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Inflammation; Current evidence supports –

a central role in all phases of the atherosclerosis

from lesion initiation through to progression and, 
ultimately, the thrombotic complications of 
atherosclerosis.

May circulating levels of inflammatory biomarkers help 
identify those at risk of future cardiovascular events ? 
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The role of inflammation
in atherosclrosis
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The Synthesis and Breakdown of 
Atheromatous Plaques

Adapted from Libby P. Circulation 1995;91:2844–2850
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CRP

Marker of inflammation
Predictor of atherosclerosis
Therapeutic target



The CDC/AHA recommendations for the use of CRP in the 
diagnosis and management of cardiovascular disease

high-sensitivity CRP assay 
• at least two measurements, preferably 2 weeks apart, 
• cut points for CRP according to approximate tertiles in the adult population 

low risk (<1.0 mg/l)
average risk (1.0–3.0 mg/l)
high risk (>3.0 mg/l)

• CRP level >10 mg/l
presence of a significant acute-phase response
e.g.) rheumatoid arthritis



CRP

non-specific biochemical marker of inflammation
to assess disease activity in 

• inflammatory conditions ; rheumatoid arthritis, ankylosing spondylitis. 
• infections, including bacterial endocarditis
• intercurrent infection in systemic lupus erythematosus

stronger predictor of cardiovascular risk 
no apparent circadian variability
no evidence for seasonal variations
long half-life and concentrations appear to be fairly stable over long  

periods of time in most individuals 



hs-CRP and Risk of Future MI in Apparently Healthy Men 
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Markers of Inflammation in the Prediction of 
Cardiovascular Disease in Women
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Analysis of the Cholesterol and Recurrent Events (CARE) study 
increased risk of recurrent events among patients with elevated CRP or 
serum amyloid A 

Thrombogenic Risk Factor (THROMBO) study 
CRP was a predictor of risk in univariate analyses, but this association was 

not significant after adjustment for important predictors of prognosis, such as 
left ventricular ejection fraction and presence of pulmonary congestion 

Women's Health Study 
measurement of CRP in addition to lipid levels may improve identification of individuals at 
risk for cardiovascular events 
CRP may be an even stronger predictor than LDL-C level and may provide additional 
prognostic information to that conveyed by the Framingham risk score
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CRP: a therapeutic target for cardiovascular risk reduction
- HMG CoA Reductase Inhibition and CRP

Do statins reduce hs-CRP?

Is any effect of statin therapy on hs-CRP dependent or 
independent of statin induced effects on lipids ? 

Do potential anti-inflammatory effects of statins help  
to explain the utility of these agents in acute ischemia ?



Design of Key Statin Trials
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Pravastatin Inflammation CRP Evaluation (PRINCE): 
n=2,884
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Albert, Danielson, Rifai, Ridker for the PRINCE Investigators. JAMA 2001;286:64-70.



AFCAPS/TexCAPS - Lipoprotein reduction 
after 1yr
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Table 1. Baseline clinical characteristics and angiographic findings 
Patients (n=36)

Age, years 61±9
Male (%) 25(69)
Hypertension (%) 12(33)
Diabetes mellitus (%) 10(28)
Current smoking (%) 11(31)
Multivessel disease (%) 13(36)
Dilated coronary artery

LAD/LCX/RCA 19(53)/7(19)/10(28)
Target lesion before angioplasty

Reference diameter, mm 3.1±0.5
Minimal luminal diameter, mm 0.7±0.4
Diameter stenosis, % 77±13
Lesion length, mm 15±6.4

Target lesion after angioplasty
Balloon PTCA/Stent (%) 19(53)/17(47)
Minimal luminal diameter, mm 2.8±0.5
Diameter stenosis, % 6±8

LAD:left anterior descending coronary artery, LCX:left circumflex artery, RCA:right coronary artery, 
PTCA:percutaneous transluminal coronary angiopalsty
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Summary
Inflammatory processes play a pivotal role in the initiation, progression and 
complications of atherosclerosis.
A variety of plasma markers have been shown to predict future 
cardiovascular risk. 
Powerful evidence that elevated CRP concentrations predict future 
cardiovascular events.
CRP adds predictive value to that afforded by standard lipid screening.
CRP identify individuals without overtly elevated LDL-C who are at high 
risk for future events, and the benefits of interventions, such as statin
therapy
Large-scale prospective studies 

If proven, screening for low-grade inflammation using CRP as a biomarker
may prove an important tool for identifying individuals at increased risk 
who would benefit most from targeted preventive interventions. 



