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LIPIDES ET CERVEAU

> Les lipides sont essentiels au fonctionnement du cerveau

> Le cerveau est |'un des tissus les plus riches en lipides
(60 % de la matiere seche)

> On distingue différentes catégories de lipides :
les lipides simples ou acides gras
les lipides complexes comme les phospholipides et le cholestérol.

» Les membranes des neurones contiennent des acides gras et des
lipides complexes
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f CHOLESTEROL ET CERVEAU -

» Composant majeur des membranes cellulaires assurant stabilité et maintien
des structures en s'intercalant entre les phospholipides (bicouche de la
membrane).

> 1| fluidifie la membrane évitant la cristallisation des acides gras, diminue la
perméabilité membranaire aux molécules hydrosolubles.

> Il a un role de « tampon thermique » : a 37 °C, il limite le mouvement des
phospholipides, donc la fluidité membranaire diminue ; a des températures
plus basses, il empéche I'entassement des phospholipides.

» Dans la membrane, il permet la formation de radeaux lipidiques, zones
essentielles a I'ancrage de protéines fonctionnelles.

> Dans les neurones, il est enrichi dans les gaines de myéline et permet la
propagation de l'influx nerveux.
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La maladie d'Alzheimer
Les principales lésions

Lésions extracellulaires: pathologie amyloide
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Duyckaerts et a/. Acta Neuropath. 2009



Progression des lésions amyloides

Figure 4. Phases of B-amyloidosis. Phase 1 is character-
ized by exclusively neocortical A deposits (Neocortex:
black). Phase 2 shows additional allocortical AB deposits
(red arrows), phase 3 additional AB deposits in dience-
phalic nuelei (red arrows) and the striatum (not shown),
phase 4 additional AB deposits in distinet brainstem -
clei (substantia nigra, red nucleus, central gray, superior
and inferior collicle, inferior olivary nucleus, and interme
diate reticular zone) (red arrows), and phase 5 in the cere-
bellum and additional brainstem nucler (pontine nuclei,
locus coeruleus, parabrachial nuclei, reticulo-tegmental
nucleus, dorsal tegmental nucleus, and oral and central
raphe nuclei) (red arrows).
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La maladie d'Alzheimer
Les principales Iésions

Lésions intracellulaires: pathologie tau




Progression des lésions tau
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CLARITY dans un cerveau postmortem (cortex) de patient Alzheimer

AB en BLEU, tau en VERT, neurofilaments en ROUGE

Ando et al. Acta Neuropathol 2014



Formes familiales de la Maladie d’Alzheimer
<1% des cas

lable 1| Summary of genetic findings for early-onset autosomal-dominant forms of AD

Gene (and protein) Chromosomal Total number of pathogenic Relevance to AD pathogenesis Initial study

location mutations (affected families) references
APP (amyloid precursor  21q21.3 29 (78) Increase in AR production or AB_/AB, ratio; 98
protein) mutations in the AP sequence or close to the

and 7-secretase site of APP; locus duplications

PSEN1 (presenilin 1) 14q24.3 166(362) Increase in AP, /AB,, ratio; mutations throughout 99
molecule; enzymatic role in y-secretase complex

PSEN2 (presenilin 2) 1q31-42 10 (18) Increase in AR, /AR, ratio; mutations throughout 100,101
molecule; enzymatic role in y-secretase complex

The data in the ‘Total number of pathogenic mutations' column is from the AD & F1D Mutation Database. The ‘Initial study references’ column lists the first
publication(s) to describe Alzheimer's disease (AD)-causing mutations in the respective genes. A}, amyloid-}; APP. amyloid precursor protein. Table modified, with
permission, from REF. 102 © (2001) Current Science Inc.

Lambert et a/. 2013




Peptide AB

Amyloidogenic pathway

y-secretase | AB monomer
[3-secretase
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Clivage de I’APP dans le compartiment
endo-lysosomal.

a-cleavage B-cleavage + cholesterol

+ flotillin-2
O\ ~ N ’) A 4 ?

7 | P

m@:@

/4."' v \K‘c_,/ - QExosome
- K

endosome f d éz.ﬂ,,\\

=D APP Id U

""""" o= ""{\% \_’A’k

!
& Late endosome/

“ multivesicular body
.

