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150 million Americans are 

overweight / obese 

15% of children and teens 6-

19 are now overweight or 

obese

Metabolic Syndrome affects > 

40% of adults over 60 years in 

North America

Obesity is second to tobacco as leading 

cause of death

(NIH) 









The double jeopardy of the Metabolic Syndrome

The global menace of the Metabolic Syndrome

The Metabolic Syndrome is a predictor of 
Type 2 diabetes

The Metabolic Syndrome is a risk factor 
for cardiovascular disease (CVD)



Global  Projections for the Diabetes
Epidemic: 2003 -2025 (millions)

WORLD

2003 = 189 million

2025 = 324 million

Increase 72%
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Diagnosis of the metabolic syndrome

NCEP CRITERIAWHO CRITERIA (1998) 

Insulin resistance or IGT/IFG

or diabetes and 2 or more of the 

following abnormalities:

BP     140/90 mmHg

Tg     1.7 mmol/l 

HDL   0.9 mmol/l in men

1.0 mmol/l in women

Waist/hip ratio or BMI

30 kg/m 2

0.90 in men

0.85 in women

Microalbuminuria

>
>

Fasting glucose  6.1 mmol/l
(  110 mg/dl)

BP   130/85 mmHg

Tg   1.7 mmol/l (  150 mg/dl)

HDL   1.0 (40mg/dl) in men
1.28 (50mg/dl) in women

Waist 102 cm in men
88 cm in women

>
>

>

>

>
> >

>

>

>

<-
<-

<-
<-

Three of the following criteria



Features of the Metabolic Syndrome

Genetics + lifestyle

Inflammation
Liver fat Adiponectin

Prothrombotic state

Abdominal obesity

Insulin resistance

Hypertension

Dyslipidemia

CVD
Type 2 DM



Balzac

Rodin



A novel classification: visceral fat obesity and

subcutaneous fat obesity



Insulin 

Resistance

Diabetes Mellitus

Dyslipidemia

Left Ventricular

Dysfunction

Hypertension Coronary Artery Disease Sleep Apnea Syndrome

Visceral Fat Accumulation



Palaeolithic sup.

age

20 000 B.C. 2004

Industrial period

Neolithic

age
XIXe century

Processed 

foods

THRIFTY

GENOTYPE

SUSCEPTIBILITY

GENOTYPE

Homo sapiens sapiens Cro-Magnon

Sedentary life

Hunting-gathering 

subsistence

High level of

physical activity

Animal fats 

and glucides 

Dietary fibers

XXIe century

Genes and environment 

in type 2 diabetes and atherosclerosis



PPARa

Liver

Lipid use Lipid storage

Adipose

tissue

The key role of the transcriptional factors PPARs

Ligand

PPAR

Target gene

Lipogenesis

Fat cell differentiation

Control of genes

involved in lipid transport and 

oxidation 

RXR

Retinoic acid
PPARg

PPRE

Obesity, type 2 diabetes, lipid metabolism



PPAR a

Structure

PPARa

PPARabinding site

Nucleus



Liver

Vascular wall

Skeletal muscle

Localization

Macrophage

Endothelial cell

Hepatocyte

Heart

PPAR a



Ligand

Transcriptional activation

PPARa

1st step

PPAR a

The ligand binds to 

and activates PPARa



Transcriptional activation

Cofactor

Ligand

The PPARa-ligand induces 

a three-dimensional conformation

of the receptor that leads to

a selective recruitment  

of cofactors    

PPAR a

2nd step

PPARa



Transcriptional activation 

Transactivation 

Target gene

Å Apo A-I

Å Apo A-II

ÅApo A-V

Å LPL

Å SR-BI

Å ABCA-1

Å CD36é

Å FATP

Å ACS

Å CPT

Å LXR

Å Reverb a

Åetcé

PPARa

AGGTCA- DR1 or 2 -AGGTCA

PPAR a

3rd step

PPRE

The PPARa-RXR complex

recognizes genes carrying 

its response element : the PPRE   

Zn -finger DNA

binding domain



Transcriptional repression 

AP-1

NFkB - RE

Activated

PPAR a

Å ET-1

Å MCP-1

Å VCAM-1, ICAM

Å etcé

PPAR a

Å NFkB

Å TNFa

Å CRP

Å IL 6

TRE

Jun

Fos

NFkB

IkB

P65
P50

Endothelial cell

Nucleus



A-I

A-II

LPL

C-III

Fibrates

PPARa

PPARs : regulation of lipoprotein

metabolism by  PPARa

HDL particles TG rich particles

PPRE

PPAR

RXR

PPRE

PPAR

RXR

PPRE

PPAR

RXR

PPRE

PPAR

RXR



Decreased plasma fatty acids and triglycerides

PPARs

Liver

Adipose

tissue

FAs
FATP

Cellular

uptake

FAT

Cellular

retention

ACS

LFABP

Adipose

tissue

FAs
catabolism

Mitochondrial

uptake

EFAs

Mitochondrial

catabolism

CPT-I/II
b-oxidation

enzymes

LPL

Apo CIII

Triglyceride

metabolism

PPARa

PPARg
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Apo AV is predominantly expressed in liver

