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Obesity is second to tobacco as leading
cause of death

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

(NIH)

Obesity to top smoking as

No. 1 killer in U.S.: study

Obesity now Kkilling
one in 10, study says

Obesity
‘a threat’

to US.

security
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The shape of things
to come




/eit des Abspeckens

Den Bossen geht es immer starker an die Geldborse. Grinde sind Gehaltsverzicht wie jiingst bei der Deutschen

Telekom und der Verlust variabler Anteile. Neuerdings werden auch die Aufsichtsrate kritischer.
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TRECENTO MILIONI DI
PERSONE TROPPO GRASSE.
UN ALTRO MILIARDO
SOVRAPPESO. E IN ITALIA
PIU DI UN BAMBINO

SU 3 E EXTRALARCE.
Cosi QUELLO CHE
SEMBRAVA SOLO

UN PROBLEMA ESTETICO
SI STA TRASFORMANDO

IN UN'EPIDEMIA MONDIALE,
CHE METTE A RISCHIO
MOLTE VITE. MA CHE

S1 PUO COMBATTERE

FIN DA PICCOLI.

OBE

COME Sl VINCE
LA MALATTIA
DEL DUEMILA

DI SARA CANDOLFI

CUERRA PREVENTIVA

MA SIAMO SICURI DI VOLERLA?
INTERVISTA A SERCIO ROMANO
D1 EDOARDO VICNA




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)

3N,
NOrth
America |

Africa

P south 13.6
»  and 26.9

B Central
America 98%

. Oceania

WORLD

2003 = 189 million

2025 = 324 million
Increase 72%



Diagnosis of the metabolic syndrome

WHO CRITERIA (1998) NCEP CRITERIA

Insulin resistance or IGT/IFG Three of the following criteria
or dial?etes and 2 o.r.more of the e Fasting glucose B.1 mmol/l
following abnormalities: ( 310 mg/dI)
“BP 340/90 mmHg
“Tg 27 mmolll < BP 2130/85 mmHg
“HDL 9.9 mmol/l in men
< 1.0 mmol/l in women

« Waist/hip ratio or BMI «HDL 4.0 (40mg/dl) in men
30 kg/m 2 < 1.28 (50mg/dl) in women

>0.90 in men
>0.85 in women «Waist =102 cm in men

>88 cm in women

«Tg A.7 mmol/l ( 150 mg/dl)

¢ Microalbuminuria




Features of the Metabolic Syndrome

Inflammation l

Prothrombotic state

Insulin resistance

A I
Type 2 DM q
A4
Abdominal obesity ’

Dyslipidemia

Genetics + lifestyle







A novel classification: visceral fat obesity and
subcutaneous fat obesity



Insulin
Resistance

Diabetes Mellitus
Dyslipidemia

Left Ventricular
Dysfunction

Visceral Fat Accumulation

A 4

Hypertension

Coronary Artery Disease

>4

Sleep Apnea Syndrome




Genes and environment
In type 2 diabetes and atherosclerosis

20 000 B.C. 2004

Palaeolithic sup. Neolithic XIX® century
age age Industrial period

Homo sapiens sapiens Cro-Magnon

Hunting-gathering
subsistence

Animal fats
and glucides

Dietary fibers

High level of
physical activity

THRIFTY
GENOTYPE



Obesity, type 2 diabetes, lipid metabolism

The key role of the transcriptional factors PPARs

‘\ Retinoic acid

PPARg

Adipose
tissue

Lipid storage

i
Target gene

Control of genes
involved in lipid transport and
oxidation

Lipogenesis
Fat cell differentiation
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Skeletal muscle

Endothelial cell

Hepatocyte

Vascular wall

Macrophage




PPAR a

*J:},%*’ Transcriptional activation

1st step

The ligand binds to
and activates PPARa
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Cofactor

