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7k Rk, IEER T ) 2 &HE (normal cellular prion protein = PrP¢) 2V 5 22O FIAT B ¥ — M
HOREM T ) 4 &P (scrapie PrP = PrP>) (CHEEZH L, MPNCER L CRIET 2 iR AR ETH
L. b b EEWICHEORERT, WHRINRE 2 @R L, EBRIVEIHESTTEETH 5 Z & S ImEE
HIRINSAE (Transmissible Spongiform Encephalopathy, TSE) &#FRSINTE 72, BBV TIX, FED
scrapie 4= EHHIRINE (bovine spongiform encephalopathy, BSE), B D184 7E%#E5% (chronic wasting
disease, CWD) Z EDHIBNTWAS, b b7V F VFIZBWTIE, RENZLOICIEE 7 0V 7o)
k- ¥ 2 7Y% (sporadic Creutzfeldt-Jakob disease, sCJD) #5&% ), Z DI & #ZME ) 4 29K (V1801 2
S, E200K Z#, PI2L 2R A VA M~y - A MBS AT — -2 v A v —¥% (Gerstmann-
Straussler-Scheinker disease, GSS), = N> 178 % 23 KE T ) 4 V%), HERET Y 4 v (Kury, &
N HHSREZ BT AR X % CJD, ZRM CID) 4 &EWd 5. HHEH L EV sCID &, SuIZFRAIE DS
L, 347 0—XAREREESTYE LICES. sCID 25D T, & THOT Y 4 VIRICH L TRIEH
V. ENTEEEIE . WL, o PSD (periodic synchronous discharge) % MRIDWI 2B\ T
DOREERES, BaTRE, 7 EM Sh/oEEERETEETH S RT-QUIC (Real-time quaking-in-
duced conversion) 7% EBHEHTH LYY, ek, TV A YRICBWTIE, IR EIEE O PrPse
DERBIIBAICES NS L STz LA LEE, sCIDEGR S 2 OBIEME T 4 Y IHIZB T,
HFHRHIRSR D A2 53, RIHRLEBRGDY, DRk, U 2 SEHY, epd 2 b o4 gsicBnT
b PrPedFE SN T WD, JUNKSFARR B T, R EIR TH 2 i8] L 7z 1987 4E 2
LIAE ) 2018 4EBIMEE T, 7V A VIRREGI 114 BIOFIBIEBI 25 5. Uk TlX, 7)) 4 YIHEHFIIBW
TH T RIEREREDOD L IZE& @R 2 EARE L, FIRMEROAL b TEHEHRERLRFL TV 5.
Z0) bEHOFEFIZ B TEFEEEDO 7)) 4 Y EALEZHRE L TWb. MUNOEHEIFZBIT 57
)k VEAREIEETHOBA» S FEEANE T - TBY, MBI LETH L. ATk, EF
BT F VEAORKE L BE, REMT) F EAOMEIFEN, FREED SN Tw L& TEER12LE
TAHEER T ) EHICE L CEBA Z RO L LTHRET 5.

1. ERET) 4 EBORKEE LS - MiaEE

7% &K (PRNP,PrP°) 1%, 253 7 3 VA5 ->THB Y20 FR@OAIca—- FEshTwb, B
B7) F Y EAO—FEEZ M 1A IRT. N KD 22 7 3 BRIZ/NIESND Y 7 FIVRTF RTH Y,
INBARELE BRI OIRT S A . NBEERZRIC, 7 F YEAIZIVIRICEBITT A, BITEEICBY
T, BIFEHE 197 FEHOT A3 F 2 IIESEMASEZ D, WHITHEHS O DD, wihprilo< b
D, b LIIHEHBH SN A VWL 00 SFEHEIZGFTS5NE. TIVIERBITHICIE, CERRED 230 FHO
1) 12 GPI (glycosyl-phosphatidyl-inositol) 7 > # —2MNE b, 7)) F U EEHIZ TV RN S 55 uhil
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A. EER7U4+%H PK digestion GPI
82 97

