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B L E T DR . Neuroscien
ce
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L HZEER ce
BEH 2 R Pentosan Clinical 24 (3) 336-339 {2006
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%@1&@’&!&1&3’&%

47U7r 3“‘

7047 2V b -Y a7 (CJD) 7z EO—FEDERIL. MEBWNCEET 2 L RVEBRE
Mo EEans 2 b, LIELIZICEBERERRE 2T 2 Lo, Bk ERiE
7 A VARG Y BRI L RS N T &z, L, ZORPRERTFLEL T, EED
TANAEZERD TV A UBRIBEN. BEINS R TV A VIREFIRENT»E, 7V
UIRIEANELAD S £ L EREWMNCA SN, EY VDRI VA E— T ¥ DU HHEIRIE (E
4% 1 BSE). ¥ AEOBHEEEER (CWD) 2 EDEIS N TS, 7Y 4 RIEER AT
B fHET 5, 3T, 7 ¥ D BSE WEET 2 EER LIIN 5T LS 4 7D CJD (variant
CID ; vCID)»sHERHNIHE L. BIhMETY BSE OV v SRE S, RERREL
o T, 7z, b MERRESROERREEZD C]JD B3hHBE THEFEEL. JhbviaiE
L Tw3,

7V 7 > (prion) X “EEMEOEYM T (proteinaceous infectious particle) "#EBk L. 7
VA OFEREESTH B 7)) 4 Y EH (PrP) 3BEEOLREHRELRT (PrPEEFIC L -
Ta—FINTHEY, FCTEEER T, PETRY VSRl e CFERL w5, Z0E
MTHBEHEDO PrPR 7o 7 7 —Y¥REEET, BEEDZWERTH S EFEE PrP:
PrP¢), —7. Beikd PrP 13 PrP (PrPSC) LI, TuT 7 — YO a7 2E
L. PrPeBlERziciBEnZ b2 L ¥y — MEERED L D kb 2 & (v T a A—
vavOZh)ToL Y HHEN S, PrPh s PrPeAD I > 7 4 X~y a YELEEI L, &
BIIFRETS (I Y71 A—Y 3K, PrPCOERERIEE D PrPoEeEDEERIC LD, =2 —
TRV F TADEENET B EEZSNTWS, ZOBRPERT VA VL 2ILEDA D=
RIZE->T CID. A2 14 ¥— BSE 213 Ut £ T 2—HOEBIIFEET 2 L 3 {FE (7
V4 ARG SRELSZT AN T3,

E FOTY I VR EFORED 5. ORADHEKBOEED R s WS ST
CID). @R, GEEME. wkAldns & D,

FRETIE. 7 A IR OEHEEL T OEERE & 72 2 B FEERT RIC DWW TR, RICIFE
CJD. B 7)) 4 Vs, BEET) & VR DL CEGFTR L2 LD R4 > b 2T 2,
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£ 1, BT UBEORREIZL 208

s (EETRER) WEEIOCY T I b-F 3 THw(CID)
B 2 — Jb— (kuru)
EEM CID
HEEE
£ b TFTEFEE
JrFrOE>
RERILEY
AEBE
BRI EAR
g S ]
ZEE#) CJD (variant CJD ; vCID)
EIEE FRIEM CID

(PrP BIEFER) Gerstmann-Straussler-Scheinker 558 (GSS)
FUIE M SR HE M RERSE (fatal familial insomnia ; FFI)

EEFREORESER

CJD OiFE

TSt CID BRI OBIE., PIRATC IIMEIDEE, IEORA. IMEDIER, BB,
HEROEER T T, —H. BER L OFEMTEVERIMRI-N BB D %, HBENTIE,
VERIRZE GRSl . PRI - Bis. FERRMET X b oy A b DRBESAREEPE
HIKEB I H 515, FOERREL R TIEA LIRS A NS Z LHDH D,

R (F 1-2) 1. AMEEIE»ORKEED= 2 —u EWiZ, B 5~25 um O/NEfd &
LTED o, BIHTAONE I Ly HNUE, RESIDEDLIREREL THONEIEHD
2, BEEHICIL. PRI (BIRGSER X UEIR) B L Uy 7 7 ADRFRYZIZ LA o,
BN DL & BRSSO 2 o T b, FIEITIE. RIS 272
P8, FEEHIROBRER T A b U4 b O (B 1-a). MOEREDIE LA CHIL
7272w (B 4 O MRI IS,

