F. BERAERER

7L

G. HFEREXR

LSRR

Hamanaka T, Sakasegawa Y, Omoto A,
Kimura T, Ando T, Doh—ura K.
Anti—prion activity of

protein—bound polysaccharide K in

prion-infected cells and animals.

Biochem Biophys Res Commun.
405:285-90, 2011

Teruya K, Nishizawa K, Doh—ura K.
Semisynthesis of a protein with
cholesterol at the C-terminal,
targeted to the cell membrane of
live cells. Protein J. 29:493-500,
2010

Okamura N, Shiga Y, Furumoto S,
Tashiro M, Tsuboi Y, Furukawa K,
Yanai K, Iwata R, Arai H, Kudo Y,
Itoyama Y, Doh-ura K. 1In vivo
detection of prion amyloid plaques
using [(11)C]BF-227 PET. Eur J
Nucl Med Mol Imaging. 37:934-941.
2010

Kimura T, Ishikawa K, Sakasegawa Y,
Teruya K, Sata T, Schiatzl H,
Doh—ura K. GABAA receptor subunit
betal is involved in the formation
of protease-resistant prion

prion-infected

FEBS Lett.

protein in
neuroblastoma cells.
584:1193-8, 2010

2. FRRFE
EERFES
Sakasegawa Y, Nakabayashi S,

Nishizawa K, Oguma A, Doh-ura K. CC
chemokines are upregulated 1in
prion—infected neuroblastoma
cells. Asia—Oceania Symposium on
Prion Diseases, Sapporo, July
24-25, 2010
Kimura T, Nishizawa K, Doh-ura K.
factors

Search for endogenous

involved in the abnormal PrP
formation in prion—infected cells.

Asia-Oceania Symposium on Prion

Diseases, Sapporo, July 24-25,
2010

Teruya K, Doh—ura K. A thioflavin
derivative facilitates

cross—linking of abnormal PrP but
not normal PrP. Asia-Oceania
Symposium on Prion Diseases,
Sapporo, July 24-25, 2010

Hamanaka T, Sakasegawa Y, Oguma A,

Nishizawa K, Doh—ura K. Anti-prion
activities of PSK in vitro and in
vivo —further evaluation of its
function-. Asia—Oceania Symposium
July

on Prion Diseases, Sapporo,

24-25, 2010

EANFS
BHAE: Va7 RmORREE F4
H7) A moTRBE ®LER
DEL, B, 2010411 A 23 H
W, BERE B avy /&
BHE Hsp90 Y ar v F YA
CEBEEICHT A EMEEITE




BEECu (1) A ATk o THLEAY
HE SN, B33 BEEEASFEY

F& -5 83 HAE{LFERERKRR,

#E, 20104E12 H7H-10 H

H. M ERO HE - BRERR
1. /FEriE

2L

2. ERAHBRHE

2L

3. F D,

72l



EAFBRENREMES (EEEREERITEFER)
¥R 2 26E SHEMEREE

En—ABEEORBIZET R

HESHEE . LRR

RERFRFBERFFFER - BIE

BB AE T B FRRFRFRRZEN R
MEBHE - HFT EF  FERERFRBRZEHAH
HREHAE KB EM  FERKERFRREZER
HRGHE  £F BEF  HERFRFRRENER

WEEE

INETICATREDO A F LA n—ABELEHELEER L. 7V A RBE
IEIZHRLH T ) A B R RN, 7V 4 RRYSHIRE N167 R, Sc84 Rz AV
72 in vitro ERIZ LV, PLFEIMEWMTH S G6-23MC DARIZRERT Y F
REAEFEERBD LN, (72, TV VBB~V XERAWEER (ER
112 HE) Ik V., 23MC #E~ T X3 112 B BEE. 2ICAFEP TH Y RBIE
MEIEIED BN TS, FiZ, BTN A FIAALBEREIZE VR
MEIERBD b, FEEE2HEBTILERRINTNSLIHOD, Zhbik
EYORERITT IV AR THERBOFRELZ —BIEITTLLE R 5,

A. BEEER

IHETIIFERREDICL D, TR
DL —AFEEIZTY F RO
RIEMBDRLR S D Z EBRNWEE
nNTnWa, LrLensd, Ryg—Rie
THBEIhIHROEA D —XFEEH
I FEENICARE—TH D,
BZIETHERDO A F LT —ZAD A
FNEOBBREZI I NV a—IAAD
3 ODKBETOBLREBOEN, o
FHETBR ST AFNEOBBRIED
Ry . DFHEEMTOAFLEBBRED
BEVAEL, LFEE-TEEEEZ
MIZRETT D Z EIIARFIEETH D, £
I T, AR T bR EE O AR A
FreLra—AFEEZEREK L.

FOEEEN TV 4 IR BIETH
MRS A UENRIZEZ DR
REMICHRETT AL & L, B
2, BIEMBIZRSH0T Y F o EEE
B2 AAFLEAD—RDEOERE
ZHLMIL, LV BROB LR
—ABHEERBEEDERR TS Z
EEBEMET S,

B. WG

ru—R, Enbt—xR, Fra—
A AFAT N FEERE L, AL
BHRARGEEELDOEA, A FLVED
HA, 7Y aviib, REEDORER
COTITBRERTCATEEDAFALENL
n—AR{LEMENLFEER LT,



WWNT, TV F R R YA N167
PRAVWCENGILEMORER Y
U EHEANRDIRZBTT L,
Tz, VA VEE~T RAERW,
Bk, MENITEEYE 14 BRE®R
ELBRIEBICLVDEFEMET-
7=

(fm B D BELRE)
EMERIBROBYMWEREESD
BRI R, B ERES ZEST LT
To77,

C. R
AFNENLE—RCHEETHLED
4T BEELEAR L FRARERE OB
RIEFRIZTT V) A R R MR
v /= in vitro DEFER 7V 4 &
HEAMBIRERAT-, TORBE.
GG-23MC (DPw = 20.3, DPn = 9.2) @
HICEBETOTNIHEPRD L
iz,

