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英国で白血球除去が導入される前に赤血球製剤の輸血により、変異型クロイツフェルトヤコブ病（vCJD）の伝播がて      使用上の注意記載状況・   
3例報告されている。  その他参考事項等   

げっ歯動物の伝染性海綿状脳症（TSE）の実験では、赤血球製剤の感染性は赤血球自体とは無関係であり、感染性は      土筆な基本的注意   
残留白血球や血粟中の他の成分と関連することが示された。  現在までに本剤の投与により変異型  

クロイツフェルト・ヤコブ病（YCJD）  
等が伝潤したとの報告はない．しか  
しながら、製造工程において異常プ   

リオンを低減し得るとの報告がある  

v、s 
。 究ロセスによって除去されることを示している。 璧cJDの原因物質がヒト赤血球と結合しないことを確認できたならば血中のPRPcの適切なスクリーニング検査 孟宗窒謂誓誓書去還浣≒諾望発生国の輸血サ‾ビスは赤血球製剤を輸血する前に洗浄またはろ過処理して感雛       ものの、理論的なYCJD専の伝播のリ スクを完全には排除できないので、 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  要      投与すること。  

報告企業の意見  今後の対応   

英国における輸血によるVCJD感染例は白血球除去   今後ともVCJDに関する安全性情報等に留意していく。   
を行っていない赤血球製剤によるものであるが、   
赤血球自体には感染性はなく、ろ過により除去で   

きるとの情報である。   

現時点まで血弟分画製剤からのVCJD伝播の報告は   ノ‾■ヽ 

なく、血梁分画製剤の製造工程でプリオンが除去   
できるとの情報もある。   
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Prionproteinandtheredce”  
DavidJ．Anstee  

Introduction  
VariantCreutzfeld－JakobDisease（vCJD）wasdescribed  

in【heUKin1996【1】．The＞emergenCeO【止isnovelfbrm  

OfCJDismos【prObablyrela【edtodleingestionofbod  
PrOductsobtained h■OmCa【tJewith bovine spongifbrm  
encephalopa【hy（BSE）【Z，3）．Fromtheol】uSe【thepossib－  

ili【YWaSCOnSidered山a【paSSageOrinfもc【ivi吋丘om【he  

gut to the brainin afftctedindividuals couldinvoIve  
blood．Therefbre，【ranSfusion services werealerted【O  

the poten［ialfbrtransmissionofvCJDtoa pa［ientbY  
transfusion ofblood components from a donoriJlthe  
preclinicalstagesordisease・Consequently，preCau【ion－  
arYmeaSUreSWeretakenin【heUK【0minimi21ethisrisk，  
inpar【icularJeucodeple［ion，SOUrClngPlasmafor丘action－  

a【ion from non－UK donor popula【ions，SOurClng fresh  
frozen plasma fbr children born af［erlJanuary1996  
（and［hereforenotexposed tJlrOUghdje［）from non－UK  
donorpopulationsanddeferralofblooddonorswhohad  
themselves been【ranSfuscd［4）・Sourcing sufGcien［  
red ceIland pla【ele［COmPOnentS Ou【5ide the UKis  
not feasible．The6rs【CaSCS Of probable transfusion－  
【ranSmission emergedinla亡e2003and three probable  
【rarlSmissions，aJJlinked［O red cellprepara【ions【ranS－  

f－usedbeforetheintroduc【ionofIeukodepletion，arenOW  

recorded（5，6，7●，8●●）／   

Theinfectiousagent  
Thereisalargebodyorevidencesugges［lngtheinfec－  
【iousagen【CaUSingliSEandvCJDisanabnormalcon～  
formerorthe prion pro【ein［91－RecenLIY．eVidencehas  
emergedsugges［lng【ha【retrOViralinfec［ioncanincrease  
［herdeascof’inftctiousprJOnSfromcelJsandmaYbean  
impor【an【COfhc亡Orjnthespreadofirlfec［ion［10’】・   