EEDSET U CHEO ST 5 L. SHIIOSEEE AT 2700, ERIAERLREAL T
B, RboT, HELL TARY VBRIC R o722 2 — 1 E)VOIREE (“YERIARE status spon-
giosus” EFHENE ) DA S5NB X 31k b (& 1-¢), MREBEIRIGHET A ~ o4 b Dz
i ko> TR NIZED 52 Y, FIBOERREL L 3KBIS N5, ERREIISE ORI
BaliZ r 2V 4 — Y A L BIEEENRETHY . CIDIRS TS ERETAHALN
%, ZORERC 2 % EEEREEETH Y. LELIEEERHERE LA 5N15 (Wb 52K
#0) (X 5 D MRI Z84)

INEFERRZS b LIZLIEA 5., Purkinje A2 HERIR 2 2 DI L, FBACTEE O
i HAr s, A FEbLIEELT %,
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X 1, %)ll%lt‘:é CJD MiEtEE FRERIC & 3EW)
B (a0 b BIESEEEAE) © IFEME CID BB, BEED, HAKEER, #ARES. 3407
0—3X X, FES ff,ctm»ﬁ?%%ﬂfinxwzssLUTL'Chx%ﬁ%ﬁm_%ér hﬁ?atuﬁ“’“rﬂ;ﬂmﬁ
ICEE T, S ARMBEE ICABNLESRELA A DN, LERIEE FRMOTFALLID
BB E 2> TV (@), TU A ERPP)ORELSE L;)"i L-Ui/\/lé FIAR
NEBPPEBRRD. IhiirT 77\/@%5‘5&&?’ 5 (b),
GG 2(c. d: SHEEEERE) ¢ INEME CID BEIG], BAER 35 B TEGEEREE LY, %9
BEBL THRE, HERISE T, rﬂ%%,u;t% B LU BRIRRECERRE(L L EEL B, zk é:"ﬁn
AELTHY. BEMEEMIARETE & BT R b D’*T'f hd)iéﬂh\ahbﬂhé(c)o PrP &mERE
Tld. HEBOEBREOMEEEBE RIS o F T RBCHEG EH | gL F T RED PrP
EBEILETH B (),
(a. c:HEZBE b, d:PPEELRE) (a~d 2T~ TEMBET bar=100 gm)

7

b

PrP OFEREE T 5 &, RINEE. R, HR. ANMEE, %wﬁﬁ@Jﬂ?E’f@T KOE
ANETEBRIROB G 6115 (F 1-b), ZHEY T 7 ACBIT 5EE PrEe&EEEZRL. ¥
> A E LI i‘m% TREDSEIT UFBe U TR 72 % & Mo > 7 7 A R I i
BELIREL Y BE PrPIEE AL T03 (] 1-d),

Gerstmann-Straussier-sScheinker w(GSS) DiFiE

NI, FR 2 B 2 B EMEEERERER & LU T, Gerstmann 512 & o TEANCHRE
ST GSS[PrPEET P 102 LERIHS (BB) [Tl REFANC I/ N, Rk
ZEHO PrPBET S 04 FERA 65 ([ 2), 251, GSS TE. HRAER L 228X
TREIZ A 5., FE GSS ORGOFEF T & DZR-E EEFEL T3, HEA GSS CldiER

=4
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a. :i‘:r‘l/@y‘ F‘%’é V ’ b. PrP ﬁﬁé’f—ké

R 2. 7UFA 2 EBHPP)BEFIFN Y 102 ZE2IC4# 5 HHEE GSS O/\RERE
OLIdLy FBUOT 104 FE(LIELIZEHEN AT 2FTH5 R 0ENOE A& bN(). 7
o4 FIZPPBHETHS (M),
(a. b & H{Z bar=100um)

REGhEE BT, BT HBRERTH 5, —77. R EET. CIDFERO
REERTHIBFET %,

I. MEEIOAYTbh-FITRENFEKE CJ

) DEIEFTR

AR, MFEME CID OESR-REGRIL. PrPEETFOa N> 129 B8 [ A 54 =2 (M) &3V

» (V)0 2BED7 Vv, MM, MV, VV O 3BEDSETEL S ). AAAD 9 E iR
MM TH2]([E3)CEFESNE I L MO 0T 7 —EEHUE PrP @ Western 71 v
MBI/ S K DSy — > OB (1B 7eld 2 BUCKRIE MB) ICBBET 5 £ L0 Sz &
N, TNOWED S HEMHES N TS (R 2)V, S 3z MM 1 BB L, RRE: &
OFEEAGNE MM 1 BPADS 4 7I2EdEN T 5,

MSEE CUD Basp)