OH HO OH
OMe
HQ O HO Q 0 \MeO
H&’O%@e(&;o% OMe
OH OH MeO /m OH

GG—23MC Db AR

RWNT ATRDOILEHDSH, b7
WENTFICREREE (LS 11 &
B2 VA VRPE< TV AEZHWTR
FEINHIZHR %50 LTz, REERT T
HHEMN, v T ADEFEBEIHILED
DR ELBS 5 &, 23MC (DS = 0. 88,
DP = 40) OBERFZE LBV EWVIHE
BERBELhTWS, 2T, AFik
BEENESTD 2MC IRV TEWE
BERLE,

§OH ;

o] (o]

MeO

‘< MeO n

X 23MC DfLFEHEER

D. £5
ZHET, invitro TV F &M
NERIN-Arn— AFEETIF
FER, GG-23MC {48 s T HLREEY Vb
EYTHD, £, TV A UBARYE
< U R % VN BIE N I 20 5 O Al
Tk, AFNVLBEERELFO 23MC
KKRWTEWHREZTR LI E0D,
FOERBFEEZERT S Z LiHES
FOFVAVRTHELZRE TS L
TEHEERAMRATHS, ThE TCIIAE
BEMEBERDLDIWVIZI Ty 7HEHR
AFELu—RHEE EHIZE
BEMNLSOTr Yy JHEBRA ST LE
Ao —XHEEK Sra—X koE
A —2ABEEORT Y A EERSHE
E N ) 2h R & (SRAICAFZE L 7= 6l
o=, EAKT N a— RBEA DK
BE~DAFNVEOEANMEBDE
kv, EnobEBomR T ) A 9E
HOREMRZDRIIHA LR
7o BEEBLN-HRIZ. BIZEWD
MBEAFOAFALELE —XRLE
POBRBIIRNDLEEZD,

E. &R

fbFEOHARERMBERROER. &
BV BRSO T e vy 7 HE
BAFALELD—RFEEE LU
BEIESFbeW, 88 47T BElFEE
LT, EORER, 7 ) F Ry
AWz invitro EEBRIZ X ¥ G6-23MC



N, FlT VARG~ R EAW
in vivo ZRIZL Y., B LEWT
X 23MC HEE. BOFILEMTIEA T
NMMEBERZSIRHTH D Z L BRbh

>,

F. BEAEEDS
2L

G. MraEHRE
1. R CHER
Kamitakahara H, Nakatsubo F: ABA-

and BAB-triblock cooligomers of

tri—0-methylated and unmodified
cello—oligosaccharides:
Syntheses and
structure-solubility
relationship. Cellulose: 17 (1):
173-186, 2010.

Kamitakahara H, Funakoshi T, Nakai
S, Takano T, Nakatsubo F:
Synthesis and Structure/Property

Relationships of Regioselective

2-0-, 3-0- and 6—0-Ethyl
Celluloses. Macromolecular
Bioscience, 10: 638-647, 2010.

Enomoto-Rogers Y, Kamitakahara H,
Yoshinaga A, Takano T: Radially
oriented

cellulose triacetate
chains on gold nanoparticles.
Cellulose, 17 (5): 923-936, 2010.
Akagi T, Suzuki Y,

Kami takahara H,

Tkegami A,
Takano T,
Nakatsubo F, Yonemori K: Condensed

Tannin Composition Analysis in
Persimmon (Diospyros kaki Thunb.)
Fruit by Acid Catalysis in the

Presence of Excess Phloroglucinol.
J. Japan. Soc. Hort. Sci. 79 (3):
275-281. 2010.

Morikawa Y, Yoshinaga A,
Kamitakahara H, Wada M, Takabe K:
Cellular
coniferin in

distribution of

differentiating
xylem of Chamaecyparis obtusa as
revealed by Raman microscopy.
Holzforschung: 64 (1): 61-67,
2010.

Tobimatsu Y, Takano T, Kamitakahara
H, Nakatsubo F: Studies on the
dehydrogenative polymerization of
monolignol beta-glycosides. Part
6: Monitoring of horseradish

peroxidase—catalyzed

polymerization of monolignol
glycosides by GPC-PDA.
Holzforschung, 64 (2), 173-181,
2010.

Tobimatsu Y, Takano, T,

Nakatsubo F:
Reactivity of syringyl quinone
methide
dehydrogenative
Part 2: pH effect in horseradish

Kamitakahara H,

intermediates in
polymerization.

peroxidase—catalyzed

polymerization of sinapyl alcohol.

Holzforschung, 64 (2), 183-192,
2010,
Tobimatsu Y, Takano, T,

Nakatsubo F:
Reactivity of syringyl quinone
methide
dehydrogenative polymerization I:
high-yield

Kamitakahara H,

intermediates in

production of



(DHPs)  in

horseradish peroxidase—-catalyzed

synthetic lignins
polymerization of sinapyl alcohol
in the presence of nucleophilic
reagents. J Wood Sci, 56: 233-241,
2010.

2. FRRE
EHERZES

Kamitakahara H, Tanaka Y: Synthesis
and Cellular Uptake of Blockwise
Alkylated
Hydrophobic Dye

Tetrasaccharide/
Complexes:

Evaluation as Probes for a Novel

Drug Delivery  System. 2bth
International Carbohydrate
Symposium (1€$2010), Tokyo

(Makuhari), August 1-6, 2010
Kamitakahara H, Hirai K, Tanaka Y:

Syntheses of Amphiphilic
Tetrasaccharides as Drug Carriers
for Hydrophobic Compounds. BIT s

1st Annual World Congress of

NanoMedicine 2010, Bei jing,
October 23-25, 2010.
Kamitakahara, H; Nakagawa, A,

A; Ishizu, C; Takano,
T; Imai, T; Sugiyama, J; Hirai, K;

