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Alzheimer's disease (AD)

AD symptom

◆ Ab production cascade

Approval and clinical phase of drug candidates (2020)

Candidates Action mechanisms Phase

Aducanumab Anti Ab antibody Approval application

Lecanemab Anti Ab protofibril antibody Ⅲ

Elenbecestat BACE1 inhibitor Wtihdraw (Ⅲ)

TRx0237 Tau aggregation inhibitor Ⅲ

AVP-786 NMDAR/SNRI/σ1R inhibitor Ⅲ

〈 Alzheimer Europe : HP 〉

AD is characterized by the deposition of amyloid b (Ab) amyloid  in the brain. 
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1) b-site Amyloid precursor protein cleaving enzyme 1

◆ Development of new drug candidates

A therapeutic drug for reduction of Ab

amount in the brain is expected !

FDA approval (June, 2021)
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1) Starburst® polyamidoamine dendrimer (generation 2; G2)

Dendrimer (G2)1) as an amyloid inhibitor

ATTR V30M amyloid

Dendrimer (G2)

Amyloid

formation
Fragmentation

ATTR V30M amyloid 

fragmentATTR V30M2)

M. Inoue et al., ACS Chem. Neurosci., 10, 2584-2590 (2019). 

Inhibition of ATTR 

amyloid formation
Breaking effect of 

ATTR amyloid

Dendrimer is expected as both the inhibitor and the breaker of amyloid !

≪Our previous report≫
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2) One of the amyloidgenic proteins

Cyclodextrin1)/dendrimer conjugate (CDE)

T. Anno et al., J. Incl. Phenom. Macrocycl. Chem., 70, 339-344 (2011).

CDE has a high gene transfer activity in vitro and in vivo. 

T. Anno et al., J. Drug Target., 22, 883-890 (2014).

Cyclodextrin

Dendrimer

One-pot synthesis

12 h, r. t.

condensing 

agent

CDE

Endosomal escaping activity

Endosome

High pDNA transfer activity

Cytotoxicity derived 

from amino group

High safety profiles
Easy synthesis

Advantages of cyclodextrin modification

1) 6-O-a-(4-O-a-D-Glucuronyl)-D-glucosyl-β-cyclodextrin

◆ Advantages of CDE

CDE/pDNA complex may have the potential to suppress an amyloidogenic protein production !
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T. Anno et al., J. Incl. Phenom. Macrocycl. Chem., 70, 339-344 (2011).

≪Our previous reports≫

CDE/shBACE1
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Production Fragmentation

Amyloid fragmentAPP

Evaluation of CDE/shBACE1 complex for AD treatment

Strategy of therapeutic approach for AD 4

BACE1

1) BACE1 targeted shRNA expressing plasmid DNA

CDE/shBACE1 suppressed BACE1 production in Neuro-2a1) cells.
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CDE LipofectamineTM

3000

Inhibitory Effects of Various shBACE1 Complexes on Mouse BACE1 mRNA Expression in Neuro-2a Cells
The level of mouse BACE1 mRNA expression in CDE/shCont complex was set at 1.0. Each value represents the mean ± S.E. of 6

experiments. *p < 0.05, compared with shCont complex.
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Neuro-2a cells

CDE (12 mg)/shBACE1 (0.1 mg)

(Charge ratio : 100)

48 h, 37℃

Wash
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1) Mouse neuroblastoma cells
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CDE/shBACE1 inhibited Ab42 amyloid formation.

Ab42

(50 μM)

Th-T assay

72 h, 37℃
in PBS

CDE (100 mM)/

shBACE1 (0.1 mg)

(Charge ratio : 100)

Inhibitory Effect of CDE/shBACE1 Complex on Amyloid Formation of Human Ab42
Each value represents the mean ±S.E. of 6 experiments. *p < 0.05, compared with Ab42. †p < 0.05, compared with + shBACE1.
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CDE/shBACE1 disrupted Ab42 amyloid.
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Breaking Effect of CDE/shBACE1 Complex on Human Ab42 Amyloid
Each value represents the mean ±S.E. of 6 experiments. *p < 0.05, compared with Ab42. †p < 0.05, compared with + shBACE1. ‡p < 0.05, compared with + CDE.
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Ab42

amyloid

Th-T assay

6 h, 37℃
in PBS

CDE (100 mM)/

shBACE1 (0.1 mg)

(Charge ratio : 100)

7 8CDE/shBACE1 inhibited Ab deposition in AD model mice.

Once-weekly intracerebroventricular

administration for 1 month

CDE (0.75 mg/kg)/shRNA (34 mg/kg)

(Charge ratio : 20)

AppNL-G-F knock-in mice 

(♀, 6 months)

5 weeks

Ab Accumulation in Brain after Intracerebroventricular Administration of CDE and CDE/shRNA in AppNL-G-F Mice
These figures show the representative image for 4 experiments.

Saline Saline + CDE + CDE/shCont + CDE/shBACE1

WT AppNL-G-F

Ab deposition level 

(Immunostaining, ELISA)

Proinflammatory cytokine level

(ELISA)

Ab

T. Saito et al., Nature Neurosci., 17, 661-663 (2014). 

Quantitation of IL-6 and TNF-a Cytokine Levels after Intracerebroventricular Administration of CDE

and CDE/shRNA Complexes to AppNL-G-F Mice
Each value represents the mean±S.E. of 4 experiments.

CDE/shBACE1 did not show any significant change in proinflammatory cytokine levels.
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IL-6 TNF-a
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AD mice

(AppNL-G-F knock-in mice)

Once-weekly 

i.c.v.

CDE (0.75 mg/kg)

/shBACE1 (34 mg/kg)

CDE/shBACE1

1 month

Summary
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Inhibition of 

amyloid formation

Suppression of 

Ab production
Breaking of amyloid

Ab deposition level
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BACE1

CDE/shBACE1 may have the potential as a multi-targeting 

amyloid inhibitor for AD treatment.