MM CID DEEFIL, 60 A EFOCHRE L, BREETEORR. 34 70—-X A R
HEE, NEIR, SRR, SRR COMREERE L. iy ARPc SR
SIRERICIfE S,

R CI, Bl B AR (PSD) & MHE 5 R i RS J\%ﬁ_{ﬁ%ﬁé

FEEIRATIT. 14-3-3 BEEME. neuron-specific enolase (NSE) EERA 5N

@f%ﬁ:ﬁ\f . BEEF CT ® MRI OFFREEE T, BIEICX, ﬁ%\mt_uﬁ% SRR
FEREEZEL T2 bbb o7, IS D £ U Birf/awn 2 L3 FETh Y (X
4-a). FEESEEL L TL 2018y BOBEB TH S, L L, MRURE T, EED
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FERIBEACHALNZEE

Glazs ~ CG142S
Deletion(—8) M1i29v N171S Eo{oK
N c
51 91
Octapeptide Mggggs
repeats
P102L At17V D178N
b / Q217R
eletion/Insertion
V1801
(—16,48, 16, 32, 40, V445500 E200K Q212P
48, 56, 64, 72) P105L p E211Q
G131V E196K
TH . ZRICEEL T8 M187R R208H
T188A V203|
T188R

3. VA EEEGETNSE (L) CEE (TR 2 RTERE

® 2. AR 12928 (MM, MV, W) &7 05 7 —BIEH01 PrP o Western PASEN N VAC B
(1B, 28 (Z & BIMFM CID DHEE. 15

MM | FI CID ARGIOERER (BELEIT, R, 34/ 0—3X 2 EERE %357 EDIEIK,
PSD & & UBEH 14-3-3 BA(+) 0 ¥.) b & UFIE(KMES. MBS, EE#.
TR CISEIRE L, > F 7 2E D PrP 317), Heidenhain variant (REEZTn
REZHBETHHEAER) I MM B -5 £ ns,

MM 2 &Y () BER: TR CHRIE LB E VRS, PSD(—). 88% 14-3-3 E85GE, K
BB, EEM. BEOBHEREES L UKL/ 5 — YD F T RE PP b,
(2) #RERB[INFAEBICIETRIRAE (sporadic fatal insomnia : SFN] @ REIB. BiEmEE

EiEh, HR, 4 —TinT,

MV & BEET, R, 34 0—X 2, PSD L VBT 14-3-3 ER(+), KBEEES
£ UNIRZES, c

MV 2 Bl R ARULE, LEHEVEBOANEENS, PSD(—). B 14-3-3 EHd—
MOBTHHBGME, DiFH. EEM. BE. NS, PRI TBRIREAL B & U I
T—l—B, 75— EBELULF TREOD PP b,

WK FIR TRIE L EBMRVEB, PSD(—). 887 14-3-3 B8 (+), BHE. EEMBRE
(BRRE. o F 7XB 0 PrP &),

vV 2 E RIAH L UFR. PSD(—). BB 14-3-3 BA (+), /JBo. HEK. B KRB

RBIRE GBIRIRE L, 7 —IL—FE(Z 75 LA, SHFTRBIIMATTS—2Fo PrP
RBEAHLND),

(XB D X v3/)

AL IR DHIDBHE T, ARNEER AL EORESS T 28H. 7o b L EEms.

FLAIR, JREGERER TRl S . PobBIciiseasimsss. ol o 20 s o6
TH2([J 4-a~c), ZOIEEERER COBIESOEA - 7 2 FEFE - LT, EhRRE
b, =& PrP&E. 270270 7 O8n EOREEEDSSHREZE S N0 525, YEEHEY L% ik
LT3 bDEBEZ IR 2T\, AINFRESAMERR. EROSES 2 LIRS
MRECAGZ 250, WHERIC AR D 154, 2N E BT 2 A EsT s s o
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¢

4, INFE CID MELEHIEEID MRI(a & T 13&58EE. b © T 2 SaE0ETE.
c . IECERES) & & UBRILE SPECT (d © **"Tc-ECD-SPECT)

BEMILF L AL B A VA (), HEFRAEER (o) Tl ARSIV ES BE
LZOEE., BIMIZESICEEEIELATH D, T2HHEES D) TE—BEZH U
P AORREELNECERNTHOTNMCBES LR L TV 3, BEAO SPECT T3,
XE Y ABEROBFET 515 (d),

