SORST
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3300 36
60
CREST
SORST
AB
Lam
AB
AB
AB
AB
LRP-1

co-receptor

2400 12 15
(AB1-40, AB1-42)

CREST
AB

AB

AB AB
Zlokovic
low-density lipoprotein related protein (LRP-1) P-
CREST
AB
AB
AB
AB
AB
LRP-1
AB
LRP-1  AB
AB
P- ABCA1 AB
AB



4 2 AB
1 AR
1
AB in vitro assay CREST
in vitro
(TM-BBB TR-BBB) AB AB
in vitro
60
2 invivo ApB
AB cholesterol
cholesterol
LXR
cholesterol
Apo-E  subtype cholesterol
LXR ligand 24S-0OH cholesterol
AB
AB AB
LRP-1 insulin
CREST
Western bloting
AB AB
129) ELISA
AB
AB
(LC-MS/MS) 37 1fmol/assay
LC-MS/MS
in silico
LC-MS/MS AB
13 fmol/assay
AB
AB
SORST
AB AB



AB

AB
AB
invivo  in vitro
AB
AB
LRP-1 P-
4 2 AB
1 AB
CREST in vitro
(TM-BBB)  AB
in vitro
60
2 invivo AR
AB
LRP-1
AB
AB
insulin LRP-1
AB
AP
AB
AB
AB
TR-BBB TR-BBB 129) hAB(1-40)
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AB
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TR-BBB hAB(1-40)

MEF1

hAB(1-40)

TR-BBB hAB(1-40)
LRP-1
LRP-1 hAB(1-40)
LRP-1 co-receptor hAB(1-40)
LRP-1
TR-BBB LRP-1
Zlokovic AB
co-receptor AB
TR-BBB
CREST
CREST
B AB
AB
AB
AB
AB
AB
AB
Brain Efflux Index
in vitro
(TM-BBB, TR-BBB)
AB
AB
AB
AB
AB
AB

125)_

TR-BBB
AB
AB
in vivo
CREST



(LC-MS/MS)

in silico
LC-MS/MS AB
(TR-BBB)
AB LRP-1
- B
(1)
AB
B (AB) low-density lipoprotein
receptor-related protein 1 (LRP-1) P- (P-gp/MDR1)
ABCA1 AB
AB
LRP-1, P-gp, ABCA1  AB
AB
1 1 hAB(1-40)
Human AB(1-40) (['®°I]hAB(1-40)) 1.6 x 102 (min™)
['#°1]hAB(1-40)
0.69 mL/g brain 11 pL/(min g brain)
influx 4517 ['#1]hAB(1-40)
hAB(1-42) hAB(1-43)  hAB(40-1)
8 (J. Neurosci. 24:9632-9637

(2004), Neurosci. Res.. 56:246-252 (2006))

['%1]hAB(1-40)
1.5x 10% (min™")

hAB(1-40) 0.77 mL/g brain
12 yL/(min g brain) influx
2-10 BBB hAB(1-40)
A B ['2°1]hAB(1-40)
s 0,015/ (A)
- ¢ [*°I]hAB(1-40)
24 33' & g 0.010 (B)
B 801 £l
8 704 §< .
2 5l §= 0.005 ’
50 §=
(1T}
03 30 60 Uy e M e
Time after administration (min) Concentration of AR(1-40)

in injectate (M)



1 2

hAB(1-40)

dimerization

hAB(1-40)  dimer
['®I]nAB(1-40) ApoE2, ApoE3, ApoE4 4 3 incubation

monomer

15, 17, 20% lactoferrin, midkine, activated a2macrogloburin
25,16,12 % ApoE2, ApoE3, ApoE4, lactoferrin, midkine, activated
a2macrogloburin pre ['#°1]hAB(1-40)
AB LRP-1 ligand
LRP-1 ligand LRP-1
LRP-1 ligand hAB(1-40)

103:2482-2490 (2007))

