwithRML  
cr301CandharnstminficteddtiL263K．HY．αDYpdcnswerediLutedinto  
ld％旭m或訂αmOUSO鵬誠吋血nゎーIl喝e伯t0．Sam画鰐WerObadedonto  
O・2mlPCRtubesand匹S柑0nedonana由〆∝PtaC◎dontbpl虞ehold訂Of  
amicrosoni血（MisonixMode13∝氾．FanⅥingda暮e．NⅥ．EachPMCAcycb  
COnSJStedof30mininl：Ubatiorlat37’CfoJIowedbya20spuIsoofsonication  
鎚t虞POtO祀yd7・飴mple＄W椚j陀ub虞edw肘10Utbd咽Sh争kenimmαS◎d  
inthewateroftr帽＄Onicdorbath．〟torarウリrTdofPMCAcyck）S．alOpJaliquot  
OI仇OamPl触m虞扉細w払dldod仙0901山dlmren耶d加ain輌か  
爪ate．むIdanowrourdofPMCAcyde＄WaS画mod．Thi＄町OCOdu帽WaS  
r01蛤虞Od＄OV訂a用mosb帽aehtho而nddil鵬on＄indkatodin廿伯te戒．Th8de一  

也打od汀血d如PMC～i畑山hgr陶g鵬．＄d血鴨，a鵬ふb暮e如∝畑ng．  
hasbeenpubJi＄hedeJ＄eWhere（CastjlIadaJ．．2∝裕；Saaeta（．，2005）．  

Prot0lha8●KDog一別舶用OnA＄＄ay  

¶05t加訂d叩虚血，brdigo虞bnoIP仲おcon由ぬd5u叫Odng廿lO鵠m一  
画モミbil℃ub虞bnin廿ぬ・岬汀忙eO＝＞K（5011少mりf∝60min虚370C．．Thod－  
go細OnWa＄さtOPP由byadd托iono一曲dレOPho帽由馴画○肋．ahd廿旧  
PrC＊脚SぬntPrPwas帽Vealedbywestemblottin9．Sot旭t廿拇叩何e  
dPKs釧S叫fαinv伽トa細山v毎岬er癒dPrP蝕mIdbo舶kd．  
仇esampleswo帽ineubatodbr60minきt370Cw肘Id徹訂ent¢qヽC血0nS  

OfPKr抑9i咽打omOto2500伯仙1・¶8PK印血り讐「警甲チ讐鵬や9．00㌍e血卜  
缶mofPK川蹴kdbdgo或h鯛d廿鱒卵油血．叫仇鱒Vd岬S．衰由雨汀嘘由  
研仇ebads。fthed飢S汁0汀給仕ica皿匝S 

Guani劇noD帥aturatlon鹿町  

Sample5WOincubatedwi仇di他作止血○廟msdf卸anidno輌hb一  

作do br2什虞roomtem【帽ー細雨鵬＄ha摘ng∴Th訂ea代or．sarnpk8WO帽  

incub感edin廿怜町e＄enC00flO†もsaI七os少ゎー30爪inat4■C8ndcen扉fugod  
atlOO．㈹x！Iforl叶ina8iosaね0〆如ⅦMAXu肘acen独唱○鰐血爪  
C山川計．Full融bn．叫．¶opdldd仇○¢摘如ga心血wasI8乳略匹rld由in  
¢0∩鴨帽ion曲and廿団扇w軌Plく誠一鵬d8bov0．∈q血血a輌  
dpe”dwo柑anal好∝lbywestorn山伏．moGdnらOVduo∝〉m叩鵬StO  
仇¢00昭血jon扉guanidinohy仙10rid01equ摘．tod棚850％ 
Of the騨坤如．and theso vduos w併○鋲畑mated on tho b出血of tho  
don＄稚om血画isdt加eo帽再katedwo＄t訂nbbb．  

Prot01腋Dq畑作○句巾鵬on触y  

mp鎚弧m匝W的触dg甲由w軌胱婆d蹴ウ鵬a申VO二元訂劇伽nof  
lO％㌫yk吋．8amPkさW訂e細山godatl00．∝氾Xg吋1叶虞40C．乳I匹卜  
触蜘asdi9C鵬d．andth8画Idro＄uSPOnd∝＝nl00叫鷹鋤血中坤如血一  
伯t鵬叩bu什訂卵帥∈咽bndB舶晦白餅叫．叫i価血中t。d鱒10m血  
虞1一00‘9■T血代訂．26再d鎚mM∝diump愉Ph鵬脚7均00∩樋仙gl％  
noni叫P－40and31山中拇lカ由N増加泊Sidas8F（NowE喝蜘山田01軸．8即－  
edy．M句w離addod．叫関W粥ineub虞Odbr2叶叡∫870C．叫仇e佗aC－  
伽nwas如画by伽add伽叩相中叩血鱒印刷離血姐叩鹿w甲  
anaりZedbywe或叩uOL  

