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＜背景＞輸血によるTSE感染のリスクはプリオンたん白の病理学的イソフォーム．（PrP5りの血中濃度に依存するが、細胞PrP（PrPC）の  
血中濃度によっても影響を受ける可能性がある。これらの濃度はpTpの血液クリアランスによって制御されるが、これについてはこれま  

使用上の注意記載状況・  

で評価されたことはなかった。  その他参考事項等  

研                   く研究デザイン及び方法＞ヒツジの滞製された原核生物の組み換えPrP（rPrP）の血液僕際は血矧クリアランスは、遺伝子型の異なる       代表としてノイアート（献血）の記載を示す。   
ヒツジおよび腎摘出されたヒツジを用いて測定した。スクレイピー関連のフィブリルの静注後のプロティナーセK抵抗性PrP断片（PrPre5）       2．重要な基本的注意  

究            への曝露についても、ヒツジで調査した。  （1）略   

報  ＜結果＞rPrpのARR変異型は、VRQ変異型よりもより早く除去された。感受性の高いホモ接合体のVRQヒツジのPrPC血紫波度は、ホモ       1）略   
接合体のAm抵抗性ヒツジのそれよりも大きく、PrP亡甲ARR変異型のクリアランスがVRQ変異型のそれよりも大きいことを不唆している。       2）現在までに本剤の投与により変異型クロイツ  

告 トJ            rprpの血紫クリアランスは、両方の腎臓摘出後は52％減少し、このことはrPrP除去において腎臓が重要な寄与をしていることを示して       フェルト・ヤコブ病（YCJD）等が伝播したとの報   
㊥  いる。PrPreSは、スクレイピー関連断片の静注後はゆっくりと除去されることが判明した。  告はない。しかしながら、製造工程において異常   
トJ   ＜結論＞PrP宿主の遺伝型及び生理痛理学的要因は、血液のPrPクリアランスを調節することでTSE感染リスクに影響する。このリスク       プリオンを低減し得るとの報告があるものの、理  
概            は、静江後にPrPreSへ曝露が続くことによって増大する。投与された物質は実際の種と異なるが、これらはPrPクリアランスのメカニズ       論的なvCJD等の伝播のリスクを完全には排除で   
要  ムを調査するためのプローブとして重要である。  きないので、投与の際には患者への説明を十分行  

い、治療上の必要性を十分検討の上投与するこ  

と。  

報告企業の意見  今硬の対応   

ヒツジに静江したプリオンたん白の血液クリアランスは、宿主の遺伝子的及び生理病理学的要素に影響を受ける      本報告は本剤の安全性に   
との報告である。  影響を与えないと考える   

これまで血妹分画製剤によってVCJD、スクレイピー及びCWDを含むプリオン病が伝播したとの報告はない。しか      ので、特段の措置はとらな   
しながら、万一VCJD感染者の血典が本剤の原料に混入した場合には、製造工程においてプリオンを低減し得ると      い。   
の報告があるものの、製剤から伝播する可能性を完全には否革し得ない。そのため、弊社の血紫分画製剤の製造   
エ程におけるTSE感染性低減に関する検証実験を加速し、自社データを早期に取得し、工程評価を行い、必要に   

応じてエ程改善を実施する予定である。   

一■■■■■■■＿  
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Bloodclearanceofthepr10nPrOteinintroducedby ●   

intravenousrouteinsheepisinfIuencedbyhostgenetic  

andphysiopath0logicfactors  

l杉roJ殉〟e－G町招′疏Ⅳ加ゎpfcα戒一且郡外G畑ね血が嘩画釘励加加兢々M那珂G王JfJ肋〟me乃如以明  

月おm乃月βZαeんα乃dpね「柁－エ0昆ね乃以ぬjわ  

ransmissi！）1e spongifbrm encephalopathies  

（TSEs）are neufOdegenerative diseases that  
OCCurinhumanS（e．g．，Creutzfeldt－Jakobdisease  
【CJD］）and animalsincludingsheep（SCrapie）  T  

BACKGROUND：Theriskoftransrnjssiblespongiform  
encephalopathy（TSE）transmissionbyb100dtransfu－  
SionisdependentonthebJoodconcentrationsofthe  
Patho（ogicisoformofprionprotein（PrPsc）bulmayalso  

beinf7uencedbyb100dconcentrationsofceJ［uJa＝⊃rP  

（PrPc）．TheseconcentrationsarecontrofIedbythe  

b（oodclearanceofPrP．whichhasneverbeen  

eva山ated．  

STUDYDESIGNANDMETHODS：ThebJood（actually  

P］asma）dearanceofovinepu哺edprokaryotere？Ombi－  

nantPrP（rPrP）wasmeasuredingenotypedandin  

nephrectomizedsheep・T71eeXPOSuretOPrOteinas8K－  

resistantfragmentsofPrP（PrPres）aherint（aVenOuS  

（lV）administrationofscrapie－aSSOCiated他用苧（SAFs）  

扉甲aJsoinvestigated′inasheep・  

RESULJS：TheARRvariantofrPrPwaseIiminated  

morerapid）y廿IanitsVRQcounterpart．ThePrPc  

PIa岳maconcentrationsinhomozygoushighrysuscep－  

tibleVRQsheepweregreaterthaninhomozygous  
ARR－reSistantsheep．suggestingthatcIearanceofthe  