Yoshinaga,

Tanaka, Y; Steiniger, F; Sarbova,
V; Fenn, D; Koschella, A Heinze,
T : Structure—property
relationships of cellulose ethers
with regioselective and blockwise
241st ACS
National Meeting & Exposition,
Anaheim, CA, United States, March
27-31, 2011 (2011), CELL-126

substituent patterns

BAES

nYy—AFEHF. LBE ¥ HX
¥, BHBE &7 JRFRIIBITS
B —Z M) TET— FFFHD
B, Ao — R ERE 17 BI4FE
RRE, BINRIBQEH, 2010 47
A 15-16 B

FINE, FEEH, LEE & 5%
#2 #& _ Velina Sarbova, Andreas

Koschella, Thomas Heinze: K& +¥ )
0 — X5 b O 2-0methyl- &
3, 6-di-0-methyl-cellulose D& Ko
u—RZELSE 17T EAERKE. F
JIB EhET, 201047 H 15-16 H

LER ERBRWEBYOHDEDL
%, Ero—RESBEBEXEH
FYHLOEFEIF— A —XF
B RWEHRLZEOFHTZ) R
BERARBET, 2010459 A 2-3 A

EERE B vru—xFaRY <
— s aF ) I —OFFEKE HEEE
B, o —RAFESEEHRER
A —RERE 16 I 7ui s
ROTA TE<bnrd! *ru—
AFHEEOT T AR, KH,
201141 H 27H

H. A9 EREO BT - BERR
1. 5FWE

2L

2. ERAHREE

7L

3. =0

7L



EEFBR R REME (EEIERBRMEER)
k2 2K HEMAREGE

v a— 2ABHEEOBHIC & D RELICET 5K

R sEE
WRAKRE
WEREAE
WERBIHE
W IE

AKE
EiH
BE f&X
B
/B 2R

AR
LR

MAEE

HRAERFERFFE R TR - BhF
RALKRZERFBRE R - HiR
T SLER K F R FPE R 7R
AREEERA AL
FALRZER FBE E 2 R AR

kDL —2FEE (CE) LV HRBEMBDRENEVC EDEMELE
BT 5EEbIT, ESFILCEEHiEEZRI LT, ZbPRERDOH D CED(LE
RS EBE O LE S & L, ZORER. MEOEMSFHERTa L AT 0 —
NMEHNDRE LTS8, ERBTREOBTABHEEL LT D ZLBRS

iz,

A. TFFEEN

IhE TORFETEN (KT, BEAN,
BARP. BER) ~0REI2HR &
N5kl —XFE#EEKE (CE)
DFHHEPETT 57D, FECE
Bk 2 ER L, BOBREGTOBRE
TV AVRERBRe T ATHRETHZL
ZEE LTV, LL, BOKSET
ITHWAILEYRHYELETH D,
EREREZEBIEITIIEULEZE
THREORENH D, £Z T, £F
HERDODETHERETLIVHROEWC
EEfitkZRikT 5 L &bz, BHF
{LC EEfikZ R L T, bBIRD
» % CEEMEOILENFELHL
MILEDH & LT,

B. HFREHE:
AFAELr—RBEREEL LT,

BT ARMRAIEE TR, Bl B
DB, A FNEUNDORISEM S L
Tk Fexy 7oV, JoFiuy
T FNE, ANVEFTAFE,
Fuvrilk RFTYV T vTULT
—FNVEDEARIToILEYMEE
L7, $7-. E RnF7me LA
FLEALn—RAEEREEL LT, K
fE8fi OH HE I VAT —VHDIWIE
MBECEMi LI {LEdE AR L,
A5z, 6EELEF—R IV IBTR
SRAFERILE EBITAEO A F LI
EA—AEER LT,
IhonfbEdmiE 7Y A VR~ y
ZIZRIBEREG 21TV, BRETHIRE
BREt L7z,

(fREEOELRE)
EMERIIEROBYMEREZERARD
FAl %I, B ERESHEETLT



To7,

C. BroEkEE

KOIEPEP DA TT Y v
TV ONT—F ) EEREA LA
Frera—RAThotz, ¥/, B K
¥ AF LI —R R
EABELLZbOTiIR, 2L xTn
—NVEZEALLLDOTHo T, BK
MEOCEANCEOHELm LEH
5 EBZ BN, BAMEREN T 1
PLVETERLEZDORIERENE
2B TRHRBET I MM
iZhotr, £l-, P=FNAT I )5
NWNERLHONVARIFAFNELEAL
T, 77 ABBNE~ATADTF v —
VEFIETALEMIL. REMILED
RTu b VEEEALLILEDIY
bR BT, —FH, BIEERBITIE
BRBIHEITE <, BEEITIORH
RIIET L, i, 5FHA X500
IV EELE A2 THIERETE
BRRITE o T,

D. Z%

BHRBEVWCEDORKHKE LTI, k&
YMOBEL LU TERAETH D LR
12, IR IT RIS R % 21Tz <
WEETHEZEBRHALNE 2ot
B ZRE L7-CERXAEHBIZhE
DIHRRERMBENIZEDL Z L8, C
EDRRABZTHHRLBEND D
OTHNIX, v/ 77 —VIZBYIA
EhRTL, RERICOEY B EN
WL WIEBETHEZ LR TFHBRD
M EEBFRETZIXTTHY ., SEIOHF
FHRERLFBIILRWY, 5% X 0 3EM

(. LR R R ISES & IR TR
PDROBEFBREHALNITTAHI LT, —
BHREVPEWCELEMERAIMTE
LEREENRH D, —F ., BHERE O
BRIZOWTIT, S%RETT D LER
bb, EEBEPLIOT 7 —U~
DRV IAAZEHOHDIILRKEL TV
=AM LB LTWER, £D
EBEICL D FHEERDRSLESEN L
DEHREEBEZTHIONLBRET
BUEND D,

E. &%
TOHRESRBEVWC ELEH DR
We LT, BAMETHS LR, A
FHROBILRENFEEZITITVE
ETHDHIEBHLNERST,

F. REAREH
QP

G. WFRRER

1. FASCFE

Hamanaka T, Sakasegawa Y, Omoto A,

Ando T, Doh—ura K.
activity of

Kimura T,

Anti-prion

protein-bound polysaccharide K in

prion—-infected cells and animals.

