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Echanges de lipides entre lipoprotéines et plaquettes

HDL

14C-AGL

Acyl-CoA + Lyso-PL ——— diacyl-PL

) UNIVERSITE
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Inverse relation of HDL-C and incidence of coronary heart disease

Incidence of coronary events Mortality
Men % p % P
FHS - 1.90 0.025 -1.47 0.19
CPPT - 2.33 0.005 - 0.87 0.59
MRFIT - 2.05 <0.001 -1.22 0.15
LRCF - 3.60 <0.001
Women
FHS - 3.24 0.011 -4.44 0.03
LRCF -4.72 0.002

From Gordon, D.J. et al. 1989 Circulation 79: 8-15

Prospectives studies: 0.01 g/l increment in HDL-C is associated with significant
~29% (men) and ~ 3% (women) decrements in coronary heart disease risk
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Effets protécteurs des HDL sur la paroi vasculaire

LIVER
A
Mast cells, Monocytes
Lymphocytes recruit:1ent
recruitment
LDL CHOLESTEROL
HDL O QO EFFLUX (RCT) p
NO- . ,
U per, ,O 7 Adhesion mcp.g P
2 molecules AE 8§ P
L[;L ‘ ’ O : ABC transp.
] O O Pro-inflammator\e ° %1
mediators f
s 09000 Yo et
E, 3— LDL ox\_/ Foam cells
Macrophages
Cholesterol loading
SMC migration
3
S
O
=

Endothelial
dammage
—a— -
Fibrous
cap
Lipid core
SMC

i Inserm



Reverse cholesterol transport and HDL/Cell interactions

ABCA1l: Cholesterol efflux to apoA-1
Nature Medecine (1999)

ABCG1l: Cholesterol efflux to HDL
Jclin Invest (2004)

SR-BI: Lipoprotein cholesterol selective uptake

Science (1996) -

F,-ATPase/P2Y,; pathway: Hepatic HDL uptake

Nature (2003) pre-6-HDL ABCA1
iy ABCG1
@ Free apo A-1 LCAT
Al HDL,
ABCB1
. . HDL
Blle ACIdS -II PLTP
ChOIeSterOI SR-BI Remnant HDL TGrlchHDLz
ABCG5/GS8 F1-ATPase/P2Y13 Hepatic Lipase
LDL TG/ CETP
receptor CE
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Membrane transporters in cholesterol efflux to HDL

Blood Peripheral tissue

00
Liver © © Free cholesterol

Macrophage

HDL receptors D. Duffy and D.J. Rader, 2009, Nat Rev Cardio |IH| !nserm



Mutations dans ABCA1 responsables de la maladie de Tangier et hypo-HDL

ABCALl — ATP binding cassette, sous-famille A, membre 1
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%X déficience familiale en HDL (hypo-HDLé™e)
v maladie de Tangier
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Role d’ABCA1 dans l'efflux de cholestérol

Cholésterol Libre

Cholestérol Esters
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Sites de liaison des HDL sur les hépatocytes

Haute affinité (K4 ~ 109)

Basse affinité (K; ~ 10°-10"M)

apoB100

LDL Oxydées

Scavenger receptor

CLA-1/ SR-BI
Endocytose totale Captation sélective du
(protéine & cholestérol) cholestérol esteérifié (CE)

Récepteurs aux . . .
HDL Martinez L.O et al. Biochemistry 2001



Purification of high-affinity HDL receptor from pig liver plasma membranes

Solubilized liver plasma membranes
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180 kDa—
65 kDa — ATP synthase-p Chain
(Edman sequencing)
50 kDa—
35 kDa—
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I’ATP synthase mitochondriale

Membrane
interne

Membrane
externe

Crétes Espace
Inter-membran/aire +++
Matrice / F,
mat?e/ ol
Espace inter- o F1
membranaire
ATP ADP + Pi
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Mitochondrial ATP synthase

Mitochondrial ATP synthase

Alpha (x3) ATP5A (55,264; pI=8.44; pept signal 43AA: 4559Da) 165,792
Beta (x3) ATP5B (51,705; pI=5.21; pept signal 46AA: 4596Da) 155,115
Gamma ATP5C 30,141
Delta ATPS5D,Epsilon chez E.Coli 15,065
Epsilon ATPSE, absent chez E.Coli 5,652
F1 TOTAL pl=5.44 371.765
a ATP6 (mito) 24,788
b ATP5F1 24,668
¢ (x10) ATP5GI (7,608) 76,080
d ATP5H 18,561

e ATP5i 8,189

f 10412
g ATP5L 11,286
OSCP ATP50Delta chez E.Coli 20,928
F6 ATP5J 8,958
AGL ATPS (mito) 7,937
Fo TOTAL 211,807
F1Fo TOTAL pl=6.87 583,572
Inhibitor ATPIF] (pl=8.30; pept signal 25AA: 2750Da) 9,516
F1Fo + Inhibitor 593,153

