[15:40 - 16:10]

Development of Inhibitors of B-Amyloid Plaque Formation
Dong Jin Kim

Life Science Division, Korea Institute of Science and Technology, P.O. Box 131 Cheongryang, Seoul 130-650,

djk2991@%kist.re.kr

Alzheimer’s disease (AD) is the most common form of dementia in the aging
population and is clinically characterized by a progressive loss of cognitive abilities.
Pathologically, it is defined by the appearance of senile plaques - extraceﬁular insoluble,
congophilic protein aggregates composed of amyloid B (AB) and neurofibrillary tangles (NFTs)
— inyracellular lesions consisting of paired helical filaments from hyperphosphorylated
cytoskeletal tau protein as described by Alois Alzheimer a century ago. These hallmarks still
serve as the major criteria for a definite diagnosis of the disease. Consequently, one of the key
strategy for drug development in this disease area focuses on reducing the concentration of
cerebral AP plaque by using substances that inhibit A fibril formation.

We focused on developing inhibitors by synthesizing several kinds of aromatic
molecules. The synthetic compounds were initially screened to evaluate the effective compound
by tioflavin T fluorescence assay. The selected effective compounds were tested cytotoxicity
and protective effect from A-induced neuronal toxicity by cell based MTT assay with HT22
hippocampal neurons. The BBB permeability on effectors was also tested in in vitro co-culture
model (HUVEC/C6 cell line). The behavior test was carried out in mutant APP/PS1 transgenic
mouse model of Alzheimer’s disease. And inhibition of AP fibril formation by the effective

compound was monitored with transmitted electron microscopic images.
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B-Amyloid

Gamma {y) secretase cuts

. and contributes

STEP 2

} § 40 | +» Harmless and

cleared away

Toxic.

i Accumulates

e
Beta-amyloid peptide”

to amyloid plaque

( MEDICINES TO
INHIBIT GAMMA-

EDICINES OR
VACCINES TO
PREVENT OR
ELIMINATE

Anti-amyloid strategies

Drug Class Aim Pros Cons
-Secretase .
B. . Decrease A§ synthesis BACE KO mouse are normal | In human ?
inhibitors
y-Secretase . Decrease AS in mouse Side—effects associated with lack
inhibitors Decrease AB synthesis model of other membrane proteins
Metal Prevention of aggregate formation | in mouse model, glarm t.he Ih!rain pinati ith
chelators . loguinol In combination wil
by metal chelation (Zn, Cu) decrease Af plaque Vitamin B12 is in clinical.
AB fibril . . In vitro,
inhibitor Prevention of aggregate formation decraase AS plaque ?
. In TG mouse,
AB Immune response against decrsase AP plaque Phase 1l suspended
vaccination | AB peptide . p ; . (brain inflammation}
improve cognitive function
. Reduced risk of developing
. Decrease AP by reducing 3 . .
Statins cholesterol (mechanism unknown) AD in patients treated with ?
statins
Reduced risk of developing o . .
NSAIDs | Inhibition of AB generation AD in patients treated with | Sde-effects at the gastrointestinal

NSAIDs

tract following prolonged treatment
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Relative Frequency Related to Gene Mutation
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Animal Model (TG Mouse)
Model Characteristics Remark
Apoe E4 Impaired spfatlal learning & memory Jackson Lab.
in 14 months
Psen | Major gene early—onset_famlllar AD Jackson Lab.
No AB deposits
App2576 AB deposits in 12 months Jackson Lab.
App-Psen | AP deposits in 6-7 months Jackson Lab.
Psen [i No AB deposits KFDA
App-Psen I AB deposits in 8 months KFDA
1
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Inhibitors of AB Fibril Formation

Compound IC50 AB Remarks
Acridine orange 32nMe AB40 (5uM) | Neuroscience Research, 2004, 65.
BF-009 167nMe AB40 (5uM)
BF-008 135nMe AB40 (5uM)
[18FIFDDNP 457nMe AB40 (5uM)
X-34 452nMe AB40 (5uM)
HMPBr 150uMP AB40 (11.6uM) | Biochem. J. 1999, 283.
Doxorubicin 30uMP AB40 (11.6uM)
Carvedilol 30uMe AB40 (11.6 M)
SKF-74652 28uMb AB40 (11.6uM)
Daunomycin 30umb AB40 (11.6.M)
Rolitetracyclin 59 uMb AR40 (11.61M)
Benzoquinone 47 uMb AB40 (11.6uM)
a: ThT assay KIST
b : Immunoassay R
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Amyloid-fibril specific Agents
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HOC Chrysamine G (CG) COzH Congo Red {CR)
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Thioflavin T -
HO.C Styrylbenzene (SB) COH oflavin BTA1 BTA-2
R R N, / N, 7
X-34 H H | X \ R SN \
X-04 OMe H
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Curcumin