Biochem Biophys Res Commun.
405:285-90, 2011

Teruya K, Nishizawa K, Doh-ura K.
Semisynthesis of a protein with
cholesterol at the C-terminal,
targeted to the cell membrane of
live cells. Protein J. 29:493-500,

2010



Okamura N, Shiga Y, Furumoto §,
Tashiro M, Tsuboi Y, Furukawa K,
Yanai K, Iwata R, Arai H, Kudo Y,
Itoyama Y, Doh—ura K. In vivo
detection of prion amyloid plaques
using [(11)C]BF-227 PET. Eur J
Nucl Med Mol Imaging. 37:934-941.
2010

Kimura T, Ishikawa K, Sakasegawa Y,
Teruya K, Sata T, Schidtzl H,
Doh-ura K. GABAA receptor subunit
betal is involved in the formation
of protease-resistant prion

prion-infected

FEBS Lett.

protein in
neuroblastoma cells.
584:1193-8, 2010

2. FRRRK

EEFES

Sakasegawa Y, Nakabayashi S,
Nishizawa K, Oguma A, Doh—ura K. CC

upregulated in

chemokines are
prion-infected neuroblastoma
Asia—0Oceania Symposium on

July

cells.

Prion Diseases, Sapporo,

24-25, 2010
Kimura T, Nishizawa K, Doh—ura K.

Search for endogenous factors

involved in the abnormal PrP

formation in prion—-infected cells.

Asia—Oceania Symposium on Prion

Diseases, Sapporo, July 24-25,
2010

Teruya K, Doh-ura K. A thioflavin
derivative facilitates

cross—linking of abnormal PrP but

not normal PrP. Asia—Oceania

Symposium on Prion Diseases,
Sapporo, July 24-25, 2010

Hamanaka T, Sakasegawa Y, Oguma A,
Nishizawa K, Doh—ura K. Anti—prion
activities of PSK in vitro and in
vivo —further evaluation of its
function—-. Asia—Oceania Symposium
on Prion Diseases, Sapporo, July
24-25, 2010

EAES
HERE: Ya 7 RORRFRE F4
B 7V A ROTREBE RLER
DZ4E, B, 2010411 A 23 H
W, Bl Bl sy I &
H'E Hsp90 oY av v AU A
VR BRI A A IS
BECu (0) A ALk oTRIER
WHIEEhD. §IIB3EHESTEY
24 < 3 83 [H A AL LFESERKRE,
M, 201012 H7H-10H

H. me9RfEEHE D HEE - BERBL
1. RPN

2L

2. ERH B

2L

3. Z M

2L






it

R OTITICET 5— KR

HRERAL FRXF A MVA Rtk B ~—y | HERE
Hamanaka T, | Anti—prion activity of | Biochem 405 285-290 2011
Sakasegawa Y, | protein—bound Biophys Res
Ohmoto A, Kimura | polysaccharide K in | Commun
T, Ando T, Doh—ura | prion—infected cells and
K animals
Teruya K, | Semisynthesis of a protein | Protein J 29 | 493-500| 2010
Nishizawa K, | with cholesterol at the
Doh—ura K C-terminal, targeted to the

cell membrane of live cells
Okamura N, Shiga | In vivo detection of prion | Eur J Nucl Med 37 934-941 2010
Y, Furumoto S, | amyloid plaques using | Mol Imaging
Tashiro M, Tsuboi | [(11)CIBF-227 PET
Y, Furukawa K,
Yanai K, Iwata R,
Arai H, Kudo Y,
Ttoyama Y, Doh—ura
K
Kimura T, Ishikawa | GABAA receptor subunit | FEBS Lett 584 1193~ 2010
K, Sakasegawa Y, | betal is involved in the 1198
Teruya K, Sata T, | formation of
Schitzl H, Doh—ura | protease—resistant  prion
K protein in prion—-infected
neuroblastoma cells
Kamitakahara H, | ABA- and  BAB-triblock | Cellulose 17 173-186 | 2010
Nakatsubo F cooligomers of (1)
tri—C-methylated and
unmodified

cello—oligosaccharides:
Syntheses and
structure—solubility

relationship




Kamitakahara H, | Synthesis and | Macromolecula 10 638-647 | 2010
Funakoshi T, Nakai | Structure/Property r Bioscience
S, Takano T, | Relationships of
Nakatsubo F Regioselective 2-0-, 3-0-
and 6-0-Ethyl Celluloses
Enomoto—Rogers Y, | Radially oriented cellulose | Cellulose 17 923-936 2010
Kamitakahara H, | triacetate chains on gold (5)
Yoshinaga A, | nanoparticles
Takano T
Akagi T, Suzuki Y, | Condensed Tannin | J. Japan. Soc. 79 275-281 2010
Tkegami A, | Composition Analysis in|Hort. Sci 3
Kamitakahara H, | Persimmon (Diospyros kaki
Takano T, | Thunb.) Fruit by Acid
Nakatsubo F, | Catalysis in the Presence of
Yonemori K Excess Phloroglucinol
Morikawa Y, | Cellular distribution of | Holzforschung 64 61-67 2010
Yoshinaga A, | coniferin in (1)
Kamitakahara H, | differentiating xylem of
Wada M, Takabe K | Chamaecyparis obtusa as
revealed by Raman
microscopy
Tobimatsu Y, | Studies on the | Holzforschung 64 173-181 2010
Takano T, | dehydrogenative 2
Kamitakahara H, | polymerization of |
Nakatsubo F monolignol

beta—glycosides. Part 6:
Monitoring of horseradish
peroxidase—catalyzed

polymerization of
monolignol glycosides by

GPC-PDA




Tobimatsu Y, | Reactivity of syringyl | Holzforschung 64 183-192 | 2010
Takano, T, | quinone methide )]
Kamitakahara H, | intermediates in
Nakatsubo F dehydrogenative
polymerization. Part 2: pH
effect in  horseradish
peroxidase—catalyzed
polymerization of sinapyl
alcohol
Tobimatsu Y, | Reactivity of syringyl | J Wood Sci 56 233-241| 2010
Takano, T, | quinone methide
Kamitakahara H, | intermediates in
Nakatsubo F dehydrogenative
polymerization I:
high-yield production of
synthetic lignins (DHPs) in
horseradish
peroxidase—catalyzed
polymerization of sinapyl
alcohol in the presence of
nucleophilic reagents
Okamura N, Mori M, | In vivo Detection of Amyloid | J Alzheimers in 2010
Furumoto S, | Plagques in the Mouse Brain | Dis press
Yoshikawa T, | using the Near-Infrared
Harada R, Ito S, | Fluorescence Probe THK-265
Fujikawa Y, Arai
H, Yanai K, Kudo Y
Shao H, Okamura N, | Voxel-based analysis of | Dement 30 101-111| 2010