N N
N-terminus l 1, |_| |_| C-terminus

1 181 197 280 253

22 51 91
Repeat region

B. 178Z& )4V EH P8K2d;g7estion
ERQEERK) AbyTary
N-terminus 178 203

1 I variable’'25 l
amino acids

22 51 9195 110 112

9 kDa Pre (D

1 IEFRT) A E 1718 ERT ) + v EH

A IEFERT)FVEH CNK2 T I JBINIEND Y T FVRTF KN TH L.
TuFAF—LKIZLY 2FHOT I /BT SN2 b DA PrP™ type 1
Th) ITEHOT I VBT SID S DA PrP>* type 2 TH 5. 181 FH
EWTHFEHOT I BRIIHESISEIAL AR T. 220 FHO T 3 BEICIE GPT
T Y= HEET A,

B 1T8ZET V& A Ny 1BFED 2H{IEREDID T V=17 M&
C203FCTA MYy Fa Ry BaLNIz, CREDGPLT ¥ I —1dKEL TV 5,
9kDaPrP™ % /R§.

GPI : glycosyl-phosphatidyl-inositol anchor, N : N-linked glycosylation, PK : pro-

teinase K

P X o THINEIE LT 7 bABATL, GPI T v A —I2X o TR ENS. BIZZ Y FH A b= A2
DHIFIAICEL ) AE N, Zo@ETIFE 112 FO7 3/ BOB U S N OHBRE~BITT 5. 2
OWBIV A7) v 7 EFbRTEY, AHNLERITEZHEH SN TOR WA, PrP h 5 PrP~o
EEZAICES LTV A WREAVER SN T2, o754+ —¥KIZk), FHOT I /BETY
S AR SE I O F-5 73 21kD Z7RT DDA PrP>* 4 4 71 TH Y, T EFHOT I/ FRTUIN & W ihs
BRI DS ED19KD THDHHDNPrP* ¥ 4 72 ThbH. IEHMT ) & EAOEFEEEICHE L T3l
HOMAPHE SN TVED, WELZIZZOEFUIHAS TR, i1 4 v LiEG L, Pii{LEE Cu/Zn
SOD iM% fREi§ AW REMAVRENTHB Y, T2, U F Y EHAZTD S DI SOD BGHTEA S O HLERILIE
HERBLTWA LV MELH LY. 7V 4 Y ELEHHROREICGPI 7 v A —12k ) 77 MIRB s
TWAED, 97 MIEETLFOY Yy FF—¥773)—=Th5b Fyn 2 LT A2FICL) v 7 FViz
FEICHS T AWREL R EN TV Y. F72, ZOMIC b ARERMESR S+ 7 AT~ OS5 b i
ENTVnRY EERES) 4 CEAOSFIIBITASAICE LTI, HAEIIBLTIEDSE L IEH S
2, FIFETCOMESFCEFE 7)) +F VEHIIEH L b LE2 5N Tw5. b MTIE, ik d %<

ZOMN PG E RN, LR, BE RS, PRUGHER SMEAESRE R SIS NS AL TV,

2. REET VA EEOEEEXICEALT

FERLT ) o YA ORI L Cld seed IALANER ST b (M2). 5 20 KK CHEEELE
X7-L PrP>t e o 72 seed A5, HEHZEHRE L LT PrP2 Y JAK PrP>CIc e L, HICES - ME LIEE
THLEEZLNTWS, BETLHEETH) IX—%2BET 505, 7+ VRICBWTIEA ) I~ —IRE
DTV F Y EEIIR SRR MRHEEEZ AT A 0L LTEH SR TV AID . $72 5EEIE 7Y
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Seed
BRI (Prp) ) BEZI
1 HEEEE Ooooo
EEEEN +O — HEEENO — 1FIIID
EEEEE _._ . EEEEN LI |
(Prpe) J
EEER (seed) BRI Ef-mEREAYIT)