Hl !nserm



Régulation of F,-ATPase by IF1

Function of mitochondrial IF1

HypPOXY
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F,-ATPase/P2Y,; colocalizes with apo A-I

ATP synthase (ecto-F-ATPase) =
receptor for HDL and its main apolipoprotein, apoA-I

Hepatocytes Ceyy S, A%
(S
F,-ATPase

mitochondria

ApoA-I|

non-permeabilized hepatocyte

Cell surface
F,-ATPase

IF1 is a 10 kDa protein, classically
know to inhibit mitochondrial ATP

synthase, but exogenous IF1 also
inhibits ecto-F;-ATPase.

1 !nserm



Competitors of apoA-I binding on hepatocytes

Method: 125]-apoA-I binding (4° C) on cells

Hepatocytes IF1
ATP J_ ADP 1257
o pre-immune
SZ 100
)
- g 751 anti-SRBI
Plaemy T < © :
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Ecto-F,-ATPase = 25 Sy
o o--e..g APOA-I
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Mécanismes moléculaires de I’ endocytose des HDL

TGrich'HDLZ

Low affinity receptor

Clathrin-coated vesicles

Holo-HDL particles uptake
(protein & cholesterol)

R& £ Martinez et al. (2003) Nature
ecepteurs aux "
HDL fi Inserm



Mécanismes moléculaires de I’ endocytose des HDL

TG,;.,-HDL,

> Low affinity receptor

HDL uptake by Stress Fibers B
40 hepatocytes (%) - FE Clathrin-coated vesicles
B R N =
- 219.08 ¢4 ]
SR TEOPON o Jr e

50- + Q0" XD

I - s e Holo-HDL particle uptake

10 (protein & cholesterol)
0 T T T T r
102 101 1 10 102 103 B il Ré
AR-C69931MX (nM) cl SCH,CH,CF; CH,CH,SMe

Récepteu —_ Jacquet et al. (2005) CMLS
1]
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Voie de I’ecto-F,-ATPase / P2Y 5 sur le contrble de I’endocytose des HDL

ATP

HDL

AD AMP -

«— 2ADP
Extracellulaire ATP
Récepteur de basse affinité

différent de SR-BI/ CLA-I

Intracellulaire Ecto-F,-ATPase Adénylate P2Y; pr—
Kinase .
N Endocytose
-------- = des holo-HDL
ROCK |

Martinez LO, Nature 2003.
Jacquet S, Cell Mol Life Sci 2005.
Fabre A, Cell Mol Life Sci 2006.
Malaval C, Cell Signalling 2009.
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Roles physiologiques du récepteur P2Y,,

Method: Gallbladder cannulation and bile collection for 1 hour

Récepteurs aux
HDL

Cholesterol Bile acids
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Fabre A et al. (2010) Hepatology
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Role physiologique du récepteur P2Y,,

Method: Quantification of macrophage to feces RCT in vivo model

P2Y,3 KO or WT
male mice

8-9 weeks old
n>6

3H cholesterol-loaded
macrophages

Q_‘,—j.-

48h

l

Total feces
m— ;i
for radioactivity counting

% CPM injected

**

== P2Y,, **
mm P2Y ;7

B

Feces

Récepteurs aux
HDL

Fabre A et al. (2010) Hepatology
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Metabolic functions: role of P2Y,; in RCT and atherosclerosis

Effect of P2Y,; deletion on atherosclerotic lesion in apoE-/- mice

A B C
100- p<0.001 —
o B ‘ S Y N
c NE oo B - s /ﬂ “\ R ,-.4 g
9 3 60+ '\? A " : & "' / " 4
0 R " ' \ .
<@ \C—I) 40- o 360 G , / - ‘Z,* § T L
S X 90 050 et R %3
37 ] X W b b % /
= O P e ”\' ¢
N ” R . \& "
« BN o' .“”f’-:fv)'
0 T T g X's - & A
P2Y 3 "+ P2Y 37 P2Y ;""" apoE" P2Y ;7 apoE™

apoE - apoE

» Impaired RCT in P2Y,; KO mice is associated with initiation of
atherosclerosis

Martinez L.O et al. (2009) ISA, Atherosclerosis suppl.

