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Alzheimer’s disease (AD) is the most frequent dementia in the elderly. However, the currently
approved drugs’ effects on cognitive function are only slight, and novel drugs that improve memory
function and inhibit neurodegeneration are being developed. We have found apomorphine (APO) to be a
novel drug that targets amyloid-p42 (AP42) accumulating early in the neurons. In the present research
theme, using cultured cells, AD mouse model (3xTg-AD) and brain tissues of AD patients, we have
demonstrated 1) that the majority of AB42 accumulating in the neurons is the Ap42 oligomer with toxic
turn formation; 2) that accumulation of the toxic turn AP42 oligomer is associated wuth endoplasmic
reticulum stress; 3) that APO treatment promotes degradation of the toxic turn Ap42 oligomer; 4) APO
treatment is more effective for the AD mouse model than lithium treatment which inhibits
hyper-phosphrylation of tau protein; 5) that Apokyn®, a drug of APO for Parkinson’s disease patients, is
effective enough at low dose for memory function of the AD mouse model; 6) that the anti-AD effects
of APO is not simply due to stimulation of dopamine receptors; 7) that APO elevates the activity of
Insulin-degrading enzyme (IDE) in the cultured cells; and 8) that one of the molecular mechanisms of
APO effects may be inhibition of the insulin resistance leading to elevation of the IDE activity. In the
future, we will study about elevation of the insulin resistance in the brains of the AD mouse model and
effects of APO treatment on the insulin resistance, and develop new drugs for the brain diabetes in AD.



TR ERA

(BAREAL : 1)

[ERESES GiEESEE & &t
2010 1, 500, 000 450, 000 1,950, 000
201 19K 1, 300, 000 390, 000 1, 690, 000
201 29K 700, 000 210, 000 910, 000
I
& 3, 500, 000 1,050, 000 4,550, 000

REAYE - [ Hk
FIBFER 43R - AIF : PIRERBIRIES: - FEPIRLE
F—U— I RS TR

1.

(1)

2)

&)

WFIEBE AR AT D 5

T oA = —JF(ADTRFE A 72 EAEW
WHUETH V| FRICE LR LT
DHENVETITAE L CW\W5, BEAR
nTnzda) o277 —EREAOR
FIMSBELCE N R IX R EM T, F AP
JRZE M - i O IE PR A 7R & DR
AR LT BTV RnTzd, iRA
HTRHREE - EATINIE 3K D BASE 3R TH
FiETH D,

AD [ZRBI 7N O T I v A RpEH
(AB)DFERTFBEIERIEIZ 10~20 R
TL, MIZ v 7 AmEICLDE
77« FRABSREIN T, ETHICIIRED =
2—RBUICEDL EEND, ABEBICY
WEND ARBD 90%I% AR40 TH D03, I
FIICHEEE LT W DId AB42 TH Y | #
2 AB2A ) T~ —REERN L T R [E
ERLma—m U RERET LI EEZION
TWo, 207, £< O - &
DS ABEEAINIH], AV 2~ — OEEELE
oA ET 2 AN DR IER H 21T > C
W5, £, AU 7 FURohURIC L B
FE TR S AR AP BEEEINHI XS X
O e EERA b TS, b
OB RLIEAN B U TS5k o g R i BR
WHEATH T H M, Fll OERKIRER O
D DI B 72 16N R0 L 72 >

-7,

—J7, FexlizonE T, THRRMEN] I
T 5 AP42 @ p53 FEBUR AT LT
TR M= AOREER., FEE AD £
HOPS1 2 X DA Ap42 BRI X
LH7aT 7Y — LMl & pS3 EAMMNE
R L7z, - T, MR DO Ap42
LA UETOEAEHER L, S—F

()

2)

&)

4)

)

(6)

()