Normalpr；onpro【ein（PRl）c）isa glycosYIphospha【idY－  

1inositol（GPI）－Iinkedpro【einexpresseda［Cellsurfacesof  

manY【issues・Ⅰ【is a glYCOPrOtein（ichinα一helix・The  

runc［ion of PRI）cis uncIcar，al【hough recen【S【Udies  

SuggeS【aTOleinselr－reneWalorhaemopole［icprogenitor  
cells【11●】．rnleinftc【ious prion pro［ein（PRPsc）is an  

abnorma）conformeT Of PRl）cin which【he α－71eIjcal  

regionsbecomepredominan［）Yβshee［－Thischangein  
sccondarYS〔ruC【urealters［hepropertiesof［hepro［einso  

【11a【1）Rl）schasagrea【erPrOPenSlrytOaggTegate・Aggre－  

ga【eSOfl）Rl）scacc11mUIa【e Wi［hince】1sin【he brain o［  

Sln⊂elhismanuscripIwassubm（Hedfo－PUblicationafourlhcaseofpTObable  
transfus10n－lransrnis5jonofvCJDbynon－leukodepleledred〔eIIpTePa（ationshas  
beenreportedintheUK（http＝／／www・hpa・Or9・Uk）andafurtherstudyderヮonstratfng  
lemOValof eT・dogenous TSEIL11e⊂1ivily f－OrTIIeukodepleted scraptelnfe亡ted   
h∂mSlerwholebbodby仙a†ionth－OUghp－ion－SP矧†jca付m【yres－nShasbeen  
publLShed（G（e9DrlLGurgelPV．LathropJTeLaI”2006Lancet368；2226－2230）・  

CurrOpinHeTnatOI14：210－214・て？OO7LIPPincottWIT（1amS＆WlkJnS・   

BTistollnstilutefoITransfusl〔Jn Sctences．NationalBkodSerYice．Bri5tOtUK  

CorrespondencetoDJ・An5tee18（istD‖nstJIuleforTransfusionSciences・National  
BJDOdService，BristoIBSIO5ND．UK  
Tel：＋44－1179912102ie－rnail：dav－d．anstee＠nbs．nhs，Uk   

CurlelItOpinioninHemalol09y2007．14：210－214   

Abbrevねtiol15   

BSE bovine spongiform encephalopathy 
GPl g†ycosy】phos石hal・叫血S・tOI  
PRP⊂ nO「malpnonprote¶n  
PRPsc abnorma川∩†ectious）p－ionprotejn  
TSE transm暮SSiblespon！】ifolmenCePhaIopathy  
vcJD variantC（eUtZ†eIdトJakob dlSeaSe  

¢2007LtppincotlW川iams＆＼価≠一nS  
lO65－6251  
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Prionproteinand仇eredce11Anstee 211   

replica【ingPRPsc■Iftheantigen－PreSintingcellscome  

intocon【aCtWi【hotherbloodcellswhilstintransit丘om  

gut【01ymphoid tissuesorprocess PRPscin a manner  

Whichresultsind－egenefationofexosomescon【21nlng  
PRPsci［is possibleinfec［ivi［y COUld transftr［00〔her  

Ce11siTlblood・The cycle ofPRPsc replica［ion could  
con【inuewi【hin【hose o亡her blood cells tha［have the  

necessarylntraCe11ularorganelles，andthosecellswithour  
【he neeeis豆JY maCrii首efY forrecYCling PRPsc1ikefed  
CellsmayactaspassivecarriefSOfinftctiviry・Thereis  
COnSiderableevidencefbr［heoccurrenceofexosomesin  

humanblood［Z6）andtha［［heycarlderivefTOmPlatelets  
IZ7】and reticulocytes［Z8】aswellas fromcircula【ing  
dendri【iccells（Z9】．Furthermore，［ranSftrofGPI－1inked  

PrOteinsCD55andCD59from［ranSfusedredcells［0【he  
redcellsofapa【ien【with paTOXySmaJnoc［umalhemo－  

globinuria has beendemonstrat6dinvivo［30］．In【his  
COn【eX【itisin【ereStlng【OnO［ethatexosomescoTl【alnlrlg  

HIV－1releasedfromimma【uredendriticce11swerefound  
【ObelOtimesmoreinfectiveofCD4十Tce11s［hancell＿  
丘ecviruspar【iclesr31】．   

ExosomesdonotprovidetheonlyhydTOPhobicerLviron－  
men［inplasma・Recently，eVidencehasbeenpresented  