2nd step

The PPARa -ligand indu
a three-dimensional confo
of the receptor that leads to
a selective recruitment

of cofactors



:‘5{*" Transcriptional activation

[ G
. | PPAR a

3rd step

The PPARa -RXR complex
recognizes genes carrying
its response element : the PPRE

MIN

AGGTCA- DRl or 2 AGGTC

PPARA PPRE
Zn -finger DNA

binding domain |\ A 1 & A

ansaciaion | 2

A
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Endothelial cell
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PPARS : regulation of lipoprotein
metabolism by PPARa

Fibrates ‘
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4 PPARa
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& PPARg

FAS

Adipose
tissue ’

A

/ LFABP

/ ACS

Cellular Cellular

uptake

retention

EFAs

\

Adipose
tissue ’

b-oxidation

N\

CPT-1/ FAS
/ enzymes catabolism \ Apo CllI
Mitochondrial || Mitochondrial Triglyceride
uptake catabolism metabolism
/
T

Decreased plasma fatty acids and triglycerides



An Apolipoprotein Identified
Through Comparative Sequence
Qnalysis That Influences Triglyc-

‘de Levels in Humans and Mice
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coronary artery disease.

tial function near this cluster, we determined the
200 kilobase pairs (kbp) of or-
thologous mouse DNA and compared the
mouse and human sequences (Fig. 1) (/8). On
the basis of extended imerspecies sequence
conservation about 30 kbp proximal to the
apoALCITVAIV gene cluster, we identified a
genomic interval that contained a putative apo-
lipoprotein-like gene (apod V) (Fig. 1B). The
presence of publicly mouse  ex-
pressed-sequence tags (ESTs) matching the
mouse genomic sequence suggested that the
was transcribed, The annotation of

ESTs on the mouse genomic sequence
identified four exons oo ning a 1107-base-
pair (bp) open reading frame. The predicted
368 -amino acid sequence showed significant
homology to various known apolipoproteins,
with the strongest similanity to mouse apoAlV
(24% wdentity and 49% similarity). Examina
ton of the orthologous human gemomic se-
quence indicated a genomic structure similar to
the mouse region and predicted an open reading
frame encoding a 366 -amino acid protein with
high sequence homology to mouse spoAV
(71% identity and o
human apoAIV (27% wentity, 48% simalarity )
Protein structure analyses predicted seve
phapathic hehical domaimns and an NH,-terminal
signal peptide in both human and mouse

sequence of

nvailable

ty), as well as

| -

apoAV, chamcteristic features of lipid-binding
apolipoproteins (19, 20). To determine the ex

SN pattemn

hern blots containing mRNA from several
different human and mouse tissues with ApoA
¢DNA probes from buman and mouse, respec-
tively (Fig. 2, A and B). Transcripts about 1.3
and 1.9 kilobases (kb) in length were identificd
predominantly in liver tissue from both species

apoAdV, we hybridized

The full-length sequences of mouse cDNAs
indicated the two transcripts in mice are hikely
the result of altermative polyadenylation (27,
22)

To assess the function of apoAV, we gen-
erated mice overexpressing human apod ¥ as
well as mice lacking apedV, through stan-
dard mouse transgenic and gene knockout
technologies (Fig. 2, C to E) (23-25). Upon
comparing these two groups, we observed
dramatic, but opposite effects on plesma tn-
glyceride levels (26). Human apoAV trans-
genic mice were created by using a 26-kbp
Xho 1 fragment predicted o contain only
human apodV, and this genomic transgene
was expressed in liver, as is the endogenous
gene (Fig. 2C). These transgenic mice had
levels of plasma triglyceride that were about
33% of those of control littermates [0.32
0.11 (S.D.) mg/ml versus 0.90 = 0.29; ¢ test,
£<0,0001] (Fig. 3A). Similar data were ob
tained from a second independent founder
line (27). ApaAV knockout mice were gener
ated by deleting the three exons predicted to
encode apoAV (Fig. 2D). Despite the luck of
apoAV transcript (Fig
gous for the deletion were born at the expect-
ed Mendelian rate and appeared normal. In
contrast to the decreased tnglycende levels
noted in apod V trans; , apoA V knockowt
mice had about four t s as much plasma
tnglhyceride as their wild-type littermates
[1.53 £ 0.77 (SD) mg/ml versus 0.37 = 0.12;
1 test, P < 0,001) {Fig. 3B). Characterization
of lipoprotein particles by fast-protein liquid
chromatography (FPLC) and
electrophoresis (GGE) revealed that levels of
very low density lipoprotein (VLDL) parti-
increased in the
knockout mice and decreased in the trans-
genik mice compared with controls (28)
VLDL levels in a heterozygous knockout
mouse were intermediate between the ho
mozygous knockout and control mouse. The
FPLC peak VLDL elution
tlar m all animals, indicating comparable
VLDL particle size (29)

