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When does a Risk Marker becomes a Risk Factor?
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Atorvastatin 80 mg/d

Pravastatin 40 mg/d

Baseline LDL 106 and Baseline HDL 38-39

Cannon CP et al. NEJM 2004;350:1495-1504

Pravastatin or Atorvastatin Evaluation and 

Infection Therapy (PROVE-IT)—TIMI 22 Study

• 4,162 patients with an ACS randomized to atorvastatin 80mg or pravastatin 40mg for 2 yrs.



CP914474- 5

3          6           9         12 15 18 21 24 27        30

Follow-up (months)

30

25

20

15

10

5

0

P =0.005R
e
c
u

rr
e
n

t 
M

I,
 C

a
rd

ia
c
 D

e
a
th

, 

R
e
v
a
s
c
 o

r 
U

A
 H

o
s
p

it
a
li
z
a
ti

o
n 16% RRR

Atorvastatin 80 mg/d

Pravastatin 40 mg/d

Baseline LDL 106 and Baseline HDL 38-39

Cannon CP et al. NEJM 2004;350:1495-1504

Pravastatin or Atorvastatin Evaluation and 

Infection Therapy (PROVE-IT)—TIMI 22 Study

• 4,162 patients with an ACS randomized to atorvastatin 80mg or pravastatin 40mg for 2 yrs.

22.4% Still Recur Despite

Achieved LDL of 62 mg/dl



CP914474- 6

0 3.02.51.0 1.5 2.00.5 3.5 4.0

Epidemiology

Plaque

Unstable 
plaque

Plaque 
rupture

Thrombosis

• LDL

• ox 
LDL

• CRP

• IL-6

• IL-10

• IL-18

• Fbg

• TNF-

• MMP-9

• MPO

• ICAM

• VCAM

• LpPLA2

• sCD40L

• PIGF

• PAPP-A

• VCAM

• PAI-1

• sCD40L

• VwF

• D-dimer

Molecular and basic mechanism

Translation from basic mechanism to CV events in humans

Risk Marker or a Risk Factor
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Lp-PLA2

Oxidized LDL
Lyso-PC

+
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Molecules
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LDL is Oxidized in the Vascular Wall and its

Oxidized Constituents are Released by Lp-PLA2

VSMC
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Lysophosphatidylcholine (Lyso-PC) Exhibits 

Multiple Pro-Atherogenic Activities

Lyso-PC

Expression of 
adhesion 
molecules

Inhibition of endothelial 
derived nitric oxide

Upregulation of 
cytokines and 
CD40 ligand

Migration of 

vascular smooth 
muscle cells

Stimulation of 
macrophage 
proliferation

Induction 
of MCP-1

Chemoattractant                  
for macrophages                     

and T-cells

1. Dada et al. Expert Rev Mol Diagn. 2002;2(1):89-94

2. Quinn et al. Proc Natl Acad Sci USA. 1988;85:2805-2809
3. MacPhee et al. Biochem J. 1999;338:479-487

4. Carpenter et al. FEBS Lett. 2001;505:357-363
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•Lp-PLA2 mass

•Lp-PLA2 activity

•Lp-PLA2 end product
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Risk Marker or a Risk Factor
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Early Atheroscelrosis and endothelial 
dysfunction
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New risk
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and remodeling
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Plaque rupture/

erosion

CP949994-1

Obesity
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Endothelial Dysfunction and CV Events: Meta-analysis 
of 15 studies

-8.0 -6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 8.0

Risk Ratio
CP1137788-1

Coronary

(N=5)

Brachial

(N=10)

Overall

Lerman and Zeiher Circulation 2004 
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Coronary Endothelial Function Protocol

Infusion catheter

Doppler wire

Diagnostic

angiography Adenosine IC

Acetylcholine NTG

Hemodynamic data

CP922798- 2

3D/IVUS 
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•Potential mechanisms of Lp-

PLA2 in early atherosclerosis 

and endothelial dysfunction.
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Objective – The purpose of the current study was to 

determine whether lipoprotein-associated phospholipase A2

(Lp-PLA2) is associated with coronary endothelial dysfunction 

and is a predictor of endothelial dysfunction in humans.
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Acetylcholine

CP922798- 2

Coronary Endothelial Function Protocol
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Patient Characteristics

CP1257685-2

Yang & Lerman et al:  ATVB, 2006

Tertile 1 Tertile 2 Tertile 3
110-181.4 ng/mL 181.48-239.6 ng/mL 240-443 ng/mL

Variable n=57 n=58 n=57 P

Age 50.1±13.2 48.1±12.0 48.3±10.7 0.41

Hypertension, no. (%) 26 (45) 21 (37) 29 (51) 0.57

Diabetes, no. (%) 3 (5) 5 (9) 7 (12) 0.18

Hyperlipidemia, no. (%) 86 (64) 33 (57) 35 (61) 0.76

History of smoking, 21 (37) 21 (36) 24 (42) 0.58
no. (%)