【3Z●】5howingtha【brain－derivedPRPscbindswi［hhigh  
afhni【Y【OaPOlipoproteinB，［hema）OrCOmPOnen【OrVerY  
low densi【y andlow－densitYJipopro【eirlS（VLDL afld  

LDL）inpIasn－a．   

1nfectivityinredceJfpreparatjonsusedfor  
transfusion  

ThereisperミuaSiveevidence［8●●）［hat【ranSfusionofred  
Cel］prepara【10nS fromdonorswl－OSubsequen［1ydeveL  

OpedvCJDhastransmitted［hedisease［0［hreerecipi－  
en［S・Ineachof［hesecases，〔he［ranSfusions【OOkplace  

bcわrcleucodepIe［ionofredcellpreparationswasin［rO－  

ducedinthcUK．Leucodep）etionof450mlwholeblood  

COlIec【edfromscraple，infec［edhams【erSremOVed4Z％oF  

【he［O〔aIinftc［ivi【y【33］＿ Whe［he［Or nOt a Similar  

reduc【ionininfec【ivi【YIS aCl－ieved byJeucodepIe［ion  

o（humanbIoodisunknown．Morerelevan【iswhe【heror  

no【leucodepletionorhuman bloodissufficien【【OPrer  

Vent［rarlSfusionLtranSmissionorvCJD・Thefollow－UPOr  
recJPlen［S OFJeucodeple［ed red celJprepara【ions f［Om  

donorswhosubsequen［lYdeveloped vCJDwilJprovide  

infornla［ion of relcvance［0［his ques【ion【8●●】．The  

leucodepletion processitselfdoes no［aPpear【O reSuJ［  

inincreascdnumbersofleucocytemicrovesicIes【hatmay  
Carryinrcc［ivity f34］but would probably no【remOVe  

exosomes・Given［hetJnCer［ain【yCOnCernJng【heeffecト  

iveness orJeucodepletionin re一れOVlnginfec【ivl［Y rrOTn  

I川＝1an b】00d，a【［Cn［ioIlI－aS11日nCd【0【hc pos5ibi＝［YOr  

enlPIoylng 仙ers，、Vlljcl－ Selec【ively renlOVel）Rl）sc．  

SoIVem；］l10LCokere／a［r35Jfu［erCd300nlredcelIsfron1  

500mlan【icoagula【ed wholel）Ioo（j collec【ed fron  

SCraPIC－inf℃c〔CdI－amSはrS▲「1、hcY rCPOrt［ranSmission（）r  

afftc【edindividualscrea【1ng【he［0Ⅹjcenvironmen【that  

ul【imatcly resultsin spongifbrm encephalopathy．Size  
fractiona【ionsuggest5【hemos［inftc［iousprlOnparticles  

COmPrise aggregates of14－Z8molecules（lZ】．Once a  
Smallamoun【OfPRPscislngeStedi【CanaSSOCiatewith  

PRPc丘omtheafftcl：edindividualandconver［thisPRPc  
【OPRPsccrea【lnganaUtO瓜払1yticeffec【，Whichgrea【1Y  

increases【heamount：OfPRPscintheafrtc【edindividual．  

Thisauじ000talytice舵cth卑Sbeenreproducedinviznina  
hams【ermOdel【13I．   

Norma］prJOnPrOteinisessentiaIforthe  
disease process 
PRPc mus［be available fbr prlOn disease to occur  
【14，15，16’】．Fur【hermore，mice engineered【0【ranSla【e  

PRPc wi［hou【a GPIanchor accumulate PRPscin  
thebrain，blood and he且r［bu【donotdevelopclinical  
SCraPie［17，18】．These resulLSindica【e dla【membralle  
tetheringofPRPcis essen［ialfordisease progression．  
GPト1inkedproteins丘equentlyoccupYlipjdra丘sinthe  
Plasma membrane．］ncultured adultsensorY neUrOneS  
PRPcleaveslipidraf15【OreCyClebe［WeentheceIIsurface  
andrecYClingendosomesina【imescaleofminutesf19）．  
ThemechanismwherebyPRPcisconverted【OPRPscis  
no【fully unders【00d butmay occurat［hecellsurfhce  