(J. Neurochem.,

(A) Gel filtration chromatography (x 102 1 (B) BEI study
2
Monomer {fraction 35) Dimer (fraction 33) I
5 (TJ 1 (D) = 151
= Eay ¥ £
o 4 o 8 E
= £ 6 1
s’ ﬂ = 2
o 2 o 4
(3] 3]
1 2 0.5
0 0 **
1 10 20 30 39 1 10 20 30 39 ﬁ_
Fraction numbers Fraction numbers 0 ;
Monomer Dimer
hAB(1-40) dimer (A) Monomer dimer hAB(1-40)
(B) Monomer dimer hAB(1-40)
(c) 1204
c 1004 T'L I
Eg 1 | .
253 «
EgH 404 .
BR T
B4 ['®°I]hAB(1-40) activated a2macrogloburin
) (black bar) activated a2macrogloburin
Tme 2 60 2 60 2 60 (gray bar)
(rmin)
at .L"bl‘
f?éa:; B" &
NS @‘S%n oF
Qﬁﬁﬁ O o
SR
S &
“ uéﬁp
1 3 hAB(1-40) LRP-1
Zlokovic LRP-1 hAB(1-40)
['1]hAB(1-40) human RAP RAP
(receptor-associated protein)LRP-1 20% LRP-1

20% (Neurosci. Res.. 56:246-252
(20086))
Zlokovic
['?IhAB(1-40) RAP
LRP-1 ['#I]activated a2-macrogloburin (a2M*)
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['®lja2M*  LRP-1 RAP

LRP-1
hAB(1-40)
LRP-1 (Neurosci. Res..
56:246-252 (2006)) in vitro BBB
(TM-BBB TR-BBB) ['#11hAB(1-40)
RAP LRP-1
RAP
LRPs (J. Cell
Sci., 117:5071-5078 (2004)) LRP-1 in vivo
T0 4 700
s 00— |n2rﬂb?:2n ! ir:h?b?t?zn G- F
gm | * #* 50
é 48 1 Pre-administration effect ":E 4
': 30 4 of LRP antagonist on E 3
ko [125[]h AB(1-40)
920 ; elimination from rat 20
10 brain 104
Human . + . + O Contra  RAP
<: ::;, Fasted Fed 151N
['®1]hAB(1-40) RAP RAP
['#1]hAB(1-40) 20%
RAP
110
E
Ea % 1001 g 5 Q 5
2T
%éi 80
S&e
o+~
£
60 T T T
0 30 60 90
Time {min)
['®1]a2Mm*
1 4 hAB(1-40) P- (P-gp/MDR1)
MDR1 AR
J. Neurochem., 76: 1121, 2001  [*°IhAB(1-40)
MDR1 Quinidine  Verapamil
MDR1 (Neurosci. Res.. 56:246-252 (2006))



The inhibitory effect of several compounds on the elimination of [*IJhAB(1-
40) from rat brain

Inhibitors Concentration No. of BEI (%) % of
n njectate studied control
Control 5 60.0 &£ 3.8 100
Quinidine 5mM 4 623+24 104
Verapamil 4mM 5 65.0+ 1.2 108
Human RAP 5pM 5 478+ 147 79.7

Inhibitor solutions (50 pL) were pre-administered 5 min before administration
of ['*I]hA((1-40) (0.02 pCi) and [*H]dextran (0.20 p.Ci) into the same brain
region. []zi[jhAB(l—‘l(}) was used at a concentration of 18.2 nM (i.e. 0.6 nM as
the cerebral concentration). The value was determined 60 min after intracer-
ebral administration. Each value represents the mean 4+ S.E.M. mp < 0.01,
significantly different from control.

['#°1]hAB(1-40) RAP, quinidine, verapamil
1 5 AB
B AB
['*°11AB(1-40)
(TR-BBB)
ABCA1, 2, 3, 4, 5, 6, 7, 8/9 mRNA (Biol.
Pharm. Bull., 27:1437-1440 (2004), J. Neurochem., 95:294-304 (2005))
ABCA1 AB
Liver X Receptor (LXR)
AB LXR ABCA1
ABCA1 AB AB
ABCA1 LXRq LXRg
(TR-BBB ) TR-BBB LXR
ABCA1 (Neurochem. Int., 52: 669-674 (2008))
ABCA1 AB(1-40)
(Neurochem. Int., 52:955-961 (2008)) LXR
ABCA1 LXR
AB
100+
N.S. (p=0.221)
£ 80+
E % %60- I
££ 20+
Comparison after 80 min of remaining in the
ipsilateral cerebrum of [1251] hAB4 49 between wild
0 type mouse and ABCA1 homozygote mouse
Wild type ABCA1 homozygote (s nag . (0012 uCi) and [PH] destran (012 pi) dissolvad in 030
(Male) (Male) 1L of ECF buffer was injected inta the 52 region of mause brain. Each
1 weeks 11 weeks ;;ﬁ.fgtrerﬁggesen1s1he meantS.E.M. (n=3-4). N.5. no significant
hAB(1-40) ABCA1 ABCA1 KO
60  hAB(1-40) Wild type
AB
hAB(1-40)
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LRP-1 P