ARRvariantofPrPcwashigherthanthatoftheVRQ  
Variant．TheplasmacJearanceofrPrPwasdecreased  
by52percentafte（abilateraJnephrectomyindicatjng  
thesignjficantcontributjonofthekidneysineliminating  
rPrRPrPreswasshowntobes10WJyeliminateda什erlV  

adminjstrationofscrapie－aSSOCiatedfib用S．  

CONCLUS10N：PrPho占t9enotyFieandphysjop？tJ10－  

JogicfactorscouIdinfruencetheriskofTSEtransmis－  
sionbyrnodulAtingb100dPrPcIearance．Thisriskwas  
increasedbythesustainedexposuretoPrPies’afterlV  

administration．］tshouIdbenotedthatalthoughthe  

materialsthathavebeenadministered（rPrPandSAFs）  

WerenOttheactuaJspecjesofinte（eSt，theycanbe  

OfvalueasprobesforinvestigatingPrPclearance  
medlanisms．  

and cattle（bovine spoligiform encephaloi）athy［BSE】）．  
Thesediseasesarecharacterizedbythecerebraldeposi－  
tionofthepathologicisofbrm（PrPsc）ofahost－enCOded  

Ce11ularprionprotein伊rPc）thatishigh1yexpressedinthe  

brain，   

Attemptstodetecti皿鮎ctivityinthebloodofardmdls  

naturanyafFtctedwithTSE have oftenbeenincondu－  
Sive・l・2prpscL？rinfbctivity；however，hasbeenevidenced  

inbloodfromintracerebrauyinoculatedrodents3andin  

ABBREV］AnqNS：MfFr＝meanreSidencetiJne（5）； 

Plgn＝Plasminogen；PrP’ごprionprotein；PrPc＝CelluhrPrP；  

PrPres＝prOteinaseX－ZeSistantfragment（）fPrP；PrPsc＝  

path0logicisofbrmofPrP；rPrP＝reCOmbinantPrP；SAF（S）＝  

SCraPie－a蝕ctedfibril（s】；TSE（S）＝tranSmissiblespongifoml  

encephalopatby（－ies）・  
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GÅYRARD FrÅL  

bloodofsheepnatural1y40reXPerimentallyinfectedwith  

SCrapie50rBSE・4・6  

bidencethatvariantCJD（VCJD）istransmittedby  

transfusion has accu皿ulated，initiaily from animal  

models，includingprimates，inwhichthehighe抗ciency  

Oftheintravenous（Ⅳ）routeofinLbctionfbrBSEtransmis－  

Sionhas beendemonstrated・7Thereis nolongerany  
doubtcdncernlngthe risk ofblood products obtained  

ftomindividuals duringthe presymptOmatic phase of  
VCJD．Athird case ha琴 been．reported of autopsy－  

COn丘rmedvCJDin鈷ction（andasecondcaseofcJinical  
VCID）fromacobortofrecipientswhohadreceivedtrans－  

fusedbloodproductsfromindividualssubsequentlydiag－  
nosedwithvCJD．8Morerecendy；afourthsymPtOmatic  
C鮎eOfvCJDinfectionhasbeenidentiBedinapatientwho  
receivedatranSfu畠ionfromthesaⅡ1edonorasthethird  
CaSe．9Thisfourthincidenceconsiderablystreng血ensthe  

evidencefbrpriontranSmis？ionbytran亭fusion．10  

The pathogenesis bf TSE disease中iかIightsthe  
importanceofthePrPcasasubstrateforPrPscreplitation  
intissue．Hence，血eriskofTSEtranSmissionbyblood  
traLnSfusioncotildbeafFectedbythelevelofbloodPrPc．  

Thisiscontrolledbyits、OWIlbloodclearanCeandmodified  

by払ctorsa銀∋Ctingthi畠Varial）1e＿ThetranS如sionriskwin  

dsodependonthe坤ilityofth寧body＿tOCleartheAbnor－  

malpdoh．proteh呼fPsc）．thdtis，theplasma（blood）  
七1earance．Thiscleamnce壷ble；essentialtotheestimaL－  

tionofsystemicexposure，hasneverbeenevaluated．  

Theaimofthiss叫dywastodocumenttheexposure  
Ofsheeptotherecombinantprionproteih（rPrP）afterⅣ  
a血中istrationandtoidend秒geneticandpathophysi－  
0lo軒鱒torsthatmightmodulatesuch、exposure・Sheep  
WereChpsenbecause’ofthesimilarityofthepathogenesis  
OfscrapiewithvCJDandbecausetheimpactofPmpgene  
polymOrPhismonthesusceptibilitytoscrapieihfec事ionis  
We11documented．TheV136R154Q171（VRQ）andAmaneles  
haveconsistentlybe占nassociatedwithhigh．suscepti－  

bufyand nat血alresistanCe tOthe dhidaldisease，  

respectiⅧ1yll‾ualthou由atyp阜talscrapiestrain（S）can  

naturauy．ihfectsheephafbqringltheso－Calledresistant  
PrPgenotype・14TheARRandVRQgeneticv訂iantSOfthe  
PurificdproLaryotcrPrPwcreu鱒dasprobcsandonlyas  
PrObes（SeeDiscussioIl）totestthehypothesisthatthe  
higherintrinsicstabilityoftheVRQv由i叫relativetoits  
ARRcounterPart15・16coddresdtinaiowerinvivoclear－  
anCerateOftheⅥlQprotein．   

Thisapproachd占oauowedustoexaminethehypoth一  
七Sishatthesuqect，寧genedcb色味紆0血dcoulddirectly  

influencdPrPdearahceandtd．evaluatethecontribution  
OfthekidheystotheoverddearanCe，OfplasmaPrRthe  
kidneybeidga坤可OrbrgaR鮎fproteincleaLranCe．17me  
魚te of ovine proteinaseK－reSistantfragment of PrP  
伊rP托S）duringthe蝕苫thoursafteritsdirectentryinthe  
bloodwasalsoevaluatedinonesheeptoassesstheability  
Ofthebodytoclearthescrapleagent．   