Lp-PLA2
(Lipoprotein-associated phospholipase A2)



Lipoprotein-associated phopholipase(Lp-PLA2)
①Member of phopholipase A2 superfamily

(hydrolyze phospholipid)
②Marker of inflammation(Critical role in atherogenesis)

Lp-PLA2 inhibition antiatherogenic effects

Major role for inflammation in pathophysiology of 
cardiovascular event(vulnerable plaque)

LP-PLA2 level in plasma is an independent
predictor of coronary events



Biology

Two circulating PLA2
① Lp-PLA2

: platelet activating factor acetylhydrolase(PAF-AH)
50 kD Ca2+ independent phospholipase

② Secretary PLA2
: 14 kD Ca2+ dependent enzyme
may destabilize LDL particles & enhances retention   
lipoprotein

Lp-PLA2 is predominantly pro-atherogenic or anti-
atherogenic is controversial.



Biology

OxLDL--Lp-PLA2(hydrolysis)
proinflammatory and atherogenic by-product   
1) lysophosphatidylcholine(LysoPC) & 
2) oxidized fatty acids(OxFA)

LysoPC : critical role of atherogenesis
① chemoattractant for monocyte
② impairs endothelial function
③ cause cell death by disrupting plasma membrane
④ induces apoptosis in smooth muscle cells and macrophages





Modulation of Lp-PLA2

Inhibition of Lp-PLA2

① Antiatherogenic effects
② Abolishing OxLDL-induced chemoattraction for monocytes and 
attenuating its ability to induce the apoptotic death of monocytes

Agent with ability to specifically inhibit the enzymatic activity of 
Lp-PLA2

agents for modification of Lp-PLA2 and treatment of atherosclerosis 

In clinical study, statins and fibrates, both agents decrease 
cardiovascular events and reduce plasma Lp-PLA2 level



Medical genetics of Lp-PLA2

Gene for Lp-PLA2(PLA2G7) has 12 exons & located on 
chromosome 6p21.2 to 12

Some variant noted mainly in certain ethnic group
① Val279Phe variant is common in Japanese, Turks-reduced levels 

of Lp-PLA2 but higher prevalence of cardiovascular disease
② Ala279Phe variant in whites, results in reduced affinity of Lp-

PLA2 for exogenous PAF



Epidemiological and clinical studies showing an association between Lp-PLA2 
(mass or activity) and cardiovascular events or other endpoints
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Lp-PLA2 as a marker of cardiovascular risk in 
clinical study



The West of Scotland Coronary Prevention Study 
(WOSCOPS) - LDL decrease and risk reduction

Primary prevention tiral designed to evaluate the use of pravastatin in 6,595 hypercholesterolemic men

580-cardiac event/1160-non case

Inflammatory marker : Lp-PLA2, CRP, white-cell count, fibrinogen

Lp-PLA2 is novel risk factor that predicts risk of inflammation and were not affected by smoking

(New Engl J Med 2000;343:1148-1155)
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The Atherosclerosis Risk In Communities(ARIC) study

Support hypothesis that Lp-PLA2 is independently associated with CHD
Prospective , case-cohort study designed to evaluated atherosclerosis over a 
period of 6 years in 12,819 healthy middle-aged men and women
608 patients-coronary event/740 non
Mean levels of Lp-PLA2 and CRP were higher in patients who had 
experienced a CHD
In patients with LDL levels below median(<130mg/dL), both Lp-PLA2 and 
CRP were associated with CHD
Both suggesting inflammatory marker & complementary in identifying high-
risk individuals

(Circulation. 2004;109:837-842)
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The monitoring trends and determinants in 
cardiovascular disease (MONICA)
-Augsburg Cohort study