WoざtOm8lot  

恥t8ins w即行adbn蛮ed t叩頭iu爪d嘲乳lぬtか画画a雨d09d  
蜘0陶鰐is（SDSPA6日uhd訂r由ud叩∞伽．衰坤吋血鱒中仙川一  
触畠l叫OSemO血．ardFO鵬W托h8日4阿什旧u＄OSarnPlos）細山8F4（br  
旭mdざSam腱S〉鵬i如鱒戒al：50∞劇鵬m¶oim皿∝¢鮒Ob折ds  
W粥ぬu山地by村山arゆOd¢h印10Ium計l蝕nOeaき開y伽l血m．円scaト  

aw3y．NJ）血anUVpi爪叩○肌叫廟＄SyStern．So廿ⅦtthequardtyofPrP決  
れけ帽We虞訂n加鵬V和ubおa氾eSS由，d即S托血a癖W粥dono  
叶叫他血  

PattemWaSreminiscentofRMLandlatersw旺Chedtoaprofile  
typica10fthehamsterstrains，Characterizedbythepredomina－  
tionofthedi帥COSylatedform（RgurelD）・Ourinterpretationof  
thisresultwasthatconsecutiveroundsofPMCArnayenable  
the new prion strain to adapt and stabiJize．TofurUlerStudy  
thispossibiI盲tyinourexperimentsjnwhichmouseprionswere  
generatedfrorn263Khamsterprions．weinoculatedthematerfal  
generated after various rounds of PMCA．Strikingり．simjlar  
amounts ofPrPScgenerated afteroneandthreerounds of  
PMCAproduceddiseasewithincompIeteattackratesand／or  
VerytOngincubationperiods（Figures5Band5C）．Incubation  
timestab批edaftersixroundsofs6rialPMCA，SuggeStingthat  
atthispcint廿1eneWStrainisfurりadapted．hese6ndin9＄Sug－  
gestthatPMCAIsnotonlyabJetoreproduce、theinterspecIes  
transmis＄ionofprionsbutisalsoabletomimicthestrainadap－  
tationprocessobservedinvivo．InvivoadaptationandstabiIi之a－  
tbnofprionsgeneratedaft8rCrOSSingthespeciesbanie（takes  
atleastfourconsectJtivepassages．whichrequiressevera］y8aJS  
Ofwork（Race8tqI－．2001，2002）・Conversely，Strainadapta廿On  
byPMCAtakesonly20r3weeks．1rnportan柑．thekineticsbfBd－ 
aptationinv‡troandinvivo，aSWeIlasthecharacteristicsofthe  
Stabi（izedrnateria（，areVerySirnilar・1ndeed．ithasbeenreported 

thatthreeseriaJpassagesof263Kinmiceproducedisea＄8inaJ暮  
animals，W肘1anincubationtimeofaround300days（RaceetaL  
2002）．ThisresurtisverysimiTartoth占dataobtainedwiththema－  
terfalgeneratedinvitroafterthr8eSUCCeSSiveroundsonPMCA  
rept章PationL（Figures5Band5C）・Moreover．（essthanthreeinviYb  

P？SSageSPrOducedanincoTnPleteattackrate，andmorethan  
血e8PaSSageSareneededtoobtainastableandlow（ncubation  
pe血d（RaceetaL．2002），Which這inthe＄amerangeOfour263r（－  
Moinfectiousmaterial．Fina暮帆＄imiTartoourinvjtrodataithe  
in vivo cross－SPeCies transmission between haniste短land  
micealsotedtoth8generationofuniqueprionstrains（Race  
Otal・，2001．2002）・加OU9hw◎訂etemPtOdto甲∝Ub始廿旧t  
eachPMCAroundhasthesameeffectonstrainadaptationas  
dideachinvjvopassage．moreexperlmentSWithotherspecies  
COmbinationsareneededtoreachthisconclusion．  

Jn畠umm？ry，OurreSuJt！主h伽thatall軸mentsconyo‖ingin－  

t訂SPeei輩廿ansmis＄ionofprion甲rOCOntainodinae01ト輌衿Sy＄T  

temandthatnewprionstrainscanbegenerated，adaptod，and  
Stabilizeduponcrossingthespecie＄bard訂invitrobyPMCA． 
Th6＄e伽dingsprovideadditionalsupportfor廿一OPrionhypothe－  
＄i＄，軍uggeStingthatsppcies－baniertransmissionandstrajng  

6rationaねdetermined 
Furthermore，thedatademonstratethat戸MCAis．avaluable  
tooJfortheinvesゼgationofthestrengthofthebarrierbetween  
diversespecies．恕mol占cu］ardeteminants．andtheexpected  
featuresofthen9Winfectiousmateri？lproduced．FinalIy．0Ur・  
findingssuggestthattheunjverseofpo琴SibIepr10nSi＄nOtre－  
Strictedtothose上uTrentJykrlOWnbutthatlikeIymanyunlqUein－  
fbctbusfoJdingsoftheprionproteinmaybeprodu¢edandthat  
OneOf’tbesourc由for輌Siscros＄－SPeCiestransmission．  

駄PERtMEmL一尺OC∈DUR∈S  

Propさra筍OnOITis＄uOHomogoIlate5  

Heahyandsick加叫由we（ePed嶋edw肋Phosphat曲red感ineP｝BS上  

が雌5mM叫en8dbminetぬ油紙id（∈D叫伽廿怜蝕uew鱒haト  
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PrP鎚quant消cation  