The observed changes in plasma tnglycer-
ide levels in apodV knockout and transgenic
mice were directly opposite those previousky
reported in apoClll knockout end ransgenic
mice (9, /10). The apodV knockouts in our stud:
displayed sbout 3 400% increase in plasma
tnglycenides compared with the 30% decrease
noted m apoCTll knockouts, whereas apod )
transgemacs showed decreased tnighyoende lev

2E), mice homozy-

gradient-gel

cles were homozygous

olumes were sim

els comp: with the increase reported in
CHT transgenics. Accordingly, we examined th
fect of altered apad V expression on apoCill

5. Differences were found in apoClll pro-

tein but not transcript levels in both Apod )
transgenic and knockout animals; apoCIIl lev
¢ls were increased 9% i Apod V knockouts

and decreased
Because alterations in gpod ¥ expression kead 1o

40% in apodV transgenics,




Plasma triglyceride and cholesterol levels
Serum for human APOADS transgenic mice

concentration
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Apo AV Is predominantly expressed in liver
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ApoAV accelerates the VLDL-triglyceride
clearance in hAPOAS transgenic mice

VLDL-TG clearance
100

**

; -

10 - —— Wild type mice

H-VLDL Triglycerides (%)

0 5 10 15 20
Time (minutes)

*p <0.05, **:p<0.01



in vitro , APOAV Increases LPL activity
and interacts physically with LPL

*kk

Response units (RU)

Control Rec apoAV

Time (S)

** * -0 <0.001



To determine the effect of apoAV In
hyperlipidemic background

hAPOA5 Tg mice X  hPOC3 Tg mice

AL




The cholesterol decrease occurred only
In apoB -containing lipoproteins
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Both apoB and apoClll are significantly decreased
In the double transgenic mice hAPOA5XhAPOC3

Human apoCIII Mouse apoB
40 1807
=351 ~160/
£ Bo
O zi S 100
=3 § 80~ *k%
% 15 *%* g 60-
I
57 20-
hAPOC3 hAPOA5XhAPOC3 hAPOC3 hAPOA5XhAPOC3
Tg mice Tg mice Tg mice Tg mice

w0 <0.01, **:p<0.001



APOAV reduced significantly the triglyceride increase in
response to the rat load in hAPOAS5 transgenic mice

—— Wild type mice

Triglycerides (mg/dl)

Time (hours)

*p <0.05, **:p<0.01



PPARa activators induce ApoAV gene
expression In human primary hepatocytes

Fibric acid

ApoOAV gene expression analysed by Northern Blot

Wy14,643  Fibric Acid
100 pM 100 uM

control

-ApoAV

| -36B4




Apo AV promoter contains a highly
conserved PPRE

® This PPRE differs 1 nucleotide from the
consensus sequence

AGGTTA (N) AGGTCA

<O

Zn-finger, DNA
binding domain




PPARa activators lower small dense LDL

PPAR

activator .
VLDL poor in apo-Ql Q ~ VLDL rich in apo-0!