BRI L A HREEE CHET 558 (Heidenhain variant) Tld. FEEIC—3L THHE
ERBICREB L I2RESHA SN 5ERD 2, ANEEN., FRESRCB T 2BES3ER
RSP 2 E. LVETATRETH Y., BBD vCID LIZBR 3, E7-. RS,
SPECT CHMMFE T (& 4-d). FDG-PET CTRERFOET D 55,
ZOBROFEEEES L. IHEEFER L CEES2ET 2\ AR L., 5103, S
EESEELTWIESPEERIIRD ., BRRACEFEL T GEENHD b, ZOEES

225



DI T W BRI, BRI LA B D AR A I 2 Mg ¥ BT DB
(X 1-a) 2> 5. EEOHIENE & & b IR D LERHTREL (e 2B
(& 1-¢) ~DEEEFHL TWA D EEZ 5NE, 20D & 5 B R R T EREESIEIC
2o THn BERB UGS BEICTRRELREIC R 2 L. CT ® MRI O REEG THEE
hEEESeRIcblzo TasN, LRLERER DEEESIROONE LT %, BE
FEERERET 2881, FEFICITVHY 3ERE LRI AR ER T,

MFEE CJID LT

CID fEl sy 25 2 MM 1 Bt OREIC., & & 2RECHEEFHTR Y 27 2 FEEElf]
EEND (B2, BAATI PrP&EEF 2 K 129 %85 MM TH 2545 9 EIbL L& &
H5ZEyHY, pHPEONEFENE CID FREAFIOBZI TR MM 2 BIPSERE L2 2,

MM 2 B2 38R (IS BE TR (sporadic fatal insomnia ; SFI) & L3 ]
v RIS I B4 (R 2) FEIELSREEE TR b PSD 233 5 h e, BRI E RS 55
EBINZ,

MM 2 BIoOIEFRE (SFT) LIz bIER S N BIOEEFRIZ OV A5 L. CT®
MRI 13, IEEETEE G EARE SN TL A E I pIIFIEEREE LEHs Ty
2 HOHL L. S5, ETUREEICR 2 L U ANNEROFR RS A N5, iz, FDG-
PET CHEEIEEOERFHE TOWMENH D | FIRRELEH T 555 L TEREND Y, —
. MM 2 BlQFFBEENZ DWW T ik, B 3ERREES LS. I3 CID . Ficik
HaTEE G CAINEBICEEENA NS I LR HIFE BRI TS %,

4 . BRETUAVROEERRR

BYUETY & VRiciE, Q7 —v—, QERET ) 4 55 FEFEDSS O HEERAE. T2
FEFI(BERNVEY, TF R baE)ICE3b0], @BSE»5DRBESEZ oNTWVS
vCID. @ 3%&HH B0, I I TIRbMBE TS LEEREED CJD L EFRIYRHEICZ> T
% vCID Iz DWWk 3,

fERRSER O CJD

bHRETIE, bt N ERESEOERERERICHE L7 CID EFEL . 2003 4 10 ATE. 13F
100 FlicE L T 3, EEORIEEIZERC 1983 F» 5 1987 FirE < | HESEDOFERREX
BdiEE. HUM. 2. dMBZ KSR Ch 5, BB ES © CJD FE £ TORRIRIF YT 10
FE(14~275% B)TH Y. FREOFEIERITTI 54 TH 5,

TEERAEE: CID OB, £ 9 BlOFiE, RBER TOREILOLWERD D 255, 5
M CID A DBIZET L. EERFTR b RS ER O FINE 250 2 SRR TH 25 (X
5)%,
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5. FEEERStER O CJD
IFEME CID BAFI L AEOKREE 2 L EBRBEESRECL S /25.7» A 2B L ZBETO MR
T2 B2REGR, ERBEATONBIREOFIFEAANESICH 5N D (R, FL VRHEEOE
MELURELX, BEOBESAHLNS, €OR., BRI T D 2B LB S hr,
(T8 5) B18)

—F. —ECSEERITEE L. T DRI ORI E R B L. TR
HIFIRT. 34 70— X AR ED PSD Iz UL JBicid PrP BT S o4 FEE(LIELIE
vCIJD TA 5115 florid plaque B L ECEL) 2780 5 (7 S 04 FEIERAED), Z0D8 4 7Tl
TETHE E TRERCZ L <. CT. MRI OBEEE CIXIEE 5 3\ 3BE DS L T8 an
VB T LA, NEBADBREEE OISR < 5% 5 OB Tt MRI 550578
BRI B80T b BEES 2RI TE ko9,

ZEHCJUDNWVCUD)

