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Application of amyloid imaging probes to diagnosis and treatment of prion diseases
Katsumi DOH-URA

Division of Prion Biology, Department of Prion Research,
Tohoku University Graduate School of Medicine

ABSTRACT

Neuroimagings such as PET using radiolabelled probes have been reported to be informative on neuropathological changes
and helpful for the early diagnosis of neurodegenerative disorders. It has been increasingly necessary to develop new diagnostic
methods as well as therapeutic interventions for patients suffering from prion diseases, and those at high risk. Here we focused on
amyloid imaging probes and applied them to label abnormal deposition of prion protein {(PrP). We also examined these probes for
application to the therapeutics, since some amyloid binding compounds have anti-prion activities.

Amyloid dyes including BSB and BTA-1, both of which have been reported as probes for beta-amyloids, and novel
chemicals of stilbenes were used. Most of them selectively bound to compact PiP plaques, not only in the brain specimens of human
prion diseases, but also in the brains of model animals when the probes were injected intravenously. The chemicals of stilbenes seemed
most promising because of high brain penetration and low toxicity.

On the other hand, many of these amyloid binding compounds inhibited abnormal PP formation in a cellular model of prion
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disease with ICsy values in the nanomolar order.  Some of these were administered intravenously and prolonged the incubation period in
a mouse model, despite being introduced at a late stage of the infection, Further improvement of in-vivo stability could lead to the novel
potent drug for prion diseases, as these probes were essentially designed to show rapid clearance from the brain.
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Inhibition of PrP* formation by artificially sulfated glycosides and their polymers
Motohiro HORIUCHT', Satoko YAMAGUCHI*

'Laboratory of Prion Diseases, Graduate Schoo) of Veterinary Medicine, Hokkaido University, *Laboratory of
Veterinary Public Health, Obihiro University of Agriculture and Veterinary Medicine

ABSTRACT

Sulfated glycosaminoglycans (GAGs) and their analogues such as pentosan polysulfate (PPS), dextran
sulfate (DS), and heparin inhibit abnormal isoform of prion protein (PrP*°) formation in prion-infected cells
and prolong the incubation time of scrapie-infected animals. Sulfation of GAGs is not completely regulated
and possible sulfation sites are randomly sulfated. This property impedes an elucidation of fundamental
. structures of GAGs that are involved in the inhibitory effect on PrP™ formation. To address the structure-
activity relationship of Heparin in the inhibition of PrP% formation, I screened various regio-selectively
sulfated glycosides and their polymers for the inhibition of PrP> formation in prion-infected cells. Among
the glycosides and their copolymers examined, monomeric 4-sulfo-N-acetyl-glucosamine (4SGN), and two
copolymers, poly-4SGN and poly-6-sulfo-N-acetyl-glucosamine (6SGN), inhibited PrP% formation with 50%
effective dose lower than 20 pg/ml.  The inhibitory effect became more evident in conseculive treaiment.
They reduced the expression of cellular prion protein but did not affect cell growth. Structural comparison
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suggested that coincidence of N-acetyl group at C-2 with sulfate group at C-4 or C-6 might be involved in the
inhibition of PrP% formation. However, neither monomeric nor dineric 6SGN, but poly-6SGN showed the
inhibitory effect, suggesting the mportance of polyvalent configuration in anti-prion effect of 68GN. These
results indicate that the artificially sulfated glycosides and their polymers are useful not only for the analysis of

structure-activity relationship of GAGs but also for the improvement of new therapeutic compounds for prion

diseases.
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e, ThETIZZIA - BECP) OBEHRITICID PrP IMEBRROEFEHERFICED T
LILEALPILTER, 7L CEBEPPO@ELE LT, 7R 2MEIEERLTNVAS
TEBBLMNIERODHD, ABETHRINE TEHICEITHRELI SR TEHD PrP &Eix
F (Prop) K~ ¥ 2 (Rikn) X 0 #3Z U e RE(LARRBIRER (HpL3-4) # B WTHERFTRoTE R, L
L, IFETHEEE PrPBER Dpl OFIBRN PrP OBEBEEEFT L CW ETHEREINLS LI ILR
2T, BIT, FRLLERIAESTRETEIIEEISAHLVERD Prop KBV X (ZrchD) X b Hix
WCARFEICFRIRBRA B I U, PrP ORI oW T 7R b= AMBIEER X OB S ERBIC 2V TlF %
o7, FERUZHEHRMR Npl2) B L7 Z7EER Gpl DI WT, mMFREEREEFICBY
T PrP BRALIDBTR P AMFEHBRDO BN, —F T, Dpl BEABRKRICLATH F— 2N
HIZERD O Rdr o, Np12 MBIZRWT PrP KB L LEE L € PrP BRIBMEREIZ, FEICHEN
REDHARE (RS, B0 2R Lk, h PP EREFEAME, HBAOESET PKA OBEOEM
PERESKh, LLORRE,L, PrP 13 Npl2 B LU Gpll MHMIZBWTTF b 2 IMHA 12 <
ZEMRENT, ¥, Dpl BHAT AR P 2MBNZIRES L TWanEER bR, Npl2 Mg
BT PP RIMBREERRFRESEIIESHLNER S,