Sugi K, Furumoto
S, Furukawa K,
Tashiro M, Iwata
R, Matsuda H, Kudo
Y, Arai H, Fukuda
H, Yanai K

amyloid positron emission
tomography probe [C]BF-227
uptake in mild cognitive
impairment and Alzheimer’ s

disease

Geriatr Cogn
Disord




Kikuchi A, | In vivo visualization of | Brain 133 1772- 2010
Takeda A, | alpha—synuclein deposition 1778
Okamura N, | by carbon—11-labelled

Tashiro M, | 2-[2-(2-dimethylaminothiaz

Hasegawa T, | o1-5-y1)ethenyl]-6-[2-(flu

Furumoto S, | oro) ethoxy] benzoxazole

Kobayashi M, | positron emission

Sugeno N, Baba | tomography in multiple

T, Miki Y, Mori | system atrophy

F, Wakabayashi

K, Funaki Y,

Iwata R,

Takahashi S,

Fukuda H, Arai

H Kudo Y,

Yanai K,

Ttoyama Y

Furukawa K, | Amyloid PET in mild| J Neurol 267 | 721-727 | 2010
Okamura N, | cognitive impairment and

Tashiro M, | Alzheimer’ s disease with

Waragai M, | BF-227: comparison  to

Furumoto S, | FDG-PET

Iwata R, Yanai
K, Kudo Y, Arai
H







Biochemical and Biophysical Research Communications 405 (2011) 285-290

Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrc

Anti-prion activity of protein-bound polysaccharide K in prion-infected cells

and animals

Taichi Hamanaka®, Yuji Sakasegawa 2, Akihiro Ohmoto?, Tomohiro Kimura 2, Takao Ando”,

Katsumi Doh-ura ®*

2 Department of Neurochemistry, Tohoku University Graduate School of Medicine, 2-1 Seiryo-machi, Aoba-ku, Sendai 980-8575, Japan
®Biomedical Research Laboratory, Kureha, Co. Ltd., 3-26-2 Hyakunin-cho, Shinjuku-ku, Tokyo 169-8503, japan

ARTICLE INFO ABSTRACT

Article history:
Received 31 December 2010
Available online 8 January 2011

Keywords:

Protein-bound polysaccharide K (PSK) is a clinical immunotherapeutic agent that exhibits various
biological activities, including anti-tumor and anti-microbial effects. In the present study, we report on
the anti-prion activity of PSK. It inhibited the formation of protease-resistant abnormal prion protein
in prion-infected cells without any apparent alterations in either the normal prion protein turnover or
the autophagic function in the cells. Its anti-prion activity was predominantly composed of the high

Prion molecular weight component(s) of the protein portion of PSK. A single subcutaneous dose of PSK slightly

Prion-infected cells
Protein-bound polysaccharide K
Immunotherapeutic agent

but significantly prolonged the survival time of peritoneally prion-infected mice, but PSK-treated mice
produced neutralizing antibodies against the anti-prion activity of PSK. These findings suggest that PSK
is a new anti-prion .substance that may be useful in elucidating the mechanism of prion replication,

although the structure of the anti-prion component(s) of PSK requires further evaluation.

1. Introduction

Transmissible spongiform encephalopathies or prion diseases
include Creutzfeldt-Jakob disease (CJD), Gerstmann-Strdussler—
Scheinker syndrome, and familial fatal insomnia in humans. All
of these diseases are fatal and characterized by the accumulation
of protease-resistant abnormal prion protein, prion, in the brain
and lymphoid tissues. Although the precise mechanism of prion
propagation remains uncertain, it is commonly assumed that pro-
tease-sensitive normal cellular prion protein (PrPc) is converted
into protease-resistant abnormal prion protein (PrPres) by direct
interaction of the two isoforms [1].

As the occurrences of variant CJD and iatrogenic forms of CJD in-
crease, various efforts to find effective anti-prion remedies have
been reported [2]. However, thus far, only a few of anti-prion com-
pounds have been utilized in patients with prion diseases on a trial
basis and have reportedly failed to halt the disease progression
[3,4]. In these efforts, clinical drugs have been screened for anti-
prion activity because they can quickly be brought onstream to
be applied to patients with prion diseases [5,6]. We previously
tested drugs clinically used in Japan and found one immunothera-
peutic agent with anti-prion activity.

Here, we report on the anti-prion activity of the immunothera-
peutic agent, protein-bound polysaccharide K (PSK), in prion
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infected cells and animals, and we discuss the mechanism of its
prion-inhibitory activity. PSK is known to be effective in conjunc-
tion with chemotherapy and/or radiotherapy for some types of
cancers through various immunological modulations [7], and also
has anti-microbial activities [8], but this is the first time that its
anti-prion activity has been revealed.