=D Secreted APPa
D Secreted APPR
= APP-CTFa
== APP-CTFB
a p3 - 1 "
= AB %} @\ trans-Golgi 2
= AICD network
» ADAM
=D BACE

(-,4:) C;r\i(“
t7r Clathrin

(ﬁ‘) y-Secretase

—{ Transferrin

receptor

Lysosome

De Strooper and Annaert, Annu. Rev. Cell Dev. Biol. 2010



Cholestérol et maladie d’Alzheimer
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(Shobab L.A. et a/, Lancet Neurol, 2005)

Genetique facteurs de risque génétiques
ApOE, ABCA7

Neuropathologie le cholestérol cérébral

est augmenté dans la MA
(Cutler et al, 2004; Xiong et al., 2008; Panchal et al.
2010 JLR; Lazar et al. 2012)

In vitro APP et les enzymes de clivage

sont localisées dans les radeaux lipidiques
(2%?[L1")”Ot et al, 1996; Cordy et 4., 2003; Marquer et 4.

In vivo

®Augmentation de CYP46 dans le cerveau
de souris TgAPP ou un traitement avec des
cyclodextrines corrigent la pathologie
amyloide et les déficits cognitifs

®Tg APP/PS1 et SREBP ont les pathologies

amyloide et tau

(Hudry et al. 2009; Jiaqgi et al. 2012; Barbero-Camps et
al, HMG 2013)
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Cholestérol et maladie d’Alzheimer
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Genetique facteurs de risque génétiques
ApOE, ABCA7

Neuropathologie le cholestérol cérebral

est augmentés dans la MA
(Cutler eta/ 2004; Xiong et al, 2008; Panchal et al.
2010 JLR; Lazar et al, 2012)

In vitro APP et les enzymes de clivage

sont localisées dans les radeaux lipidiques
(2%?[L1“)”Ot et al, 1996; Cordy et al., 2003; Marquer et al.

In vivo

©®Augmentation de CYP46 dans le cerveau
de souris TgAPP ou un traitement avec des
cyclodextrines corrigent la pathologie
amyloide et les déficits

®Tg APP/PS1 et SREBP ont les patholigies

amyloide et tau

(Hudry et al. 2009; Jiaqgi et al. 2012; Barbero-Camps et
al, HMG 2013)
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CYP46AI1 inhibition, brain cholesterol
accumulation and neurodegeneration pave the
way for Alzheimer’s disease
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Cholesterol 24-hydroxylase defect is implicated in
memory impairments associated with Alzheimer-like
Tau pathology
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L’ApoE et le métabolisme de I'AB dans le cerveau.

Ap oligomer  IDE

Microglia -~ Neprilysin %
Apo-E and ]%%:. e ¢ $ .
Ap complex Amyloid

E ! § plaque

Liu, C.-C. et al. (2013) Apolipoprotein E and Alzheimer disease: risk, mechanisms and therapy
Nat. Rev. Neurol. doi:10.1038/nrneurol.2012.263
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Métanalyse génétique de 74 046 individus:
identification de 11 facteurs de risque
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APOE €4 est le facteur de risque majeur
pour la maladie d’Alzheimer

Receptor binding
136 150 167

Lipid binding
244 272

L — -
Hlnge

Helix 1

Helix 2 Helix 3 Helix 4
lsoform-specafuc Allele
amino acid difference frequency (%)
112 158 General AD
Apo-E2 Cys Cys 8.4 3.9
Apo-E3 Cys Arg 77.9 59.4
Apo-E4 Arg Arg 13.7 36.7

Liu, C.-C. et al. (2013) Apolipoprotein E and Alzheimer disease: risk, mechanisms and therapy

Nat. Rev. Neurol, doi:10.1038/nrneurol.2012.263
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Effets de I’APOFE €4 sur la fréquence et I'age d'apparition de la maladie d’Alzheimer

Table 1 | The effect of APOE ¢4 on AD frequency and age at onset’

Characteristic APOE €4 APOE €4 APOE €4
noncarrier heterozygous homozygous

AD frequency (%) 20 47 91

Mean age of clinical onset (years) 84 76 68

Abbreviations: AD, Alzheimer disease; APOE €4, €4 allele of the apolipoprotein E gene.

Liu, C.-C. et al. (2013) Apolipoprotein E and Alzheimer disease: risk, mechanisms and therapy
Nat. Rev. Neurol, doi:10.1038/nrneurol.2012.263
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La cohorte INSIGHT de I'TCM/IHU/IM2A

INveStIGation of AlzHeimer’s predicTors

321 sujets de plus de 70 ans suivis 7 ans
Etude monocentrique

Sujets sans déficit cognitif

Imagerie (IRM, PET FDG et amyloide)
EEG

Biomarqueurs LCR et sang

Génétique

1. Trouver les profils de conversion
2. Réaliser des etudes clinique dur les sujets a risque

\

M

Dubois, Hampel, Bakardjian, Potier , Mochel, Nyasse et al. INSIGHT



INSIGHT - APOE

Number %
individual INSIGHT
s cohort Amyloide positifs PET (28 %)