Prion protein related anti-apoptosis and cell differentiation in neuronal cells
Keiichi Saeki, Takuya Nishimura, Akikazu Sakudo, Takashi Onodera
Department of Molecular Immunology, School of Agricultural and Life sciences, University of Tokyo

ABSTRACT _

Previous studies have reported a neuroprotective role for cellular prion protein (PrP“) against apoptosis
induced by serum deprivation in an immortalized prion protein gene deficient neuronal cell line. These cell
lines were derived from Rikn-type prion protein gene-deficient (Prap™) (type-2) mice, which produce a prion
protein (PrP)-like glycoprotein named as doppel protein (Dpl). To conclude that PrP® inhibits apoptosis
without Dpl, several immortalized cell lines were established from the brain of type-1 Prap™ mice (Zrch I).
The data showed that PrP® had anti-apoptotic function in both neuronal and glial cells under serum free
condition. On the other hand, the Prup™ cells expressed Dpl showed apoptosis as with Prup™~ cells. The results
suggest that the functions of PrP involve anti-apoptotic effect without reference to ectopic production of Dpl.
Also to investigate whether PrP production effect neurite outgrowth of neuronal cell in vitro, the extension of
the neurite was measured with time after passage. The PrP° expressed cells showed longer neurite outgrowth
than that of Prup”™ cells. The data suggest that PrP° affects the subsequent growth of neurite.
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ERFELICERICEITHRELSISEIIRVWERD Prop KB <7 A (Zrchl) £ Y #FH TR
RABRZ RIS L, PrP OBEIC>WTT A b— 3 2AMHERER L CHB L ERBIZ- 2V T 21772 - 72,
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PrP RIBMEMAKEIL, ELhEZEHB TN CT R bV RERBIFH, PrP OFRBLICLY 7
R — 2B INDZLE2UMCBRELE(D), AR TR INETERCEITHRELS| =
B2 T RO PrP BETF (Prop) RIB< 7 X (Rikn) X 0 #32 U = RFE/HEMIEER (HpL3-4) & v THF
RETR->TER, LL, AFETEBREL PrPREH Dpl ORES PrP OMELMIT L TV ET
MBREINE LIk, ZI T, FERKEBITESTHETESERISRVERERD Prmp KB
A ZrehD) X W HICFRELBIEBELBI L, PrP OBERRSWTT R b—v 2TMEfER L Ok
BofbBliz2nWTHEE LR ET 2ok,
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VhR YA RANY F—F R, SV40largeT FUR % Zrchl PrP BiEFRIA~ 7 A HFEOBHMAIC
HATHHEIZLY, MBORELETR, BAFTRRBILIS/ -2 V&2 BT Dpl BHARER
BTHD PrP RBAFEAMEMAHE Npl2 MAP-2 B, NF B, GFAP BB LTS ) 7 HRREK
Gpl1{GFAP BB4%., MAP-2 f&tE, NF )M LA, ZhbDOMBEWEpI2 BX U 6pl)IT Prp BEF %
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TUFERORE, BEELERAE . 7V I UEEE  BEEEEREOCERER D LHIC,
BEEHETYACER (FVAVERLRABEEAORMAER) 27/ VL, BAEMETREL
EHADORRALE. 27 MRTUERELE, REUEABESERE 7YV EQRVWThEZ20 -5
Z7PABITL, BHEETIAVERRDEVHERSS ARG LE, CORRELS, 5%, BE
BRZ)FVERZBETZ VAV Dy /R 2ERL, A RACBIT27V A VRO
RN T LETMEIPOBEBETHILZTIHNE,

Membrane microdomain targeting and isoform conversion of prion protein transmembrane variants in cultured
neuroblastoma cells

Tamaki MURAMOTO!