To叫餌t廿帽鑓meqUant汁yofP仲島℃meaChpr印a伯ぬ∩．WeCOmParedthe  

SamPlesbywestemblottingafte（PKd垣estion．Toobtainareliableandrobust  

qlantification．weranseveraldiffereTT（dilution＄Ofthesampleinthesamegd．  

toavoidart汗actsduetosaturationofthesignalαtOtOOWeakofasignaJ＿  

lnfe仙叶yStudies  
lnvivoinfectiv汁ystudiesweredoneinC57B16fernaJemiceorGoldenSyrianfe－  

maJehamsters，PU｛Cha＄ed加Chade＄dvcr．Aninalswere4to6weeksoldat  

肋○七meofinocubポon．摘th感iヱdanimalswe帽呵ectd或訂e頭領ical吋i鵬0  

軌ehgMhippocampusw仙20r4い10fth¢mOuSeOrham5terinねdわUSmate血l．  

respectjveh，．Fo（thei．p・infectJV托ystudies．100LL10fthcsarnplewe（e叫ected  

intothepe而0∩8dcav吋、mOq叫Otinねく畑OuSrn或摘叫鵬dco汀か．  
＄POndstotheplateaupo摘onoftheincuba悩onpeわod；the（efore．sma＝differT  

8nCeSjnthearnountofinfectiv托yshouJdnotchangeincubationper耐unless  

加島帽訂Q鎗aind好一erel℃eS．Theonsddc惰nicaldiseasewasmeaswedby  
SCOringoftheanimalstwiceaweek・Formk：e．thefo‖owin9SCaJewasused：  

1．norrnaJanimal：2，rOUghcoatonJimbs；3．extendvBrOUghcoat．hunckback．  
andv弓siblemotorabnormal沈ies；4．urogen托a＝edons；ard5．terminal痍a900f  

thediseaseinwhichthearlimafpresentedw托hcachexiaandIiesinthecagc  

WithlittlemoverTlent＿Forharnsters．thefo＝owingsconngscalewasused：1．  
normalanimal；2．mildbehaviordabnorna価esincIudinghyperactidyandhy－  

PerSenSitiv托ytonoisc；3．mod訂atebehavioraJproblemsincludin9trelTWOfthe  
head．ataxia．wobbJingga江．headbobbi咽．irTitab冊y，andaggTeS5iverTeSS匝  
1ethargyincaseoftheDYstrajn）；4．sevcvebehavi血abnomaJitiesincIud享∩9  

a）10ftheabovepIusjerksoftheheadandbodyandspontaneousbackroJLs；and  

5．teminals也geofthediseぉ早inwhich仇8耶imalli鶴in帆ecageand』nok椚－  

geTabletostandup．AninuL＄SCOringLev8」4duTirgtwoconsecutiveweeks  
WereCOnSideredsickaJ血weres8αi市codtoavok】exc8SSivopain扇aexpo剖－  
tiontocarbonぬd毒oxide．Brainsw色相e血ded．仇○鴫仙¢e相加細hem短phere  

wa＄打0三Onand或Oredat－700Cforbiochemicalexamina筍0nOfPrP馳w托h  

WeStemblds．andthele托hemis〆1ereWa5uSedfαhi或Ologyana恒癒．  

川東opath0logi¢alStudi05  

Brain蝕UeWa＄触edinlO％brmaldehydesd鵬ion．cutinsedions，andem－  
beddedinparaf伽．S訂iatsec烏0nS（6岬1thic呵什omeachblockwerestained  
W托hhematox少in－eOSれ∝incubatedw柚∩℃nOClona18血bα鮒巴‖eCOgniカng  

PrPortheglialfibdllaryacidicp｛Otein．viaourpreviousrydescribedprc40COtS  
（Cas古池一etal．．2005），SampreswerevisuaIiヱedwithaZeissmicroscope．The  

VaCtR）htionprofilewasestimatedbyconsiderationofbothnumberandsizre  
Ofsporlgi†md耶rat弓onin罰vedi¶離両地narea＄：OCdpitalco■teX．Cer－  

ebeIlum（mostレWhi蛤matter）．medu‖a（S画na15nucleus．冊erpdarpa吋．inね－  

パαCO＝i蝕Iul¶．andhippocampu5（CAl訂IdCA2regions），Eadlan如edb招in  
訂eaWaSSCOredfromOto4accordingtotheextentofvacuol細ionins仔des  

痍ain∝lw肘1he爪atOXili什eOSinandvisuaIiヱed虞a40）（magnj甫catIOn・Samples  

We（earTaJyzedblindlybytwodifferentpqsons，andthescoresrep（eSentthe  

averageo†廿帽tWOdetermina心0nS・   

駄摘朗ふlÅ伯t鰐k  

ThedifFerencesinincubationpeバods，histopathologicalp（Ofileofb｛aindam－  

a9e．andbiochemicalcharactedstic＄OfPrP鎚wereanaIyzedbyANOVA．foT－  

k）WedbytheDunnettMu托ipleCornpa貞sonpost・teSttOeStjmatethesignifi－  

（：anCeOfthedifrerencesbetweenthenewけgeneratedstrainsandeachof  

theotherhamste（and rTIOUSePTionstrainsstudied．Forthesestudies．the  

datawe（eanalyzedw往htheG（aPhPadlnstat，Ve椅ion3・05so什ware・  

SUPPLEMENTALDATA   

SupplementafDatainc［udeonef短UreaLdtwotablesandcanbefoundwith  

thisarticIeonheathttp：〟www．ce軋CO「rl化gVcontenVfutl／13〟訂757／DCl／．  
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○伝達性海綿状脳症感染性の尿への排出  
伝達性海綿状脳症の自然感染経路鱒未だに仮説段階である。TSE暴露の潜在的要因としての尿を嗣査するため、高感度検出  