ABCA1

2 1 Affinity cross linking hAB(1-40)
hAB(1-40) closs link biotin
transfer streptavidine beads
F N A
2 2 S A8
in vitro
(TM-BBB) S mRNA S
Oocyte ['%1] hAB(1-40)
S A8
2 3 F AB
TM-BBB F subtype  mRNA
TM-BBB hAB(1-40) F
agonist in vivo hAB(1-40)
ligand
F ligand ['®I] 90
F  ligand hAB(1-40)
F ligand
hAB(1-40)
F
F
subtype 1 fmol/ug protein hAB(1-40)
1 fmol/ug protein
F A8 F  ligand
F
2 4 N AB
TM-BBB N subtype  mRNA
LC-MS/MS
subtype C TM-BBB 3.8 fmol/ug protein
TM-BBB ['#1]hAB(1-40) N
agonist in vivo ['#1]hAB(1-40)
ligand
N ligand 19
N hAB(1-40) F
N  subtype C ligand ['%]
hAB(1-40) siRNA TM-BBB
subtype C  mRNA 53% ['?°1] hAB(1-40) 29%
N  hAB(1-40) hAB(1-40)
2 5 A AB
TM-BBB A subtype
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LC-MS/MS

0.025 -

0.020 1

Kefl (min™ 1 ]

0.005 1

0.015 1

0.010 1

AB
(TM-BBB ) ['*°1]AB(1-40)

60 AB
TM-BBB ['2°1]AB(1-40)
['*°1]AB(1-40)

AB

LA

i

X ['2°1]AB(1-40)

1“

AB neprilysin

['#1]hAB(1-40) neprilysin thiorphan (1 mM),
phosporamidon (10 mM) 16%, 21% (J. Neurosci., 24:9632-9637 (2004))

hAB(1-40) 16% neprilysin

BEI ['%1] hAB(1-40)

hAB(1-40)

80

70

60

50

40

Brain Eflux Index [%)

o

LC-MS/MS hAB(1-40)

hAB(1-40) hAB(1-40)
hAB(1-40)

15.1% 20 8%
nhibition  nhibition
3 W

['%1] hAB(1-40)
neprilysin

" Contral Thiorphan Phospho
{1 miM) ramidan
{10 mid)

AB(1-40)

11



AB

['*°IAB(1-40)
LRP

hAB(1-40)
LRP

hAB(1-42)
RAP

LRP-1
LRP-2

(TR-CSFB)

['*1]hAB(1-40)
LRP-1

REMNRSEOEREL

\\tm 132 min

11.7 p L/(min-head)

g

CSF concentration standardized by dose
(% of dose) / ml CSF)
8

10
0 10 020 3 400w
Time after administration (min)

['*°1AB (1-40)

A, Native peptide channel

hAB(1-40)

AB AB

13
RAP, o2M*
AB(1-40) LRP
LRP-1  LRP-2
1.2 fmol/ug protein
LPR-1
CREST
TR-CSFB  LRP-1
TR-CSFB  LRP-1siRNA
['#1]hAB(1-40)
LRP-1

in vitro model

hAB(1-40)

IAMANANEAD) 30 AT AT

CSF concentration standardized by dose
{(% of dose) f ml CSF)

B, intemal sndard pepide channel

peBuYuE

X N
288544

BN BRT

NARRRE]

Fig. 1 LRP1 protein expression in TR-CSFB3 cells.
a

The WypsIn-akpEed pepEces (100 ug) 3N
Ficked ko LTHSMS.