Y UIRIBIRIR D RN VR RIRT A=
FDO—2>THDLTHRENLT 4 2 (APO)H
M ABD 73 fif & (e, BRAL A b L APk
TR b= AWk FRE AD 71
~ U AP 3xTg-AD ¥ 7 AZH 1T 5 i Bk
REX> AD JRELAT &2 BRI SET 5 2 &
PR THOTHA L,

. WFgEDO AR

FRRAMBN D AB42 ARk - BEIC Db
Z/NARER) « S VK e =2 B Y — A
FROAIANEEREHSLER A ML AL
ABHER, AV I~v— BIORrRREHM
H— R L BNy AR Y S —
O BEE M A AT 5,

APO DMRAREER O T FD—2 b
LT, HEMRNOBER A b L 2 RE
\Zx9 % APO OB A MENTT 5,

BHEMBL LB L AD w7 A LL
T, APO LD RN U KT S =R
hEDOHEMEE T D,

BRI APO WLBRIZ X - THEAIC
BT HDEB TR T 07 7 A V& RN
75,

(IDE)DIEMEIZXT T 5 APO DREE % fif bt
SRR

DL ofEMr KA LT, APO @ AD J&I%
BB T DR 2D T1EREFH 5
WIIEFIEM 2y T2 RET 5,

. RO TTE

AB22-23 TRk 2 — XS % & 5 ABIE
SRR T P AIEERE L . Bmn



MRRFEARE SN TND, Foxld, 2
D ABFMES — EIEZ RIS D 11A1,
AB17-24 38T 5 4GS, AP42end & 7%
kD 12F4, T L CEsyFUEE ApA Y
dv—%FERT D ALl 72 EOHUEE A
T, ERT L=V 1PSHE F T A
7 =7 b L7=BE Ml SH-SYSY, AD &
TV ®D 3xTg-AD ~ 7 A(Z 5. APP - PSI -
TAU Bfa -5 A), b MiIRINZ, gy
BV AX Ty hTHRE L, &
72, ER A h L 2~=—#—® GRP78. #f
RPN E R IZ H )23 5 Rab4/Rab6 (2 5%3
LR TRIBROBETZITV, E O ARFE L
TS O N R DS BR T D DB MR
L7,

Q) ¥ VEBHORE U E{b(p-tau) & 7FE T
% GSK-3 {E M2 i 4~ 28 b Y 7o A
(LiCl) & APO DI A % 3xTg-AD v~ 7
AT L, FmMEFELIFHTLHZ LT

S ORDIBFNRPAE LT 20 E M L,

12 7 A B0 3xTg-AD ~ 7 A4 n=8 |28
WC, JETEHE, APO HUML, LiCl B,

APO+LIiCl @ 4 B£C, APO Smg/kg., U F
7 L (LiCl) 250 mg/kg %3 1 [B] 1 4 H D
B EAT o 1o, 1BWAIE T, U AKK
BEAEATIZ L 2 RE ) ORIl &2 TV, E D
BEEAR LT, IRk BR A BT L 72,

(3) APOITHIIIN D 7'V B FF o~ L3
X —B(GPx)DIE % EH- S8, B {b A b
L xR U CRfafRED R a2 HET 5,
ZTOEHBF 2D 7-00, 55
SH-SYSY ARAEIZAKIR B i Ee (b K
H,0, A& 2T, st LT APO AL
H, BILOMERREE LTI vy
(CBG)YMLER A ATV, & DRFICHRBLZS B &
i HE% DNA ~A 7 a7 LA Tfif
Mriv.