使用上の注意記載状況・  

法とTSE感染性の定量を行った。263Kスクレイピーの臨床症状を呈しているハムスター22匹からプールした尿は、3．8±0．9感  その他参考事項等  

新鮮凍結血祭「日赤」  

研  

究  

報  

′  細菌、原虫等の感染  
の．   vCJD等の伝播のリスク  

概  

要   

報告企業の意見  今後の対応  

263Kスクレイピーの臨床症状を呈しており、腎臓・膀胱に炎症    今後も引き続き、プリオン病に関する新たな知見及び情報の収集に努  
のない／→ムスター22匹からプールした尿にTSEの感染性がある  
ことが示されたとの報告である。  
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JRC2008T－052  

RESEARCH   

Excretion of TransmissibJe   
SpongibrmEncephaJopathy  

lnfectivityInUrine ■l  
LuisaGre90ri．GaborG・Kovacs，］rinaAlexeeva，HerbertBudka，andRobertG．Rohwer  

Theroute oftransmission ofmostnaturaIlyacquired  
transrnissibJespongiformencepha10Pathy（TSE）infections  
remains specuJative、’7binvestigate urine as a potential  
SOurCeOfTSE exposure．we usedasensitivemethodfor  
detectionandquantitationofTSEinfectivity．Pooleduhne  
CO（lectedfrom22hamstersshowingcIinicaJsJgnSOf263K  
SCraP［eCOntained3．8土0．9infectiousdosesJmLofinfectivi－  
ty．11trationofhomo9enateSOfkidneysandurinarybladders  
fromthe same animals gave concentrations20．000－fold  
greater，Histolog（Candimmunohistochemicalexamination  
ofthesesametissuesshowednoindicationsofinf（ammato－  
ryorotherpathoIogicchangesexceptforoccasjonaJdepos－  
itsofdisease－aSSOCiatedprionproteininkidneys．Although  
thesourceofTSEinfectivityinurineremainsunresotved，  
these results establish thatTSEinfectjvityis excretedin  
UrineandmaytherebypLayaroleinthehorizontaltransmis－  
SionofnaturalTSEs．TheresuJtsalsoindicatepot9ntia暮risk  
forTSEtransmissionfromhumanurineJerivedhorrnones  

andothermedicines，  

Creut2＝fbldt－Jakobdiseasethroughbloodb・anSf通ionshave  

beendocumented（3，4）．1fTSEinfbctivitywereexcreted，  

humanuhne，Whichisasourceofinjectibleftrtilityhor－  
monesandotherdrugS（5，6），COuldalsoposeariskfbrtTanS－  

mission・tnfヒctedurinemightalsoaccountfbrthehorizontal  

transmissiorLOfsheepscrapleandmightcon扇butetothe  

naturalspreadofchronicwastingdiseaseindeerandelk．   
Early attemptstotransmitCreutzfbldt－Jakobdisease  

bycross－SpeCiesinoculationofrodentsandprimateswith  
urine舟omdiseasedpatients免i】ed（718）．Morerecentat－  

temptsinwhichurine舟ominfbctedhatTLSterSWaS叫eCted  
backintohamstershaveproducedvariableresults（9，）0）・  
TwootherstudieshaveTePOrteqinftctivityinurine（7］）  
andinfもctivitywithdisease－SpeCiGcprionprotein（mPJ）in  
kidneysofmicewithsimuItaneousscrap］eandnephritisbut  
notinthosewithscrapiealone（］2）．ToresoIvethesedis－  
CrepanCie，WeuSedahigh］ysensidveandprecisemethod  

OfmeasunnglowconcentrationsofTSEinftctivity，Which  
Wehavesuccessfu11yusedforquantitationofTSEinftc－  
tivityinblood（1，2），tOmeaSuretheconcentrationofTSE  
iJlfbctivityinurineofscrapie－infbctedharnsters・   

MateriatsandM¢thods  

Urine Collection and Processing 

Urinewasco］1ected斤omacohortof22Syrianham－  

SterS（HarlanSprague－Dawley，Haslet，Ml，USA）thathad  
beeninftctedbyintracranialipjectioTlwithlO％（Wt／vol）  
SCraPiebねin homogenate（263Kstrain）and育om aco－  
hortof8age－matChed，nOJlinoculatedcontrolanimals．At  
thetimeofurinecol］ection，thescraple－inftctedhaTnSterS  
showedclearclhlicalevidenceofdiseasebutwerestillable  
todrinkandeat（67－74dayspostinoculation）．Hamsters  
WerePlaced2atatimefbr24hoursinmetabolismcages  
inwhichtheyhadaccesstowaterbutnotfood．Foodwas  