HEE BRO0 oD #F EEEEENDDDD
HEE BN ] ([ ] «<— HEEEN (] ]]
EEE EE (0 EEEEE

2 T)AHIETI (Seed B FRMNIIA L ZE

FUEHAORLE ST, TAINAT—IRFCTHAONL Y IEEAPW XX ViR ETHRLNDS a-
synuclein'®, MMM RWLIE CH SN D TDP-439 7% &b 7)) + VIEOEIEER % & 2 HARIE
ENTVED,

3. 2HWBRICKBETIERER UL EA (PrPY)

AR, EHEEICBIT 5 PrPORIENT T ATWA, Glatzel 513, western blot 12 THEE D sCJD
Z OB EHG S PrP* & e L7729, F 7, Rubenstein S I3 EEKEMIEH:ETH 2 PMCA (protein
misfolding cyclic amplification) % VT, sCJD RZEEM CID B S ORMIERL ) > /3Hil2 5T PrP™>©
R L7z, 2011 4R, 3o, X0 EBECT) F v EHT BT S RT-QUIC #2533 L, CJD EFO
BEORE, M, BEZe &5 PrP>ea il L72V2 . Ukl Ot L - FB o5l 2 Fatioms.

FIWARTY « AMALZXT— v 4> H—K (GSS)

GSS (T H Gt R BB A R T #]EME 7 ) 4 VT, BRRIZHELT IO /N ISR & FRAHE DS <
Hb. B IRERIE FH/NRESAE S OBV EETH L. KITIE VISOI ZR LML 7+
CIRICHRNT 2 BFHICHED S, BICTHEAARICE . GSS % &7 #EFERom TR, 7Y+ v EH
BETI Ry 102F070) »a5uf ¥ 2 b L7z PI02L A28 %) GSS 2k b HED E L, Zofil
(2 PI0SL &5, A7V BB EHHL N TWA, FFHESEMICIE, PrP 79— 7 (X 3A &KHI) LI
527304 FOWEEETLEERT) 4+ Y EOOWREIVNGRAKM, FEEK, SRR SICERICALR,
¥+ T ARD PrP ikAE & RN E O WA IRE % Fi i & 35 sCJD L IZHFFB R 5. koK%
1T o 728D GSS BN BT, TEESCEE, BEOT 7 TNy NEER L, FRAER DN D
T VEAORE LA MER I N, TERATIE, BRI CTEARIEMIICHIEGSA S R
(K 4B), [El—% >~ 7% H\ 72 western blot Tl proteinase K #&Pi1%: PrP (PrP™®) 2SHEFZ S 7z, GSS
DRI - MR TIE, IFENE CID TH SIS 3 KD PrP® 1212 T 8kDa DS F& PrP™sHulE A SN 5.
THEKIZBWTIE, 3EKD PP 2FEET 5 RS2 Pre®oREIZHRETH -7z, GSS O T EMRIC
PrPFET 2H A2 O THEEL, »2, AL TEEIIBWTIEZZDY 7 F U3 — VIE DD D
HLPESHMI L7 b P FEERRER (KERVEY, IFF MO Y) ICXBEEET) & VR
HENTWREY, 12792 2%%EE, KETE. 1985 £ LGB ETHARE 2 12 X 5 RV E > 857
Lo THY, BAEIEIHAGFEICHET L) A7 IFREFA LTS, LaL, GSSIEERFBIZEL L AL
NBEEROEHCEMEEETH ), MOEHIHET L7 )+ Y EHLED, ORI OMBIILS %
DEELHETH 5.
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kDa| M K3 YVAIYY - AMEART— - v A T~
(GSS) 2B BEERIT) + VBN

A. BUBHIERZE  PrP 79— (&H))

B. THEMEFIRE (HOL4E)  MBNIZ PP A LN
(JEN)

. )G Uy EAPUE (3F4) & V72 western blot : B
SHTER B & /NS, 3ARDERNTY 7 F Xy —
v &R PK P Prpres &, 8kDa ik D%

< TR PP %ALdD (KH).