2003 £ 10 B¥F & CIREETIX 143410 vCID & s h, 20Tz 75 > AL A4
TV TR ETHFEENASNDD, bBENWBITS CJD ¥ —_4 7 > ADFERE TR, FEWLIgh
vCID IFHERE R LT Wiz,

vC]D DI iFE CID #Ep & 137 D Bl - T3, Thbb, FEERHHITF 26
R & TR 134 B SIS CID TR TRV IHIFER & U CRMERITE)
FALDSFAT L REDREREEFZ 5 2 L bbb D, I 64 HOREE., KFIFER. ThE
BEE). R DR & REESHIRT 200, ETIIHEBAEGR T, BTk CEEE
EESWCESRVLIEBHV, B HIFFRENEEDAH T PSD EA 50,

SRR Z . MRI DS FIRBECEETH %, T2bb. T 25858, 7o b V&
EEEFE. FLAIR B¢, MEIOSBRMIZBES 54 54, ZHid pulvinar sign GEFREHIR)
EREEAL, B EDRRER 90%. BEMIZ 5% U LEE aN D X 6)7, FFRMOEESHHK
ENERZOEES LEE LSS, FORS 5 hockey-stick sign &FEEN 5 (X 6-b), F
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d

6. EAICJD
MRI T 2 SBEBE G O8I (a. b) & & U FLAR BIRORRE (0) & & UTBIARHE (d).
B IRARAL (RED) IZBEEHH S 11 (Pulvinar sign GRERRMEHE)) (a~d). & 5 (248
REOSESIRETRAZOSEES £ #4 L T hockey-stick sign (RED 227 %
(b)) RIRHITlZ. WEMOER L. 4 OFE(EM) ISV TEEYHERN L J 1i1E
FEBLEEE 227 % 2% cut-off sign 2 (EN 3 (¢),
(Dr. Collie DA D ZEEIZL 3)

7o R CRLRRS O SES ORIV EE Ui X 5 BBEREZTT 2 L5 5 cut-off
sign LRI A (X 6-¢), Pulvinar sign Bk & v 9354, MERERMOSEENEERBE
TH5 I KEEZOES LB L THRRMAS L VEESERLTC0E 2 EBSNETH S,
EEFERRCh DIGE P RIKEEZRT A & D BESTHBEAE. MK CID 25787 3
FIRTH %, FEM CID ZBWTA LIS & 5 RIEGEEEEROZHE BIEX vCID T
TARET I N TRV, £, pulvinar sign 2B LONSLENDE L IR D DM E
L SROBRIFRE CH D, 010, B, MERRIZ LA YA AL EERH
FEETH%,vCID LS+T MRI L?Eﬁﬂ:?—%%%%ﬁ?ﬁ%%% & LT CID, Alpers
TEERE. RMEEENEITOER. BOERE, HARA. REFIRMASE. IEEIRI ISR
TMEENRARE, HARIFEE, “m‘ﬁﬂ%ﬁf)ﬁf U A —=. Wernicke B¥E. —BR{bRETER EhET
55,

vC]D TRRMED Y >/ FME88Ic ZE PrP OEE A 61, BRI L 2 B¥ PrP 0%
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HOBWIEZERET 2, LivL, RHERICIZHIIL. B COSTHESDH D . BRGNS
vCJD %&5E5 %5, MRI _E pulvinar sign 58 S Wig Wz DL CBIEEER T & TH 2,
BREERR RT3 PrP 7 S v A NEERZEREIC B & M-S & 03 5 1. florid plaque &
FHIN5,

BRET) A IR EREHEEEEE R, PrPEEFOEERLEEEL TWw2, TEDOE
FEBLUSERATH ST N 129 B XU 219 SEOEEEIC & - CHRFEESNEEA 3L
BThs 2, T3 KilT 5 &, HEHHETHER TR PrP 7 S uAf NE2ET 250
(GSSyEEL).. CID BROEFFRPFE 277 H O [CID A (M CID) |, BOESRIRIET IR
(fatal familial insomnia ; FFD) 3% % GERIZSGE 8)28R) ., T WiHFERZ b DIzDw
THANDH, —UZ, BT ) 4 R TIE [—0 Pre@nFEERE L ass bR
FHRAZTRIBEND Y | SRRLITHREREREEFFRENASNS I s, (MBI RS
HAEMEE T PrP BEFERBENCRET 2 L ICEETRETH S, |

GSS mE

GSSHAEEET 22 8iziE, P102L. P105L. A117V. G131V, F198S. Q217 R.
I R 51-01 D 8 7 &/ BRRABEY R DIEAZERD—E 3% 5

D55, ROBEEDZODIIPI02 LEETHY . L. BIER2EL . HEWER
RAETERT GSS OEEAITIX ZOEENAH 515 (GSS 102) (F] 7-a, b), BEid & 2 &
& LT GSS 102 &, AL SME FiR CHREL CID IGWEE 2 REE T H 2 (&
7-c, d)o