… Ⅷ加＄印StON VoIume48，仲代ほ008  

MATER暮ALSAND METHODS  
General  

Al1experimentalprocedureswereperformedinaccor－  
dancewithFrenchlegalrequ∬ementSregardingthepro－  
tectionoflaboratoryanimals andunder auth0rizadon  
numbei31242fromtheFrenchMinistryofAgriculture．  

Design  

Theo叫ectivesofExperimentlwerel）tocomparethe  
pharmacokineticsofthBVRQandARRgeneticvariantsof  
the purified prokarYOte Ovine rPrP；2）to examinethe  

influenceofthegenotypeofthetestmimalopplasma  
pharmacokineticvariables ofrPrP；and3）to testthe  
hypothesisofafirstpasse鮎ctatthelevelofthebrain．  
thatis，directtrappingoftheproteind血gitsinitial  
transitacrossthehead．  

The experiment was perfomed on eight healthy  
RomanOVeWeS：fourhomozygOuSVRQatcodons136，154，  

and1710fthePmpgeneandfotqhomozygOuSARR・The  
VRQeweswerelyearoldandweighed42・1±．2．7kgaLnd  
theARReweswere2yearsoldandweighed5l．2±5．5kg．  
Theexpe血entinvoIvedtwoperiodsseparatedby2days．  
Duringthetwoperiods，thee叩車やCeivedanⅣadminis－  
trationofrPrP（VRQYS・AkR，0てp早甲g／kg）accotding‾toa  
CrOSSOVL：rdesigll・’托ndayslatcr．oneARRandLwoVIIQ  
ewesreceivedanihtra叫eTial（e中郷中和鱒嗅dminis－  
trationoftheⅦQサボaht（0・02m研穀ややmparethe  

pharmacokinedcvariable＄OffPrP雄eraヰefihlandⅣ  
admi血誌tmdpnsこ   

Theexvivostal）ilityofthe申rian長ofiprp 
andplasmawascomparedbyseparate吋ad4ingIヰ5ngof  
eachoftheARRandⅧQぬriantoftPtPtolO一叫．aliquots  
Offfeshsheepbloodandplasmathatwereincubatedat  

370CunderconstantStifring．Sa皿Plesweretak占nato．5．l．  

2，3．4，5．6，and24hoursL笹e・plismawasimmediately  

SePa∫atedfrombldoda丑ercentrifugationfbrlOminutes  

at1400×gandal1thepl由masa皿pleswerestored at  

－200Cun也Prpaぉ叩   
Fxperiment2wasd9Signedtobvd甲tetheroleofthe  
kidrLW＄ihihedcaranceof理rP．andtoexamine血efateof  

PrPresafteritsdirectentryinto．theb190d・Thefirstpartof  

the印erimentwasperformedwiththreehcauneeWeS  
aged血m5to8▲yearSand鵬ighing38to55kg．Thephar－  

macokinedcvariablcsoftheVRQⅥ血antOftherPrPintra－  
VenOuSly a血血istered（0．02鱒g／樋Were det占皿ined  
befbre（COntrOlperiod）andimmediatelyaf（erabilateral  
nephrectomy（experimentalperiod）．Ddringthecontrol  
period，OneeWe、WaSaneSthe也：edaccordingtothesame  
PrOtOCOlasthatusedfor＄WgeryD血gtheexperimental  
period，Whichtookplacelto14dayslateちaneSthesiawas  
inducedwithsodiumthiopental（N郎donal，Merial，Iqon，  

FranCe；20mg／kg）and maintained fbr 24hours by  
repeatedadmihistradonsofO．2tod．3mgperkgsodium   
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8LOODCLEARANCEOFPrP  

thiopentalat20－tO30－minuteintervals・Theeweswere  
buatera山ynephrectomiヱedaccordingtothemethodpre－  
viously described・18Immediately af（er surgery，three  
controlbloodsampleswereobtainedat20－minuteinter－  
valsandtheVRQvaLiantwasintravenouslyadministered、  
Theewesweresacri丘cedinextremis．ThesecondpartOf  
theexperimentwasperfbrmedwithoneyounghcaune  
eweaged6monthsandweighing30二5kgthatreceivedan  
Ⅳadministration of125mL of scrapie－a茸ected負brils  
（SAFs）in0．8molperLurea、ThequantityofPrPre占admin－  
isteredwasevaluatedat75LLgequivalentofVRQrPrf！  
Tbn－mnliliter blood samples were co11ected at  

20－minuteintervalsfbrlhourbeEbreadministradon；atl．  

2．4，8．15，30，45，60，90，and120minutesafterthevariant  
admhistration；atl－hourintervals fbr12hours；and  
丘nauyat24，36，and48hoursafteradmi血stration，fbr  
Experimentlandthe丘rstpartofExperiment2，reSpeC－  
tively．ThesameprotocoIwasusedforthesecondpar（Of  
Experiment2exceptthat15－mLbloodsampleswerealso  
obtainedeverydayuntilDay7afteTSAFadministradon・  
For山1experiments，inintactewes，antheurineinthe  

bladderwasremovedbefbretheadrninistrationsandthen  

atl－hourintervals fbr12hoursand at3－hourintervals  

duringthefbnowing12hour＄・The・tOtalvolumeOfurine  
removedwasmeasuredineachcase．  

intraanerialcath9ter（召D Carefl0叫Becton Dickinson，  
LePont－de－ClaiⅩ，France）insertedinaLneSthetizedewes  

2daysbeforetheadministrations・TheVRQandARRvari－  
antsoftheovinePrPwereexpressedin凸cherichiacoli  

and purified according to the method previously  
described，15previousauthorshaveshowIlthattherecom＿  

binantprOteinsaremonomericinsolution．Thevariants  
Werekeptat40Cinsolutionin20mmol／LMOPS（Sigma一  