Lichtenstein L. et al. (2015), Cardiovasc Res. il
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In vivo effects of P2Y,, deficiency

REVERSE CHOLESTEROL TRANSPORT

RCT (Macrophage to feces) 3
Liver HDL uptake N

Biliary Cholesterol,PL and bile acids N

Atherosclerotic lesions @ (on HCD or in apo E -/- animals)

—>P2Y,; ADP-RECEPTOR IS CRITICAL FOR REVERSE CHOLESTEROL TRANSPORT

Fabre A et al. (2010) Hepatology

Récepteurs aux Lichtenstein L. et al. (2013) Cardiovasc Res
HDL i Inserm



Stratégie thérapeutique: Activation de P2Y,,

9- :
VLDL LDL HDL 125| . HDL metabolic decay
[ I [ I 100
6 b |
2%E 6- g % *
$ ; §§ 80 *
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T < o =
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— (V)] é:
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S5 2 . L o
%% « Cangrelor increases biliary lipid secretion increases
§§ Lo « Cangrelor improves reverse cholesterol transport
4 0\2 i Serhan N. Biochim Biophys. Acta 2012
O-
Q@% @}0‘ CT 1007900 reduces carotid and aorta atherosclerosis progression
O,oo@ Goffinet M. Plos One 2014
Targeting
HDL-C i Inserm



L’ecto-F,-ATPase induit la prolifération des cellules endothéliales
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Radojkovic C, ATVB 2009.
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IF1, a new determinant of HDL and CHD risk

Identification of IF1 in Human serum

Identification by MS of 4 IF1 peptides in human serum:

dgsenvdrgagsireaggafgkreqaeeeryfragsreqglaalkkhheeeivhhkkeierlgkeierhkgkikml
khdd

Peptide 1: EQLAALK (38-44) 7AA a b 65
Peptide 2: EQLAALKK (38-45) 8AA oot fmen 1 | e b2 ba b6 b7
Peptide 3: HHEEEIVHHK (46-55) 10AA 2 2,066 |(FD (o0 rroedz.a0 ‘]
Peptide 4: LQKEIER (61-67) 7AA 2 1506 E|Q
£ 1086 '\L y7 y6 y5 y4 y3 y2
5.0e5
% o2 16 18 5.4e7 4417 "
. - ime, min 5067 4507
2 50 1 4.5e7 53}:/05.4 6}1/??4
riF1 serum HepG2 Z . 4.0e7
load Ab Ab PI Ab Pl £ ig " 3.5e7 4?915
26 kDa == — : IF1 > 3.0e7 -
e - . (dlmer) e e o é 2.5e7
17 kDa = 1.2e5 ma 12.2 Oe
- - S 20e7 .
Sample 15e71| b2 Y
g 8.0e4 585 y2 388.7
_.-g' 6.0e4 151 1.0e7 1,' 2755 o6 3;4.4
v Immunoprecipitation on low E 40e \ 5.0e6 ‘ u l 626.4 R
abundance proteins (ProteoMiner) e Ul | oo Mgl TUY VNINE SOVOO § (S
from human serum Time, min miz, Da

Mass spectrometry on low abundance proteins from human serum

Genoux et al. (2011) Plos One 6(9):e23949 I"IH !nserm



IF1 frequency distribution_in_the general population

4 |
n = 706 male subjects from
the general population,
selected on electoral rolls 3 |
- . . >
normal distribution =
5 2 _
a)
median = 0.52 mg/I
1 _
(95% CI: 0.22-0.82 mg/1)
mean = 0.53 = 0.16 mg/I 0 [

T oy T . T e
0.2 0.4 0.6 0.8 1.0 1.2

IF1 concentration (mg/L)
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Multiple linear regression analysis of apoA-I

R2 = 22.2 %
Parameters B o) % of variance
explained

Triglycerides (g/1) -0.048 | 0.010 4.8

gGT (by 10 UI/I) 0.007 | 0.001 12.8

CRP = 5 mg/I (vs <) -0.088 | 0.001 10.9

BMI = 30 kg/m? (vs <) |-0.069 | 0.004 6.3

Alcohol (per 10g/day) 0.023 | 0.001 26.4

Physical activity (highvs | 0.045 | 0.010 4.7
low)

