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LDL-Cholesterol/HDL-Cholsterol and 
risk of coronary diseaserisk of coronary disease

1% decrease
in LDL C 1% increasein LDL-C 

reduces CHD risk 
by  

1% increase
in HDL-C 

reduces CHD risk 
b1% by

2-3%

Statin 
Th      

Therapeutic 
Opportunity ?Therapy     Opportunity ?

Third Report of the NCEP Expert Panel. NIH Publication No. 01-3670 
2001. http://hin.nhlbi.nih.gov/ncep_slds/menu.htm



HDL – a novel target in prevention ?HDL a novel target in prevention ?

HDL



Intense statin therapy improves outcome 
–but still substantial residual risk

Treating to New Targets
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Low HDL remains a predictor of cardio-
vascular risk in statin treated patientsvascular risk in statin-treated patients

Barter P et al., N Engl J Med 2007; 357: 1301-10 



HDL: 
proposed anti-atherogenic effects

1. Promotion of RCT

proposed anti atherogenic effects

(reverse cholesterol transport)

A-IBileBile AA--II
A-I

CE
FC

LCATLCAT
BileBile

SRSR BIBI

ABCA1ABCA1
Nascent Nascent 

HDLHDL

FC
CECE FCCECEFCFC

LiverLiver

FCSRSR--BIBI
MacrophageMacrophage

HDLHDL
HDL SRSR--BIBI

2. Direct vasoprotective 
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Vasculoprotective effect of HDL: 
role of nitric oxide (NO)role of nitric oxide (NO)

S1P3

Nofer et al.; J. Clin. Invest. 2004 
Yuhanna IS et al.; Nat Med 2001



Reduced endothelial release of nitric oxide 
in patients with isolated low HDL p

(Tangiers disease)

Isolated low HDL
Tangiers Disease

(ABCA-1 heterozygot)

After infusion of 
reconstituted HDLreconstituted HDL

Bisoendial et al.; Circulation 2003; 107: 2944 - 2948



Endothelial dysfunction, nitric oxide 
and atherosclerosisand atherosclerosis

Development of 
atherosclerosis

Clinical events

Summarized in:  

Landmesser et al. Circulation 2004; 109(21 Suppl 1):II27-33 



Effect of HDL on endothelial cell nitric 
oxide production ?  oxide production ?  

HDL fromHDL from 
Healthy subject 

HDL from 
Patient with CAD

30 minutes



Vascular effects of HDL 
in patients with stable 

coronary disease or 
  d  acute coronary syndrome 

as compared to healthy as compared to healthy 
subjects ?j



Study setup

Patients with acute coronary syndrome (n=18)
Patients with stable coronary disease (n=18)

H lth  t l bj t  ( 16)

Isolation of HDL

Healthy control subjects (n=16)

Isolation of HDL2/3
(by sequential ultracentrifugation)

Endothelial 
Function V l  effe t Anti thromboticFunction

(Endothelial cell NO 
production and 
vasoreactivity)

Vascular effects Anti-thrombotic
effects

ESR spectroscopy
Organ chamber 

Anti-oxidant Anti inflammatory

Tissue factor 
Arterial thrombosis 

Anti oxidant
effects

(Endothelial cell 
superoxide production)

Anti-inflammatory
effects

(Endothelial cell 
inflammatory activation)

Effects on Re-
Endothelialization

ESR spectroscopy 

y )

Monocyte adhesion 
VCAM-1 expression 

Carotid artery injury 
model in nude mice



Characteristics of the study population

Healthy 
subjects

Stable 
coronary 

Acute 
coronary 

(n=16) artery 
disease
(n=18)

syndrome
(n=18)

Age (years) 53±4 56±6 54±6

Sex (male/female) 10/5 11/5 11/4

Body mass index (kg/m2) 24.9±1.9 27.2±4.1 26.2±3.1

Total cholesterol 
(mmol/l)

4.9±0.8 4.2±1.1 4.5±0.7

HDL cholesterol (mmol/l) 1.47±0.47 1.27±0.25 1.21±0.32
LDL cholesterol (mmol/l) 2.8±0.8 2.6±0.9 2.8±0.6

C-reactive protein 
(μmol/l)

2±1 3±5 4±8



HDL`s vascular effects in patients with 
coronary diseasecoronary disease
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HDL: Effect on endothelial cell 
i i id d initric oxide production
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Effects of HDL on endothelial cell 
superoxide productionsuperoxide production
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Effects of HDL on eNOS activation:
eNOS phosphorylation in endothelial cells
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Effects of HDL on vascular inflammation:
monocyte adhesion on TNFα-stimulated 

d h li l ll
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Effects of HDL on endothelial repair 
after arterial injuryafter arterial injury

P < 0 05

30

[in
 %

]

P < 0.0001
P < 0.05

20

25

liz
ed

 a
re

a 
[

10

15

en
do

th
el

ia
l

PBS HDL HDL HDL
0

5R
e-

e

PBS HDL
Healthy

HDL
Stable CAD

HDL
ACS

Quantification of re-endothelialized area 3 days after Quantification of re endothelialized area 3 days after 
induction of carotid injury by Evan`s blue staining



HDL functionHDL function
(vascular effects)

- The true therapeutic - The true therapeutic 
target ?g



HDL f tiHDL function
(vascular effects)(vascular effects)

Which changes of 
HDL are mediatingHDL are mediating

differences in HDL‘s 
vascular effects ?



