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Atherosclerosis is an inflammatory disease …Atherosclerosis is an inflammatory disease …



  

hsCRP
IL-6
sVCAM
sICAM
Fibrinogen
IL-10
IL-18
sCD40L
PlGF
…

… … associated with numerous systemic inflammatory associated with numerous systemic inflammatory 
markersmarkers

All have been shown to be correlated with cardiac events, 
but with low predictive value.



  

Circulating Microparticles as aCirculating Microparticles as a
Novel Biomarker of Cardiovascular RiskNovel Biomarker of Cardiovascular Risk



  
Taraboletti, Am. J. Pathol. 2002, 160: 673

Membrane Vesicles SheddingMembrane Vesicles Shedding
From Endothelial cellsFrom Endothelial cells



  

Microparticle FormationMicroparticle Formation

Stimulation

  Activation, Activation, 
ApoptosisApoptosis

Adapted from:Adapted from:  
Hugel Hugel et al. et al. Physiology, 2005Physiology, 2005
Zwaal and SchroitZwaal and Schroit, , Blood 1997Blood 1997
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Circulating MicroparticlesCirculating Microparticles

HIV-1 infectionHIV-1 infection  
CD4+ lymphocytesCD4+ lymphocytes (Aupeix, JCI 1997) (Aupeix, JCI 1997)

Meningococcal sepsisMeningococcal sepsis
Platelet and PMN origin Platelet and PMN origin (Nieuwland et al. Blood 2000)(Nieuwland et al. Blood 2000)

Multiple SclerosisMultiple Sclerosis
Endothelial origin Endothelial origin (Minagar  et al. Neurology, 2001)(Minagar  et al. Neurology, 2001)

Lupus AnticoagulantLupus Anticoagulant  
Endothelial originEndothelial origin (Combes et al. JCI 1999) (Combes et al. JCI 1999)  

Cardiopulmonary bypass Cardiopulmonary bypass 
Multiple origin Multiple origin (Nieuwland et al. Circulation 1997)(Nieuwland et al. Circulation 1997)

Metabolic syndromeMetabolic syndrome
TF+ microparticlesTF+ microparticles (Diamant et al, Circulation 2002) (Diamant et al, Circulation 2002)

Congestive heart failureCongestive heart failure
Endothelial origin Endothelial origin (Rossig et al. Circulation, 2001)(Rossig et al. Circulation, 2001)

Acute Coronary SyndromeAcute Coronary Syndrome
Endothelial and platelet origin (Endothelial and platelet origin (Mallat et al, Circulation 2000Mallat et al, Circulation 2000))

End Stage Renal FailureEnd Stage Renal Failure
Multiple origin (Multiple origin (Amabile et al, JASN 2005Amabile et al, JASN 2005))



  

Identification of Phosphatidylserine onIdentification of Phosphatidylserine on
Circulating MicroparticlesCirculating Microparticles
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Annexin V labelingAnnexin V labeling

AnnV+ MPs

Amabile et al., JASN 2005



  
Mallat et al. Circulation, 2000

Circulating microparticles Circulating microparticles 
and acute coronary syndromesand acute coronary syndromes
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• Multivariate analysis of risk factors for CAD in 
patients with diabetes:

– EMP (high): p=0.0002
– ICAM (high) p= 0.3
– HDL (low) p=0.02
– LDL (high) p=0.04
– DM duration (>12yrs) p=0.02
– Hypertension p=0.03

Koga et al, JACC 2005, 45; 1622-30

Plasma CD144+ EMPs levels, but not ICAM, Plasma CD144+ EMPs levels, but not ICAM, 
predict presence of CAD in diabetic patientspredict presence of CAD in diabetic patients



  

Predictive Value of Circulating Microparticles for Predictive Value of Circulating Microparticles for 
the Occurrence of Death or Nonfatal MIthe Occurrence of Death or Nonfatal MI

MICRO study 
(France - Scotland, 500 pts ACS, 6-month follow-up, 36 events)

RR    p

Prior CAD 4.24 0.005
Prior CABG 4.15 0.003
KILLIP (>1) 3.56 0.001 
AnnV+ MP 3rd tertile 3.14 0.004
Creatinine >1.1 3.3 0.017

unpublished
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On-going ProjectOn-going Project
Framingham Study:
1800 subjects
R. Vasan & T. Wang

Proportion of subjects

with carotid atherosclerosis (%)

Synergistic association of microparticles and risk Synergistic association of microparticles and risk 
factors in predicting atherosclerosisfactors in predicting atherosclerosis
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 Endothelial MPsEndothelial MPs Platelet MPsPlatelet MPs

Circulating MPs and Arterial StiffnessCirculating MPs and Arterial Stiffness
in patients with End-Stage Renal Failurein patients with End-Stage Renal Failure

Amabile Amabile et alet al., JASN 2005., JASN 2005
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Circulating MPs and Endothelial FunctionCirculating MPs and Endothelial Function
in patients with End-Stage Renal Failurein patients with End-Stage Renal Failure

Amabile Amabile et alet al., JASN 2005., JASN 2005
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                                CD31+ CD42- MPs CD31+ CD42- MPs (count / microL)(count / microL)                  
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Circulating EMPs correlate with Circulating EMPs correlate with 
endothelial dysfunction in obese womenendothelial dysfunction in obese women

Esposito et al., J. Clin. Endocrin. Metabo, 2006

Waist-to-hip ratioWaist-to-hip ratio Flow-mediated dilatationFlow-mediated dilatation



  

Circulating Endothelial Microparticles and Coronary Circulating Endothelial Microparticles and Coronary 
Endothelial DysfunctionEndothelial Dysfunction  (patients with  CAD)(patients with  CAD)

                    CD31+ AnnV+ MP / ul plasma         

R=-0.549
P<0.001

Werner Werner et alet al., ATVB 2006., ATVB 2006



  Koga et al, JACC 2005, 45; 1622-30

Plasma CD144+ Endothelial MPs and Plasma CD144+ Endothelial MPs and 
coronary endothelial function in patientscoronary endothelial function in patients

with type 2 diabetes and CADwith type 2 diabetes and CAD



  

Increased ratio Endothelial MPs to EPCs:Increased ratio Endothelial MPs to EPCs:
Marker of atherosclerosis in hypercholesterolemiaMarker of atherosclerosis in hypercholesterolemia

Pirro et al. ATVB 2006; 26: 2530-2535

50 normo-cholesterolemic  (NC) & 50 hyper-cholesterolemic (HC) patients50 normo-cholesterolemic  (NC) & 50 hyper-cholesterolemic (HC) patients