Current smoker (yes vs -0.067 | 0.008 5.2
no)

IF1 (mg/l) 0.350 0.001 28.9

B = linear regression coefficient

IF1 is an new independent determinant of HDL and apo A-I levels

Genoux et al. (2013) J Lipid Res. 54(9):2550-8

1 !nserm



Exogenous IF1 inhibits hepatic uptake of HDL

In situ rat liver perfusion with radiolabeled -HDL * agonists/antagonists

n26
*p<0.05
125,
Veina Cava Rat Liver
o 100
— o
po-m‘p N 125.H4pL uptake £3
"N _‘I\'*E‘ 75 *
Portal vein % S
t Se 50
/ IF1 / A-l /| AR-C699331MX |(2 -
125[[]-HDL, APOA- T AR -
¢
Control IF1
100 nM

Martinez L.O. et al. (2003) Nature i
i !nserm



4- IF1, a new determinant of HDL and CHD risk

Association between IF1 plasma level and coronaropathy risk

Parameters Cases Controls P
Age (year) 60.4 59.2 0.006
Systolic blood pressure (mmHg) 139.6 136.9 0.004
Smoking (cig/day) 3.2 1.9 0.001
BMI (kg/m?) 27.4 26.8 0.001 0.60 5 = 0,001
Physical activity (high level) 1.87 2.22 0.001 0.55
CRP (mg/I) 13.1 3.1 0.001 ~ 0.50
Glucose (mmol/I) 5.94 5.47 0.001 E’ 0.45
Insulin (mUI/l) 14.7 10.3 0.001 E 0.40
Triglycerides (g/l) 1.70 1.23 0.001 - 0.35
Total cholesterol (g/l) 2.01 2.25 0.001 0.30
HDL-cholesterol (g/l) 0.39 0.50 0.001 Controls Cases
(n=706) (n=651)
ApoA-I (g/l) 1.24 1.52 0.001
Lp AI (g/l) 0.47 0.56 0.001
IF1 (mg/l) 0.43 0.53 0.001

v IF1 serum level is 20% lower in cases as compared to control subjects

Genoux et al. (2013) J Lipid Res. 54(9):2550-8

1 !nserm



4- IF1, a new determinant of HDL and CHD risk

Relative risk of.coronary heart disease (CHD) as a function of IE1

Adjusted for smoking, physical activity, alcohol consumption, CRP, Lp(a), triglycerides, treatment for
dyslipidemia, hypertension, diabetes.

- 1.5
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mg } L ,,)%q' o‘bb ‘960
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T
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i
% 0.5 - { {
3 : ¢
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£ N ool O ®
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Logistic regression analyses regarding CHD status and studying IF1 as an explanatory variables:
IF1 is a new independent determinant of coronary heart disease risk

Genoux et al. (2013) J Lipid Res. 54(9):2550-8

1 !nserm




Taux d’'IF1, fonction myocardique et sévérité de la maladie coronarienne

60+

55-

50-

45

Fraction d’éjection
ventriculaire gauche (%)

n = 695
P = 0,001 =
e
,,,,,
Q1 Q2 Q3 Q4 [IF1, ug/mli]

Score de Gensini

SS
S
.

55 - Ny n = 695
S<®— P =0,006
501 e
45 - —=
40 - e
35
Q1 Q2 Q3 Q4 [IF1, pg/ml]

Chez les patients coronariens, le taux d'IF1 est corrélé

- positivement avec la FEVG

- négativement avec la fréquence cardiaque

- négativement avec les scores de séveérité Iésionnelle

il !nserm



Kaplan-Meier survival curves according to ApoAl and IF1 combination

Survival function

1.00
| |

0.50 0.60 0.70 0.80 0.90
|

4 6 8 10 12 14
years of follow-up

apoAl <1.22 g/L apoAl < 1.22 g/L
& IF1<0.42 mg/L & IF1=0.42 mg/L

apoAl =21.22 g/L apoAl 2 1.22 g/L
& IF1 < 0.42 mg/L & IF1 2 0.42 mg/L
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Relative risk of mortality in coronary patients as a function of apo A-l and IF1

Hazard Ratio (HR)

1.1
1.0
0.9
0.8
0.7
0.6
0.5

IF1
<0.42 mg/L
IF1
> 0.42 mg/L
apoA-I|

>1.22 g/L

Adjusted on: treatments for dyslipidaemia, diabetes,
hypertension, smoking, physical activity, age, waist, CRP, eGFR,
¥GT, heart rate, ankle-arm index, duration of CAD, Gensini score
and LVEF

fi Inserm avenir



Séquence du P2Y13 et variants

@ N-glycosylation sites N-linked (GlcNAc...)