T mnsmissiblespongiformencepllalopathies（TSEs）are  

払talneurologicdiseases．hhumans，alongasymptom－  
aticinc豆bationperiodisfo1lowedbyaprogressiveclinicaJ  
COurSethattypicallylastsaftwmotlthstoayear．TSEin－  

fbctivityandpath0logicchangeSareCOnCentratedinthener－  
VOuSSyStem；however，muChofthetransmissionriskresults  

fromparenteralexposuretothemuchlowerconcentrations  
OfinLtctivityfoundintissuesoutsidethenervoussystem・  
Thus，despitetheverylowconcentrationofTSEinfbctiv－  
ityinblood（1，2），4humancasesoftransmissionofvariant  

Author af輌ations：＼ねterans Aぬirs MedicalCenteL Ba］timore；  

Maryland，USA（し．Gregori，l．Alexeeva．R．G．Rohwer）；Univers汁y  
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TSElnfectivityinUrine  

¶＄＄ueCo＝ectionandProces引ng  

Kidneys and urinary bladders were h訂VeStedfr01n  
each of12inftctedanimals that donatcdurine either7l  
Or76dayspostinoculation・Animahwereeuthanizedby  
asphyxiationwithCO2・Thebladderwasremovedfirstand  
immediately打ozeninliquidnitrogen．Thekidneyswere  
COllectednext；therenalcapsulewasremovedbeforefreez－  

ingthetissuein1iquidnitrogen．Bothtissuesweredissect－  
edasepticallywithaclean，Sterilesetofinstrumentsfor  
eacllanlmalandeachorgan；Particularcarewastakento  
nottouchotherorgaIISOrtissues．Thetissues（12bladders  

and19kidneys）werepulverizedwithacryomillbyusing  
Sepal●ateCryO－CapSulesfbreachtissue（CryogenicSample  
Crusher，ModelJFC－300；JAl，Tokyo，Japan）．netissue  

powderwasstoredatJiOOCuntiluse．   

End－PointDiJutionlltrationofTi＄SueS   

Pooled bladderpowder（l．65g）andpooledkidney  
powder（0．64g）wereseparatelymixedwithhomogemi－  

2ationbuf托r（PBS，pH7．2）tomakelO％（wt／vol）tissl】e  
SuSPenSions before sonication at40％amplitude，tJSlng  
SeParateSterilemicrotipprobesfbreachhomogenate・The  
kidneyhomogenatewaspreparedaccordingtothesame  
SCheduleofsonicationusedfortheu血epooIs．Theblad－  
derhomogenatewassonicatedfbrlOs，repeg［ed2th；es  

（20stotalsonicationtim占）atroomtemperature．Longcr  
SOnicationtimesordelaysinthei噌鱒tionofthebladder  
homogenatecausedthesampleto．solidify，Whichmadeit  
impossibletodiluteandiqject．lmmediatelyaftersonica－  
tionth占homogenateswere，Serial1ydiIuted10－fo1dhinoc－  
ulationbu脆r，andeachdilutionwasiQjectedintohamSterS  
inlto5cages（4hamSterS／cage）払rtitrationbyend－POint  
dilution（Table2）．   

Al1dilutionswerebyweight．Thestudywasterhlinat－  
edat426dayspostinocuLation，andtheinfbctionstatusof  
eachanimalwasconfirmedbyWestemblotofdlebrainfor  
PrPrCS．ThetiterswerecalculatedbythenlethodsofReedand  
Muench（）3），Pizzi（I4），andSpeaJTnanandKafber（15）・   

PrP一所DetectionProcedures  

lmmunob暮otting   

lndividualbrainswerehomogenizedinPBS，pH7・2，  
tolO％（Wt／vol）byusingaFASTHhomogeJlizerl（Consul  
AR；Villenueve，Switzerland）accordingtothemamfac－  
turer’sinstruCtions．TotestforPrPW，brainhomogenate  

withheldtopreventcontaminationoftheurine．Udnewas  
maintainedat40C duringcollection．Sepamtemctd）Olic  
CageS（Ratmetaboliccageno．2100－R；LabProducts，Sea－  
fbrd，DE，USA）wereusedfbreachcohort．Theurinepro－  
duceddailywasstoredatJOOC．Theindividualcouections  
werethencombinedintoclinicalandcontrotpooIsof宍，60  
mLand宍ゴ125mL，reSPeCtively．   

LimitjngDitutionTitrationofUrine   
Weusedthelimitingdilutionmethodoftitrationdeveト  

Opedinourlaboratorytomeqsuretheconce抽ationofTSE  
infヒctivityinurine（），2）．hthismethod，arelativelylarge  
VOlumeoflow－titersampleisinjectedintracerebral1y，50トIL  
atatime，intoalargecohortofweanIinghamsters，1mmedi－  
atelybefbreanimalinoculation，a］iqudsoftheclinica］and  
COntrOlurinepooIswerethawedandsonicatedonicewith  
SeparateSterileuItrasonicationprobesfbreachpool・Sonica－  
tionwas血r4cyclesof15sonand10sofffbrlminoftotal  
SOnication，偲ingamicrotipprobeat40％aTnPlitude（Vi－  
bra－Ce11750W；Sonics＆Materials，Newtown，CT，USA）．  