GSS 102 EHHAIDEERFTR CiE, YEICETIEROAZEL TV S TIE.CT b2 i
MRIIEH 5 % V137Nl - AMOBE DS R L (M 7-a, b). FRER S HE LEFL T
Bz & DTk THFERIEE L TR, IEEVEE T2 %, — . CIDEMOZER R
GSS 102 T, BEMBOETH L il & 7-¢, d),

PREDE TRz £ 512, GSS 102 Tl & 2L REE T CJD L EEOERRIE LK E
BRREIFELEETHOND, Lich> T, MFHE CID . ARMERE S - 1HRE
Bz MRI EEESENA SN BENH Y, FNERITEEETESGC X > T b SRE IR
EMB, ' |

HHBETGSS102ITRKNTHL 515 GSSWE. I Y PISLERIZES GSS
(GSS105) TH %, GSS 105 id., EMEFRERZET 2RA L U TSRS ST Wiz, B
SIFRE S F & T BRI T, TIERERI MR S £ Sk R 2 BT
00235 %19, g HIIBTEEAOKREREIETT 255, INEEIZA Sz (X 8) 19,
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- R 3 TUACEAPP)EETER - 2B e nICHIST BEK - FIEG

PIPZERE - &8

L ]

3 K> 51-9] 483
DORTF FRIER
BB~ 8. 16, 32,
40, 48. 56, 64, 72
T IJ/EBEAG
T I/ BR%

O F > 51-91 4B
DATF P RIER
I BT 387
I/BORK
Plo2L

P105L

ATITV

Mi29v

GI3tv
Y 145 Stop
DI78N

N171S
V1801

TI183A
HI87TR
T188 A
E 196 K
F198S

E 200 K
V2031
R 208 H
V2lol
E2110
Q212P
Q217R

E2I9K
M232R

CJD X GSS OB ER SR LBERBEREEG, —HBIZ. 4 Y E— FUTOEAD
ZEIE.CDREAETHIEHE L, HBRPNSH TERELEWEBRE R L,
LIFUIEIEM & L TIBIE X NiBIEREBZEIEL, —F. 5 U E— b LED
BADSEIIGSHEEEET B HOAE L,

BEATHLNDEE,

Gerstmann 5 DERFZGHAB GSS)HNETHEE T, HEEMIZZHOFTSR, #
AONIFZRBFYI 5 T, K, BICEFR., BERENEL, BN, KBTI O
FEA ZEHIE, FESBIE G S8,

B 6~12 F, EHERE, FR. FREEESIA, 7 I04 FEAKMICZZE
HIR., FHICHBREGHEEL, BERORZR,

2B 5 EEiR, AR, BEES. HERBRER, HENREE, £FER. (T,
TIOA FEEAKRBICSHEHE,
BEATEZRMESS D ERAL, INFEM CID. B CID. PrP BEFTEICHES
BEET Y A BORECEREIISELSEZ D,

8 9 FOETHRR. KB, MMICT I0q M,

BHRETHOES, BIEIC PP 7300 FAWE, AARASG,
PEMADEVERB, 3N 129280 Met *HBAEH X » -84 HIEMR
FRIENIRIE (FFD GEE 4 RIE. BESREEE. BREH,., BFE-THU—7#
). Val YHAEh En-541E CJID BRI,

MERBENRRZTRE SN, BEATHALN D SE,

BREEER, BR. 3F70—-3 2, ABEENEKXR, CID HEIH & e LiE
BILEIT, PSD(—), BEEIET., BULEGENSEE, BHEREILEE,
BTy 4 FCREEABEERERMFEE, PSD(—), HBEREILESE,

BB 2E, BR. KH. 30— EE, BEALurly"PrP s,
EERFEAE D CID INF1I,

BB 9~120 B, BRER, BEEE. £, TMEEg), PSD(-),

Bl 2~12 F, FR, RPER, /S—F> VXL, K. NBEOTIOAF
BIZIA. FHREREELEZE, KB T« 7 FHZR,

IMEM CID HOEREBIES,

INFEME CID B D EERE,

IFM: CID HBOEEARIES,

INFEME CID HDEEFRBIESG, EUVBENESBE,

IMEM CID BOBERES,

BB E, LW WT - MBS, IS T I 04 KB

B4 FDE, FR. KEER, RB-DBKICT 3 04 FE S ESRESHET L,
2% —F 5,
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Summary. Prion diseases (PrD), also known as transmissible spongiform
encephalopathies, are believed to be caused by accumulation of an abnormal
isoform of the prion protein (PrP*) in the central nervous system.
Creutzfeld-Jacob disease (CID) in its sporadic and variant form is the most
frequent and clinically important PrD. At present there is no proven specific
or effective treatment available for any form of CJD, although some oral
agents, such as quinacrine or flupirtine, are being investigated in clinical
trials.