WhenPRPcJeavesi【：Slipidraf［Prior［OendocY［OSisIZO］＿  

Af【er endocy【OSis，PRPc goes to recYCJing endosomes  
【Zl】whiJe PRPsc【rafficks［OJJysosomes【ZZ）．Passage  

OfPRPsc［01YSOSOmeSCaflbeviamul【ivesicula（bodies  

from which smallvesicJes 40－100nmin djameter  

（exosomes）richin GPI－Jinked pro【eins budofrandare  
released from【he ce11．These exosomes can contain  

PRPscandhave【hepo【en〔ial【0【ranSftrinftctivl【yfrom  

OneCell／【issue［OanO【her（23］．   

Transferofinfecliouspnon proteinfrorngut  
to brain  

Af［erPeripheraJinfection，PRPscaccumula【eSandrepli－  
Ca【eSin［helymph（）reticular system，Par【icularly【he  

SPleen andJYmPh nodes，PrJOr tO neurOinvasion and  
disease．Theprocess bywhich PRl）sc［raVels r［Om gU【  

【OthelYnlPhoidorgansmayoccurvia［heblood〔hrough  
bone marrow－derived dcndritic cells，Which pick up  
I）RPscin［hegu【and］［ranSPOT【itdirec【Iy【O［helYmPhoid  

【isst）eS［Z4］．lnrodenに5，bll；culardendriticceIIs（Fr）Cs）  

わundin【1－e germinalcentres orlyn－Phoid organs are  
maJO［Si【eSOf’l）RPscaccumula【ionandthera【eOf［ranSfer  

Orl）RPscfron一［yn－Phoid［is5ue［OSymPa［Iletjcnervesis  

Jikelyde［ermined bY［hc rela【ive positionlngOrFr）Cs  

andsympa［he［icrlCrVeendings【9，Z5】．   

Jnfectiouspr10n PrOteinin blood  
′1、l－e brego－ng discussion（】cscribes a pr（JCCSS“右crcbY  

infec【ivi【y（l）Rl）sc）in【hegu［PaSSeSVia【hel）1ooLl［0【he  

5PIccnandlymphoidcc】lsand【hcncc【OtllCbrainl）YIVdY  

Or an［唱en－PreSCntinどノCCI】s capabk or【dking叩卸し】  
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212 亡l舛hlOid印StemSandibdiseases  

disease【OSixof43hams【erSreCelVlngUn批eredredcells  
butnoneof35hams【erSglVen6l【eredcells・GregoTietaL  
【36．）reportremovalofallbut O・01％infectivi【Y丘om  
leucodepletedhumanredcellsspikedwidlSCrapiefrom  
hamsterbrain．Thesestudiesindica【e［hatinftc［iv；ryis  
notintrinsictoredce11sordla【ifinftctivi【YISaSSOCiated  
wi（h red cellsi【isloosely boundand removed by【he  
filtra［ionprocess・Theseda【a7iftransftrabJe【0［hehuman  

si【Ua【ion，PrOvideameansofsecurlng【hesaft【YOfred  
cell【ranSfusionsincountrieswhere thepopulationhas  
beenexposed【OBSE・NeidlerStudy；however，P－eCiseJy  
mimics［he human si【uation and soitis necessary［O  
consider［hesuitabilitYOfhams【erSCraPleaSamOdelfoT  
BSEandthesimilari【ybetweenthebloodcellsofharn－  
stersamd humans．■   

Ofhamstersand men  
Asi【isex【remelydifBculttodesignexperiments［ha【  
direc［1yaddress［he biologyofvCJDinhuman btood，  
mos［Of【heda［aaVailablerela［e［OanimalredcelIsand  
【ranSmission ofsc【aPle ra［herthan BSE・Whole bIood  
【ranSh】Sions be【Ween Sheep have demonstra【ed transT  

missionorBSEbu【theseexperimefl［Shaveno【Ye［been  
extendedto【ranSfusionof【heindividualcomponentsof  
blood【37】，   

Asdescribed above，aVailable evidence sugges【S【ha【  
priondiseasecannotdeveZopintheabsenceofPRPc・  
Ⅰ［is［herefbrereasonabletoaskwha【is【hedis【ribu［ionof  