Twomiui）itersofcontrolurinewasirjectedundilutedinto  
40hamSterS．Clinicalurine（urine／丘omhamstersshowing  
Clinicalsignsofdisease），WaSdilutedl：3widlinocula血n  
bu飴r（phosphate－bu飴redsaline【pBS］supplementedwith  
1％fbtalcalfserumatldlxpenicillinandstreptomycin）to  
removeconcen血tion－relatedtoxicity・FiYemi11ilitersfrom  
theclinicalurinepooIwasdilutedto15mL，andtheentire  
VOlumeWaSirtiectediTltO300hamsters，50llL／mimal．Soon  
a允erinoculation，＄amimalsinoculatedwithurine録omthe  

inftctedanimalsdied，Whichle食292animalsiIlthestudy．  
A11inoculationswereconductedunderaneSthesiawithpen－  
tobarbital（40－90mgn（g）．Ateachstepthecon廿Olurinewas  
pro00SSedb血相血ein良c鹿d∬in8．  

Allanimalswer色assessedweeklyfbrcarレslgnSOf  
SCr叩ie．AtdleGrs事SignsofdiseaLSe，anima］swereseparated  
舟omdleircagemates，ObserveddailyFbrdiseaseprogres－  
Sion，甜deuthanizedafterdiseaLSeWaSCOn丘rmedclinically．  
A鮎r559JdayspostinoculatioTlallremalnlnganimalswere  
euthanized．Brainswereco11ectedL倉omal］animalsinthe  

Studyandassayedforinftction－SpeCi負c，prOteinaseK＜e－  
Sistantprionprotein（軌曹鴫）byWesternblotorELISA，uS－  
1ng且diss∝iation－enl1anCedlanth弧ide伽orescentimmu－  
noassayO）ELFIA）developedinourlaboratory（deschbed 
below）．・¶鳩山飴cdonsは血SOfeacbanimalwa5tab山ated，  

andtheprobabilitiesofin鈷ctionandtiterwerecomputed  
鮎descdb¢d（J，2；Tablel）．  

‡一議   

Tabtel．Titerofurine†romsc（aPie－infectedhamsters  

Vo［ume  ．Vo［ume  TotaIno．  No．infbcted Titer．  
Fok］dilution inoculated，mL hamsters  hamsters  tD／mL’ SD†  Hamster  assayed．mし  

lnbded  4，87  3  14．6  292  18  3．8  0．9  

Noninocul細ed  2  None  2  40  1  

andv三inocuk畑0nVO暮ulne．0．05mL，  一ID．infectiousdose．Titer＝」n（P（0））暮（11Y）．vdlereP（0）＝（noTlhfecledaninaLsy（totalanl爪alsllⅦCULated）  
†SD＝＄qUa帽r00t（触叫，WhereV＝4・87mL．飢eto也暮㈹山n憺d伽un劇ukdu血e血Culat由叩・   
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RESEARCH  

Anjma＝1usbandryandDecontarninationProcedures   

AnimalsweremaintainedinaBiosafttyLeve13（BSL－3）  
animalfacilityattheVeteransAffhirsMedicalCenterin  
8altimore，Maryland，USA・Standardoperatingprocedures  

Table2．End－POin（dilution川rationofurinarybIadderandkidney  
fromscraple－infectedhamsters  

Totaけno．infeded  

Bねdder  Kidney  

19／19  

8／8  

8／8  

4／4  

4／4  

4／2  

4／1  

4／0  

20  

4／1   tOClavingbrlhat1340C．Thesonicatorprobesanddissec－  

4／O  tioninstrumelltSWeredecontaninatedbvautoclavingfbr2  

10‾り  

10‾1T  

lO‾2  

10■3  

10－1  
10‾5  

10」5  hat134oCimmersedin2NNaOH，fo1lowedbycleanlng，  
repackaging，andsterilizing．Al1laboratorysurfhceswere  
decontaminatedbeforeusewitheither2NNaOHorLpH  
（SterisCorporatioll，Mentor，Ofl，USA）（16）．   

Resu托s  

UrineTitration  

Urine collections丘ominfbcted and co（1trOlanimals  

WereCOmbinedintoseparatepooIs．PooIsminimizedthe  
possibilityofanidiosymCraticmeasurement舟omanindi－  
vidualandserveasaresourceforfutureexperimentsonce  
thetiterhasbeendetermined．Clinica11ya飴ctedanimals  
COnSumedloweramountsofwaterandproduced4－5－fbld  
lessurinethancontrolanimals．Thisresultedinslightlyel－  
evatedspeci丘cgravity，PrOteins，glucose，andketonesas  
measuredwithastandardllrinedipstick．Elevatedurine  
ketonesmayalsohavebeencausedbyfhsting．Thehigher  
COnCentratio110ftheurinepooledfromin氏ctedanimalsre－  
SultedirLatOXicitythatrequireda3－fo1ddilutioninbufftr  
beforeitcouldbeirtjected．   