HDL characterisation:
Functionally relevant changesFunctionally relevant changes

Mechanisms of altered  function of HDL ?

„Lipidomics“ Proteomics HDL binding to 
d th li l ll

HDL-
endothelial cells

A von Functional Binding assays

cargo
A.von 

Eckardstein
Functional 

genomis center
Binding assays

Analysis of HDL-
associated Lipids

Analysis of HDL-
associated proteins

HDL endothelial 
binding

Reverse Cholesterol-associated Lipids associated proteins Reverse Cholesterol-
transport



HDL-associated paraoxonase 
activity and contentactivity and content

Paraoxonase activity Paraoxonase 1 content
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Effect of paraoxonase inhibition on nitric 
oxide production in endothelial cellso de p oduct o e dot e a ce s
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HDL in clinical trials - where are 
we now ?we now ?

1. ApoA1 - infusion - Proof of  concept ?

2. Life style and HDL

3. Niacin - an old drug with new hope ?

4. CETP inhibitors - a painful lesson ?



Infusion of ApoA1 Milano reduced 
coronary plaque volumecoronary plaque-volume

Regression of atheroma in a patient who 
received high-dose ETC-216 (apoA1-Milano)

Nissen, S. E. et al. JAMA 2003;290:2292-2300



HDL in clinical trials - where are 
we now ?we now ?

1. ApoA1 - infusion - Proof of  concept ?

2. Life style and HDL

3. Niacin - an old drug with new hope ?

4. CETP inhibitors - a painful lesson ?



1. Life style change has 
li i d ff l llimited effect on HDL levels 

Singh et al., JAMA. 2007; 298: 786-98 



HDL in clinical trials - where are 
we now ?we now ?

1. ApoA1 - infusion - Proof of  concept ?

2. Life style and HDL

3. Niacin - an old drug with new hope ?

4. CETP inhibitors - a painful lesson ?



Niacin (Nicotinic acid) 

“W lö li h B Vit i ”“Wasserlösliches B-Vitamin”

Altschul R, Hoffer A, Stephen JD (1955). 
Influence of nicotinic acid on serum cholesterol in man. 

Arch Biochem 54: 558–559



Niacin - Mechanisms 
for lipid effects  ? for lipid effects  ? 

“broad-spectrum lipid drug”

Bodor ET, Offermanns S. Br J Pharmacol. 2008 Mar;153 Suppl 1:S68-75



Effect of niacin on lipid profileEffect of niacin on lipid profile
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Niacin - clinical endpoint studies 

E i i 35 14%Ereignis-
Rate %
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Niacin and Imaging studies:
ARBITER 2ARBITER 2

Placebo

n = 80

Niacin

n = 87

Statin-Dose (Mean) 36 ± 22 mg 34 ± 19 mg

Beta blocker 79% 79%Beta-blocker 79% 79%

ACE-Inhibitor 58% 62%

ASS 85% 86%

Vitamin E* 18% 25%

Vitamin C* 10% 12%

Taylor AJ et al., Circulation 2002; 106:2055-2060



Primary Endpoint CIMT
(Carotis Intima-Media-Thickness)(Carotis Intima Media Thickness)

Δ CIMT after 12 Mon.
p-Values:

0,06
Ch i

p

1) in Groups:
Plazebo: p < 0 001

0,04

0,05Change in 
CIMT 

in 0,044 mm
Plazebo:   p < 0,001  
ER-Niacin: p = 0,23

0 02

0,03mm ± 0,011

0

0,01

0,02

0,014 mm
± 0,011

2) Between Groups: 
p = 0,048 (ITT-Analysis for  

all 167 Pat )0
ER-Niacin

n = 78
Plazebo
n = 71

all 167 Pat.)