M : marker, PK : proteinase K

(N

TUFAEBHAN T8 B 2ERERKEGHT VA R (1IT8EET VAR
2013 4E, AFFAH 5 Matsuzono 57, F7-%ED 5 Mead 5% 5 HAKE AR E L WIRELR L T2
HIEMET ) F VIR FNENHE Sz, Matsuzono S OEGGEIL, 26 ERIC IR CTHSSE L, AT
JER TR, MR, SEE 2 & o BEEMEREE R P ORI KL Rz L, TR THRIZTHT L.
PRI E IR ChH o2, T F VEHBEET I N 178 FICBW T 2% (CT) »AAREL, 71—
LAY T IR SZAER203FHOT7 I VESA My Tarrreiy, ¥EELTCEKRD GPIT ~
A —=HREL TV (K 1B). FHEERE OMAT 2 UK F MR H I Ay L 22V EE
1,269 g AR TH Y IMBID B D INER I 2o 72, MR, KRR/ IR TR 7 PrP
IEEL L AED (MAA KH), 2O IMERFIZS HiZo Tz (K4 2H). —F5T, Mo
FAECWLE IR CTh o 7. PrP ORF IR O AL 59, KR (K 4B KH) BRI, O
i, B, BERE BEMEEELR COEHEERICD L K ALN, MEBEAOREDH 572, KL Kb
FEOWIET >~ 7V % H\ 7z western blot Tld, 77T &5 9kDa DG T-& PrP™ 2 A L o7 (K4C, D %
UH). F72, SOVIEBEC X BT, 9kDa ORSGFE PP IZEAENSELA A ) I -2 4 HEHLT
WAHEIRENT (K4E). ZOMORHZFMFTRE LT, HETHY, BAFIZAONZVICHEDS
9, MR EHLHEZ (LR neuropil threads &\ o 72 % 7 F 8 F — % KIKIZ A & © 72, Mead 523 L 729E
By, 7)) VERHABETERICEDI N 1B HEPA MYy AN R ) GPL 7 I —HREL TV
(Y163X)® . #2112 bHIK 2 PrP ikb# 2 MR 72 T & FRICb AL 0 THY, 28T
B33 & HETHHICHMD O, FADPBET LA 178 LR T ) & VR ERBICEWN R S v A8 F—%
PEoTniz, R, 7304 RIAT— P IFRF—OFELRFERE ENTWV52%, FRtopT IR
BT F Y EADNY T AT — ORFEICEBEIIE b CWAFERIE L. 72, GPIT v H—%REL
2T EAE, EFEHICBLTHRELERLLTWERSN. e OME T, BEEED
F S 1E 9kDa OIS T8 PrP™s T ) (M 1B B LUK 4C, D, EXREH), #h b3+ I~v—%
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C.HIEEERE D. KERMHEE E. ¥ ILiBBY A4 X5 E
PK - + PK - + PK (+) Pref2 f3 fAf5 f6 7 f8 f9
kDa[ M kDa[ m kDa[ M
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4 I N 178 % 2 MERLBIEE T ) A U

A, FUBHIERZE MUK CAEIZ: PrP b (JCF)), M EPFO PrP ik
(ZHD)

B. KBRS - PrP ks (%£HD)

C. AUBETERZE

D. REH#E western blot : 9kDa {4112 PK #&HitE D PrP™ % A L © %
(JHH)

E. 7OViElY A X45W : FioH) Iv—4l (757> av2~757
Tarvd) RS TEPPSEALDD (LH)

M : marker, PK : proteinase K

B LTz, 7 Y EEA ) T — R EGERmE AR b Em e ST W2 UL, Fad
FRER L 72 178 ZBH 7)) F Y 3R%° Mead 525 L72 Y163X &, HKAIEE R R0 42 G b 2e |2 B0 7 Bg 0
U F YEHRENDHICHED ST, FRENERBMA 10 EUETH ) @ED T ) F R L T 5
YATEIER RSB Ch o 72 2 ITSER T F URICBW T, HHESMIC D KO ZEML 7 iR
I E R L b BETH 072, 20720, KGTET ) 4 Y EALY) I~ —OMEHEEICHE L T3S %k
B2 DAL TH 5.