, 2 << Cholesteryl
e '&T | - ester
ﬂ. Cholesteryl ! ,%;I’P
ester >

Large buoyant LDL TG - LDL

LDL receptor




HDL metabolism
5 key genes

SR-Bl gene

’ st /

ABC-1 gene N
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PPARa regulates Apo A-I, Apo A-II,
LPL, ABCA-1 and SR-BIl expression

/'Apo A-l gene

expression /'SR-Bl gene ™

expression

=N
\/h‘ct 4 |
&

/Apo A-ll gene

expressmn &

expressmn rJ ABCA-1
™ a@?"

/'LPL gene #




PPAR a activators induce cholesterol efflux

and reverse cholesterol transport
S, S ==
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Atherosclerosis
IS an Inflammatory disease

Clinical
studies

Experimental
studies

® |dentification of
inflammatory
markers that can predict
increased risk for
cardiovascular events

® Recognition
antiinflammatory
effects of some standard
cardiovascular therapies




Inflammation is involved
In the different stages of atherosclerosis

Stade | Stade Il Stade Il Stade IV Stade V Stade VI

Isolated foam cells Fatty streak Extra-cell lipid Lipid core Fibrosis arround  Complicated
accumulation the lipid core atheroma :
rupture, hemorragy
and thrombosis

During atheroma progression and
growth, activated macrophages
secrete a multitude of mediators

including metalloproteinases which

weaken the fibrous cap

The earliest atherosclerotic lesion
IS almost purely an inflammatory lesion
consisting of monocyte-derived,
lipid-laden macrophages and T lymphocytes
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Direct vascular effects of activated PPAR a

| Thrombosis L Cell recruitment and activation

t Plaque stability

A

| MPC-1, CCR2,
| MMP-9, TXS, PAF, TF VCAM-1, ICAM-1, chemokines

1 Vasoconstriction T Cholesterol efflux

Cell migration l Foam cell formation

A
1 L £
&

l TNFa, Interleukins, CRP, COX-2,
| VvCAM-1, TF, Fibrinogen, {sPLA,

t ABCAL, SR-BI, CD36 | sr-A



xa8  |PPAR a decreases TNFa-induced cholesteryl ester
“eb | formation in cultured primary human macrophages

Fold change in oleate incorporation into CE

15N =

Cell membrane

Cholesterol
mobilization

0.5 —

Cholesteryl ester 0

formation Control  Wy14643 TNFa TNFa
+

! Wy14643




PPAR a activators inhibit hepatic IL-1 stimulated

CON
70 L CF

| Wy14643
60

20 |

Fold Induction

‘#&~| CRP secretion
i'ﬁ
e BN BEE

IL-1 IL-6




PPAR a activators inhibit the IL-1
iInduced human CRP promoter activity

Fold induction

HuH7 cell transfected

with the human CRP promoter
linked to a luciferase reporter,
incubated with increasing
concentrations =
of PPARa activators,

stimulated with IL-1

WY CF BF GF BRL



PPARa

, regulates expression

> of adiponectin receptors
"} In human macrophages




Effect of Adiponectin on Vascular Cells

Macrophages

Adiponectin | — | Adiponectin | — |

" - -

100} 1200

0]
-
o

TNFa level
(pg/mL)

Cholestery
Ester (%)
S

<20

0
Adiponectin — + +




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 AdipoR?2 Is induced by
PPARa and PPARgagonists
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Healthy  Atherosclerotic

Healthy  Atherosclerotic ;
zone lesion

zone lesion

AdipoR1 and AdipoR2 are present in lipidrich atherosclerotic plaques

Isolated by carotid endarterectomy.
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Adiponectin and PPARa ligand treatment additively decreases

cholesteryl ester content in human macrophagéam cells



PPARs control a variety of cellular functions, °
by modulating expressior ’
of target genes

Cytokines

Fibrates,glitazones Fos
Fatty acid derivatives . Jun
Cytokines
~~ _p50 Nucleus
p6505
NFAB e
.
\ 4 —
RXR ' :
R As >~ & il |
N P2 AP A |
PPRE