Relationship between Lp-PLA2 levels and risk of coronary events was 
evaluated in 934 healthy men who were followed for 14 years(1984-1998)

97 men suffered a coronary event and mean baseline levels of LP-PLA2

were significantly higher(295ug/L vs 263ug/L)

1 SD increase in Lp-PLA2 mass was associated with a 37% increase in risk 
of coronary events

Combination of high Lp-PLA2(290.8ug/L) and high CRP(>3mg/L) 
was associated with increased risk for future coronary event

(Circulation 2004;110:1903-1908)



Correlation between Lp-PLA2, CRP and other cardiovascular risk factors 
in the MONICA/KORA Cohort study 1984-1998 (n=934)
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The Rotterdam study

Population-based follow-up study in 7983 subjects aged 55 years and over.

Case-cohort study including 308 coronary heart disease cases and random 
sample of 1822 subjects.

Evidence for an association between Lp-PLA2 and coronary heart 
disease independent of other risk factors

(Circulation, 2004, in press) 



Lp-PLA2 activity in ACS and stable angina

Increase in both men and women with acute coronary syndrome and 
stable angina compared with control
Lp-PLA2 levels were diminished in patients with being treated with 
ACE-inhibitor therapy

No correlation was found between Lp-PLA2 activity and levels of 
common markers of inflammation 

(J Lipid Res. 2003;44:1381-1387)



Lp-PLA2
as a risk predictor for stroke

CRP has been reported to identify individuals at increased risk for 
stroke

ARIC study relation between Lp-PLA2, CRP, traditional risk factor 
and stroke over 6 years was examined

Mean LP-PLA2 and CRP levels were higher in the 223 
cases(422ug/L and 3.75mg/L) than 766 noncases(372ug/L and 
3.04mg/L) 

(Stroke, 2003;34:623-631)



Lp-PLA2 in diabetic subjects

Data on Lp-PLA2 in subjects with diabetes is limited

Type 2 diabetes patients, increasing Lp-PLA2 activity was 
significantly associated with a positive history of CAD 
8wks of therapy with fluvastatin decreased Lp-PLA2 activity by 
about 23%

Lp-PLA2 measurement may be useful in predicting CAD in 
diabetic subjects, further studies are needed to confirm this 
association

(J Clin Endocrinol Metab. 2004;89:1153-1159)



Summary
Inflammatory processes play a pivotal role in the initiation, 

progression and complications of atherosclerosis.
A variety of plasma markers have been shown to predict future 

cardiovascular risk. 
Elevated Lp-PLA2 predict future cardiovascular events 

independent of CRP.
CRP and Lp-PLA2 may be addictive in their ability to 

predict risk of coronary heart disease.



감사합니다감사합니다


	Biomarkersin Vascular Inflammation            (hsCRP, Lp-PLA2)
	The role of inflammationin atherosclrosis
	The Synthesis and Breakdown of Atheromatous Plaques
	CRP
	hs-CRP and Risk of Future MI in Apparently Healthy Men
	Markers of Inflammation in the Prediction of Cardiovascular Disease in Women
	CRP:  a therapeutic target for cardiovascular risk reduction    - HMG CoA Reductase Inhibition and CRP
	Design of Key Statin Trials
	Pravastatin Inflammation CRP Evaluation (PRINCE): n=2,884
	AFCAPS/TexCAPS - Lipoprotein reduction after 1yr
	Lp-PLA2(Lipoprotein-associated phospholipase A2)
	Biology
	Biology
	Modulation of Lp-PLA2
	Medical genetics of Lp-PLA2
	Epidemiological and clinical studies showing an association between Lp-PLA2 (mass or activity) and cardiovascular events or ot
	Lp-PLA2 as a marker of cardiovascular risk in clinical study
	The West of Scotland Coronary Prevention Study (WOSCOPS) - LDL decrease and risk reduction
	The Atherosclerosis Risk In Communities(ARIC) study
	The monitoring trends and determinants in cardiovascular disease (MONICA)-Augsburg Cohort study
	The Rotterdam study
	Lp-PLA2 activity in ACS and stable angina
	Lp-PLA2 as a risk predictor for stroke
	Lp-PLA2 in diabetic subjects