TR-CSFB

AB
hAB(1-40)

hAB(1-40)

PEEEiGg

i H
F,
. A

MMz 1tan0an peptios £00 Ml e m)

Xedand me muure was

LRP-1

Liver Uptake Index(LUI)
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['%°1]hAB(1-40)

(2006)) 10uM hAB(1-40)
10.5
cytosol
hAB
RAP
LRP-1 siRNA

['?°1]hAB(1-40)
['#°1]hAB(1-40)
13 7

13

(Pharm Res., 23:1407-1416
['?1] hAB(1-40)
FITC-hAB(1-40)
['2°1]hAB(1-40)

hAB(1-40) 17-24
['°1]AB1-40 2uM
LRP-1
LRP-1
1
LRP-1 western blot 7
LRP-1
LRP-1
LRP-1

Table L. Effect of Various Substrates on AR(1-40) Uptake by Rat Liver

Extravascular

Percentage

Substrates extraction (%) of control (%)
Control 695+ 2.3 100 =3
100 pg/mL insulin 065+ 3.4 96 + 5
100 pg/mL fucoidan 668+ 2.3 96 + 4
I mg/mL AGEs 5924+ 1.4* 85+2
1 mg/mL control BSA 69.0 +2.7 99 = 4
2 uM RAP 363 £ 3.1 52+4

AGEs, advanced glycation end products; BSA, bovine serum
albumin; RAP, receptor-associated protein.

Substrates dissolved in 200 uL. Ringer’'s HEPES buffer (pH 7.4) at
the indicated concentrations were injected (.5 min prior to
["*"TJAB(1-40). Each value represents the mean + SEM (n = 4-6).
#p o< (L05, ¥¥p < 0.01, significantly different compared with controls.

hAB(1-40)

A
RAP** RAP

LRP-1 | -

¢ & & ﬁd“'b

]
-

e

LRP-1 |- - -|

“.ﬁ;ﬂ;“ | _— -—l

—

-

8 R 8F&
T T

15 o
10 o

Extravascular extraction (%)

= ¢
1

B
— 354 _
)
gL
5 25
[
g 29 =
; w18
E 15 7 £1.2
E 10 g 0.8
g 54 B04
u o, : & 0
RAP* RAP
RAP
(A) hAB(1-40)

LRP-1

q»‘é}s? f? rs‘&mb

LRP-1

«° I@?" o
& & &
& &
Liver LRP-1
(B) LRP-1siRNA
(C) ["°1hAB(1-40)
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Insulin Il AD

insulin AB
(Mol. Pharmacaol., 72:850-855 (2007)) insulin
plasma membrane LRP-1
whole cells lysate LRP-1
LRP-1
['1]AB(1-40) insulin
2 uM RAP insulin LRP-1
insulin
LRP-1 AB
insulin Il
AB AB
_ 80
aé 70
_2 60
E‘_ 250 - Clwholetysate o+, § ..E 50
E g 200 - ot ;’f% 40
= 8 150 - i3 30
2% g 0
o E"E 1{“] - -E 10
Q= w
o 50 0= T T 1
0 3 5§ 7 10 15 0 5 10 15
Insulin treatment (min) (C Insulin treatment (min)
Insulin LRP-1
Insulin ['2°1]hAB(1-40) o
RAP e
7 1) ABCA
1-5) (TR-BBB)
ATP binding cassette (ABC) transporter ABCA1, 2, 3,4,5,6,7,8/9 mRNA
LXRq LXRg
(TR-BBB ) TR-BBB LXR
ABCA1 (Biol. Pharm. Bull., 27:1437-1440 (2004),
J. Neurochem., 95:294-304 (2005))
cholesterol
ABCA1, ABCG1 LXRs LXRg (J. Neurochem.,
100:968-978 (2007)) (TR-CSFB) 24-S(OH)
Cholesterol ABCA1 ABCG1 mRNA
ApoA-1 (HDL) [*H]-Cholesterol ~ TR-CSFB
apical 24-S(OH)cholesterol ApoE3
[*H]Cholesterol  apical , apoE4 30 ApoE4