= TR0 5. are APOE4
E2/E3 44  13,7%
E2/E4 4 1,2% . _
E3/E3 217 67,6% Amyloide negatifs PET (72 %)
E3/E4 52 16,2% are APOE4
E4/E4 3 0,9%
Total 321

APOE4




Nouveaux essais cliniques chez les sujets a risque

Table 1 | New trlals in patients with preciinical AD

Trial

ADCS A4

APl ADAD

APL APOE4*

DIAN-TU
Blomarker

DIAN-TU
Adaptive
Prevention
Triat

TOMMORROWN

Participants

1,000 amylod-positive
adults aged 65-85 years
{S00 per tragtment arm)

200 ADAD musation carriers
1100 per treatment arm} and
100 kindred non<camers
{placebo arm) aged

3060 years without MC)

or dernentia

Approximately 1,340
APOE*ed homozygotes aged
G0-T5 years without MCI
or dementia

1328 ADAD rwatation carriers
{52 per active treatment
arm, 34 pooled placebo)
and 77 kindred noncarriers
{placebo arm) —-15 years 10
+10 years from parental age
of symptom onset

266 ADAD mutation camers
{133 per treatment arm) and
133 kindred neacarriers
{placebo arm} -15 years 10
+10 years from parental age
of symptom onset

4,622 APGE/ TOMMA40
high-risk (2311 per
treatment arm) and

600 fewsrisk (ptacebo arm)
individuals aged

65-83 years without NMCI
or dementia

Trial
duration

168 weoks

260 wooks

260 weeks

Upto

104 weeks

208 weeks

260 weakst

Compound and
administration

Solanezumab IV
overy 4 weeks

Crenczumab SQ
avery 2 weeks

CAD106 1M
quarterly,
CNPSO (oral pil)
daily

Solanexumab IV
every 4 weeks,
gantenerumab
SO every

4 weeks

T8D from
DIAN-TU
Biomarker

Pioghtazone
daily

Targeted Af
spedes

Monomer

Monomeri;,
olgomeric and
fbrillar

Multiple
species

Monomer
{solanezumah),
aggregated
{gantenerumab)

TBD from
DIAN-TU
Biomarker

Not applicable

Primary
outcomes

ADCS
Preslinical
Alzheimer
Cognitive
Composite

APt ADAD
composite
cognitive test
score

APt composite
cognitive test
score, ime to
diagnosis of
MCl or
dementa due
to AD

CSF Ap
(sclanezumab),
PIB-PET
{gantencrumab)

Cognitive
measure ar
composite TBD

Time to
diagnosis of
MCI due to AD

Biomarker
measures

Forbetapir PET,

MRI, CSF
analyses, tau
PET

Rorbetapir PET,

WEFDGPET
MRI, CSF
analyses

Rorbetapir PET,

BEFDGPET,
MR, CSF
analyses, tau
PET

CSF and
plasma
analyses,
florbetapir PET,
PIBPET,
BEFDGPET,
MRI, tau PET

CSF and
plasma
analyses,
tiorbetapir PET,
PBPET,
BEFDGPET,
MII, tau PET

MRI
volumetrics
in subset

Interim
analysis

Binded sample size
re-estimation

After last participant
enrolled completes
104 woaks

of treatment

T8D

Biomarker interim
analyses based on
adaptive design

T8D

Futility analysis
once S0%
(205/410) of the
anticipated events
have ocourred

*Subject to reguiatory austharty appeoval. *Estimate. Exact duration depenvds on the ramber of progression Mnts Abbreviations: AR, anmiold$; AD, Azneimer disease; ADAD, autcaomal
cominant AD: ACCS, Alzheimars Disease Coaparative Study; AP, Alzhamers Prevention initiative; APOE,
Metwerk Triads Uty IN, ntramuscudaety, IV, intraancusly; MG, mikd cogaitive impairment: P8, Msbm compound 8; SQ, sutcutaneaualy; TED, 10 be detarminad,

Reiman, E. M. et a/. (2015) CAP—advancing the evaluation of preclinical Alzheimer disease treatments

in E; CSF, cavabvospi

fuid; DANTU, Cominantly Inhevited Alzheimer




Role du cholestérol sur la pathologie amyloide -
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Modulation du cholestérol membranaire

Diminution avec la MBCD
(Lopez et al. PLoS Comput.
Biol. 2011)

Augmentation avec le TRy g
complexe MBCD-cholestérol LA A

?f 10 ns

100 ns

Molecular dynamic studies e
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e cholesterol membranaire controle -
I'endocytose d'APP.
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Le cholestérol membranaire controle -
I'endocytose d'APP.
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Le cholestérol membranaire controle
I'endocytose d’APP.
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L'augmentation de cholestéerol induit
une secréetion d’Ap.