Aldrich）・pH7・25・ataCOnCentration ofapproximately  
lmgpermL・Theproteinconcentrationwasmeasured  
fromtheopticaldensityat280nmwiththe extinction  
COe抗cientof58718・OmolperLpercm・ARRandVRQ  
SOlutionsofrPrPwetepreparedinsheepplasmaatacon－  
Centration ofO・2mgpermLandkeptat－20BCforan  

administrations．  

Blood samples were co11ected 丘・Om theleft  
jugular vein via an indwelling catheter into 
ethylenediaminetetraacetateTCOntainingtubesand cen－  

trifugedfbrlOminutesat140Oxg・Theplasmawassepa－  

ratedandstoredat－200Cuntilassa）乙Urinewasobtained  

viaanindwellingclosed山・etiiralcatheter（翫sch，Tbleflex  

Medical，LeFaget，France）thatwas．keptinthebladderfor  

24hours・Sampleswerestoredaト200Cuntilanalysis．  

QuantifidationofPrPwithatwo－Site〔enヱyme  
im叩叫OaSSay  

TⅣ0如叩un？mPtficassaysweread坤ted鉦0軸the品ethod  
preyiouslydescribed・19｛二恥eplasma叩ヰ：血寧CpnC早ntra－  

tionsofp叫鱒eqpゆ桓ryo！er呼inall．甲叫ple＄、Weremeal  

Sured by ELISAWith・BAR210∴叫anti⊥N▲terminal  
monoclonaiantibody（MoAb）ヂrecQgn34zlgrQSidues．26to  
34andthe12FlOTAchESpiBio（Mぉsy，JFrance）antibody；  
ananti－CterminalMoAb recogruzmgresiduesbetween  

aminoacids154and171．NativeplasmaPrl！whichlacks  
theBAR210epitopes，WaSnlOmitoredbyELISAinplasma  
SamPlescollectedbeforeadministrationoftherPrRwith  
theSAF34and12Fl．0－Adl王；SpiBioantibodies．Standard  
CurVeSrangingfromO・5td2Png・permLwereestab止shed  

bydhltingrPrP（VRQandAFB）5novineplasma．mine，Or  
enzymeimmunoassay【放射bu蝕r（0．1甲01／Lphosphate  
bu鮎r，PH7・4，0．15mol／LNaCl．0・1％BSA，NaN30・01％；  
Sigma－Aldrich）．   

Plasma（ourine）rP上PノCOnqen申tions 
1ated丘omtheopticalr由dingsbbtain占dbyre飴renceto  
thestandardcurveestabl誌hedwithpl甲ma（OruTine）  
supplementedvdththecorr？SP¢ndingvadanLN血eprp  
plasmacopcehtration畠′berecalculated如血”th占optical  

readings obtained by refbrence tdthestandard curve  
establishedwithEIAbu瓜irsolutions oftheva亘antsof  
rPrI！Asanillustration．standardcurves（1ft）VincrPrPill  
E仏btl鮨rorh■わ1as血a訂e血0血1山頂＆1・   

Thelimitofqu血塩魚cationofnative 
WaS▲0・5ngper 

pla中a’s血plessupplemente4withthe 

Votume48，Apri12008 TRANSFUSION 611   

Brainextraction  

Brainf：SamPles were obtained from three Romanov  
homo写ygOuSVRQ ewesnaturany′a鮎ctedwith亨Crapie・  

The加zenbrainsamPlesweてehomogenizedtoglVea  
之ope準nt（Wt／VOl）suspensioninbu鮎r（Bio－RAd，Mames  

laCoquette．France）and PrPreswas extractedwiththe  

puiiLication protocolofthe Bio－Rad TSE test（rrbSeE  
Sheep／goatpu偵cationkit，Bio－Rad）exceptthatthe丘nal  
precipitatewassolubilizedwith4moIperLlⅡea（Sigma一  

Aldrich，Lisle d’Abeau Chesnes．FranCe）and stored at  

－200Cuntiladministration．The extractwas d己uted負ve一  

fo1din0．1molperLphosphatebu蝕rcontaiminglmgper  

mLbovineserumalbuminCBSA）andO・15moIperLNaCl  

（Sigma－judrich），heatedatlpOOCfor5minutes，andsoni－  

catedfor15minutesat560－Wpower苧ettingmahssonic  

95HL，Prolabo，FbntenaysousIiois，France）inthehour  

PreCedingtheadministration．ThePrPrescontentofthe  
SOlution was measured byenzyme－1inkedimmunosor－  

bent assay（玉LISA）．Seventy一缶ve microgramS OfPrPres  

（equivalenttoVRQrPrP）wasobtainedfromlOOgofbrain  

也ssue．  

Administrationandsampling  
TheIV administrations were performedintheright  
jugularveinviaanindweningcatheter（Hemocath．Vygon．  
Ecouen，FranCe）．Theintraar［erialadministrationswere  

Pe血rmedin血e right e幻emalcarotid artery扇a aLn  
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appropriatevolumetOCOnSiderwhendeterminlngthe  
amountofPrPinthebodyatequihbrium，WaSObtained  
丘om  

Ⅵs＝Ⅵ【1十（k12／kzl）】，   

whereVtisthevolumeOfthecentralcompartment，k12is  
thenrst－OrderrateconstantOftranSfer丘omthecentral  
compartmenttotheperipheralcomp孔正ment・andk21is  
the丘rst－Orderrateconstantoftransftrffomtheperiph－  
eralcompartmenttothecentralcompartment・Thetotal  
plasmaclearance，Whichexpressesthecapacityofthe  
organlsmtoe王iminatepfOteins（CITOT．mL／Bg・min）），WaS  

calculatedwith  

CITOT＝dosq（AUC，   

where AUC is the area under the plasma PrP 
concentrationptime curve Obtained byintegratingthe  
equation  