Body mass index, kg/m2 27.6±5.8 28.6±5.6 29.4±5.9 0.10

Mean arterial pressure 95.0 97.5 94.0 0.94
(mm Hg), median (IQR) (89.0 to 103.0) (87.0 to 107.0) (85.0 to 109.0)

C-reactive protein 0.2 0.2 0.3 0.89
(mg/dL), median (IQR) (0.1 to 0.7) (0.1 to 0.6) (0.1 to 0.6)

Total cholesterol, mg/dL 169.2±36.0 181.3±43.4 193.3±37.1 0.001
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Lp-PLA2 - Epicardial endothelial function
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Conclusions – Lp-PLA2 is independently associated 

with coronary artery endothelial dysfunction and is a 

strong predictor of endothelial dysfunction in humans.  

(Arteroscler Thromb Vasc Biol, 2006;26:106-111.)
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Coronary Endothelial Function Protocol

Infusion catheter

Doppler wire
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Hemodynamic data

CP922798- 2

3D/IVUS 
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Coronary Endothelial Function Protocol

Diagnostic

angiography
Lp-PLA2, lyso PC, CRP, 

F2 Isoprostane

CP922798- 2

Plaque and vessel volume
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Production
X   CBF(CS levels - aorta levels)

Coronary gradient
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Correlation between Coronary endothelial function and 

coronary Lyso PC

Lavi & Leman et al:  Circulation 2007
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Conclusions

• The coronary production of Lp-PLA2 
correlates with the degree of the 
coronary atherosclerotic plaque. 

• Furthermore, coronary Lyso PC , the 
active product of the enzyme and 
oxidative stress correlate with the 
degree of coronary endothelial 
function.  
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•Potential role of Lp-PLA2 in early  

cardiac transplant vasculopathy. 
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Cardiovascular Event-Free Survival in Cardiac 
Transplant Population According to

Lp-PLA2 Levels
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Correlation Between Lp-PLA2 and
Changes in Percent Coronary Plaque Volume by IVUS in 

Patients post Heart Transplant

CP1287123-5
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Kolodgie et al:
Arterioscler Thromb Vasc Biol 26:2523, 2006
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Serial Cryostat Sections Showing Lipoprotein-Associated 
Phospholipase A2 (Lp-PLA2) Protein Expression in Varying Human 

Coronary Plaques Morphologies

Kolodgie et al:  Arterioscler Thromb Vasc Biol 26:2523, 2006
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Role of PLA2 in human carotid plaque stability
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PLA2  and LysoPC expression



Mannheim & Lerman et al:  Stroke 2007
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Expression of Lp-PLA2 in  Atherosclerotic Carotid Plaques

Mannheim & Lerman et al:  Stroke 2007
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Co localization of Lp-PLA2 with Oxidative stress and Inflammation 
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Role of PLA2 in human carotid plaque stability

Carotid 

endarterectomy

Frozen (-80C) 

Immunoperoxidase:PLA2, 

nitrotyrosine, NADPH-oxidase

Immunofluorescence: ubiquitin, 

SMC, macrophage

Formalin

PLA2  and LysoPC expression



Follow up for CV events
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Carotid Plaque

Pre-surgical dosing in patients undergoing carotid 

endarterectomy

Effects of treatment (14 days) with darapladib on Lp-PLA2 activity in plasma and 

in carotid plaques. A statistically significant dose-dependent reduction in Lp-

PLA2 activity was achieved in plasma and in plaques

Johnson AG, Zalewski A, Janmohamed S, et al. AHA 2004.
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Darapladib Reduced Macrophage Content

CP1324184-9Wilensky et al:  Nat Med (in press)
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Coronary Artery Lesion Complexity and necrotic core were

Reduced in Treatment Group

CP1324184-1Wilensky et al:  Nat Med (in press)
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Lp-PLA2 inhibitors
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Serruys et al:  Circ 118:1172, 2008

Necrotic core

 from 
baseline 

(%)

Dense calcium Fibro-fatty Fibrous

P=0.021

P=0.047

CP1326653-13

-5

0

5Darapladib group

Placebo group



CP914474- 70CP1326653-9

Conclusions:  Despite adherence to a high level of 
standard-of-care treatment, the necrotic core 
continued to expand among patients receiving 
placebo. In contrast, Lp-PLA2 inhibition with 
darapladib prevented necrotic core expansion, a key 
determinant of plaque vulnerability. These findings 
suggest that Lp-PLA2 inhibition may represent a 
novel therapeutic approach.
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Spectrum and Consequences of Elevated Risk Identified by 
Biomarkers
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