@ Disulfide bond
® Phosphorylation sites on Lysine

@ @ Phosphorylation sites on Serine/Threonine
@ S-palmitoylation on Cysteine

@ Polymorphism T179M

Céline VERDIER, thése Sci 2014 1!l !nserm



Effets du variant 1... de P2Y13

= Frequence allélique voisine de 0.05

= associeé a
= augmentation de la masse grasse (**)
= diminution de la fréequence cardiaque (*)
= augmentation de la FEVG (NS)

= meilleur index systolique bras — cheville (*)

= augmentation des lipoprotéines a apo Al (*)

= augmentation des taux sériques d’IF1 (**)

Céline VERDIER, thése Sci2014 ' Inserm
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~logyg(pvalue)

lllustration by phenotype of the 11 significant mtSNPs

TC LDL HDL TG
2 -3
5
w o MT-=TLA
= _ ) e MT-ND
_ @ MT=CO
o = O MT—ATF
o L3 o MT-CYB
—— : 14580
- %ﬁﬂ{ml 3”‘?% 1507
= 13550 @
&
16518 bp 16519 bp 16518 bp 16519 bp

Flaquer A, Rospleszcz S, Reischl E, Zeilinger S, Prokisch H, et al. (2015) Mitochondrial GWA Analysis of Lipid
Profile Identifies Genetic Variants to Be Associated with HDL Cholesterol and Triglyceride Levels. PLoS ONE
10(5): e0126294. d0i:10.1371/journal.pone.0126294

@PLOS ‘ ONE fi Inserm



HDL, signalisation cellulaire et pathologie cardiovasculaire

- Apo A-l interagit spécifiquement avec la chaine 3 de la F1-
ATP2s¢, stimulant la formation d’ADP extracellulaire

IF1 inhibe la liaison et les effets de ’apo A-I

Apo A-l stimule :
- la captation hépatique des HDL via P2Y,,

- la prolifération des cellules endothéliales via P2Y, et P2Y,,

IF1 sérique est négativement associé au risque
cardiovasculaire

Apo A-l et IF1 sériques sont associes

- positivement a la fonction myocardique

- négativement a la sévérité de la maladie coronarienne

Apo A-l et IF1 ont des effets additifs en prévention secondaire
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Mécanismes d’action de I’apo A-l sur la prolifération endothéliale

Extra-cellulaire

Intra-cellulaire

Ecto-F;-
ATPase

P2Y, P2Y,,

|
PISKB ERK1/2

Akt

Survie / prolifération
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IF1, a new determinant of HDL and CHD risk

Development of a competitive ELISA immunoassay in human serum

Titration of anti-IF1 (#14174) Standard curve used for IF1 quantification
5 1.0®

=

= 4 0.8

o

e 3 o 0.6

. o

g 2 @ 0.4

3

g 1 0.2

[a) s
o+ — — . 0.0 —— ——t—r—rrrry

0.01 0.1 1

0.00001 0.0001 0.001 0.01

anti-IF1 dilution | Recombinant hiF1, ug/ml

0 Repeatability (CV = 5.9 %), reproducibility (CV = 6.8%), competition, overloading

and dilution assays, freezing and thawing

Genoux et al. (2011) PlosOne 6(9):€23949 " Inserm
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Scavenger receptor class B type 1 (SR-BI): un récepteur multi-ligand

LDL

LDL oxydées

e

=

apoB100

HDL

4

O,

SR-BI (rodent, 82 kDa)
CLA-1 (human, 85 kDa

Récepteurs aux
HDL

- Glycoprotéine de la famille CD36 and LIMP I
(9 sites potentiels de N-glycosylation)

- Expression: foie et tissus stéroidien
(ovaire, surrénales; regulée par ACTH, LH)

- Liaison des HDL, LDL, LDLac, LDLox et PL

- Impliqué dans la captation sélective du
cholesterol estérifie (CE)

- Variants géniques de CLA-1 ont peu d’impact

sur les taux de HDL (+ sur les LDL)

Hl !nserm



