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Canonical macroscopic lesions
in Alzheimer disease: The senile plaque




A few words about genetics.....

Monogenic forms of AD are due to
mutations on three genes
Presenilin 1 (chromosome 1)

Presenilin 2 (chromosome 2)
BAPP  (chromosome 21)



All familial mutations with mandelian autosomal inheritance
affect APP biology or that of enzymes involved in its catabolism



GWAS identified risk factors that also participate at various levels
to the amyloid cascade
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Proteolytic maturation of 8 APP
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-Logy, (g-value ANOVA)

N-truncated AB species in human brains
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Wildburger et al, Scientific reports 2017

® Canonical

® N-terminal truncation

® C-terminal truncation

® N & C-terminal truncations

AB-peptides Brain CSF Plasma

Non-truncated forms
1-42, 1-40 + +
1-43 +
C-terminal truncations
1-39, 1-38, 1-37, 1-34, 1-20 + +
1-33, 1-19, 1-18, 1-17, 1-15, 1-14 +
1-35 +
1-30, 1-28, 1-16, 1-13
1-31 +
N-terminal truncations
3-40 + +
11-40 +
6-40 +
5-40 + +
2-42, 3-42, 4-42, 5-42, 7-42, 8-42, 942, 1042, 11-42, 440, +

8-40, 9-40
N,C-truncations
6-39, 6-38 +
3-19, 3-17, 3-15, 11-30
2-38, 11-34 +
PTMs
1-400x + +
1-390x, 1-380x, 1-370x, 1-17-HHnSa,, 1-15-HHnSa,, 1-15-

HHnSa;
1-420x, pGlu3-42, 3-420x, pGlu3-420x, 4-420x, 5-420X, +

8-420x, pGlu11-42, pGlu11-420x, pGlu3-40

Modifications: ox — oxidated M35; pGlu — N-terminal pyroglutamate; HHnSa
- O-glycans, H = Hex, Hn = HexNAc, Sa = sialic acid (Neu5Ac).

Zakharova et al, Expert review of proteomics,2018




Secondary cleavages
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Secondary cleavages
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N-truncated AB8: pE3- AB

10 pM AR(1-42)
v' Accumulation of pE3-AB in AD but not in
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Dammers et al, Chem. Sci. 2017

v  pE3-A B 42 increases the propensity of AB

to aggregate



N-truncated AB: pE3- AB

Relative aggregate
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N-truncated AB8: pE3- AB
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What are the enzymes responsible for pE3-A S8 production ?



An hypothesis about the nature of the enzymes

Involved in AB truncation
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An hypothesis about the nature of the enzymes

Involved in AB truncation
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An hypothesis about the nature of the enzymes

Involved in AB truncation
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Résultats

Pharmacological approach on cultured cells
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Biochemical approach

10/12/2020

>

AB sesaﬁasw
1007 = 1-40 v RT:7.04
Ipe
[} - AA:7189428
o 1 3w .
c 807 ;=
S Io _— e s
e} k| pos 722 8000 el i .
o
c 3 10]619.4576 7028613 26 7708500 8442347 9559055 10150148 z=4
_g 601 S i A e T i T
o
(O] 3 100 43271518
= 404 =
= .
- 3 70-
[1°] E
- 50-
(] 1 w
(a4 20— 3.
-
3 10-
o7 pE e o e L5 50

0 1 2

o

AB;.40

10079 ; «

Relative Abundance.

80

60 -

3 4

5 6 7 8

Time (min)

866,8367
225

8718318
=5

908 8256
20

RT:7.02
AA:123455
SN:141

1083.2964
224

9748147 10235239 1054.2900
=0 220 224

407 -

Relative Abundance

20 142121261
2

43271851

420 2% 4240 4250

223 274 278 255 345

ae0 | a0 | 4280
Mass

W0 400 | a0 4320

239 400 489 [ 509 53 arr o5 _ssr o8

0 1 2

C AB2.40/AB1.40 ratio

Time (h)
N B> O

0

AByay + + +
rAPA - + +
Amastatin = - - +

3 4

5 6 7 8

Time (min)

D

0.016
0.015
0.014

ns
0.018 %

0.016
0.014
0.012

AB140 + + +
rAPA - +
Amastatin - - +

ABo.40/AB1.40 ratio
o

+

Figure 1. Valverde et al.
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Impact of the modulation of APA and DPP4
on the maturation of dendritic spines:
an ex-vivo approach.



Morphological study of dendritic spines
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Morphological study of dendritic spines

Hippocampal organotypic slices

P5-P7

Traitements (24H):

RB150 (100pM)
Sitagliptine (100uM)
H20mQ

Matures spines

Filopodia



Morphological study of dendritic spines
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Morphological study of dendritic spines

Hippocampal organotypic slices Traitements (24H):
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Morphological study of dendritic spines RB150 =] APA
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Morphological study of dendritic spines

Hippocampal organotypic slices
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Morphological study of dendritic spines

Hippocampal organotypic slices
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Morphological study of dendritic spines

Hippocampal organotypic slices
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Conclusion #1

There is a beneficial effect of APA et DPP4 inhibitors
on dendritic spines maturation



Influence of APA and DPP4 modulation on biochemical and
anatomical lesions in a murine model of AD:
Pharmacological and genetic approaches.