AUC＝A／α＋B／β．   

Theclearanceofdistributionwascalctllatedwith  

CID＝k12Ⅵ，   

Theappropriatevolumetoconsiderwhencalculatingthe  
amOuntOfPrPremammgwhenthepseudodistribution  
equilibriumha｛beenreached，V8E％（mL／kg）wasobtained  
丘om  

V打出＝CIT町／β，   

whereβisthesIppeoftheterminalphase・Theterminal  
plasmahalf－1ifb（tl′2，min）wasobtainedfrohl  

tv2＝bg2／β・  

Dilferentmeanresidencetimes（Mm）werecalcu－  

1ated．24TheMRT（min）．thatis．themeantotaltimetaken  

foreachPrPmoleculetotranSitthroughthebody，WaS  
calculatedwith  

MRT＝（AルZ＋B／β2）／（〃q＋吋β）．  

TheMfrrinthecentralcompartment（MRTc）．thatis，  
themeantimespentbytheproteinwithinthemeasured  
compartmentwasobtained仕om  

MRTb＝Vk10，   

whereklOisthe丘rst－OfderrateconstantOfelizrlination  
加m也ecentrdlcompartmeflt．TheⅦ打intheperipheral  
coinpartment（Mm，thitis，theme叩times－entby  
the proteinoutsidethe measured 
obtained丘・0Ⅱト  

MRTi＝MRT－MRlも．   

StatisticaJana［ysIS  

Resultsarereportedasmean±standarddeviation（SD）．  

Sta也sticalanalyseswereperformedwithcomputersoftT  

Ware（SYSTAT8．0．SPSS，hc．，Chicago，II．）■PrPconcentra－  

tionsbelowtheJimitofquantiLicationoftheassaywere  
arbitrarny丘xedatO．5ngpermL．pVhlueslowerthan0，05  

WereCOnSideredassigniBcanLThepQarmacokineticvari－  
ables ofPrP genetic variaJltS Were COmPared between  
homo2・ygOuSARRandVRQeweswithrepeated－meaSureS  

anaiysisof）arianCe仏NOⅥl）withewesasaraJldomeifect  

factorandthegeneticvariantOfPrRtheewegenotype，  
andtheirinteractionsasfixedeffectfactors・Thegenotype  

e鮎ctwastestedwith’’ewewithin－grOupVarianCe”asthe 

administration were compared by a paired ttest. Thee 
e圧ectofgenotypeonbasalplasmaPrPcconcentrations  
WaSanalyzedwithrepeated－meaSureSANOVAwithewes  
asarandome蝕ctfactor，andgenotypeandtimeasfixed  
eifectfhctors．ThemeanpharmaCOkineticvariablesofthe  
rPrPobtainedbeforeandafternephrectomywerecom－  
paLredbyapairedttest・Thee鮎ctoftimeonplasmaPrP  

COnCentradonsinvitro Wasamalyzed by ANOVnwith  
medium（bloodvs．plasma），geneticvafiant，andtimeas  

丘Ⅹedeqectfhctors．  

RESUu「S  

Phirmacokin占ticvariabIesoftheprokaryoterPrP  

Figure2shows，inarepresentativeewe・’thesemilogarith－  

rhicplotsoftheARR血dVRQvariantsofthepurified  
prokaryote rPrP afterⅣadministration（0・02mg／kg）・  
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Fig・5・RepresentativepIasmaconcentrationsofPrPa允erits  

admi山s鵬donbe氏，re鋸Ida触rnephrectomyTbe叩bol＄  

represent血eob＄emdplasmaconcentra也onsofVRQvadant  

Of也epur漬edo血erprpobt由nedbebre（●）mda丘er（○）a  

bilateralnephrectomylnarepresentativesheepintravenously  

a血ministeredwi山地eVRqv町iantatO・02mgperkg．The  

linesrepresentthecorTeSPOnding丘ttedpIasmaconcentra－  

don＄OftheVRQvariantobtainedbefore（thickline）andafter  

（血inlhe）mephfeCtOmy  

0  100   200   300   400  

Time（min）   

fig・4・Representadveplasmac血centrationsofPrPaccor劇ng  

toitsrouteofadministratjon．Theobserved（＋）andcorre－  

5p血亜喝飢ted（thicklhe）pl鮎maCOnCenけadomof血eVRQ  

Ⅵ汀ianto一山epllri丘edovheprokaⅣOterPrpwereobt由ned  

嘘erⅣadminis鵬dono仙evぴiantqu匹Iarvein）atO・02mg  
perkgzLndtheobserved（○）andcor托SPOndingLitted（thin  

line）pla5maCOnCenbⅦdon50一山eVRqⅥ漬antwereobt由md  

ポ【erit＄ad皿i血sα8donat血esamedoseby血ehαa訂terial  

rollte（externalcarotid）harepresentat王veARRsheep・  

′
ヽ
」
 
 

2
 
 

言
長
老
；
占
雲
眉
一
か
 
 

TÅBLE2．Pharrnacokinetjcvariables（nledn±SD）   
oftheVRQvariantofthepurifiedprokaryote  

therouteofadmlnjstratfon＊  rPrP according to 

Routeo†administration  

lV  lntraarteria】  ＼伯而ables  

1．98±0．41  2，41±0．90  

85．8±28．3  88．4±18．8  

40．6±9．10  47．8±12．2  

74．0±26．7  72．4±26．3  

eh血mU（鴫・m呵  
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Fig16．PliLSmaPrPresconcenLrationsafteradministr＆LioJlOr  

紺＄Oh也om．TIle町Ⅱlbolぷ托preSent血eobseⅣedpla£叩a  

concentmdon＄OfPfpresObt血edwi血仙epl辞l－COatedbeads  

edracdonmethod（○）oraftera600Cheattreatment（●）ina  

8heepintmenousけ8d皿i山steredanSAps0111don00nt血ing  

a75≠g叫entofVRqprokaⅣOterPrRTbelh郡代pre＄emt  
血ecormpon亜ng丘恍dpla5m8COnCen加tion5meaSWedby  