2. Materials and methods
2.1. Psk and other immunotherapeutic agents

PSK, a protein-bound polysaccharide preparation extracted
from Coriolus versicolor with hot water, containing 30% protein
and 70% sugar, was obtained from Kureha Co., Ltd. (Tokyo, Japan).
The sugar portion is mainly composed of glucans with p-1,4 bonds
in the main chain and p-1,3 or B-1,6 bonds in the side chain; the
latter binds to the protein portion through O- or N-glycosidic
bonds [9]. The protein predominant preparation of PSK (PSK-Pro;
87% protein and 13% sugar) and the sugar predominant prepara-
tion of PSK (PSK-Sug; 5% protein and 95% sugar) were also obtained
from Kureha. They were prepared by chemical modification of PSK
as described previously [10]. Other immunotherapeutic agents
clinically utilized in Japan (Lentinan, Schizophyllan, Ubenimex,
and Picibanil) were also obtained from their respective pharma-
ceutical companies. All samples were dissolved in sterile distilled
water and stored at 4 °C until use.
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2.2. Cells and PrP analyses

We used mouse neuroblastoma cells that were either unin-
fected (N2a cells) or persistently infected with RML scrapie prion
(ScN2a cells), 22L prion (N167 cells), or Fukuoka-1 prion (F3 cells),
as described previously [11,12]). These cells were cultured in the
presence or absence of test samples at 37 °C for 3 days, and conflu-
ently grown cells were lysed with lysis buffer. For analysis of
PrPres, cell lysate was treated with 10 mg/mL proteinase K at
37 °C for 30 min, and PrPres was precipitated by centrifugation
and suspended in a sample loading buffer. For the analysis of other
proteins, cell lysate was used without protease treatments and
mixed with a concentrated loading buffer. Immunoblotting analy-
sis was performed using standard methods as previously described
[11] with an anti-PrP monoclonal antibody (MAb) SAF83 (1:5000),
anti-GAPDH MAD (1:5000), anti-B-actin MAb (1:1000), or anti-LC3
MADb (1:2000; nanoTools), followed by alkaline phosphatase-con-
jugated anti-mouse antibody (1:20,000; Promega). Immunoreac-
tive signals were detected using CDP-Star detection reagent (GE
Healthcare). Flow cytometric analysis and floatation assays were
also performed to examine PrPc expression in the cells as described
previously [11,13].

2.3. Fractionation of PSK constituents

Fractionation of PSK-Pro constituents by gel filtration method

was performed in 10 mg of PSK-Pro dissolved in 1 mL of elution

buffer (20 mM Tris-HCl, pH 7.5 containing 500 mM NacCl). After
ultracentrifugation at 100,000g at 4 °C for 30 min, the supernatant
was applied to an equilibrated column (1.6 cm diameter and
100 cm length) packed with Sephacryl S-200 HR (GE Healthcare)
and eluted with elution buffer. Each fraction containing 6 mL elu-
ate was collected.

2.4. Animal studies

Eight- to ten-week-old Tga20 mice overexpressing murine PrPc
[14] were used to analyze the effectiveness of PSK and other
immunotherapeutic agents in vivo. On the day following a single
subcutaneous administration of the maximum tolerated dose of
each drug or of vehicle alone, the mice were intraperitoneally in-
fected with 100 pL of 1% (wt/vol) brain homogenate of RML prion.
The duration from the infection to the terminal stage of the disease
was measured as survival time.

To analyze the anti-PSK neutralizing factors in PSK-dosed mice,
sera were collected from the mice 1 month after a single subcuta-
neous dose of 100 mg PSK or vehicle alone. After clarification of the
sera by ammonium sulfate precipitation, IgG fractions were ob-
tained using a protein G column (GE Healthcare). The animal
experiments described here were performed with the approval of
the Animal Experiment Ethical Committee of Tohoku University.

2.5. Statistical analysis

Data were evaluated using nonparametric Mann-Whitney or
Kruskal-Wallis test in the subcutaneous PSK-dosing experiment
or the oral multiple PSK-dosing experiment, respectively. Differ-
ences were considered significant for p values <0.05.
3. 3. Results
3.1. PSK effects in prion-infected cells

To analyze the inhibitory activity of PSK against PrPres forma-
tion in prion-infected cell models, we analyzed PrPres levels in

three types of persistently prion-infected cell lines treated with
PSK for 3 days. We found that PSK reduced the PrPres levels of
all the cells in a dose-dependent manner (Fig. 1A). The 50% effec-
tive concentration value (ECsq) for PSK in ScN2a cells, N167 cells,
and F3 cells was 7.68 ug/mL, 14.45 pg/mL, and 19.01 pg/mL,
respectively. Four other clinically used immunotherapeutic agents
(Lentinan, Schizophyllan, Ubenimex, and Picibanil) were also
tested in ScN2a cells, which are the most sensitive to screening
for anti-prion activities [11,12]. However, these four drugs did
not exhibit the inhibitory activity against PrPres formation even
when tested at maximum tolerated doses (data not shown).

To determine the efficacy of PSK, ScN2a cells were treated with
20 pg/mL PSK for 7 days, and subsequently the cells were cultured
in the absence of PSK for a further 27 days. The results showed that
PrPres levels did not recover to the detection limit of immunoblot-
ting, suggesting irreversible inhibition of PrPres formation by PSK
(Supplementary Fig. 1A). On the other hand, the postseeding 48 h
treatment of ScN2a cells with 20 pg/mL PSK reduced the PrPres le-
vel to almost the same level (approximately 37% of the untreated
ScN2a cells) as the 72 h treatment, while the postseeding 24 h
treatment reduced only about 43% of the untreated ScN2a cells
(Fig. 1B). This indicates that the inhibition of PrPres formation by
PSK is dependent on the treatment duration to some extent. We
also examined the direct effects of PSK on PrPres in the cell lysate.
Incubation of ScN2a cell lysate with PSK before or after proteinase
K treatment did not alter the PrPres levels (Supplementary Fig. 1B).
This suggests that PSK does not either degrade PrPres directly or
make PrPres protease-sensitive.

3.2. PSK influence on PrPc profiles and autophagy

Because alterations of the PrPc turnover in the cells cause mod-
ification of PrPres levels, we analyzed the PrPc levels in N2a cells
treated with PSK. Total PrPc and cell surface PrPc levels were not
apparently affected by PSK (Fig. 2A and B). Next, we examined
the distribution of PrPc in the lipid raft microdomain by floating as-
say (Fig. 2C), and no significant difference was observed between
PSK-treated and untreated cells. These results suggest that PSK
does not modify the PrPc turnover.