PRPcinhumanblol）dce11sandhowdoesi【COmPareWi【h  
PRI）c dis【ribu［ionin t）lood celJs of animals used fbr  

；nves【1gation of blood－borne TSEinfec【ivltylSince  
differencesin PRPc express；on may occur and be  
relevan［［Odiseaseprogression・HoladaandVostalt38l  
repor［月owcytome［ricexperimen【S demons【ra【1ng】o、V  

JevelsofPRPcon humanredcellsandabsenceoFl）Rl）c  

fromharnsterredce11s．Experirnen【SOf【his【yPe，Whic7－  
u【ilizeaslnglemoT）OClonalantibodytoPRL）c，mayglVe  
erTOneOuSinforma【ionir［hereJevantPRPcepl【OPei5nO［  
accessibIeon【hecell【yPeeXaminedbecauseo［d；fftr－  
encesinpost【ranSla【ionalmodi6cationslikegJycosyla【ion  

【397．Ifhamster・redcellsdifttrfromhL）manrCdceHsiLl  
lacking PRPc expression，howcver，are hams【erS a  
relevant mode）wi［h which to s［Udy［heipfec［iv】【Y Of   

hunlan rCd celts～   

1rhams［erSCraPle S［rain Z37Kl）RPscdoes no［bind to  
hunlan red ceJIs does this nccessariJy mean［ha【JiSE／  

vcJDI）RPscdoes【10tbindei【her？Nishinae［a［140’】  

repor［Cd［ha［diglycosyla［eJhamster brainl）Rl）cis  
rcquircJわr〔1－eamPli玩a【ion oFhan－S〔Crl）Rl）sc strain  

Since肘smaTIUSCTIPtVVaS SUbrn・ttedforpubF・Cat・0nafourthca5eOfprDbablc   
transfusIOnLt（an5m－SS10nOfv（：JDbynon－leukodepleted｛ed〔ellprepaTalLOn5has   
beenreporledinlheUK（http：／／www・hpa－Org・Uk）andafurtherstudydemonstrat．ng   
removalo†endogenou5 TSEin†ectivlty f－Ornleukodepteted sc｛aPIeln雪e⊂lcd   
hamste（VVholebloodbyf・ltTat・OnthroughpT・0∩－SPe⊂・fi〔alf（n・tyreS・nShasbeen   
publJShed（Gregor－L．Gu（gelPV，LalhropJTe（a／．2006Lan〔et368．2226L2？30）  

Z37i〝VizTVWhereasunglycosylatedT甲tJSebraiTIPRPcis  
required fbr the amp捕ca【ion ofRML PRPsc，a CIear  
indicationtha【difftrentsourcesofPRPschavedifftrent  
requirementsforglycosyladonofPRPc・Earlierworkt41）   
alsodemonstratedtha［theglycosyla［ionprofileofPRPc   
canin8uencethe amountofPRPsc bound．   

Thesamepro【eincanhavedifferentglycosyla【ionpro一  
一－6lesin difftrent tissues丘om the sameanimal【4Z，43）．  

Clea［JY，SuCh【issue－SPeCi丘cdifftrencesing）ycosYla【ion   

Of PRPc could resultin【issue－SPeC摘c difftrencesin   

bindingandreplicationofPRPscandaccoun［fbrhe【erO－   
genel【YOfPRPcisofb（mSObservedindifferentreglOTISOf   

mousebrainandfordifferen【Pa【ternSOFPRPscdepo－  
sitionbydi 

Theseconsiderationslead【0［heconcIusiontha【eXPreS－   
sionofPRPconagJVenCellor（issueisno亡，OfitseIflan  

indication of suscep［ibi）irY［O PRPsc binding．Con－   
sequen【1y，【heglycosylationprofi1eorPRPconredcells   
mayinfluence【heabi】i【YOfdif托rentstrainsofPRPsc［O   

bindtoredcellsandmayaccountfbr［heJackoFPRPsc   
binding observed in animal experiments described 
above．ThesameTeaSOnlngapPliesto【heinteTPre［ation   