也ePlgn一00atedbeadsme血d（tllh止ne）姐da鮎ー血e60。C  

bealtrねtnent（血id【1h匂．  

COmPamnentObtainedaf［erneわhrectomywas slightly  

lowerthanthatobtaineddtiringthecontroIperiodbut  
this di鮎rencewasnotrelevant（22．5±9．82rhL／kgvs．  

24．0±9．69mL／kg；tteSt，p＜0．01）．Nootherpharmacoki－  

neticvariableswereaEectedbynephrectomy・   

Fi卯re6showsthe temporaldecreaseinplasma  
PrPres concentrations aftertheⅣadministratidndfan  

SAFsolutioncontaining75膵equivalentofVRQrPrl！  

Af［efarela也vdyfastdistrib鵬onphase，theplasmaPrPres  

contentra也onsd6creasedveryslowiyand reachedthe  

detecdonlimitoftheassay（7．5ng／血L）24hoursaf（er  

adhinistration・¶1eeSdmatedplasmaclearanceofPrPres  

Vo（ume48，Ap州2OO8 TRANSFUSJON 615   

227．6±359．3  

30．8±8．70  

19．5±2．50  

11．3±7．10  

233．2±30．1   

37．9±12．9  

20．5±1，48  

17，4±11．5  

Thepharmacokineticva血b［eswereobta‡nedafteranlV  
OuguIarvein）oranintraarterlaI（externaJcarotid）adminiStra－  
tionoftheVRQvariantatadoseofO．02mgperkgtothree  
Sheep．AbbreviationsareexplainedjnTabFel・  

MechanismsofpfasmaPrPcJearanc  

Figure5showsthetemporalveLriadonsinplasmaconcen－  
trationsoftheVRQvariantOfrPrP‘政erⅣadministration  
OfO・02mgperkgtoarepresentativesheepbeforeand  
afterabilatetalnephrectornyFigure5showsthedramatic  
e鮎ctofnephrectomy，withamuchslowerelimination  
rateinthe nephrectomized sheep・The mean plasma  
clearanCeOftheVRQv訂iantWaS2．1timeslowerafter  

bilateral 

0．75±0．36mL／O：g・min）；tteSt，p＜0．05）．Theren山  

ClearancederivedfromplasmaclearanCeValuesobtaiJled  
beforeandafternephrectomy（0．81王0．30mL／快g・mih））  

represented52percentofthetotalclearance・Themean  
residence time of the proteinwas 2．6－fo1d higher  
（24．2享7．6hhvs．65．2±2．6min；p＜0．05，tteSt）after  
nephrectomyTbemeahvalueofthevolumeOfthecentral  
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GÅYRÅRD ETAL．  

urine・Thisisnotreal1ysurprisingbecausemostofthe  
low－mOlecular－Weightproteins（hereapprox．23kDafbr  
OurVariantS）thatarefi1teredthroughtheglomerulusare  
metaboli2，edbyenzymeSlocatedinthebruShborderof  
thetubularlumen・之6wedidnotinvestigatetherenalclear－  
anCeOftheARRvariant・Itisgenerallyaccepted，however，  
thattherenalexcretionofproteinsismainlygovernedby  

theirsizeandthatthesievlnge鮎ctofglomeru1arfi1tra－  
tionisindependent′for smal1proteins，Ofmolectilar  

Charge270r Other confbrmationaldibrences．Because  
ARRandVRQareofthesamemoleFularweight，itcanbe  
hypothesizedthattheobserveddi蝕renceinclearanceof  

theÅRRandVRQrecombinantprOteinswasofn9nrenal  
Ongln・  

NonrenalclearanceofrPrPwasphrdyexploredinour  
experimentandthedirectmetabo止smofrPrPbyplasma  

proteasescanbeexcludedbecauseweshowedthatthe  

Plasmaconcentrationsobtainedfrombloodorplasma  
SuPPlementedwithei也ertheVRQortheÅRRvariantand  
incubatedat370Cdidnotvaryovera6－hourperiod，that  
is．ati甲egreaterthanthatrequiredtoobservePrPelimi－  

nationinvivo・Simi1arly，WeCaneXCludeaselectivetrap－  

Plng¢ffPrPinthebrainbecausetheriwasnpevidenceof  
afirst－PaSS e鮎ctwhenthe fecombinantproteinwas  
direc¢yadministeredthfOughthecarotidarteryItislikely  

that；asformanyotherproteins，themainnonrenal七1ear－  
ancemechahisminvoIvesthereticuloend6血申狐毎tem．  

Theliverwasshowntb？Ontribut占sigmi6can曹tすptotein  

metabolism・eSPeCiany through re呼蕪空＊ediated  
endocy（OSi！followedbydegradationin、一bFSO讐meS三¶出s  

mechani血contrarytothebulkfi1trationq桝鱒桓htthe  
gloplemiarlevel，islikelytobeamoresp亘嘩‡癖，C¢s＄Of  
protein eliminationthat could explainth色‾di飴rence  

incleqranCethatweobservedbetweenthetwotested  
Variants．   

Itisgenerallyacceptedthatproteinsareihiti山1ydis－  

tributedintotheplasmavolumeandtheilmOreSlow吋  
intotheinterstitial瓜uidspace．TTdsviewissupported 

bythe present e】甲eriment wheretheinidal・distribu－  

tionvolumeOfrPrPapppximatedto。thatoftheplasma  

VOlurne（OVCrau meanVc＝431nL／k8）；in contrasl．thc  

VOlumeOfdistributionassociatedwiththetermihaldispo－  
SitionphaseofrPrPwasofthesameOrderofmagpitudeas  