BbHUIC

FHEDOT) & VIHIZBWT, FREARERIZT TR S OEFEERIC O RFER T ) F Y EHORAEH A
SENTWALHEEBNA L. GSSIIAFTEL ASNLEEET) * VK THb. /2, GPIT ¥ —2K
KU1 ERT) & VRIEVBBI L NOARTTEALNTEY), REMEREEL FIERE L sCJD @
FRAES & RE CERL2 2. ERAHO KRB MEREDZINICKE L CTIE, 74 VRBNEATY SRS D
SRIZERTNETH D, FRI, RERRMRER E, RIS T2 BET 7)) + v &AL,
ZOEIERCHBEFEEOFEIZ O W TFEM 2R S LETH S, Mead H1 Y163X 1I2B1F 5 GPI 7~
H—=RET)F VEADS T ANOBEGIIERGIZEELTHY, kA OB HETHITHSH Y.
TNFVRIIBOTHEGREHOMA T EEL T FHEIFEETH L LEZ D,
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178 ZFE T ) F Y IROMGES 2 MHH L CTF & o7z, MRS  FIER = Jek, R IEARSGA, R
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1)

2)

3)

5)
6)
7)

8)

9)

10)

11)

12)

13)

14)

15)
16)

17)

Z E2 X M

Takatsuki H, Fuse T, Nakagaki T, Mori T, Mihara B, Takao M, Iwasaki Y, Yoshida M, Murayama S, Atarashi
R, Nishida N and Satoh K : Prion-Seeding Activity Is widely Distributed in Tissues of Sporadic
Creutzfeldt-Jakob Disease Patients. EBioMedicine. 12 : 150-155, 2016.

Atarashi R, Satoh K, Sano K, Fuse T, Yamaguchi N, Ishibashi D, Matsubara T, Nakagaki T, Yamanaka H,
Shirabe S, Yamada M, Mizusawa H, Kitamoto T, Klug G, McGlade A, Collins S] and Nishida N : Ultrasensitive
human prion detection in cerebrospinal fluid by real-time quaking-induced conversion. Nature medicine. 17 :
175-178, 2011.

Mead S, Gandhi S, Beck ], Caine D, Gallujipali D, Carswell C, Hyare H, Joiner S, Ayling H, Lashley T, Linehan
JM, Al-Doujaily H, Sharps B, Revesz T, Sandberg MK, Reilly MM, Koltzenburg M, Forbes A, Rudge P,
Brandner S, Warren JD, Wadsworth JDF, Wood NW, Holton JL and Collinge J : A novel prion disease associa-
ted with diarrhea and autonomic neuropathy. The New England journal of medicine. 369 : 1904-1914, 2013.
Honda H, Matsuzono K, Fushimi S, Sato K, Suzuki SO, Abe K and Iwaki T : C-Terminal-Deleted Prion Protein
Fragment Is a Major Accumulated Component of Systemic PrP Deposits in Hereditary Prion Disease With a
2-Bp (CT) Deletion in PRNP Codon 178. Journal of neuropathology and experimental neurology. 2016.
Rubenstein R and Chang B : Re—assessment of PrP (Sc) distribution in sporadic and variant CJD. PloS one. 8 :
€66352, 2013.

Glatzel M, Abela E, Maissen M and Aguzzi A : Extraneural pathologic prion protein in sporadic
Creutzfeldt-Jakob disease. The New England journal of medicine. 349 : 1812-1820, 2003.

Uchiyama K, Muramatsu N, Yano M, Usui T, Miyata H and Sakaguchi S : Prions disturb post-Golgi trafficking
of membrane proteins. Nature communications. 4 : 1846, 2013.

Kanaani ], Prusiner SB, Diacovo J, Baekkeskov S and Legname G : Recombinant prion protein induces rapid
polarization and development of synapses in embryonic rat hippocampal neurons in vitro. Journal of
neurochemistry. 95 : 1373-1386, 2005.

Mouillet-Richard S, Ermonval M, Chebassier C, Laplanche JL, Lehmann S, Launay JM and Kellermann O :
Signal transduction through prion protein. Science (New York, NY). 289 : 1925-1928, 2000.