ofanimalexperimentsexamlnlng【heinfectivi【yOfblood   

pla［elets．Hams【erPla【ele亡SlackPRPcwhereashuman   

Pla【eletsexpressPRPca【highJevels（45）．Pla［eIetswere   

tbund【01ackinfec【ivityirL［hebloodofharnstersinfec【ed   

wj【hhamsterscrapief46）．ThegJYCOSylationprofiJeof［he   

comp］ementregula【OrYPrOteinCD590nhumanredcells   
andplatele【5hasbeende［erminedinde【ail・Thepro【ein   

on bo【h cellrypesis ex［enSivelY glycosyla【ed bu【［he   

gJyco5yla【ionprofilesof【hepro［ei几On【hetwocell［yPeS   

are dis【inct【43】．1fPRPc on Ted celJs and pla【ele［Sis   

glycosyla【edin a simi）ar Tnanner【his may accoun【for   

absenceofPRPscbindingbecauselargeN－1inkedoligo－   

saccharidesa【Asn181andAsn197couldshieldJargepar【S   
of［hesurfaceoftheprlOnPrOteinands［erical］yhinder   
pro【ein－PrOteinin【eraC【ions147】・ThiscouldalsoexpJain  

WhYmrineredcellswhichexpreヲSPRPc【38）lacked  
infectivl【y When deTived from anlnla15inたctcd with   
moし1Se．adap【ed vCJD【48】・Nevcr【heless，i【WOuld be   

prudent【Oinves【1ga【ebindingofBSEPRl）sc【Ohumarl   
redt；Cllsandplate）etsbefbreassumlng【ha［［hesecc11sdo   

no【CaTryVC）Dinfec【ivi［Y，SincetheglycosYla【ionprofile   

ofaproteincandifferbe［WeenSPeCies［49，50】一  

Humanredce‖Ⅰ）RI）candhams【erbrainPRl）cmaydiffer  

in thestructureor【JleGI）Ianchor．On hL］man redcelJs，   

Gl）ト1inkedpro【einsC［）59and ace［y】cholines【eraSCare   

りnUSua］in［hattlleGI）lanchori5PaJmi【OYla【Cdinaway   

LIla【rendcrsi［rCSistan【【OPl－OSP】101ipaseCI4151】・Iras  

lミリ（lJど′〟＝4封pin【OU【thisislikdY【Obcaf由nlrCOra】l   

Gl）トIinkedpro【elnSOn［）lCredce）l，【henredcel＝）Rl）c   

wouk＝1aVe［he sanle anChor．’rhe GPIanchor fbund on  

l）Rl）crronlSyrianIlanlS【Crbrainisno［Pa】nlitoYla【edin  
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【hisway（47】．Thisdifftrencemayinauence血eloca【ion  

ofPRPcinlipidraftsandthenceaccessibiJi【ytOPRPsc  
【ZO，5礼   

FinallY，thereisalsothepossibili【Ythathumanredcells  
couldbindPRpsc二indeperLden［JyofPRPc・PRPscbinds  

wi［hhighaf餌irytoplasmalipopro【einsI3Z●】・Plasma  
LDLshavebeenrepor【ed【Obindredcells，aJbei【Wi［h  

lowa一触i【yt53】・   

Conclusion  
Recen［rePOr【S Show【hereis a high probabiJitY【ha［  

human red cellprepara【ions have【ranSmi［ted vCJD・  
Expedmen【5Carriedou【Withroden【TSEsindica【ethat  
inftctivi【ylnfedcellprepa－ationsisno［aSSCCia【edwith  

the redcells dlemSelves bu［with o［herconsti【uen［S Of  

theproduc［SuChasresidualleukocy【eSandplasma・Lack  
ofin【rinsicredcelJinftc［ivi（ymaY（eSul【丘omposttran－  

sla【ionalmodifica〔ionsof【hes［rUCtUreOf（edce＝PRPc  

whichprevcn【PRPscbinding・Iri【Canbeshown【ha【the  
causativeagen【OfvCJDfails【Obindhumanredcellsand  

intheabsenceofasuitablescreeningtestforPRPscin  
blood，itmaybepruden【foTbloodservicesincoun【ries  

wherevCJDoccurs【OCOnSiderprocessingredce11prep－  

a［a【ioTISbYWaShingor触ra【ion【OremOVetluid phase  
in托c【ivi［yPrlOrtO［∫anSruSion・   
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