Because it has been reported that the induction of cellular
autophagy facilitates the clearance of aggregate-prone proteins
[15], we analyzed the expression levels of LC3-II, an autophago-
some formation marker, in PSK-treated ScN2a cells. As shown in
Fig. 2D, LC3-Il expression levels were not altered in the PSK-treated
cells, while treatment of the cells with trehalose, which is known
to induce cellular autophagy, caused both a decrease in PrPres lev-
els and an increase in LC3-II expression levels, as reported previ-
ously [16]. This indicates that the PSK anti-prion activity is not
related to autophagy induction.

3.3. PSK effects in prion-infected mice

We next addressed whether PSK could prolong the survival
time of prion-infected mice. This was investigated by intraperito-
neally inoculating Tga20 mice with RML prion strain, followed by
a single subcutaneous administration of 100 mg PSK. PSK showed
slight but significant prolongation of survival period in intraperito-
neally infected mice in two independent experiments (128 +
17.1 days in PSK (n=6) versus 110 + 3.8 days in control (n =6) in
experiment 1 (p < 0.05); 100 + 6.1 days in PSK (n=5) versus 93 £
2.2 days in control (n=5) in experiment 2 (p < 0.05)). However,
when PSK was administered orally ad libitum, from intraperitoneal
infection to disease terminal, mixed with feed at the following
doses: 1%, 2%, and 4% with weight in the feed corresponding,
respectively to ca. 1.5, ca. 3.0, and ca. 6.0 g/kg body weight/day,
and no significant prolongation of survival period was observed
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Fig. 1. Inhibitory effects of PSK on PrPres formation in various prion-infected cell models. (A) Each model of persistently prion-infected cells was treated with the indicated
concentration of PSK for 3 days, and the PrPres levels were analyzed by immunoblotting. Molecular size markers on the left side of the immunoblots are shown in kilodaltons.
(B) Incubation duration-dependent effects of PSK on the PrPres levels were examined by treating ScN2a cells with 20 pg/mL of PSK for 24, 48, or 72 h prior to the harvest.
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Fig. 2. No apparent effects of PSK on the turnover of PrPc and cellular autophagy. (A) Immunoblot analysis of total PrPc was performed in noninfected N2a cells treated with
the indicated concentration of PSK for 3 days. (B) Flow cytometric analysis of PrPc on the cell surface was performed in noninfected N2a cells treated with 20 pg/mL of PSK for
3 days. Gray and black lines indicate PSK-treated cells and untreated cells, respectively. The broken line peaks on the left show their respective isotype controls. (C) Analysis of
the distribution of PrPc in the lipid raft was performed by floatation assay in noninfected N2a cells treated with or without 20 pg/mL of PSK. (D) Involvement of autophagy
induction was examined in ScN2a cells treated with the indicated concentration of PSK or trehalose for 3 days. Trehalose was used as a positive control of autophagy
induction. Both LC3-II and PrPres levels were analyzed by immunoblotting.
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(data not shown). These results suggest that PSK is ineffective in
prolonging survival period in prion-infected mice when orally
administered, as is normal in clinical situations.

We also similarly tested other immunotherapeutic agents in
intraperitoneally prion-infected Tga20 mice. No significant prolon-
gation of survival period was observed, even at the maximum tol-
erated doses (data not shown).

3.4. Anti-prion components in PSK

We tried to separate anti-prion active components in PSK by
using polyacrylamide gel electrophoreses, such as SDS-PAGE,
DOC-PAGE, and native PAGE, but PSK constituents were not suc-
cessfully separated as distinct bands, even after PSK was dissolved
in 8 M urea or 6 M guanidine hydrochloride (data not shown).
However, the anti-prion activity of PSK was reduced when PSK
was treated with a protease and/or a protein denaturant
(Fig. 3A). Then, we tried to determine whether anti-prion compo-
nents in PSK were in the PSK-Pro portion (sugar:protein = 13:87)
or the PSK-Sug portion (sugar:protein=95:5). As shown in
Fig. 3B, the prominent anti-prion activity was observed in PSK-
Pro. Its ECsq value was 3.14 ug/mL, although that of PSK-Sug was
more than 50 pg/mL. To further study the active components of
PSK-Pro, we analyzed PSK-Pro using Sephacryl S-200 HR gel filtra-
tion chromatography. PSK-Pro showed a single sharp peak around
150 kDa, estimated with silver staining after SDS-PAGE, which was
eluted in Fraction-2 (Supplementary Fig. 1C, Fig. 3C). This high
molecular weight fraction sample of PSK-Pro had strong inhibitory
activity against the PrPres formation in ScN2a cells (Fig. 3D). The
results indicate that a ca. 150 kDa-sized protein-related substance
contains the main anti-prion component(s) of PSK.
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3.5. Anti-PSK neutralizing antibody in PSK-injected mice

We speculated why the effect on survival periods in PSK-in-
jected mice was not pronounced. Then, from the findings described
above, we presumed that the mice injected with PSK could produce
antibodies against PSK constituents that aritagonize the anti-prion
activity of PSK. To examine this inference, IgG fractions were ob-
tained from the Tga20 mice 1 month after a single subcutaneous
injection of 100 mg of PSK. After PSK was incubated with purified
IgG fractions at 37 °C for 3 h, its anti-prion activity was tested in
ScN2a cells. The IgG fractions purified from PSK-injected mice
showed neutralizing activity against PSK, but those from untreated
control mice did not (Fig. 4). This result suggests that the effects of
PSK in mice might be antagonized by anti-PSK neutralizing anti-
bodies produced in PSK-injected mice.