Lopes MH, Hajj GN, Muras AG, Mancini GL, Castro RM, Ribeiro KC, Brentani RR, Linden R and Martins VR :
Interaction of cellular prion and stress-inducible protein 1 promotes neuritogenesis and neuroprotection by
distinct signaling pathways. The Journal of neuroscience : the official journal of the Society for Neuroscience.
25 :11330-11339, 2005.

Silveira JR, Raymond GJ, Hughson AG, Race RE, Sim VL, Caughey B and Hayes SF : The most infectious prion
protein particles. Nature. 437 : 257-261, 2005.

Simoneau S, Rezaei H, Sales N, Kaiser-Schulz G, Lefebvre-Roque M, Vidal C, Foumier JG, Comte ], Wopfner
F, Grosclaude J, Schatzl H and Lasmezas CI : In vitro and in vivo neurotoxicity of prion protein oligomers.
PLoS pathogens. 3 : €125, 2007.

Nonaka T, Watanabe ST, Iwatsubo T and Hasegawa M : Seeded aggregation and toxicity of {alphal-synuclein
and tau : cellular models of neurodegenerative diseases. The Journal of biological chemistry. 285 :
34885-34898, 2010.

Clavaguera F, Bolmont T, Crowther RA, Abramowski D, Frank S, Probst A, Fraser G, Stalder A, Beibel M,
Staufenbiel M, Jucker M, Goedert M and Tolnay M : Transmission and spreading of tauopathy in transgenic
mouse brain. Nature cell biology. 11 : 909-913, 2009.

Hasegawa M, Nonaka T, Tsuji H, Tamaoka A, Yamashita M, Kametani F, Yoshida M, Arai T and Akiyama H :
Molecular dissection of TDP-43 proteinopathies. Journal of molecular neuroscience : MN. 45 : 480-485, 2011.
Brown P, Brandel JP, Preece M and Sato T. Iatrogenic Creutzfeldt-Jakob disease : the waning of an era.
Neurology. 67 : 389-393, 2006.

Matsuzono K, Ikeda Y, Liu W, Kurata T, Deguchi S, Deguchi K and Abe K : A novel familial prion disease
causing pan—autonomic-sensory neuropathy and cognitive impairment. European journal of neurology : the



34

18)

A H B2 - m W fa

official journal of the European Federation of Neurological Societies. 20 : e67-9, 2013.

Matsuzono K, Honda H, Sato K, Morihara R, Deguchi K, Hishikawa N, Yamashita T, Kono S, Ohta Y, Iwaki T
and Abe K : “PrP systemic deposition disease’ : clinical and pathological characteristics of novel familial prion
disease with 2-bp deletion in codon 178. European journal of neurology : the official journal of the European
Federation of Neurological Societies. 23 : 196-200, 2016.

(FRHCEZEREIZOWTIE, Foz Iy v VETHRLLTWS.)



LYl hE T A RER ) & VBN 35

Accumulation of Abnormal Prion Protein in
Non-Central Nervous System Organs

Hiroyuki Hoxpa and Toru Iwaxk:

Department of Neuropathology, Graduate School of Medical Sciences,
Kyushu University, Japan, Fukuoka

Human prion diseases, including sporadic Creutzfeldt-Jakob disease, hereditary prion diseases, and
latrogenic Creutzfeldt-Jakob diseases, are fetal neurodegenerative disorders. Prion diseases are
characterized by the conversion of a normal cellular prion protein isoform into an abnormal pathogenic
prion isoform (PrP>). PrP> contains high beta sheet content with resistance to proteinase-K.
Previously, PrP> has been considered to be detected only in the central nervous system in prion
diseases. However, recently, some reports revealed accumulation of PrP* in non-central nervous
system organs, such as peripheral nerves and muscles, tonsil, lymph nodes, spleen, and pancreas. In
this paper, we describe PrP> deposited in non-central nervous system, including our experiences.

Key words : prion disease, prion protein, PrP*, peripheral nerves, central nervous system