Taylor AJ et al., Circulation 2002; 106:2055-2060



Effect of extendedEffect of extended--release niacinrelease niacin
on HDLon HDL´́s endothelial effects in diabetess endothelial effects in diabeteson HDLon HDL s endothelial  effects in diabetess endothelial  effects in diabetes

End points:ER-Niacin ER-Niacin ER-Niacin

Patients 
with  

-HDL vasculo-
protective effects

500 mg 1000 mg 1500 mg

with  
Type-2
Diabetes

1. Month 3. Month2. Month
-Endothelial function
(High-resolution ( g
ultrasound)Placebo Placebo Placebo

Sorrentino et al. (submitted)



Effect of ER-niacin on HDL`s 
vascular effects in diabetic patientsvascular effects in diabetic patients
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ER niacin improves endothelial function 
in patients with type-2 diabetesin patients with type 2 diabetes
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Niacin - discovery of “flush“ receptor

Flush:  PGD2-/DP-1 Receptor dependent/ p p
1. Epidermal 
Langerhans Cells1

- Nicotinic acid binds Nicotinic acid binds 
- PGD2 is produced

• 2. Dermal Blood 
Vessels2,3

• - PGD2 binds to DP1PGD2 binds to DP1
• - Vasodilation results

PGD2=prostaglandin D2; DP1=prostaglandin D2 receptor 1.
1.  Benyó Z et al. Mol Pharmacol. 2006;70:1844–1849. 
3.  Cheng K et al. Proc Natl Acad Sci U S A. 2006;103:6682–6687.



HPS2- THRIVE (Treatment of HDL to
Reduce the Incidence of Vascular Events) )

Study Overview
• Objective:

∗ To assess the effect of ER niacin/laropiprant 2 g/40 mg vs 
placebo on CV events, on a background of simvastatin 40 mg

• Patient Population:
∗ 20,000 high risk atherosclerosis patients (a) MI, (b) peripheral 

or cerebrovascular disease, (c) diabetes + atherosclerotic 
vascular disease. One third in category (c)

• Primary Study Endpoints:• Primary Study Endpoints:
∗ Major vascular events (MVE)

ER niacin/laropiprant 2 g/40 mg

Unblinded active run-in
ERN/LRPT ERN/LRPT

p p g g

4 YR F/U
--- Simvastatin 40 ± EZ (background)- - - - - -

Placebo
-12 to-16     -8                -4

1g* 2g* 2300 MVE*

Weeks

--- Simvastatin 40 ± EZ (background)- - - - - -

*Patients enter on a background of either simvastatin 40 mg or ezetimibe (EZ)/simvastatin 10/40 mg.
ezetimibe/simvastatin 10/40 mg  initiated at week -8 if TC levels >3.5 mmol/L (LDL-C 76 mg/dL)



HDL in clinical trials - where are 
we now ?we now ?

1. ApoA1 - infusion - Proof of  concept ?

2. Life style and HDL

3. Niacin - an old drug with new hope ?

4. CETP inhibitors - a painful lesson ?



CETP inhibition 

N Engl J Med 2007; 356: 1304-16 



CETP Inhibition and Plasma LipidsCETP Inhibition and Plasma Lipids

Brousseau et al.; N Engl J Med. 2004; 350(15):1505-15.



Torcetrapib – Imaging studies

IVUS:  ILLUSTRATE 

Nissen et al.  N Engl J Med 2007; 356: 1304-16 

CIMT:  RADIANCECIMT:  RADIANCE

Kastelein et al., N Engl J Med 2007; 356: 1620-30 



CETP-Inhibitor - Torcetrapib  -
Outcome StudyOutcome Study

Barter et al., N Engl J Med 2007; 357: 2109-2122 



CETP inh. - Vasculotoxic effects of Torcetr. 

4.6 mm Hg increase in
mean systolic blood pressuremean systolic blood pressure 

Nissen et al.  
N Engl J Med 2007; 356: 1304-16 



CETP inh. - dal-OUTCOMES Study 

Effect of Dalcet apib on ca dio asc la  Effect of Dalcetrapib on cardiovascular 
mortality and morbidity  after recent

acute coronary syndromeacute coronary syndrome

Primary Endpoint: 

Ti fi

Dalcetrapib 600 mg

Time to first event

Placebo

*KHK T d h k E t ( i ht l t l MI i ti fl H till t d H it li i Bi k ti ACS*KHK Tod, schwere koronare Events (nicht-letaler MI, reanimationspfl. Herzstillstand, Hospitalisierung von Biomarker-negativen ACS-

Patienten mit EKG-Veränderungen), letaler/nichtletaler Schlaganfall mit atherothrombotischer Genese 



The deepest sin against p g
the human mind is to 
believe things withoutbelieve things without 

evidence.

Thomas H. Huxleyy
(1825 - 1895)



Summary and Conclusionsy

1.  Low HDL remains  associated with   1.  Low HDL remains  associated with   
increased cardiovascular risk  
(despite intense statin therapy)

2.  The vascular effects of HDL are 
markedly   different in patients with markedly   different in patients with 
coronary disease or diabetes - HDL 
dysfunction may represent the true novel y y p
therapeutic target

3. Clinical trials using ER-Niacin/ 
laropiprant or CETP inhibitors on top of 
statin therapy are underwaystatin therapy are underway



Thank youThank you