4. Discussion

In this study we revealed that PSK, a clinically used immuno-
therapeutic agent, is effective in inhibiting the PrPres formation
in cell models of persistent prion infection as well as prolonging
the survival period of prion-infected animals. The precise mecha-
nism of the PrPres formation is still enigmatic, but it is assumed
that PrPc molecules, which mainly localize in the lipid raft micro-
domain of the cell membrane, are altered to PrPres conformers
through direct interaction with PrPres molecules [17-19]. Thus
far, it has been demonstrated that lactoferrin [20] and some types
of anti-PrP monoclonal antibodies [21] inhibit PrPres formation by
affecting the PrPc turnover. PSK, however, neither altered the total
or cell surface PrPc levels nor modified the localization of PrPc in
the lipid raft microdomain. This suggests that the anti-prion
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Fig. 3. Effects of PSK-Pro and PSK-Sug on the PrPres formation in ScN2a cells. (A) Immunoblot analysis of PrPres was performed in ScN2a cells treated for 3 days with
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mL of modified PSK prepared by protease digestion in the presence or absence of protein denaturant as followed. PSK in water or 8 M urea was digested with 700 pg/mL of
proteinase K at 37 °C for 7 days and was dialyzed with water after inactivation of the protease by heating at 95 °C for 10 min. PSK control and untreated control in the
immunoblot indicate the PrPres samples from the cells treated with freshly prepared 20 pg/mL PSK or vehicle only, respectively. (B) Immunoblot analysis of PrPres was
performed in ScN2a cells treated with the indicated concentrations of PSK-Pro or PSK-Sug for 3 days. (C) Gel filtration chromatography of PSK-Pro was performed with
Sephacryl S-200HR. Molecular size markers in kilodaltons are shown as arrows on the top of the chromatograph. (D) Anti-prion activities of fractionated PSK-Pro samples
were examined by analyzing PrPres levels in ScN2a cells treated with the samples in a concentration of 3.75% in the culture medium for 3 days.
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Fig. 4. Anti-PSK activity of IgG purified from PSK-injected mice. Anti-prion activity
of PSK in ScN2a cells was neutralized by the addition of 1gG purified from PSK-
administered mice but not from vehicle-administered control mice. IgG fractions
were purified from Tga20 mice subcutaneously administered 100 mg of PSK (PSK-
injected) or only vehicle (control). ScN2a cells were treated with 20 pg/mL PSK
alone or with a mixture of 20 pg/mL PSK and purified IgG fractions for 3 days.

activity of PSK is not attributable to any apparent alterations in the
PrPc turnover of the cells.

On the other hand, cellular autophagy is known to facilitate the
clearance of abnormally aggregated proteins [15]. Aguib et al. have
reported that either lithium or trehalose enhance the clearance of
PrPres molecules in prion-infected cells through the induction of
cellular autophagy [16]. The present study, however, suggests that
PSK does not enhance this clearance pathway of PrPres molecules,
because PSK treatment of prion-infected cells did not induce auto-
phagosome formation. Furthermore, the direct interaction of
PrPres molecules with anti-prion compounds such as tetracycline
and doxycycline [22] has also been reported to facilitate the degra-
dation of PrPres molecules by protease digestion in vitro, but PSK
treatment of ScN2a cell lysate before or after protease digestion
did not influence the PrPres levels. This indicates that PSK does
not have activities that change PrPres molecules into PK-sensitive
conformers or proteolytically degrading PrPres molecules. Then,
taken together with the findings of the present study in the cell
models, it is likely that PSK inhibits the conversion of PrPc to PrPres
directly or indirectly through, as yet, unrevealed cellular factors.

PSK is orally administered in combination with other chemo-
therapeutic agents to cancer patients to enhance their immunity
to cancer. The anti-cancer activity of orally administered PSK has
been confirmed using some animal models [23]. However, orally
administered PSK did not prolong the survival periods of intraper-
itoneally prion-infected mice in the present study. This suggests
that high molecular weight constituents of PSK, which were shown
to be responsible for the anti-prion activity in prion-infected cells
in the present study, are degraded through the process of absorp-
tion from the digestive tract. In fact, it has been reported that al-
most all of the metabolites of PSK in the urine, feces, and bile of
animals orally administered PSK consist of low molecular weight
components [24]. On the other hand, subcutaneously administered
PSK was effective in prolonging the survival period of prion-in-
fected mice, possibly because it might be absorbed into the circu-
lation through surrounding lymph ducts and microvessels without
degradation.

In addition to the discrepancy in the effects of PSK in prion-in-
fected mice between clinically used oral dosing and subcutaneous
dosing, three other lines of evidence in the present study suggest
that the anti-prion activity of PSK is independent of the primary ac-
tions of PSK as an immune system boosting anti-cancer drug. The
first is that the anti-prion activity of PSK was mainly present in
the high molecular weight protein-related constituents, which
are totally different from the main components, polysaccharides,
responsible for the actions of not only PSK but also other immuno-
therapeutic agents, such as Lentinan and Schizophyllan, tested in
the present study [23]. The second is that neutralizing IgG antibod-

ies against the anti-prion activity of PSK were produced in the mice
that were subcutaneously administered PSK. Although some re-
ports have shown that anti-PSK polyclonal antibodies that can be
used to analyze the pharmacokinetics of PSK are produced in
immunized rabbits, it has never been reported that antibodies
capable of neutralizing the anti-cancer effects of PSK were pro-
duced in the mice [25]. In addition, low affinity antibodies are
more likely to be produced than high affinity neutralizing antibod-
ies if the antigens are polysaccharides. The third is that other
immunotherapeutic agents tested in this study showed no appar-
ent effectiveness in both cell and animal models of prion infection.
Therefore, the anti-prion activity of PSK is unlikely to be mediated
by activation of innate immunity as previously reported in CpG oli-
gonucleotide [26].

In conclusion, the effectiveness of PSK in both prion-infected
cells and prion-infected mice was demonstrated in the present
study. It was suggested that PSK exhibits the anti-prion activity
through a different mechanism from those already known in its
role as an immune system boosting anti-cancer drug. We could
not test the effects of PSK-Pro and PSK-Sug in prion-infected ani-
mals because of limited test sample availability, but it is evident
that PSK is a new type of anti-prion substance that may be useful
for elucidating the mechanism of prion replication. However, the
structure of anti-prion component(s) of PSK requires further
evaluation.
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