'Division of CJD Science and Technology, Department of Prion Research, Center for Translational and
Advanced Animal Research on Human Diseases, Tohoku University Graduate Schoocl of Medicine

Abstract

In order to gain further insight into the relationship between the structure and membrane topology of prion
protein and its ability to propagate prions and cause neurodegeneration, we designed transmembrane variants of
prion protein by fusing prion protein with transmembrane proteins and analyzed their abilities to be targeted to
raft/detergent-resistant membrane microdomain and to be converted to the protease-resistant isoform. In
cultured neuroblastoma cells, fransmembrane prion proteins were partly targeted to raft, and were converted to
the protease-resistant isoform though less efficiently than wild type prion protein. The result provides rationale
to the experimenls to make transgenic mice that express one of the variant prion proteins and examine the
phenotype of prion disease it these mice,

(L &iz)

ZELE, VEEBETOMET, GPI 7y H—2BERWT ) AV EBR2HBETZITYRALBIT S
TUAVHTE., ZUACEAOREL, 7Io4 R, U URREEAE LN, BREReskERE
URWZLREHREB LE. COZ2E, 7IFVEHOHEE - BREB IS D ROERMOF LIS
CBBICBERLTWAIHERZRBLTVWS., XEEPBE, Z7UAVEAOKE - BEELER®L
B« 7V TEREE AREENENEOREFKREILKBF T2, BEEAM TV VERZEE
e slAHREHLE, BEER7VAVERIIYWTE., T2V RikERERERA W E
RETL1) 27 bABfIFLRNWZ 2, 2) BBASRHERRNWZENBEIRTVWS V2P, &EH,
FiX. ChETCHALNLEILORWTIS 7 FERTHEREBEESEAL VAV EHOBE1IITLD,
MEEH 74V EUE, 77 MEBTHT, PoREEHEROBWTYAS LI TH L HEHRIE
PERELE. '
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1) ZVFAVEHI VAN 2 b FHAL 2R 7UF CBHE TROBEEEMNEIORASER R
—RTIBEFIVAMSZ bEERLE (K1), ARSI, 73 7XKEllor) 4 EagilLn
WERFVNVEBHOHERMELR» S BRENE. 7V VEAOT I JBEES L LTIk, 3F4 £
Za—FIAETRRINZ T b —75 7 (Metl08/Metlll) ZBALESTYRFU L EHES 1-230
E (PP), L EHEARFIHDOTI B 23-88 FBEREBTZI2HD (PP del) 2EEAH L. BEREEHY
LTk, £ 7Y o4 ) X {Influenza A virus (strain A/Aichi/2/68) 1D hemagglutinin (HA} & HA2 ¥
FazZwh, THRT YL EHROHBET 3 LAT (linker for activation of T cells), B 2D LDL -+
7%— (LDLR) ZHALE, 205 b HA L LATIZS 7 MEBFMEEATHIZ L BGohTng > %
W, BEERAA L LAEARA Y OERBICEROY RF A yBER2EO LW EE LORHE
HELTBD, BYXFA VRNV IFUBHAMEINZ 2N, BEERASLCO7I /BRI LD
. BAOKY 7 METHIIES LTVWREEIbh T3, BACHVIEEBEAEMICELTE. 2
NENOAFOHNVEF L NERROBER F A4 > LHRA AL VIHYT 385 2RAICHV, LAT
E2oWTD&, HilaARAA L E2RE2SLY A7 (PIPLAT) EELHNLBRFUIEKHEFIOT /B 196
E2REBTEH A7 (PIP-LAT del) OFHZER Uiz, HA BL U LDLR ¢ OREEEB (PrP-HA, PrP del-
HA, PiP-LDLR) Z2oWTiE, 77U A VERRMEEEREERQEY OoBRHRI . HEEHEHOREE
RAL VDT T I ORFBUCHIMBA AL o7 I VBETIE, 04 BEALESN) -3y