(4) SH-SYSY #ifads LU~ 7 A IDE IE M
1%, InnoZyme Insulysin/IDE Immunocapture
Activity Assay Kit (Calbiochem){Z & ¥ | #F
FILHE RO HOEHREL T THIE L7z,

(5) MRIEO®RT RH A L (AKN)Z, 6 » Hilin
D 3xTg-AD ~ 7 AZxf LT, 1 mgkg ¥
KOS5 mg/kg Tl —[El, —» AWM TFHE
54T o T2 (% 8E n=5), IRIFRIZ TEY R
KEKPEIZ X DREE S DT ATV, £ D
BIZEH LT, v=AZ 7 my MEN
R IE Y B fENT 21T o T2,

4. WFIERR

(1) 3xTg-ADIZ BT 5 AR A U o~ —Z Rtk
3xTg-AD ¥ 7 A TlX, £ 4 » Hlin L 05L&

B L ORI D Ap42 EFEMNEL D
EEINTWD, YT, MRHiRN O
11A1 Bt AREZREN 2 » AL W HBBLL, 5
r AERCAGS BX O 12F4 Btk & 720 . 7 o
ABTAINBETH-72(X 1), E-T. AP
AERRIELE 8 5 )T ABEALRT O C KW (CTF)
LV TCEMEY — U ENEC TR, £
— 0. mAURE AR42 AV A~ — LR mkE
ERIER ISR NEENET T 55

BTz,
2 m.o. 5 m.o. 7 m.o. 12 m.o.
bt '-‘, 20 ' _'. oAl i :."::f,,‘if"'&f' '_, A il _" ".,"‘.
4GS [P (i (1 s el

A SO LA - » :: 262, Mgt ,;',."-'.' & -, H 5.
E LRI | -7 L - A AR | ARSI, | TSR
HAL|T T gy TSNS g

All

12F4

1 3xTg-AD < = R fixi#B# (8 & CA1) D1 AB
AICL S RERE Bar=100 um

GRP78 ¥ L O Rab4,/ Rab6 Do Yeta s I
Ny xAHZ 27 ay hTiE, GRP78 X2 » A
#5C. Rab4,/Rab6 % 7 » His I L T
T7e —J7. 6 » AN 5 APO JHIEBILA LT
3xTg-AD ~ 7 A fEAk O AR M IZ 31T 5
1Al eI T LTEY . APO Xt Y —
U AR DR BIEL TWDH EE XD
niz, &5z, ZR PS1 FI72 R 727 b
SH-SY5Y Mila<<d ., MlalmcHiL T
AB42 D FERITTME X — AEE AB42 TH Y,
U APA2 AV A~ —DOEMIT I
EThol-, £7-. AD BEFHRMKTH, £
AR 11A1 Ye@dhEnigs < | RIBFIC
GRP78 & ifipGtETd o 72,

PLEORER XY | FiEEEREM S L <X
FEIE R X0 AR NS B e X — A
AP NEFRE L, ER A ML AZERTHZ &
CAFRR AN L 0 R E S B AR O R N R
T, ENMLIBRE EORBIE %2 BIET
LHAREMENB 2 DD, 0%, & Tk
AP42 AV T~ —FREIT X0 A PG % R
ERRESN, S HICRMEZ#EITT S, 1t
5T, APO 1RRIZ L 0 iRkt ok & —
IS ABA2 D RIEE S WIFFTE B,

(2) APO @ AD {BHEHNRICEBIT D KNI %
BIETI=A L LTOEMIZOWT
6 » D 3xTg-AD (T %4 % B F I 1R




TlX. APO & 1IHID RN U BIKT S =2
FCTHDTTIFY—(1 mgkeg) % &5
LThH, B, MREOELHIZBWVTY
NRERBOIRNoT2, £, APO DHiFR{L A
L2 TH D GPx IEME LFEIERHIC W
T, F/XX 2 DI, D2, D3, D4 ZAEMREHLIE
T, ZDOBITIMEI SN0 72, 72, DNA
~A 7 a7 LA YT, APO MLBER TR B ZS E)
THEIFOEIE, BO R U RIKT 2
= A RTHD CBG AFLL LR TIXDENITE
HThol-(tkik), LiEX Y, APO ® AD 5
PEAVE ORI ERFEVE - BUEB (LA N L A{EH
WCDOWTIE, R3S U2 RAKTIBEAE & 1351
DOHIBEN > 7T R DS RIE S T,