Pentosan polysulphate (PPS), a large polyglycoside molecule with weak
heparin-like activity, has been shown to prolong the incubation period of
PrP* infection when administered to the cerebral ventricles in a rodent
scrapie model. PPS also prevents the production of further PrP* in cell
culture models. However, PPS penetrates poorly the blood-brain barrier
and only a minor fraction of orally administered drug may reach the CNS.
These properties of PPS prompted its cerebroventricular administration in
patients with vCJD and other PrD, such as iatrogenic CJD and
Gerstmann-Striussler-Scheinker syndrome (GSS). Long-term continuous
infusion of PPS at doses of up to 110 ug/kg/d did not cause serious
drug-related side effects. Follow-up CT and MRI imaging demonstrated
that brain atrophy may progress further during PPS administration, while
the neurological status may remain stable. Proof of clinical efficacy has not
been the aim of the current clinical studies of PPS, however one patient with
vCID survived for 23 months after initial symptoms and 39 months after
diagnosis, while the median duration of illness with vCID is 13 months
(range 6-39).
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Some lessons have been learned from the early studies of application of
PPS in PrD patients. Surgery in a brain affected by PrD may result in a
higher rate of surgical complications than might be expected in analogous
cases with other conditions. Secondly, efficacy of PPS or any other treat-
ment option in advanced PrD cases will be very difficult to assess, due to the
lack of specific and objective criteria for measurement of response. Overall
survival may remain therefore one of the few objective ways of assessing
outcome in treated patients. Finally, if clinically significant benefits to pa-
tients are to be expected, PPS administration should start as early as possible
in the course of the respective disease and before irreversible loss of neu-
rological function has occurred. Further clinical, neuroradiological and
laboratory investigations of cerebroventricular PPS administration in the
setting of a prospective clinical study will be essential for the assessment of
possible clinical benefits of PPS in PrD.

Key words. GSS syndrome, pentosan polysulphate, prion disease, sporadic
CID, transmissible spongiform encephalopathy, quinacrine, variant CJID

Introduction

Significant research interest has been attracted recently by human patho-
logical conditions related to transmitted or intrinsically generated patho-
logic prion protein. Prion diseases (PrD) have thus a common and unique
biological background, but a variable clinical manifestation of the pre-
sumably common pathogenetic mechanism. PrD, also known as transmis-
sible spongiform encephalopathies (TSE), are fatal neurodegenerative dis-
orders with different clinical forms including sporadic, inherited, and
acquired diseases, the latter including transmissible and iatrogenic forms
[1]. All forms of PrD have in common an abnormal metabolism of the prion
protein, PrP°, which results in the production of uncleavable, prote-
ase-resistant isoforms, PrP*, accumulating mostly in the CNS and causing
neuronal dysfunction and eventually death. Prion diseases can affect both
humans and animals and include such conditions as Creutzfeldt-Jakob dis-
ease ((JD), Gerstmann-Straussler-Scheinker (GSS) syndrome, kuru, and
fatal familial insomnia (FFI) in humans, bovine spongiform encephalopathy
(BSE) or “mad cow disease” in cattle, scrapie in sheep, and chronic wasting
disease in mule, deer, and exotic ungulates [1].

The normal physiologic isoform of the prion protein, PrP¢, is found in the
body of all mammals. The Prnp gene encodes a polypeptide which un-
dergoes glycosylation in the rough endoplasmic reticulum and then gly-
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cosyl modification in the Golgi apparatus of the cell. Because of this gly-
cosylation, it is expected that the glycosyl structure of the protein in dif-
ferent cells would be different [2]. The glycosylated PrP° protein, associ-
ated at the C-terminus with a glycosyl phosphatidyl-inositol (GPI), is
transported to the surface of the cell membrane. The half-life of PrP° on the
membrane of cells grown in culture is 3-6 hrs, after which it is internalised
and degraded in the endolysosome compartment [3, 4]. A shorter peptide
form of PrP° may be recycled to the surface of the cell before lysosomal
destruction. Conversion between PrP° and PrP* occurs likely during the
internalisation process. The specific physiologic function of PrP° is largely
unknown, although studies suggest it may play a role in copper binding and
oxidative metabolism [5], interactions with the extracellular matrix, apop-
tosis, and signal transduction [6]. It is evolutionary conserved, which sug-
gests an important physiologic role, but mice lacking PrP° appear to grow
and function normally [7].