Cholesterol
apoE isoform
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O apoE3

mapoE4
3.0
& 25
%
F] ]
B 20 (TR-CSFB)
%% 15 cholesterol release LXR ligand
%:’; ' 24-S(OH)cholesterol
g“‘ 10 Apo E3 acceptor Apo E4
g acceptor
L
ﬂE‘EL 0.51
L1}
confral 24-0H-chel
7 2) Cholesterol
ApoE4
AB ApoE4
Cholesterol cholesterol de novo
Cholesterol cholesterol
24-S(OH)cholesterol
cholesterol 24-S(OH)cholesterol 103
(J. Neurochem.,
103:1430-1438 (2007))
oatp2 24-S(OH)cholesterol
cholesterol
Ab
200+ NS

100
a0 NS
80 ® NS

3 =

7 E - =

- |.I_.I = :%"“

2 o 8=

o = oW

o 2 o o

T< 58

= E * £ = T04 E

55 s €

g e > & 60

E 8 100- o £8 s0-

55 o0 w 53

T s

&5 807 £ 5 40+

8 8 E 8

e g 704 c =

g £ 52

o £ 60 1 T 1 4 £ 30 , , !
0 30 60 90 0 30 60 20
Time after cerebral administration (min) Tirme after cerebral administration (min)

24-S(OH)cholesterol 103

cholesterol
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Parenchyma
[‘j

CSF

= @T - Attenuate the

AD pathology

e - sl = s ,@ Prmmmmm e — e ——
=fUopliogencsn|  Olgomer | Tooraenesil i » Activate LXR :
Cs e 1 » Induce apoE3 expression
~ It~ HETEREES POt 2! pran
Promote the
AD pathology Fibril Cholestergl-rich ~ Cholesterol-poor  ApoAl
lipoprotein lipoprotein ApoE3
apoE4-lipoprotein

(cholesterol-poor)

~. !
~J Transcription

ke o cholesterol
BBB | BCSFB
%":r;m:“unn&; ?&Eﬁﬂ'&ﬁ?‘f 1, L0
Blood BooniCor b 240 OH ol DS pirondosarl
LRP-1 hAB
AB
siRNA
siRNA
siRNA in vivo
in vivo
Ab
in vivo siRNA
8 1)siRNA
CREST
OAT3 in vivo siRNA
In vitro OAT3
siRNA 3 Hydrodynamic
siRNA OAT3
(Biochem Biophys Res Commun., 340(1):263-267 (2006))
in vivo
8 2
0.1%
PECAMA1
(Pharm. Res., 24 588-694 (2007), J. Neurochem., 104:147-154
(2008))
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= 1024 o 1027
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%11} E ﬁ 10 4 e
5 5 o+
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D 200 400 8O0 800 1000 0 200 400 600 80O 1000
58C §5C
PECAM1 (PE) FACS
86% pupulation PE
PE
(LC-MS/MS)
AB
CREST
(LC-MS/MS)
AB
AB ELISA
AB AB AB
LC-MS/MS AB
9 1
PCR mRNA
AB
LC-MSMS
37 1 fmol/sample

(Pharm. Res., 25:1469-1483 (2008))
36
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9 2 in silico
LC-MS/MS
(Pharm. Res., 25:1469-1483 (2008))
in silico
AB
Criteria for flirst selection (requirements)
For detection using mass spect romietry
Lengtth between 6 and 16 amino acids
No posttranshational modifications
o single mucleotide polymorphizm
For complete digestion with trypsin
Mo tmnsmembrane region
No continuaous sequence of arginine or lvsine in digestion region
Far stability of peptide
No methionineg or cysicine residues
Far stable sotope labeling
Comtninimg one of leucine, isoleucine, valine, alanine or proline
residue
Criterla for seeond selection (additlonal conditions)
Length between £ and 10 amino acids
Mo histidine residuie
in silico
In silico
~= 3504 -
In silico

in silico

10 fmol; @  Human serum albumin
= 10 fmol; ©

Human serum albumin

’ 1000
of . °
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2 ) o
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10 102 103 10¢ 105
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10° count