(3) LiCl & APO O HFHIBE OMET

1 » A APO i5# & LiCl IR O bz ¢
1Z. APO Hijhi L T8 APO+LICl TIXEE 10
HEEF - deEN A 57228, LiCl B <1l
TS FEB A R Sz, IMERRICB VT,
APO IR TR HIIE N ApES & W p-tau 1T 5 D
WY &5 T=08, LiCl TIE p-tau O H D
Toholz, > T, APO @ AD 1BELHEIT
LiCl £ v LHAfMETH Y, —F. APO+LICI ff
HIZ L 2N R d & o TR

77,

(4) APO OHL AD 1EH D4y 184+

K548 SH-SYSY fifidiz i\ T, APO ALEED
B BHELANVREENT 8L
% DNA ~A4 7 a7 VALKV LTz, &
OFEF, BID RN VEZRIKTI=A M Th
% CBG & T APO MLHRIC L W ¥ D&
R RENEE L TEY(F 1), APO IH#T
1L R U RARRN LA D 26k 70 55 1 1%
ERHEE S iz,

%= 1 H0, AP0, CBG WETHRREHT 518
1= F # (50. 585=200% LA L 1 fin ; <-0. 585=66%
LITFiE)

(n=3, p<0.05) > (0.585 <-0.585
H;0; vs. control ‘ 31 ' 17
APO+H,0, vs. H,0, | 1054 | 727
CBG+H;0; vs. H;0, . 84 . 85
APO+H,0, vs. ('B(;le(); 493 » 458

FEEINE G R TIE, MR ELR, B
AL A N VA, A AV 70 o TR
W< BE B RLI, BIUK TG FRET
1. AR ER CER Y R ERERE
Rf7e ERR NIz, E-> T, APO OHL AD

TEHDO—>2 & LT, ARV v 7Y T
[BH 23237 > TN D B[ REME SR IE Sz,
LR & 0 MBS RE S5 (HE SR W) & AD 0 BeE
TR . T, AD T THIAUKERIE ) <2 T
ORERIF | & LCTHEE &R TW5D, APO A%
WZEBA AV 7Y v TREEN IDE TR
P EF-36 KUY AB42 73 iRAEHEIZ 237240 2 FIRE
HHEZ BN,

(5) ZBHEPS1 N5 v A7 =7 MK OIDEIEME
(25 1) 5 APOTRHE D% Fe(in vitro)

FIEME AD 228 PS1 A A L7z SH-SYSY
AR CITMAEN AR fiEEESE Cd 5 IDE DIE
MK TNRBO LTz, &I, APO MLEIZ X
Y IDE {&MEN L L. APO O#HL AD 1M
D—oLEZ LT,

(6) 3xTg-AD ~ 7 ARMIZE1F 5 IDE i E&H-
& APO 1B D% E(in vivo)

WIZ, 3xTg-AD~ U A2 331 HIDED 7 =
2L T ay NBIOEEHREEZIT->72, 6
yr Al D3xTg- AD~ 7 AfH A% CTlE, non-Tg
YU AL KT IDEREA®RITSH E 507
1Z72 o TN EHPSI T A7 = 7 MR
EAFHRPRIVICIDEIE S EH LT Y (n=5),
ABRERITKT HREMEELRE X b,
Tz, EEERR1L, 178 L0247 Ao
3xTg-AD~ 7 A CIIMMERZ LW IDEDTE M
KR 28/ B 7= (1K2),

(A)
50.0
40.0
30.0
20.0
10.0

Non-Tg 3xTg-AD

40.0
30.0
20.0
10.0

MNsyB 11%R 245 A

X2 (A) 64 Amd <~ XD IDESEE
(B) 3xTg-ADRX IDE;EED MNikntE 1L

= (RFHE) T S 2 2

(RFHE) R ok X ol

& 5|2, APOIEHE3xTg-AD~ 7 A Jji CIZIDE
DFE A EIIZA72 0> 7253 IDEVE ME_EHAH )
DR BT,



(7) 3xTg-AD ~ 7 A2k 5 HilREET ™ A A
CRDIRIEEH R
HUE, /N—F% Y REBEE TR 2153
ELTHEDLDNTWATRIA kb Lz
& A, 1mgkg TH 5mgkg IEHTHAIR
WARKIESBEZ LT, Y AKKRKETHED
ﬁ‘finarﬁjja)&é%wu&)ﬁ_o

