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[bookmark: N10A9F]
Summary


Clopidogrel is considered to be an important therapeutic advance in anti-platelet therapy. We investigated whether inhibition by clopidogrel results in a reduced capacity of platelets to adhere and stimulate pro-atherothrombotic and inflammatory functions in polymorphonuclear leukocytes (PMN) and in monocytes (MN). An eventual effect on these processes could further substantiate anti-atherothrombotic properties of this drug. The effects of clopidogrel or of its active metabolite were investigated on ADP or thrombin receptor-induced platelet activation and on platelet-leukocyte interactions ex vivo in the mouse or in vitro in isolated human cells or whole blood, respectively. Clopidogrel inhibited platelet aggregation, expression of P-selectin, platelet-PMN adhesion and platelet-dependent ROS production in mouse PMN. Similarly pretreatment of human platelets with the active metabolite of clopidogrel in vitro resulted in a profound inhibition of platelet P-selectin expression, platelet-PMN adhesion and production of ROS by PMN. Pretreatment with the active metabolite of clopidogrel significantly impaired the ability of platelets to up-regulate the expression of TF procoagulant activity in MN, in a washed cell system. Moreover, the active metabolite of clopidogrel inhibited rapidTF exposure on platelet as well as on leukocyte surfaces in whole blood. By reducing platelet-dependent up-regulation of inflammatory and pro-atherothrombotic functions in leukocytes, clopidogrel may reduce inflammation that underlies the chronic process of atherosclerosis and its acute complications.





[bookmark: N10AB2]
Keywords

Clopidogrel - 
P-selectin - 
platelet-leukocyte interaction - 
ROS - 
tissue factor





 

[bookmark: ]
	
[bookmark: JR0020-1]1 

Woulfe D, 


Yang J, 


Brass L. 

ADP and platelets: the end of the beginning.. J Clin Invest 2001; 107: 1503-5. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-2]2 

Cattaneo M. 

The platelet P2Y receptors as targets for new antithrombotic drugs.. J Thromb Haemost 2003; 1: 1133-5. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-3]3 

Hollopeter G, 


Jantzen HM, 


Vincent D. 

et al. 
Identification of the platelet ADP receptor targeted by antithrombotic drugs.. Nature 2001; 409: 202-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-4]4 

Zhang FL, 


Luo L, 


Gustafson E. 

et al. 
ADP is the cognate ligand for the orphan G protein-coupled receptor SP1999.. J Biol Chem 2001; 276: 8608-15. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-5]5 

Foster CJ, 


Prosser DM, 


Agans JM. 

et al. 
Molecular identification and characterization of the platelet ADP receptor targeted by thienopyridine antithrombotic drugs.. J Clin Invest 2001; 107: 1591-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-6]6 

Coller BS. 

Binding of abciximab to alpha V beta 3 and activated alpha M beta 2 receptors: with a review of platelet-leukocyte interactions.. Thromb Haemost 1999; 82: 326-36. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0020-7]7 

Smyth SS, 


Reis ED, 


Zhang W. 

et al. 
Beta(3)-integrin- deficient mice but not P-selectin-deficient mice develop intimal hyperplasia after vascular injury: correlation with leukocyte recruitment to adherent platelets 1 hour after injury.. Circulation 2001; 103: 2501-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-8]8 

Huo Y, 


Schober A, 


Forlow SB. 

et al. 
Circulating activated platelets exacerbate atherosclerosis in mice deficient in apolipoprotein E.. Nat Med 2003; 9: 61-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-9]9 

Li N, 


Hu H, 


Hjemdahl P. 

Aspirin treatment does not attenuate platelet or leukocyte activation as monitored by whole blood flow cytometry.. Thromb Res 2003; 111: 165-70. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-10]10 

Klinkhardt U, 


Bauersachs R, 


Adams J. 

et al. 
Clopidogrel but not aspirin reduces P-selectin expression and formation of platelet-leukocyte aggregates in patients with atherosclerotic vascular disease.. Clin Pharmacol Ther 2003; 73: 232-41. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-11]11 

Steiner S, 


Seidinger D, 


Huber K. 

et al. 
Effect of glycoprotein IIb/IIIa antagonist abciximab on monocyteplatelet aggregates and tissue factor expression.. Arterioscler Thromb Vasc Biol 2003; 23: 1697-702. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-12]12 

Klinkhardt U, 


Graff J, 


Harder S. 

Clopidogrel, but not abciximab, reduces platelet leukocyte conjugates and P-selectin expression in a human ex vivo in vitro model.. Clin Pharmacol Ther 2002; 71: 176-85. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-13]13 

Storey RF, 


Judge HM, 


Wilcox RG. 

et al. 
Inhibition of ADP-induced P-selectin expression and platelet-leukocyte conjugate formation by clopidogrel and the P2Y12 receptor antagonist AR-C69931MX but not aspirin.. Thromb Haemost 2002; 88: 488-94. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0020-14]14 

Xiao Z, 


Theroux P. 