The pathologic form of the prion protein, which is the causative agent
“prion” of all PrD, is an abnormally folded isoform of the cellular prion
protein PrP, known as PrP*°. PrP* accumulates mostly in the brain of af-
fected mammals [8, 9]. The underlying pathological process involves a
post-translational conformational change PrP® into PrP* [10, 11]. PrP° is
usually present in an o-helix conformation, in pathologic conditions only a
small fraction of PrP° is folded as a-helix, while the vast majority is present
in an unfolded P conformation (B-helix PrP*). The precise molecular
mechanism responsible for this unfolding process is not known, but two
models are favoured (for review see [12]). One model suggests that PrP*
acts like a crystal seed for the further addition of converted PrP* molecules
and the subsequent formation of PrP* aggregates [13], whereas the other
model postulates conversion intermediates involving a putative PrP*-PrP*
heterodimer complex [8, 14]. The claim that the PrP* is an infective agent
involves the demonstration that the PrP* form can itself modify the struc-
ture of PrP° to PrP* in vitro, however, this modification is inefficient [15].
Recent results suggest that single-stranded RNA molecules are necessary
for PrP* amplification, and that RNA from invertebrates fails to support
pathologic prion amplification in vitro [16].

PrP* is only found in infective animals, and mice without PrP® production
cannot become infected or infective [7]. PrP* appears to accumulate within
lysosomes, growing insoluble crystalloid fragments. Initially, PrP* builds
up intracellularly and then it is seen extracellularly as amyloid in histopa-
thologic sections stained with Congo red. Microglia is activated by contact
with amyloid plaques and insoluble extracellular PrP*, which results in
local production and release of cytokines, reactive oxygen species, and
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glutamate [17, 18]. These compounds give rise to specific local neuronal
damage and apoptosis, seen as spongiform defects in the brain. Apoptosis
and oxidative damage in neurons seem to follow their local exposure to
cytokines [19, 20], and physiological neuronal activity is expected to be
severely impaired well in advance of histopathologic changes. The pro-
gressive, slow build-up of PrP*° may mean that only tissues where cells are
not involved in a continuous turnover are likely to exhibit functional and
morphological damage. Although cells of the immune system are also in-
fected by PrP*, their cellular turnover is considered to prevent the body
showing any immunodeficiency; whereas neurons infected with and ac-
cumulating PrP* are damaged but not replaced, and hence long term neu-
rological deficits become clinically manifest.

While the prime target of PrP*-caused damage seems to be neuronal,
massive neuronal loss is not always seen in PrD. On the other hand, acti-
vation of astrocytes occurs very early in the course of prion infection of the
CNS in a consistent fashion. It can be reproduced easily in experimental
models and leads to significant physiological effects such as impairment of 7
the blood-brain barrier [21]. In addition, astrocytes are one of the few cell
types capable of supporting prion replication [22]. Microglial cells are an-
other cell type increasingly implicated in brain damage due to prion infec-
tion. Experiments indicate that activation of microglia may be essential in
causing neuronal damage in PrD, and that this phenomenon is dependent on
the expression of PrP° [17]. Moreover, microglial activation and accumu-
lation in affected brain areas precede neuronal cell death and parallel the
temporal and spatial pattern of PrP* deposition [23]. Histologically, com-
mon late stage lesions in the CNS are neuronal loss, spongiosis and astro-
gliosis, accompanied by an accumulation of microglia and, occasionally, the
presence of amyloid plaques and various small deposits of prion protein
[24]. For a definitive diagnosis of human PrD, histopathologic assessment
of the CNS is essential [25].

Sporadic CID was originally described in 1921 and occurs mostly in in-
dividuals between 40-80 years of age, with an incidence of approximately
one case per million per year. Patients suffering from CID show a wide
spectrum of clinical symptoms within a few distinctive forms of the disease
[26]. While most of the CJD cases at present are sporadic, CJD may also
occur as a familial form in no more than 10% of sporadic cases [27]. It
follows an autosomal dominant pattern of transmission, with 70% of the
patients having mutations in codons 178 or 200 of the Prnp gene.

Iatrogenic transmission of CJD has been proven in more than 200 cases in
relation to corneal transplants, dura mater grafts, and hormones purified
from human glands [28, 29].