(8) 3xTg-AD ~ U ARMIZBIFT DT AIA L ®
BIRICE DA R Uit E

MR ICB T DA A Y SRPIED &
FfREE & LT U VBB kA v R Y U RS
EJ@m&nmﬁmsl’ﬂﬁéw@ﬁM@
HMHNTWD, Fxix, 3xTg-AD ~ 7 A figifd
kD pIRS-1 ® APO IBRIZ X 2% D = A
&VnyFMEKi@@%LAMO%ﬁ
\Z &V pIRS-1 DAL M 278 72 (X 3),
7 . pIRS-1/#2 IRS-1 bt % IEHEIZ mﬂﬂﬂbé
BE> T, APO VBHRIC L DMk DA A Y >
BHMHIETBIRS v 2V 7T o)
DYUEP R ST,

APO-0 mg/kg APO-5 mg/kg
1 2 3 4 5 6 7 8 9 10

”.h-""’ [ -

X3 64 B#hdxTg-AD< 9 R IZ:B—E— 4~ AR
APORE FiE5T & D iR D pIRS-1MDWB

PLEX Y APO VBHRIEZ AD ~ 7 A 4%
MBI A A VAR SEL, £
ALY IDE 1EME % E5- S8, st o
APIREIRET D EE Z B, AD OFEIES
EEIC SN D %%ﬁ%@ﬁ*ﬁﬁ?wé
iz, Gtk. MHFEREEE HERFE 2 5 0F LT
hEAvaz%wmb\é%_Mmmﬁ
FA 2B X OV OIBIRIER & R4
LHTECTHD,

5. FpFEEFm L
(WFgeiksEFE . ot
Y

Gy K ONHEHERIT TR (2

GEssamc) Gt 9 1R)

@D Himeno E, Ohyagi Y, Ma L, Nakamura N,
Miyoshi K, Sakae N, Motomura K, Soejima
N, Yamasaki R, Hashimoto T, Tabira T,
LaFerla FM, Kira J: Apomorphine treat-
ment in Alzheimer mice promoting
amyloid-f degradation. Ann Neurol 69:
248-256,2011. (& HH)
DOI: 10.1002/ana.22319.

@ MalL, Ohyagi Y, Nakamura N, linuma KM,

Miyoshi K, Himeno E, Soejima N,
Yanagihara YT, Sakae N, Yamasaki R, Kira
J: Activation of glutathione peroxidase and
inhibition of p53-related apoptosis by
apomorphine. J Alzheimers Dis 27: 225-237,
2011, (EFHA)

DOI: 10.3233/JAD-2011-110140

@ RI\KRRBCAIRANT I v A Rk L O
LA b L RAZRRN & T DI . 7 RE
VT g v BERARER 51: 884-887, 2011. (F
B3]

@ Ohyagi Y: [Chapter 12] Therapeutics
targeting intracellular amyloid pB-protein in
Alzheimer’s disease: A novel effect of
apomorphine. Advances in Alzheimer
Research 1: 272-290, 2012. (£ 1)

DOIL: 72 L

(® Ohyagi Y: [Editorial] Apomorphine: A
novel efficacy for Alzheimer’s disease and
its mechanism. J Alzheimers Dis & Parkin-
sonism 2: €122, 2012. (& A)

DOI: 10.4172/2161-0460. 1000122

® RI\KRRBCAIIRANT I v A Rk L O
fEA N VR ZAER) &3 DIR0EE. MRk
BE77: 158-164, 2012. (£ Hi 1)