TSEdevelopedin180fthe292animalsthatsurvived  
thehtiectionofthe3－fblddil11tedinibctedpool．hcubation  
timesareshqwninFigurel．Asobservedinotherstudies  
（1；2），SCraPieincubationtimesforanimalsinfectedwith  
low－titersamplesbeginat毎150dqysandrarelyextendpast  
500days．NolleOftheanimals打omeithertheinfbctedor  
noninfectedcohortsthatsurvivedtotlleendoftheexperi－  
mentwerepositiYebyDELFIA．Noneofthe24animalsthat  
diedduringincubationwithoutclinicalevidenceofscraple  
WerePOSitiveforscrapleinfecdonbyWestemblot，Only  
thoseanimalswithclinicalscrqpiehadthetypicalPrPl匂sig－  
nalinthebrainasassessedbyWestemblot．Theinftctivity  
titeroftheurheascalculated打omthePoissondistribution  
WaS3、8士0．9inftctiousdoses（lD）／mL（Tablel）．   

Scrapiedeveloped（at425dayspostinoculation）inlof  
the40hamstersinoculatedwithcontrolurine．Becausenone  

Ofthecontroldonoranlmalscontractedscrapleandbecause  
theirbrainswerenegativeforPrPrC＄，itis云Iearthatthisinfbc－  

tionresultedfromcontaminatioIl．HoweYer，thecontamina－  
tionwasunlikelytohavebeenenvironmental．OurBSL－3  
ismanagedunderastrictreglme110fcontinuousdecontami－  

4／0  

丁托el■（10gTO旧dg）－  

Standarderror  
5．5  5．0  

0．5  0．4  

tlD5050％infectJOUSdose．Titer＄CaIculatedbytheReedandMuench  
Standarde汀Olち  thePizzimethod  

WaSdigestedwithproteiれaSeKatO．1m釘IT止．血alcon－  

CentrationasdescribedbyGregoTieta］．（／）．Samplebufftr  
COn払ining2％sodiumdodecylsu愉tewasadded，andthe  
SamPleswereheatedat1000Cfor10minandsu句ectedto  
SOdiumdodecylsuIfatel）01yacrylamidegelelectrophore－  
Sis．Westernblotsofthesamplesweredevelopedbyuslng  
ar）ti－l）rP3F4monoclonalantibody（CoYanCe，SanDiego，  
CA，USA）fbrPrPdetection（1）．  

ELISA  

AfterproteinaseKdigestionandheatdenaturationas  
describedfbrimmunoblotting，thesalnpleswerediluted  
lOO－fbldin assay bu飴一（DELFIAAssay Buff己r；Perki－  

nElmer，Waltham，MA，USA）．Theywerethenassayedfbr  
PrPconcentration byDELFIAbyuslngaWal1acVictor  
Vinstrument（PelkinElmer）fbrsignaldetection，Withpu－  
ri負ed3F4monoclonaIantibody（CovaTICe）asthecapture  
antib（Xlyandpuri魚ed7D9monoclonalantibody（Covance）  
1abeledwithEurop］um－accordingtothe manufacturer’s  
instruCtions（PerkinElmer）asthedetectionantibody．The  
molarratioofEuropium：7D9antibodywas7．4：1（2）．  

HistofogJCandlmmunologicTi＄＄uePreparatjon  

Fomalin一負xed brains were cut and divided or）the  

midline；1hemispherewascutinthesagittalplane；the  
Otherwascutcoronallyattheanteriorbasalganglia，the  
middleofthethalamuS，andthebrainstemwithcerebellum．  
Splcens，kidneys，andbladdersweredividedinthemiddle．  
Allblockswereembeddedinpara伍nandprocessedfbr  
COnVerLtionalstainingwithhematoxylinandeosinandLux－  
01fhstbl11e血uclear血stred（fbrbrain）aswellasfbrimmu－  
nohistochemicaldetectionofPrPwithmonoclonalanti－PrP  
antibody3F4（l：l，000；Covance）．Fordetectionof PrPd，  
SeCtionswerepretreatedwith30minofhydratedautoclav：  
Ingat12lOC氏）1lowedby5minin96％formicacid．Immu－  
nostainedsectionswerecounterstainedwithhematoxylin．  
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TSElnfectivityinUrine  

● ● ●  
●●  ●  ●  ●  ● ● ●●  ●  ● ●    ●  ●  ●  

Animals  

100  200  300  

Dayspostinocubtion  

400  500  600  

Figurel・Distributionofincubationtimesofhamstersinfededbyinjectedurine．Eachdolrepresentslanima［w肘1ClinicalscTaPiethat  
WaSeUthanizedatthecorrespondingdaypos（jnoculatjon．The22additionaIanimalsthatdiedduringtheincubationperiodandthe252  
animatsthatsurvivedtotheendoftheexpe（iment（559days）showednocJinica10rimmunochemicalevはenceofscrapieandwe（eSCOred  
a＄SCraPienega厄Ve．  

nationandprecautionarycleaning（J6）．Asevidenceofdle  
efrbctiveTleSSOfthesemeasureS，Wehaveconductedseveml  
ti旭tions・invoIYinghundredsofanimaJseach・inwhichthere  
We托nOin鈷ctionsa暮a11duパー唱≧540d町SOfincuぬ暮ion．0眠  