Clopidogrel inhibits plateletleukocyte interactions and thrombin receptor agonist peptide-induced platelet activation in patients with an acute coronary syndrome.. J Am Coll Cardiol 2004; 43: 1982-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-15]15 

Savi P, 


Pereillo JM, 


Uzabiaga MF. 

et al. 
Identification and biological activity of the active metabolite of clopidogrel.. Thromb Haemost 2000; 84: 891-6. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0020-16]16 

Pereillo JM, 


Maftouh M, 


Andrieu A. 

et al. 
Structure and stereochemistry of the active metabolite of clopidogrel.. Drug Metab Dispos 2002; 30: 1288-95. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-17]17 

Evangelista V, 


Manarini S, 


Coller BS. 

et al. 
Role of P-selectin, beta2-integrins, and Src tyrosine kinases in mouse neutrophil-platelet adhesion.. J Thromb Haemost 2003; 1: 1048-54. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-18]18 

Evangelista V, 


Manarini S, 


Rotondo S. 

et al. 
Platelet/ polymorphonuclear leukocyte interaction in dynamic conditions: evidence of adhesion cascade and cross talk between P-selectin and the beta 2integrin CD11b/CD18.. Blood 1996; 88: 4183-94. 





PubMedGoogle Scholar





	
[bookmark: JR0020-19]19 

Evangelista V, 


Manarini S, 


Sideri R. 

et al. 
Platelet/ polymorphonuclear leukocyte interaction: P-selectin triggers protein-tyrosine phosphorylation-dependent CD11b/CD18 adhesion: role of PSGL-1 as a signaling molecule.. Blood 1999; 93: 876-85. 





PubMedGoogle Scholar





	
[bookmark: JR0020-20]20 

Trayner ID, 


Rayner AP, 


Freeman GE. 

et al. 
Quantitative multiwell myeloid differentiation using dichlorodihydrofluorescein diacetate (H2DCF-DA) or dihydrorhodamine 123 (H2R123).. J Immunol Methods 1995; 186: 275-84. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-21]21 

Napoleone E, 


Di Santo A, 


Lorenzet R. 

Monocytes upregulate endothelial cell expression of tissue factor: a role for cell-cell contact and cross-talk.. Blood 1997; 89: 541-9. 





PubMedGoogle Scholar





	
[bookmark: JR0020-22]22 

Lorenzet R, 


Niemetz J, 


Marcus AJ. 

et al. 
Enhancement of mononuclear procoagulant activity by platelet 12-hydroxyeicosatetraenoic acid.. J Clin Invest 1986; 78: 418-23. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-23]23 

Celi A, 


Pellegrini G, 


Lorenzet R. 

et al. 
P-selectin induces the expression of tissue factor on monocytes.. Proc Natl Acad Sci U S A 1994; 91: 8767-71. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-24]24 

Pellegrini G, 


Malandra R, 


Celi A. 

et al. 
12-Hydroxyeicosatetraenoic acid upregulates P-selectin-induced tissue factor activity on monocytes. FEBS Lett 1998; 441: 463-6. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-25]25 

Leon C, 


Ravanat C, 


Freund M. 

et al. 
Differential involvement of the P2Y1 and P2Y12 receptors in platelet procoagulant activity.. Arterioscler Thromb Vasc Biol 2003; 23: 1941-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-26]26 
CAPRIE Steering Committee.. 
A randomised, blinded, trial of clopidogrel versus aspirin in patients at risk of ischaemic events (CAPRIE).. Lancet 1996; 348: 1329-39. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-27]27 

Yusuf S, 


Zhao F, 


Mehta SR. 

et al. 
Effects of clopidogrel in addition to aspirin in patients with acute coronary syndromes without ST-segment elevation.. N Engl J Med 2001; 345: 494-502. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-28]28 

Mehta SR, 


Yusuf S, 


Peters RJ. 

et al. 
Effects of pretreatment with clopidogrel and aspirin followed by long-term therapy in patients undergoing percutaneous coronary intervention: the PCI-CURE study.. Lancet 2001; 358: 527-33. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-29]29 

Steinhubl SR, 


Berger PB, 


Mann JT. 