@ Soejima N, Ohyagi Y, Nakamura N, Himeno
E, linuma KM, Sakae N, Yamasaki R,
Tabira T, Murakami K, Irie K, Kinoshita N,
LaFerla FM, Kiyohara Y, Iwaki T, Kira J:
Intracellular accumulation of toxic turn
amyloid-f is associated with endoplasmic
reticulum stress in Alzheimer’s disease. Curr
Alzheimer Res 10: 11-20, 2013. (£ FHiH)
DOI: 10.2174/1567205011310010003

Ohyagi Y, Miyoshi K: Aluminium and
Alzheimer’s disease: An update. J Alzhei-
mer’s Dis & Parkinsonism, in press, 2013.
(&E#A) DOIL K&

@ KRARRE : &ﬁﬁ?’ﬂ/“//\% ~ =
B SEBH 7 MR N AR 4y 19 B
RENLT 4 IR *Efﬂfx/’*fif%, Eﬂ
il H, 2013, (FEFLEE)

(Fa%kR] Gtotk) (FERbo)

(D Ohyagi Y et al: A new apomorphine therapy
for Alzheimer’s disease. 135th Annual Meet-
ing of American Neurological Association.
San Francisco, USA, Sep. 14, 2010.

@ Ohyagi Y et al: Apomorphine treatment in
Alzheimer mice promoting amyloid-f
degradation. Alzheimer’s Association
International Conference on Alzheimer’s
Disease. Paris, France, Jul. 18, 2011.

@ RINARBCHBNT v 4 Nk L UEE
fEA NV AZER E T DK« 7HRE
VT 5 52 [A H AR AR N R,
AR, 201145 A.



@ RNAKEE . 7Y A = —IFDOHHIR
P~ RN T I e A FpEAB X
OEEA DLV RAEAFEH & 5T RENLT
« ~~ BioJapan World Business Forum,
BEUE, 20114510 H.

® RNAARCRE, PAHZFEE, BISET EEY
HE, HERE— MaNT e A R0y
TIRE L TAREN T ¢ IR, 5530 [ H
AGBIE PR PITEE S, HL, 2011 48 11
H.

® Ohyagi Y et al: Intracellular accumulation of
toxic turn amyloid-f associated with
endoplasmic reticulum stress in Alzheimer’s
disease. 42nd Annual Meeting of Society for
Neuroscience. New Orleans, USA, Oct. 15,
2012.

(@ Nakamura N, Ohyagi Y, et al: Treatment
with apomorphine and lithium in mice with
Alzheimer’s disease. 42nd Annual Meeting
of Society for Neuroscience. New Orleans,
USA, Oct. 17, 2012.

® KIAKLREC:AAFRAIIIN T 2 2 A KBSy
TR L T ARENT 4 RO, &
30 [A] B ARG IR A2 &, AETL, 2012
F11A.

©@ KINRBEL : 7Y A <~ —TUZBHIE D
53 T HE L IRIRERNE . 55 86 [l H ASEHL
eI —, @, 201343 7.

(XE) (G o)

(P 5 M P A )
ORI (B0 )

OBAFRIL (B0 1)

(ZF Dfih)
R hr—
FUIN KR 2B = A FE Bk N B 2

http://www.med.kyushu-u.ac.jp/neuro/
6. WFZEHLAE

(1) WFgEfR s

KIUAK  {REr (OHYAGI YASUMASA)
JUM R « REFEBEE S SERE - 2%
Fges 25 1 30301336

(2) WFze oy
BRVBIAARTS HF (1INUMA/MOTOMURA KYOKO)
JUIN KT « RFPEEFIFZERE - Bk 2
e 35« 20380644
2% {E% (SAKAE NOBUTAKA)
JUNRE: « KEFIRBE - Bh#

e 35« 80423523

(3) HHEAF I

HRIRE  HEME (NAKABEPPU YUSAKU)
UK - AEARBETEIEE SR T T - 2%
e 35 30180350