Liver

Hepatocyte

mRNA

Apo AV

Heart

Brain

Placenta

Lung

Liver

Skeleton

muscle

Kidney

Pancreas

7.5 kb

4.4 kb

2.4 kb

1.3 kb

Apo AV gene



Wild type mice

hAPOA5 Tg mice

VLDL-TG clearance
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ApoAV accelerates the VLDL-triglyceride 

clearance in hAPOA5 transgenic mice
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To determine the effect of apoAV in 

hyperlipidemic background

hAPOA5 Tg mice X hPOC3 Tg mice

Ź TG ŷ TG
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The cholesterol decrease occurred only 
in apoB -containing lipoproteins
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Both apoB and apoCIII are significantly decreased 
in the double transgenic mice hAPOA5XhAPOC3 

**:p <0.01, ***:p<0.001



ApoAV reduced significantly the triglyceride increase in 
response to the fat load in hAPOA5 transgenic mice
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PPARaactivators induce ApoAV gene 

expression in human primary hepatocytes

Activated 

PPARa

PPARa

Fibric acid

mRNA

ApoAV gene

expression

Wy14,643

100 µM
control

36B4

ApoAV gene expression analysed by Northern Blot

Fibric Acid

100 µM

Human primary hepatocyte

ApoAV



Apo AV promoter contains a highly 

conserved PPRE

This PPRE differs 1 nucleotide from the 

consensus sequence

A G G T T A (N) A G G T C A



VLDL rich in apo C-III

LDL

PPARa
activator

Small dense LDL

TG
Cholesteryl
ester

Macrophage

Large buoyant LDL

LDL receptor

CETP

VLDL poor in apo C-III

TG

Cholesteryl 
esterCETP

PPARaactivators  lower small dense LDL



HDL metabolism
5 key genes

Apo A-II gene

LPL gene

ABC-1 gene

SR-BI geneApo A-I 

gene



Apo A-II gene 

expression

LPL gene 

expression

ABCA-1 gene 

expression

SR-BI gene 

expression

Apo A-I gene 

expression

Apo A-I 

production

Apo A-II 

production
LPL 

production

ABCA-1 
production

SR-BI 

productionActivated 

PPARa

PPARaregulates Apo A-I, Apo A-II,

LPL, ABCA-1 and SR-BI expression



PPAR aactivators induce cholesterol efflux

and reverse cholesterol transport

Esterified

cholesterol

Free cholesterol

ABC-1

HDL

SRB-1

Pre b-HDL

LPL

Activated

PPARa

Chylomicron

Esterified

cholesterol

Activated

PPARa

LCAT

PLTP

Hepatocyte

Peripheral

cell

HDL rich in

Apo A-I and Apo A-II

LPL

ABC-1

SRB-1

Cholesterol

catabolism and

elimination

Cholesterol

efflux

SRB-1



Atherosclerosis 

is an inflammatory disease  

Endothélium

Experimental 

studies
Clinical

studies

Identification of 

inflammatory

markers that can predict 

increased risk for 

cardiovascular events

Recognition 

antiinflammatory 

effects of some standard 

cardiovascular therapies 



Isolated foam cells

Stade IV Stade V Stade VIStade I Stade II

Fatty streak Extra-cell lipid

accumulation

Lipid core Fibrosis arround 

the lipid core

Complicated 

atheroma :

rupture, hemorragy 

and thrombosis

The earliest atherosclerotic lesion

is almost purely an inflammatory lesion

consisting of  monocyte-derived,

lipid-laden macrophages and T lymphocytes 

During atheroma progression and 

growth, activated macrophages 

secrete a multitude of mediators 

including metalloproteinases which 

weaken the fibrous cap 

Inflammation is involved 

in the different stages of atherosclerosis 

Stade III



Transcriptional repression 

AP-1

NFkB - RE

Activated

PPAR a

Å ET-1

Å MCP-1

Å VCAM-1, ICAM

Å Fibrinogen

etcé

PPAR a

Å TF

Å TNFa

Å CRP

Å IL 6

TRE

Jun

Fos

NFkB

IkB

P65
P50

Endothelial cell

Nucleus



ABCA1, SR-BI, CD36       SR-A

Cholesterol efflux

Foam cell formation

Vasoconstriction

Cell migration

Thrombosis

Plaque stability

MMP-9, TXS, PAF, TF    

Cell recruitment and activation

MPC-1, CCR2,

VCAM-1, ICAM-1, chemokines

Direct vascular effects of activated PPAR a

ET-1, MMPs, Ets-1, TXS

Inflammatory response

TNFa, Interleukins, CRP, COX-2, 

VCAM-1, TF, Fibrinogen,     sPLA2



PPAR adecreases TNFa-induced cholesteryl ester

formation in cultured primary human macrophages

Cell  membrane

TNFa

+
Wy14643

TNFaWy14643Control

TNFa

ACAT1

Cholesteryl ester

formation

Fold change in oleate incorporation into CE 
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Cholesterol

mobilization
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PPAR aactivators inhibit hepatic IL-1 stimulated 