thevolumeムfextracenularnuid（V粗＝162血Ikg），indi－  

CadngthatatleastafractionoftheadhihisteredrrW  

gained access tothe exはacell山ar瓜uid．0wing tothis  

restrictedせistribution．theoveranmeanreSidencetimeof  

therecombinantproteinwa＄rather－short，r叩軸glfrom  
14．5to52血tes，despite－thelowclearanCeLtate・The  
qeatermeanreSidehtetirneoftheVRQ血i疎dlen  
comparedwiththat oftheAm両血如t■率 
expl血edbythegreatermeanreSidencetimeof・th；vRQ  
Ⅶriantinthecentralcompartmentaslmeas山毛d鴎the  
Mm（2bmhvs．12．5min）．BycontrasttheMRTt¢・e・，the  
ovefallMRToftheproteinintheperipheralcompar［－   

WaSO．240rO．43mLper（kg・min）basedontheresults  
Obtained after Plgn－COatedmicrobead capture or600C  
heating，reSpeCtively．Theestimatedmeanterminalhalf－  
livesobtainedafterPlgn－COatedmicrobeadcaptureorby  
th色60’Cheatingmethodwere58and41hours，reSpeC－  
tively．Themeanresidencetimeandthesteady－Statedis－  
tribution volumeS Were 5030minutes（84hr）versus  
3435minutes（57hr）andl187．0versus1487．4mLperkg，  
r？SPeCtively（Plgn－COatedmicrobeadcapturemethodvs・  
600Cplasmaheatingtreatment）．Iftheresultsobtainedby  
Plgn－COatedmicrobead・CaptureareCOnSidered，thenthe  
MRTcandMRTpvaluesareeqtiivalent．PtPrescouldnotbe  
detectedin any ofthe tuine samples collected after  
admihistrationoftheSAF．solution．  

DISCUSS10N   

Beforeanydiscussion ofthe present experiments，We  
mustachowiedgethatwetestedourdi蝕renthypothe＄eS  
witharPrPofbacterial0riginandnotthenativefbrmof  

thePrIミWhidlisnotcu∬entlydvailableforpharmacoki－  

neticstudies・Thenattualfbrmisglycosylatedandthe  
glycosylationofaproteinmayconsiderablyinfluenceits  

fateinthebody；Wenmrthelessb占lievethatthispioneer  
WOrkmayhavesomevaluetoexploretheclearancePath－ 
WaySandtheinfluenceofthegenotyp貿andtherolemedi－  
itedbytheconfornatio隼OfthevむiantOfPrPand／or  
bithe deirinte mechanisms．Sindarly；the disease－  
associatedisoformofPrPthatwas a血misteredunder＿  
Went a Series ofphysicochemicalprocesses befofeits  

admimistration（SOlubilization）thatwere，al）1etopardy  
deriaturetheprotein・ThusJthedifferenttestproteinsused 
inthepresentexperimentshouldbeconsideredonlyas  
PrObes・Ⅵ短hypothesized．theywereabletoexplofe．atleast  
qualitativelylandpossibb，quantitatively（i．e．．gmngan  
Order of magnitude），di蝕rent digposition processes  
Ofphysiologicinterest．maildy concemingthe overall  
PlasmaL Cleamnce that contributes to the systemic  
e】甲OSure・  

Ourr由ults showthat clearanCe Ofthe rPrPislow  
andofthesameOrderofmagmitudeastheglomerular  
fi1tradonr虫einsheep25（approx・2mL／Ocg・min））．Clear－  

anCeOftheARRvariant 

toscrapiewasalmosttwicedlatOftheVRQvariantasso－  
Ciatedrwithscrapie susceptibil1年For a由Ve血variant，  

howevezl 

PrPplasha七1earanCe，indicatingthattheproteincon－  
foma血n，nOt the ahimal’s clearance mechanisms，  
WaS・reSPOnSibleforthe di蝕rencet、、betweenthe two  

genOtypeさ．   

Itisgene細山yacceptedthattheki血eyisthem叫Or  
Organ、ofprotei具e血血ation㌘andthistvascohfirmedin  
the◆present叩eriment血erethekidneYCleann甲Ofthe  
VRQvariantOfrPrPwasabbuthalfthetotaldearanCe．  
Dcspitethehighrenalclearance．noPrPwasfoumdin  
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iseliminatedmuchmoreslowlythantherecombinant  
geneticvariantsofPrP（2－3mL／（kg・min））・reSultingina  

greatermeanresidencetime（approx・84hrvs．14－52min）．  
Inaddidon・WeObsezvedahighsteady－StateVOlumeof  
distribution for PrPres（1・2－1・5L／kg）suggestlng that  

PrPresismorewidelydistributedthanrPrPItshouldbe  
StreSSedthatourpharmacokineticapproachrequiredthe  
SOlubilizationofPrPresrecoveredaspeuetsthoughwe  
CannOteXCludethepersistenceofinsoluble aggregated  
forms ofPrPresinthe adhinistered SAF preparation  
despitetheultrasordc andheatingtreatments・Despite  
SuChalimitation，thedi鮎renceinclearancebetweenthe  

recombinantandpath0logicisofbrmsofPrPissogreat  
thatwehavenodoubtthatthediseaseassociatedisoform  

OfPrPiseliminatedmuchmoreslowlythantherecombi－  
nantprotein・Thel血itofouranalyticalmethodprevented  

us＆omevaluatingPrPresconcentrationsbelowthelevel  

Of quant漬cation（7・5ng／mI）andfrom ensuringthat  
PrPres did not persist for alonger time atlow  
COnCenヒadons．  