E 4':}[}- ek W

@ [CJAp40
= A4z
S 300+ Ap

£

=]

=

= 200+

s

=

o 100+

w
<

0
0 +15% +40%;

Cholesterol variation

*k

Ll

=

L=
§

No cholesterol
- treatment

Bl + 40% cholesterol

200+

*

1004 —Ttue

=3
!ﬁ
:
(=]
=
=
2
2
3
I
g
@
<

Cossec. et a/, BBA 2010

f=]

®)
Control siRNA Clathrin -}




Le cholestérol membranaire controle la
localisation d’APP dans les radeaux lipidiques.

fluarescence (co

Autocorrelation

tme(s) L 10
T1me (ms)

Les molécules diffusent plus rapidement en dehors des radeaux I|p|d|ques

A -@~ slower diffusion time
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Marquer et al.,FASEB J, 2011




Augmentation de la production d’AB -
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Effets du cholestérol sur la pathologie
amyloide dans la MA
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Mutation du site de liaison du
cholestérol sur I’APP
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t test, moyenne +/- SEM, * : p<0.05, ** : p<0,01, *** : p<0,001, **** : p<0 ,0001, comparaison avec 'APPwt, 3 expériences
indépendantes avec 6<n<8
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Role du cholestérol sur la pathologie amyloide -

2

AB

Peut-on:
1. Inhiber la liaison du cholestérol sur I’APP?

2. Diminuer el cholestérol membranaire?
3. Modifier le trafic endosomal?




ot Role of cholesterol metabolism in the pathogenesis
of Alzheimer’s disease

Bernadette Allinquant®, Christine Clamagirand®, and Marie-Claude Potier®

27. Burg VK, Grimm HS, Rothhaar TL, et 84 Plant sterols fthe better cholesterol in

mm Alzheimer's disease? A mechanistical study. J Neurosci 2013; 33:16072 -
16087.

First time of ex-vivo and in-vivo studies of different phytosterols for the generation of

AB peptides showing that the stigmasterol-enriched diets are efficient in decreas-
ina AB aeneration.

Le stigmasteérol est un phytostérol présent
dans un grand nombre d'aliments,
notamment dans les huiles de soja, de colza.
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LLA Lipid lowering agents

Preclinical studies of the efficacy of LLAs for the treatment and prevention of AD and dementia

Both in vitro and in vivo studies are summarized.

First Model System LLA(s) Used Outcome Measure(s) Effective?  BBB-Permeable?
Author ’
Buxbaum3* |Cultured Lovastatin Levels of secreted AP Yes | Yes
cells/tissue
Chauhan34  |Transgenic mouse |Lovastatin, pravastatin Levels of AP and APPsain brain Yes, ves | Yes, no
Fassbender=2 |Cultured Lovastatin (invitro only), |Levels of extracellular and intracellular Ap |Ves, ves | Yes, yes
cells/tissue; simvastatin (in vitro and in | (in vitro); levels of AP in CSF and brain
guinea pig vivo) homogenate (in vivo)
Kojro22 Cultured lovastatin Levels of APPsa and AB Yes 'Yes
cells/tissue
Liss Transgenic mouse |simvastatin Learning and memory, as assessed by Yes, no 'Yes
Morris water maze; brain Abeta levels _
Paris=2 Cultured Mevinolin, mevastatin Rescuing Af’s stimulation of pro- Ves, ves 'Yes, unknown
cells/tissue inflammatory molecules (mevinolin); LDH
release (mevastatin)
Simons=4 Cultured lovastatin Levels of full- length APP; APPsa, and Af  |Yes (Af), no ' Yes
cells/tissue (APP and APPsa) |




Use of statins in AD

We identify several confounding factors among the human studies,

including differing blood-brain barrier permeabilities among statins,

the stage in AD at which statins were administered, and the drugs'

pleiotropic metabolic effects, all of which contribute to the

substantial variability observed to date.

We recommend that future human studies of this important

therapeutic topic

(1) take the blood-brain barrier permeabilities of statins into
account when analyzing results,

(2) include specific analyses of the effects on low- and high-
density lipoprotein cholesterol, and, most important,

(3) conduct statin treatment trials solely in patients with mild AD,
who have the best chance for disease modification.

Shepardson et al. Ann. Neurol. 2011