SuChstudywasongoingdurhgthetitrationoftheurinep00ls  
reportedindlisstudy（2）．1fthereareenvironmentalsources  
Ofinftctivity，thecoTICentTationisbelowdleleYelofdetec－  

donby仙い血taaccumulatdhim飴ctiom一録恍d打水ionsto  

date．lnstead，aLteranintensivereviewofourpmcedu托S，We  

COnCludeddlatthemostlikelysourceof血iscontaminatiorL  

WaSateChnica］1apsedurirIgCOllectionoftheurinepooIs．  

rrheleveIofcoTltamination（lin良ctionr2mLofcontroIpool  
iQjectedvs．18in飴ctions／4．87mLofclinicalpoolirtjccted）  
isconsistcntwithapoolingem）ratthetimerofcollection．  

NeYerthelcss，haditbeenanenvironmenta］contBullination，  

theassociatedtiter（0．511D／mLSD＝0；50ID血血）would  
havehadanegligiblee飴ctonthevaluedetemlinedfbrdle  

in飴ctedudne．  

Tis＄uOT肘ation＄   

Tもe conc¢n触感on orscr叩ieinfbc血i吋in hamster  
mineissimilartothatinplasmaofscT3Pic－infbctcd．ham－  
SterSatthesamestageofdisease，WhichstLggeStSplasma  
asapossiblesourccoftheinfecdYity．ToiTIVeStigateother  
POSSiblelSOurCeS，WeaIsomeasLmdthelCOnCentratioT10f  
TSEinfbctiYityinseparatepooIsofkidneysandbladders  
CO11ected丘omthesamedonoranimals．Thetitration＄Were  
bytheend－POintdilutionmethod．11鹿titerscalculatedby  
themethodsofReedandMucnch（］3）andPizzi（J4）were  

lO5・5土0・550％h飽鵬ousdoses（IDJ座0＝血dderandlO5▲○土  

0・4D，Jgofkidney・TheSpearmanandKarbermethodgave  
almostide山icalvahes（Jの．   

Hist0log）CandImmunohi＄tOChemical  

Examina鰯ono一丁i＄＄uOS   

O也ershaYCrePOrtedTSEinLbctiYityintheurineof  
SCraPie－in飴ctedmicewithnephritisbutnotinintbctcd  
micewithout・nephritis（∫ 

COloJV ulgeneral，andthe animalsin dds experiment，  

Showednoevidenceofinflammation，aSindicatedbyclini－  
CalassessmentsorurineparameterS．Nitmteswerewithin  

normallimits，andnoleukocyturiawasnoted．Proteinuria  

in血ectinicalhalnSterSWaSlikelytbeconsequ¢nCeOflow－  

VO）ume urine excretion．To伽ー血erassess whetherham－  

SterSirLfectedwithscrapleWerealsoa飴ctedbykidney  
inflammationorotherabnormalitiesofthe血inarysystem，  
WeeXaminedthekidneysandthe urinarybladdersof8  
SCraPie－a蝕ctedhamstersati4d町SpOStinoculationand4  
preclinica11yinfectedhamstersat49dayspostinocuIation  
fbrPtPdbyimmunohistochemicalandhistologicmethods  
（Figure2）．Wealsoexaminedcontroltissues伽mlOage－  
matcheduninocu］atedanlmals鮎Wellasbrainandspl¢en  

tissues什ominfbctedandcontrolanimals．   

A11tissueswereevaluatedfbrsignsofin月amⅡladon  
andtbrthepattemofPrPdimIれuT10reaCtivity；bminswere  
alsoexaminedfbrspongifbrmChange．Noin且ammatory  
Changeswerefbundinanytissueexamin¢d．In9inf邑cted  

animaIs（Clinicalandpreclinical），WenOtednidusfbrma－  
tionintheluminaofthebladderwithafbwneutrophilic  
granulocytes．However，1eukocytes had notinvadedthe  
wallofthe bladder．Nidusformationis o食en associated  

Withd¢bydl嘘io11．   

Pd）immunoreactiviywasnotobserYedinthebladder  
Wallofscrapie－infectedorcontrolanimals（datanotshown）・  
SpongifbmlChangeanddeposi！ionofPrPdwaslackingln  
COntrOlanimalbrains（Figure2，panelA）aTldwas、nOted  
tovariousextents，aCCOrdingtothestageofthedisease，in  
al1scrapie－infected肌imalbmiTl＄げigure2，panelE）LWe  
Observed丘nesynapticPrPJimmunoreactivitywithfbcal  
patchyorplaque－1ikeappearanCCingraymatterstruCtureS，  

butwealsonotedependymal，Subependymal，perivascular，  
andwhitematterPrPJdeposits（datanotshown）．PtPJim－  
murIOreaCtivitywasobservedinthegcminalcentersofdle  
Spleenofa11scr叩ie－infbctedanimals（Figurc2，PaTlelF）  
butnotinthoseofcontroIs（Figure2，panelB）．Noncof  
thecontrolanimalsexhibitedimmunOreaCtivityforPtPdin  
thekidneysげigure2，panelsC，D）．PrPdimmLnOStaining  
Showed飼negranulardepo＄itsindleCO11ectingtubulesof  
themed血a（Figwe2，panelsG，H）in4（50％）of8誠一  

malsinth¢Chni¢dstageofscr画eandin3（75％）or4  
animalsin血e 

12scrapie－in免ctedanimals・  

，、   
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