Considerable uncertaintyexists aboutthe relevant  
SpikingformofpriontodocumenttheriskofTSEtranS－  
missionbybloodtransfusion・40Datab・OmarOdentexperi－  
mentalmodelOfTSEsuggestthattheinfbctiousagentin  
plasmaisverysmal1，unSedimentable，andpporlyaggre－  
gated，41T42butmanyattemPtS．tO、SOlubhprpscunder  
nondenatunng COnditions have加en，畢？早FCeSSfu143・44  

umdlrecently！5Inthepre占entcle品cesttldylitmustbe  
assumedthatthemethodusedtoprepqre．theprionmate－  
rialfromsheepbrainmustbee伍cient叩ds亘亘eムoughto  

obtainaPrPresdosethatcanbさad血isteredintrave－  
nouslytoasheep．Thepurposeofthis去inglePrPresinfu～  

sionwas no morethan to obtain a丘rst estimate ofthe  

OrderOf magnitude ofthe dearance ofthe disease－  

associatedfbrmOfPrR   

In conclusion，We have shown，bすuse ofpurified  

prokaryote rPrIミthatthe clearanCe Ofthe＼ARR variant  

associatedwithresistancetosQraPleisgreaterthanthe  
ClearanceoftheVRQvariantassociatedwiths？nSitivityto  
sirapie．This，tOgetherwiththehigherbAsalplasmaPrPc  
COnCentrationsobservedinho甲0野gOuShigh1ysuscep－  
tibleVRQewescomparedwithhomozygOdsresistantARR  
ewes．suggeststhattheARRvariantofPrPciseliminated  
more rapidbTthanthe VRQ variqnt・The52percent  
decreaseinclearanceoftheprokaryoterPrPinnephrec－  
tomizedewessuggeststhatthekidneyscontributeconsid－  
erablytotheeliminationoftheprlOnprOteinandthat  
renalinsu戊ciencycouldrepresehtariskfactorfbrTSE  
diseasetransmission．Thepath0lo由CisoformofPrPwas  
ShoⅥmtObeclearedveryslowlyfromtheblood，1eadingto  
SuStainedexposureafteritsdirectⅣad血血istration．  
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ment）wasrelativelysimilarforthetwovariants（8minvs・  

11mh）．   

Theseresultsobtainedwiththenonglycosylatedpuri－  
fiedprokaryoterecombinantprOteinmayprovideuseful  
informationforplasmaPrPcbecausesome authors28－33  
haveshownthatthethree－dimensionalstruCtureandthe  
thermalstabuityofrPrPproducedinEcoliareessential1y  
identicaltothoseofthenaturalglycoprotein．Thus，aS  
expected，theglycosylationandtheGPIaLnChordidnot  
a鮎ctthefoldingofthePrPproteinandtransgenicmice  

expresslnganOrlglycosylatedPrPcasweuastransgenic  
miceharboringaPrPwithoutaGPIanChor34・35areableto  
replicatetheinfectious agent・Furthermore，We have  
shownthatthe basalplasma PrPc corlCentrations of  
homozygOuS VRQ ewesrwere almost twice those of  
homozygousARR ewes・This suggeststhatthe plasma  
clearance ofthe ARR variant ofPrPcis，likethe same  

variantOfrPrRnearlytwicethatofitsVRQcounterpart  
as畠umingthatthereisnodi助rencejnthesymthesisofthe  
proteinandthatrPrPmaybearelevantprobeforstudying  
thefateofPrPc．Ourresultsareinagreementwiththoseof  
Haudayandcoworkers36whoshowedthatthelevelof  
PrPc expressedonthecellsurfaceofperipheralblood  
mononuclearcellswasinfluencedbythegenotype，with  
thehighestlevelsfo11ndinscrapie－SuSCePtiblehomozy－  
gous VRQ sheep andthelowestinscrapie－reSistant  
homozygOuSSheep・ThelevelofPrPexpressionbyblood  
cellswAscorrelatedwiththelevelofovineplasmaPrPcby  
Thackrayandco11eagues37whoshowedgenotypicdi蝕r－  
encesinthelevelofovineplasmaPrPc，withthehighest  
andl（iwestlevelsbeingobservedinplasmafromhomozy－  
gpt！Sl硯QandARRsheep，reSPeCtively．Thehigherplasma  
irpcco聖云entrati？nSOfdogsa飴cteJbyrenalinsuiBciency  
Whencomparedtohealthyones（unpublishedobsezva－  
tions）togetherwithprevious observationsinhumanS  
withextensiverenalin畠11伍ciency3Br39stron9ysuggestthat  
thekidneyscontributehigh1ytoPrPcclearanCe・  

Ourresultsraisethequestionofthesignificanceof  
hostgeneticandpathophysiologic（renalinsu伍ciency）－  

CauSedvariationsofplasmaPrPclevelswithrespectto  
TSEsusceptibilitylTheimplicationofPrPcplasmalevels  
fbr peripheralpathogenesis ofscrapleis stnldebated  
becausebloodtranSmissionscanOCCurihspeciessuch  
ashamSterSWherebloodlevelsofnormalPrPareexceed－  
inglylowItcaLnnOtberu1ed out，howeveちthat some  
knowledgeoftheinLluenceofgenetic andpathophysi－  
0logichctorsonplasmaconcentrationsorclearanCeOf  
thenormalproteinprovidesagroundfbrfutureinvesti－  
gationsaimedatabetterunderstandingoftheroleof  
plasma PtPcinthe tranSmissibility oftheinLtctious  
agentbナ血eⅣroute・  

Forthesinglesheepthatweinvestigated，thekinetics  
OfthetemporaldecreaseinplasmaPrPresconcentrations  
aftertheⅣadmimistradonindicatedthatthe disease－  
associatedisoformofPrP（clearanceofO．24mL／仕g・min））  
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