(types 1-5) HEW LA, BHELEIV R T 7 b, pSPOX FEHEAZ ¥ —IZf#4 A%, DOTAP (Roche)
ZRAWTT) A RRERMEE ScN2a BLUFERPMAT N2a KEBALE, BETEAZI MR, 48 -
RFERICEEN Y 7 7 —CRINT S (ScN2a DS) #, E72i floatation assay (N2a DI&) ICHWE,
2) Floatation assay %I\ 5 7 MES{TIEDR : N2a #IHEOD floatation assay it. Naslavsky DF5iE %A
Wie 10em BER 7L — b _LIZ confluent Z2iKREDRIHEZE U VBN w 7 7 —TEHEH LD BRKB L. 400ul
DWBHI/w 7 7 —(TNE/1% triton X-100yT B Uiz, 30 £, K EICEE LEDB. 400 ul OF 70%
Nycodenz # (70% Nycodenz in TNE) Zi0Z, BFHER EEEER, 480 wl 2AH UL 22 ml @RLF
12— Lo Nycodenz D¥ step gradients (25, 22.5, 20, 18, 15, 12, and 8% in TNE) % 240 ul 20
Fetd. HEL (200,000 g, 4°C, 4 hrs) Uizo B TH, 200 ul @ fractionl0 %Y > 70 LER 6 IEIC
Yy MEEM L. & fraction % 3F4 HEEAVWEY IR V0w NCEIFLE. £8, 57 MRS
¢ fraction DA L. HRP $25# cholera toxin subunit B Z AW/ & fraction @ Rw b 70w pCiTo i,

3) BNy 7 r—EAWTEREI WA ScN2a il BRBMEEEREOTS I LICL D, % DNA 288
TEpERE. EFE (otal lysate) 287, Total lysate D—H8%E L b, ZNICT Sarkosyl % 2%IZ R 2 XS
2. &7= proteinase K 2 20 ug/ml 1272 % & S TAZ. 37°C T 30 FRIMIE L 7zo Pefabloc (Roche) #AIZ.
proteinase K ZRFI OB, T2 7ILOERAG (100,000 g, 20°C, 1 hr) E17o%, BOE TH., pellet
% @4 U T PrPSc fraction ¥ LT SF4 A B HWEY T RY 70y TN L, —HOERBE T, PrPSc
fraction D 2% > 711w PEHY L 7) % PNGase F % 1T deglycosylation L L 7=,
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1) Floatation assay D#EFR, PrP-HA BEAEN. PP del-HA BAS®EHE. PrP-LAT B&EH. PrP-LDLR @&
BEHEWThY, BLORELEZI 7 P ABITLE (K2, 3). WFhoEHADS 7 METHD, BHEER
VA BHDS 7 FREFHICIELS 2T WiE, PrP del-HA BI&EH L PP-HA BISEHDS 7 FBITH
R ERRS s ko,

2 ) PrPSc fraction MMt DR, PrP-HA RIS EW. PP del-HA BESEH, PP-LDLR BIAEAR VLTI,
BLoMECHRELLE (M4, 5). ERLOPRIBERCHELTEWEBDbhE,
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AFEOER, BEER 7 VA LELEEZ 7 NIBTFLA3ZPHEeMERSE, —FB, 57 B8
THBEEEREN HA BXU LAT OEEE RAA Y 2HAWT, BERE UL LEHDS 7 MNEIHELRE
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7 AT EESDYTHEHHT A e hRgHE2HT LcEETH 2,

JRERE 7Y A L EHoREBELE. FEIA LY EFCRESISLE. WThOREEHIT ST D,
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PrP wild type W‘ GPI

PrP del F GPI

Extracellular TM Cytoplasmic
PrP-HA type 1 [ j
PrP-HA type 2 [

PrP-HA type 3 { IKD

PrP-HA type 4 ] [ YKD

PrP-HA type 5 [ 1 GYKD

PrP del-HA type 1 L
PrP del-HA type 2 |
PrP del-HA type 3 l KD
PrP del-HA type 4 [ ‘ I YKD
PrP del-HA type 5§ | _ ] GYKD
Extracellular TM Cytoplasmic
PrP-LDLR type 1 [ g
PrP-LDLR type 2 [ | | R
PrP-LDLR type 3 [ | MR
PrP-LDLR type 4 ] { GMR
PrP-LDLR type 5 | | | HGMR
Extracellular
PrP-LAT B | EAD
PrP-LAT del L' | | EAD

M1 7UAVyERaCANTZ FOBERK

FboREONMHIETY A EQRTF FE, RENNAOIMUIIBEESHESREOREBRNA A %, B
2 O A (Cytoplasmic) i TIEEAM BEAH KON K AL VEZRFRET, AVWUF L HFEORAORD
F7 7oy i, BEBEEEQOMRS RALS A HROT I B UFRDERT, FRABIUHAD
MEORCEEX ANSITVDETIL, B RASLOT S BOREPRT, 2TOa YA NS 2 B0 A
CEHEOT IR S TANTF RN, RIPTIEERLTH DS,
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