CRP secretion



PPAR aactivators inhibit the IL-1

induced human CRP promoter activity

HuH7 cell transfected

with the human CRP promoter

linked to a luciferase reporter,

incubated with increasing 

concentrations 

of PPARaactivators,

stimulated with IL-1 
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PPARa

regulates expression

of adiponectin receptors

in human macrophages

PPAR a
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The molecular basis for the cellular 

action of adiponectin became more 

evident with the recent identification of 

2 trans-membrane proteins, AdipoR1 

and AdipoR2, which serve as receptors 

for adiponectin.



Using a DNA array-based global gene 

expression profiling experiment on 

human primary macrophages treated 

with specific PPAR agonists, we 

discovered that AdipoR2 is induced by 

PPARaand PPARgagonists







AdipoR1 and AdipoR2 are present in lipid-rich atherosclerotic plaques 

isolated by carotid endarterectomy.



Adiponectin and PPARaligand treatment additively decreases 

cholesteryl ester content in human macrophage-foam cells



PPARs control a variety of cellular functions 

by modulating expression 

of target genes

Fibrates,glitazones

Fatty acid derivatives

Cytokines

p65
p50

NFkB

Cytokines

Fos
Jun

NFkB-RE
PPRE

PPAR

RXR

AP-1

Nucleus

Vascular inflammation

Immunoregulation

Systemic inflammation

Thrombosis

Plaque stability

Thrombogenicity

Lipid and glucose

homeostasis



ò PPAR aand atherosclerosis :

the apo E2 KI mouse modelò

PPAR a



The ApoE2 Knock In mouse model of mixed dyslipidemia

PPARaand atherosclerosis 

ApoE2 KI mouse

Atherosclerosis

Remnant

receptor
Hepatocyte

Mixed dyslipidemia

VLDL

Chylomicrons

Delayed remnant

clearance

Decreased

receptor affinity

VLDL
Chylomicron

Apo E2
Human ApoE

3 isoforms:

E2, E3, E4



PPARaactivation by fenofibrate normalizes

the dyslipidemia of ApoE2 KI mice

PPARaand atherosclerosis 

ApoE2 KI mouse
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PPARaactivation by fenofibrate decreases western diet

induced IL6 expression in aortaôs of ApoE2 KI mice

PPARaand atherosclerosis 

ApoE2 KI

mouse

FF

Cofactor
Transrepression

+Western diet - +

-Fenofibrate - +

100

200

300

400

IL6 mRNA

IL6 expression



PPARaactivation by fenofibrate

decreases atherosclerotic lesion

size in ApoE2 KI mice

PPARaand atherosclerosis 

Apo E2 KI

mouse control

Activated PPARa

in apo E2 KI mouse 
FF Cofactor



Secundary end point : cerebrovascular morbidity

Macrophage

Atherosclerosis goes nuclear
Clinical proves of PPARaas therapeutic target

VAHIT trial

FibratePlacebo

- 39%
11.1 %

6.9%

Stroke and transient 

ischemic attack



Infarct

Volume

(mm3)

Wild type

Fenofibrate decreases susceptibility to stroke

of KO Apo E mice independently of effects  on lipids  

PPARaactivation as a mechanism of preventive neuroprotection

60

Atherosclerosis goes nuclear

0

KO apo E KO apo E + FF

p<0.01 p<0.01

Placebo

FF



PPARa

Atherosclerosis goes nuclear

PPARaactivation as a mechanism of preventive neuroprotection

Cortex Striatum

NS

Placebo

FF

Infarct

Volume

(mm3)

+ + - - + + - -

60

0

* p<0.01 versus 

other groups



Vascular effect of chronic treatment by fenofibrate

Acetylcholine (M)

Atherosclerosis goes nuclear

PPARaactivation as a mechanism of preventive neuroprotection
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Decreased cortical oxydative 

stress of KO- apo E 

MacrophageIncreased antioxydant 

enzymes activities in brain  

Atherosclerosis goes nuclear

PPARaactivation as a mechanism of preventive neuroprotection
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VCAM-1

Placebo

Decreased ischemia induced adhesion proteins

ICAM-1

Atherosclerosis goes nuclear

PPARaactivation as a mechanism of preventive neuroprotection
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The Selective PPARa

Modulators concept 

PPAR a



Ligand A

Conformation

of the receptor

Selective recruitment

of cofactors

Ligand B

The Selective  PPARaModulators concept 

Different PPARaligands promote distincts biological responses

2 2
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PPARaactivation

and binding to PPRE

Cofactors



Ligand B specific 

Target genes

PPRE A

Target genes

Ligand A specific

Target genes

Common

target genes

PPRE B
Common

response

Ligand A specific 

biological response

Ligand B specific 

biological response

The Selective  PPARaModulators concept 

Different PPARaligands promote distincts biological responses