- o Immunoregulation "
: : . : Plague stability

Vascular inflammation Systemic inflammation .
_ Thrombogenicity

Thrombosis

I
Lipid and glucose
homeostasis




\76‘) PPAR a and atherosclerosis :
7 the apo E2 KI mouse model O




3% | PPARa and atherosclerosis

*{ The ApoE2 Knock In mouse model of mixed dyslipidemia

L L L
»* *

Human ApoE
3isoforms: [
E2, E3, E4

Av—=
Delayed remnant
ApoE2 KI mouse clearance

( v ) Decreased
p— b receptor affinity
Remnant

receptor

Hepatocyte

Atherosclerosis



x4t | PPARa and atherosclerosis

., PPARa activation by fenofibrate normali
- - the dyslipidemia of ApoE2 KI mice

ApoE2 KI mouse

. Control . Fenofibrate
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a5 | PPARa and atherosclerosis

“‘Q:t*" PPARa activation by fenofibrate decreases western diet
- “ Jinduced | L6 expression in aor

ApoE2 Ki
mouse lransrepression } IL6 expression

)
1 »
i 4 - ‘ IL6 mMRNA

400 -[
300
200
100 i
_—  eeem
- + +

Western diet

Fenofibrate - - +




7%5 | PPARa and atherosclerosis

“#®~'| PPARa activation by fenofibrate
—  — decreases atherosclerotic lesion
size in ApoE2 KI mice

Apo E2 Kl m '
mouse control P '\




Atherosclerosis goes nuclear

Clinical proves of PPARa as therapeutic target
VAHIT trial

Secundary end point : cerebrovascular morbidity

Stroke and transient
Ischemic attack

Fibrate

Placebo



Atherosclerosis goes nuclear

PPARa activation as a mechanism of preventive neuroprotection

Fenofibrate decreases susceptibility to stroke
of KO Apo E mice independently of effects on lipids

Placebo
—H T WY
Wild type KO apo E KO apo E + FF
p<0.01 ‘ ’ p<0.01
Infarct
Volume
(mm?)




Atherosclerosis goes nuclear

PPARa activation as a mechanism of preventive neuroprotection

m Placebo

Infarct
Volume
(mm3)

G10)

PPARa

+

* p<0.01 versus
other groups

NS

Cortex

+

Striatum




Atherosclerosis goes nuclear

PPARa activation as a mechanism of preventive neuroprotection

Vascular effect of chronic treatment by fenofibrate

Molecular Acetylcholine (M)
i Control Placebo FF &
WL o S 3109 3.10% 3.10 7 3.106 3.10°
kDa = D
(kDa) . ——  NOS II §§ 5
©
97.4 %‘ 8
>5 10
(¢D} -
== Fenofibrate (FF)
T O
45 _ S o
b Actin v o 15
.
o T
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=E 20
o

MCA reactivity




5% | Atherosclerosis goes nuclear

S A% ) . . . .
:tg) PPARa activation as a mechanism of preventive neuroprotection

3 p<0.01 p<0.05
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enzymes activities in brain
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Atherosclerosis goes nuclear

Decreased ischemia induced adhesion proteins

VCAM-1

b Actin

Optic density ratio

PPARa activation as a mechanism of preventive neuroprotection

ICAM-1

Placebo

Optic density ratio

FF

b Actin




> The Selective PPARa
"} Modulators concept




The Selective PPARa Modulators concept
Different PPARa ligands promote distincts biological responses

@ Conformation
of the receptor

@ Selective recruitment
of cofactors

@ PPARa activation
and binding to PPRE



z3% | The Selective PPARa Modulators concept

‘:‘5{*" Different PPARa ligands promote distincts biological responses

Ligand A specific Ligand B specific

Target genes Target genes Target genes

Common
target genes

Common
response

Ligand A specific Ligand B specific
biological response biological response