Influence of APA and DPP4 modulation on biochemical and anatomical lesions in a murine
model of AD

In vivo approach: WT and 3xTg-AD mice:
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Influence of APA and DPP4 modulation on biochemical and anatomical lesions in a murine
model of AD

In vivo approach: WT and 3xTg-AD mice:
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Influence of APA and DPP4 modulation on biochemical and anatomical lesions in a murine
model of AD

In vivo approach: WT and 3xTg-AD mice:

Genetic approach:
shRNA

P51M146V/Appswe/Ta u P301L

/
[ X ! 1 0 1 | i L N ;
0 ¥R 4 & 8 10 12 14 16 18 mois
/ z
Accumulation  Déficits Plaques dégénérescences
des BCTFs cognitifs amyloides neurofibrillaires
e z PR RS AT R AR P VR
N 5 L;‘}"-!’.’Msi#}s-ﬁ Ll
PG “_. '.p 'o 7 :‘t “y m‘ AR ‘J_u
- SN ¥ ¥ ,.,(-' P B ey
e 5 e & [0 @8 5 RN
SR S ?f- AN
3 '-“\E N X ) 4 :'."i“
& Nk




Influence of APA and DPP4 modulation on biochemical and anatomical lesions in a murine
model of AD

In vivo approach: WT and 3xTg-AD mice:
Genetic approach:

Pharmacological approach:

shRNA RB150/Sitagliptine
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Influence of APA and DPP4 modulation on biochemical and anatomical lesions in a murine
model of AD

In vivo approach: WT and 3xTg-AD mice:

Genetic approach:

Pharmacological approach:
shRNA
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Influence of APA and DPP4 modulation on anatomical lesions in a murine model of AD
A genetic approach
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Influence of APA and DPP4 modulation on anatomical lesions in a murine model of AD
A genetic approach
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Influence of APA and DPP4 modulation on anatomical lesions in a murine model of AD

A genetic approach
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Influence of APA and DPP4 modulation on anatomical lesions in a murine model of AD

A genetic approach
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Influence of APA and DPP4 modulation on biochemical and anatomical lesions in a murine model of AD
A genetic approach
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Influence of APA and DPP4 modulation on biochemical and anatomical lesions in a murine model of AD
A genetic approach
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Influence of APA and DPP4 modulation on anatomical lesions in a murine model of AD
A genetic approach
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Influence of APA and DPP4 modulation:
A pharmacological approach
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Influence of APA and DPP4 modulation on
biochemical and anatomical lesions in a murine model of AD

===p> Beneficial effect of APA and DPP4 reduction on both AB42- and pE3-
AB42- positive plaques

== Reduction of AB load in 3xTg-AD by both pharmacological and
genetic approaches

=== Lowering of pE3-ABx in treated 3xTg-
AD mice




Influence of APA and DPP4 modulation on cognitive deficits in
3xTg-AD by pharmacological and genetic approaches.
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Learning in Barnes Maze et MWM: genetic approach targeting APA
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Learning in Barnes Maze et MWM: genetic approach targeting APA
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Learning in Barnes Maze et MWM: genetic approach targeting APA
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Learning in Barnes Maze et MWM: genetic approach targeting APA
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Learning in Barnes Maze et MWM: genetic approach targeting APA
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Learning in Barnes Maze et MWM: genetic approach targeting APA
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Learning in Barnes Maze et MWM: genetic approach targeting APA
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Learning in Barnes Maze et MWM: genetic approach targeting APA
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Learning in Barnes Maze and MWM: pharmacological targeting of APA
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Learning in Barnes Maze and MWM: pharmacological targeting of APA
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Learning in Barnes Maze and MWM:

Primary escape latency (s)
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Learning in Barnes Maze and MWM:

Primary escape latency (s)

180 1

120 -

60 -

O WT + Serum
W= 3xTg-AD + Serum

?

*kk*

pharmacological targeting of APA

23

60 1
O
: ?
S 40 - %
©
o
.49 1 *k*k%k
> O WT + Serum
8 20 1 WF 3xTg-AD + Serum % %
(O]
© ]
-

0 :
1 2 3 4



Learning in Barnes Maze and MWM: pharmacological targeting of APA
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Learning in Barnes Maze and MWM: pharmacological targeting of APA
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Learning in Barnes Maze and MWM:

Primary escape latency (s)
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Learning in Barnes Maze and MWM: pharmacological targeting of APA
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Conclusions

APA

=== |mprovement of cognitive deficits in Barnes Maze and MWM by both genetic and pharm

DPP4

=== |mprovement of cognitive defects in the MWM by genetic approach

=== |Improvement of cognitive defects in the Barnes Maze by pharmacological approach



Measurements of APA and DPP4
activities in sporadic AD brains.
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Targeting AP} truncation,
an alternative therapeutic strategy in AD



Aminopeptidase A contributes to biochemical, anatomical and cognitive defects in Alzheimer’s
disease mice and is increased at early stage of sporadic Alzheimer's disease. (Acta
Neuropathologica)

AValverde, J.Dunys, D.Debayle, T.Lorivel, AS.Gay , B.Roques, S.Lacas-Gervais, M.Chami et F.Checler. Acta
Neuropathologica, 2021 Jun;141(6):823-839

Dipeptidyl peptidase 4 accounts for Alzheimer’s disease-like defects in a mouse model and its
activity is increased in sporadic Alzheimer’s disease brains.

AValverde, J.Dunys, C.Caillava, D.Debayle, T.Lorivel, AS.Gay , M.Chami et F.Checler, 2021
Journal of Biological Chemistry, Aug;297(2):100963
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