9 3 AB
AB
AB
AB ELISA
(UPLC-MS/MS)
AR 13 fmol/sample  hAB(1-40)
ELISA
(x10%) (x109) = [SN]hAB(1-40)
6.0 10 4 (4.9 min)
-5 ion _channel -5 ion channel
hAB(1-40) T (hAB(1-40Y) TTI5NTHAB(1 -4
4.0- 145 mi) (hAB(1-40)) ([5NJhAB(1-40))
ey 5.0
2.0 T
E 0 L T “""T‘*‘l'M!L“‘ T T T T 0 T f T T T T T
£ (o (x10%)
s 1.0 8.0
E -4 jon channel -4 ion channel
(hAB(1-40)) (['SN]hAB(1 -40))
0.5 \ 4.0
U_MI&JNL'“{ T 0 T T T ‘l T T T T

0 2 4 IB é 1II:| 12 1I4 0 2 4 6 B 10 12 14
Retention time (min)
hAB(1-40) UPLC-MS/MS
N hAB(1-40)

(2
AR 2 LRP ligand
AB
570 pg/min
Ap 41 pg /(min g brain) Ap
10 20
LRP-1 20%
AB
AB
Ap 1
70 LRP-1
LRP-1
AB
invivo AB

AB
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Brain

Brain interstitial
fluid Al levels:
0.3-12 nM

Cligomerize
Complex fomation

AB(1-40)
/ —

Degradation
2%,//

Blood
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Ap levels:
gA 0.05-2nM
570 pg/(min gbrain)
601-80%
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d Lt
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E
Lo b W
0-20% 3 min :
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Ap levels:
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Pharmacoproteomics (PPx) : Targeted Absolute Quantitative

ProteomicsIZE DCRIZEREZDNFH 1 LT TH

1. REE-BER-FrorI)L-EEBELGEDA R IEL AL
D SEBRIEIT
2. 8O OEMERIE
3. MEDREIZLBin vivoll e DB IS E
4. InvitroMbEMREETOFRIZER
:

A

WS REE Frdn

LC-MS/MS
Pharmacoproteomics
““In vitro LRP-1 hABR(1-40)
(1)
In vitro LRP-1 hAB(1-40)
TR-BBB a) TR-BBB '] hAB(1-40)
b) TR-BBB ['#°1]hAB(1-40)
c) TR-BBB ['?°1]hAB(1-40) LDL family
d) LRP-1 MEF1
e) LRP-1  hAB(1-40)
TR-BBB LRP-1
hAB(1-40)
LRP-1 ['#1]hAB(1-40)
TR-BBB LRP-1 hAB(1-40)

(J. Biol. Chem., Epub ahead of print)
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- =
-2 ®n S 40t
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= 0 apE =
_— - % 207
S =10 B
S o
time [min]
TR-BBB ['?°1]hAB(1-40) (B) MEF-1
TR-BBB LRP-1 (A) ['®I]hAB(1-40)
2)
Zlokovic AB LRP-1
LRP-1 AB
co-receptor AB
co-receptor
TR-BBB
AB in vitro
TR-BBB MEF celis
B
= ¥
E =) X
L
w) D
o recepte internalized NOT NOT NOT
internalized internalized internalized
TR-BBB hAB(1-40) co-receptor
5-1) AB
AB
(Selkoe,
2001) Iwata  (2000) neprilysin
Ap (1-42) neprilysin
(lwata et al., 2001) AB
endothelin-converting enzyme (ECE) insulin-degrading enzyme (IDE)
(Eckman et al., 2003; Farris et al., 2003) ECE pH
AB IDE  Ap
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AICD (Farris et al., 2003) Neprilysin
AD AR (lwata et
al., 2004) neprilysin somatostatin
(Saito et al., 2005) Neprilysin
(lwata et al., 2002) somatostatin
neprilysin AD

AD
apolipoprotein (apoE)
AB low-density lipoprotein related-protein (LRP)
(Arelin et al., 2002; Wyss-Coray et al., 2003;

Koistinaho et al., 2004) AD receptor for advanced
glycation end-product (RAGE) scavenger receptor folmyl peptide receptor-like
(FPRL) AB Heat shock protein 90
AB (Kakimura et al., 2002) high mobility
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