3rd 
et al. 
Early and sustained dual oral antiplatelet therapy following percutaneous coronary intervention: a randomized controlled trial.. JAMA 2002; 288: 2411-20. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-30]30 

Ott I, 


Neumann FJ, 


Gawaz M. 

et al. 
Increased neutrophil- platelet adhesion in patients with unstable angina.. Circulation 1996; 94: 1239-46. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-31]31 

Furman MI, 


Barnard MR, 


Krueger LA. 

et al. 
Circulating monocyte-platelet aggregates are an early marker of acute myocardial infarction.. J Am Coll Cardiol 2001; 38: 1002-6. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-32]32 

Palabrica T, 


Lobb R, 


Furie BC. 

et al. 
Leukocyte accumulation promoting fibrin deposition is mediated in vivo by P-selectin on adherent platelets.. Nature 1992; 359: 848-51. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-33]33 

Savi P, 


Labouret C, 


Delesque N. 

et al. 
P2Y(12), a new platelet ADP receptor, target of clopidogrel.. Biochem Biophys Res Comm 2001; 283: 379-83. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-34]34 

Marteau F, 


Le Poul E, 


Communi D. 

et al. 
Pharmacological characterization of the human P2Y13 receptor.. Mol Pharmacol 2003; 64: 104-12. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-35]35 

Cattaneo M, 


Lecchi A, 


Randi AM. 

et al. 
Identification of a new congenital defect of platelet function characterized by severe impairment of platelet responses to adenosine diphosphate.. Blood 1992; 80: 2787-96. 





PubMedGoogle Scholar





	
[bookmark: JR0020-36]36 

Cattaneo M, 


Lecchi A, 


Lombardi R. 

et al. 
Platelets from a patient heterozygous for the defect of P2CYC receptors for ADPhave a secretion defect despite normal thromboxane A2 production and normal granule stores: further evidence that some cases of platelet ‘primary secretion defect’ are heterozygous for a defect of P2CYC receptors.. Arterioscler Thromb Vasc Biol 2000; 20: E101-6. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-37]37 

Dangelmaier C, 


Jin J, 


Smith JB. 

et al. 
Potentiation of thromboxane A2-induced platelet secretion by Gi signaling through the phosphoinositide-3 kinase pathway.. Thromb Haemost 2001; 85: 341-8. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0020-38]38 

Li Z, 


Zhang G, 


Le Breton GC. 

et al. 
Two waves of platelet secretion induced by thromboxane A2 receptor and a critical role for phosphoinositide 3-kinases.. J Biol Chem 2003; 278: 30725-31. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-39]39 

Trumel C, 


Payrastre B, 


Plantavid M. 

et al. 
A key role of adenosine diphosphate in the irreversible platelet aggregation induced by the PAR1-activating peptide through the late activation of phosphoinositide 3-kinase.. Blood 1999; 94: 4156-65. 





PubMedGoogle Scholar





	
[bookmark: JR0020-40]40 

Bazzoni G, 


Dejana E, 


Del Maschio A. 

Plateletneutrophil interactions. Possible relevance in the pathogenesis of thrombosis and inflammation.. Haematologica 1991; 76: 491-9. 





PubMedGoogle Scholar





	
[bookmark: JR0020-41]41 

Piccardoni P, 


Evangelista V, 


Piccoli A. 

et al. 
Thrombin- activated human platelets release two NAP-2 variants that stimulate polymorphonuclear leukocytes.. Thromb Haemost 1996; 76: 780-5. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0020-42]42 

Leon C, 


Alex M, 


Klocke A. 

et al. 
Platelet ADP receptors contribute to the initiation of intravascular coagulation.. Blood 2004; 103: 594-600. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-43]43 

Camera M, 


Frigerio M, 


Toschi V. 

et al. 
Platelet activation induces cell-surface immunoreactive tissue factor expression, which is modulated differently by antiplatelet drugs.. Arterioscler Thromb Vasc Biol 2003; 23: 1690-6. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-44]44 

Scholz T, 


Temmler U, 


Krause S. 

et al. 
Transfer of tissue factor from platelets to monocytes: role of plateletderived microvescicles and CD62P.. Thromb Haemost 2002; 88: 1033-8. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0020-45]45 

Giesen PL, 


Rauch U, 


Bohrmann B. 

et al. 
Blood borne tissue factor: another view of thrombosis.. Proc Natl Acad Sci USA 1999; 96: 2311-5. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-46]46 

Rauch U, 


Bonderman D, 


Bohrmann B. 

et al. 
Transfer of tissue factor from leukocytes to platelets is mediated by CD15 and P-selectin.. Blood 2000; 96: 170-5. 





PubMedGoogle Scholar





	
[bookmark: JR0020-47]47 

Falati S, 


Gross P, 


Merrill-Skoloff G. 

et al. 
Real-time in vivo imaging of platelets, tissue factor and fibrin during arterial thrombus formation in the mouse.. Nat Med 2002; 8: 1175-80. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0020-48]48 

Falati S, 


Liu Q, 


Gross P. 

et al. 
Accumulation of tissue factor into developing thrombi in vivo is dependent upon microparticle P-selectin glycoprotein ligand 1 and platelet P-selectin.. J Exp Med 2003; 197: 1585-98. 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 44.199.198.16
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  