OCH, OCH, OCHy OCH,
curcumin 11-001

* Neuroprotective Effect
- HT22 cell, glutamate oxidative stress
- Rat primary cortical neurons cultured

wo 2005/006945 - Rat primary cortical neurons cultured

* BBB penetration in mouse
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In Vitro BBB Model

= In Vitro Co-Culture Models of the BBB

9} « Control compound -> Rhodamine 123
Insert - Final concentration of the compounds >
insert 50 uM
- The samples > every 20min for 2 hours
Compound ] from the bottom compartment
O(I)OOOC + Caculation of the Papp (Permeability
ol Coefficient) value for the permeability of
the compounds
i
Bottom \
Compartment Collagen Coated
Membrane
samples
O Astrocyte (€C6)
O Endothelial cell (Huvec) KlST
In silico BBB
Rz
AlogP R, BBB
X R,
NH, |NHCH;| N(CHy), | NH, |NHCH, | NccH),
N OCH, | 4.0 5.1 5.8 0.06 43 0.32
C ocH, | 43 5.4 6.1 0.26 10.0 35
AlogP R, BBB
X R,
NH, | NHCH; | N(CHy), | NH, | NHCH, | N(CH,),
N OCH, | 4.0 5.1 5.8 0.06 43 0.32
C OCH, | 43 5.4 6.1 0.26 10.0 34

NH,< NHCH,<NH(CHj;),
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In vitro Th-T assay

T Preparation of rea

™Y
‘#}S’ {g} rﬂ-| |-ﬂ-| AB42 (BACHEM) Each samples ThT
Ea oM™ 250 uM (DMSO) nhibitors) 5 uM
Ab42 Inhibitor .
monomer "'
l Incubation PBS Ab42 Inhibitors
’ 45 pl I monoomer | 2
B.ul
%}{%‘ + ﬁ ok % (Final: 20 uM)  (Final: 25 pM)
Ab42 Ab42 Ab42 Incubation 1 hr
monomer oligomer fibrit w
A
l Add ThT Q Q Q Reaction Mixture  + ThT

e
Fluor

9 Zﬁ\'wﬂim

fRecord the fluorescence |
Ex. : 450 nM
Em.: 480 nM

SCREENING
17 % inhibition in 10 ,.MK‘ST
27: % inhibition in 1 M.

3 IC50
« AP42 (25 uM)
P " X=N X=C 10, ! In silico | T7 Yo
P BBB
e R1 R2 R1 R2 (mM) AlogP (papp) |—-"-r-r
KMS80007 OMe OH 0.8
KMSB0018 OMe NH, 0.7 4.0
KMS80029 OMe NHMe 05 51
KMS80019 OMe NMe, 0.8 58 6.6
KMS80017 NH, OMe 0.6 4.0
KMS80034 NHMe | OMe 11 5.1
KMS80035 NMe, OMe 11 58 16.0
KMS80012 OMe NH, 0.6 4.3
KMS80030 OMe NHMe 0.6 5.4
KMS80013 OMe NMe, 1.0 6.1 67.0
KMS80014 NH, OMe 0.6 43
KMS80015 NHMe | OMe 0.6 5.4 7.2
KMS80036 NMe, OMe 1.1 6.1
HMPBr ] 90.0
IMSB 8
Acridine orange K 0.6 1.03
Curcumine ( 0.5-0.8 3.75
FODNP \ E:LR, /1 o0a
PIB ! 1.2
11-011 T~— 7 | 11 _K]ST

131




a) KMS 80013 120 uM + AP 200 pM b) KMS 80013 120 uM + AB 200 pM
6 d incubation 6 d incubation

ey

) AB 200 uM only N iz
6d incubation @ Qizﬁmgf;y

Cytotoxicity (HT-22)

MTT assay (10uM)

Relative cell viability
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_Cytotoxicity (HT-22)

MTT assay (50uM)

pory
o
S

=
E
919
»g 100 -
K
8 5 39
2
5 ||
2 0
@
&
%Q
\‘P(\\
&S

i In vivo behavior test

In /n vivo learning assay, KMS series(KMS80013, KMS80019,
KMS90036) were orally administered to APP/PSII transgenic
mouse (AP deposits in 3 months).

Learning and
memory loss

IKMS series, oral adminisfr‘aﬁon]
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Fear Conditioning

Contextual conditioning
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