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[bookmark: N10A97]
Summary


Thrombopoietin (TPO) is the major regulator of platelet production. Plasma levels of TPO are thought to be regulated by its binding to platelets and megakaryocytes. Here we have used a model of cardiac surgery with cardiopulmonary bypass (CBP) to test the possibility that changes in TPO levels are influenced by the presence of coronary artery disease (CAD) and by changes in interleukin-6 (IL-6). After surgery patients with CAD (n = 22) or with normal coronary arteries (n = 11) showed a significant thrombocytopaenia followed by a reactive thrombocytosis. The platelet recovery was preceded by a significant rise in TPO (from 62.6 ± 9.4 pg/ml at baseline to 129.2 ± 19 pg/ml at 60 h, P <0.001), which in turn was preceded by, and was positively correlated with, a marked increase in circulating IL-6 (from 1.5 ± 0.3 pg/ml at baseline to 269.3 ± 30.6 pg/ml at 3-12 h, P <0.001). The rise of both IL-6 and TPO was significantly larger in patients with CAD. No correlation was found between the post-operative drop in platelet mass and changes in either the TPO or IL-6 levels. These findings suggest that in man circulating TPO levels, besides being controlled by changes in platelet mass, are influenced by inflammatory processes, including the presence of coronary atherosclerosis.





[bookmark: N10AA1]
Keywords

Atherosclerosis - 
thrombopoietin - 
interleukin-6 - 
platelets - 
cardiovascular surgery





 

[bookmark: ]

[bookmark: N10AC3]
	
References


	
[bookmark: JR1613385-1]1 
          
            Lok S, 
          
          
            Kaushansky K, 
          
          
            Holly RD, 
          
          
            Kuijper JL, 
          
          
            Lofton-Day CE, 
          
          
            Oort PJ, 
          
          
            Grant FJ, 
          
          
            Heipel MD, 
          
          
            Burkhead SK, 
          
          
            Kramer JM. 
          
        Cloning and expression of murine thrombopoietin cDNA and stimulation of platelet production in vivo. Nature 1994; 369: 565-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-2]2 
          
            de Sauvage FJ, 
          
          
            Hass PE, 
          
          
            Spencer SD, 
          
          
            Malloy BE, 
          
          
            Gurney AL, 
          
          
            Spencer SA, 
          
          
            Darbonne WC, 
          
          
            Henzel WJ, 
          
          
            Wong SC, 
          
          
            Kuang WJ. 
          
        Stimulation of megakaryocytopoiesis and thrombopoiesis by the c-Mpl ligand. Nature 1994; 369: 533-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-3]3 
          
            Bartley TD, 
          
          
            Bogenberger J, 
          
          
            Hunt P, 
          
          
            Li YS, 
          
          
            Lu HS, 
          
          
            Martin F, 
          
          
            Chang MS, 
          
          
            Samal B, 
          
          
            Nichol JL, 
          
          
            Swift S. 
          
        Identification and cloning of a megakaryocyte growth and development factor that is a ligand for the cytokine receptor Mpl. Cell 1994; 77: 1117-24. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-4]4 
          
            Sohma Y, 
          
          
            Akahori H, 
          
          
            Seki N, 
          
          
            Hori T, 
          
          
            Ogami K, 
          
          
            Kato T, 
          
          
            Shimada Y, 
          
          
            Kawamura K, 
          
          
            Miyazaki H. 
          
        Molecular cloning and chromosomal localization of the human thrombopoietin gene. FEBS Lett 1994; 353: 57-61. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-5]5 
          
            Wendling F, 
          
          
            Maraskovsky E, 
          
          
            Debili N, 
          
          
            Florindo C, 
          
          
            Teepe M, 
          
          
            Titeux M, 
          
          
            Methia N, 
          
          
            Breton-Gorius J, 
          
          
            Cosman D, 
          
          
            Vainchenker W. 
          
        cMpl ligand is a humoral regulator of megakaryocytopoiesis. Nature 1994; 369: 571-4. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-6]6 
          
            Kaushansky K. 
          
        Thrombopoietin: the primary regulator of megakaryocyte and platelet production. Thromb Haemost 1995; 74: 521-5. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR1613385-7]7 
          
            Nagata Y, 
          
          
            Shozaki Y, 
          
          
            Nagahisa H, 
          
          
            Nagasawa T, 
          
          
            Abe T, 
          
          
            Todokoro K. 
          
        Serum thrombopoietin level is not regulated by transcription but by the total counts of both megakaryocytes and platelets during thrombocytopenia and thrombocytosis. Thromb Haemost 1997; 77: 808-14. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR1613385-8]8 
          
            Fielder PJ, 
          
          
            Gurney AL, 
          
          
            Stefanich E, 
          
          
            Marian M, 
          
          
            Moore MW, 
          
          
            Carver-Moore K, 
          
          
            de Sauvage FJ. 
          
        Regulation of thrombopoietin levels by c-mpl-mediated binding to platelets. Blood 1996; 87: 2154-61. 





PubMedGoogle Scholar





	
[bookmark: JR1613385-9]9 
          
            Stoffel R, 
          
          
            Wiestner A, 
          
          
            Skoda RC. 
          
        Thrombopoietin in thrombocytopenic mice: evidence against regulation at the mRNA level and for a direct regulatory role of platelets. Blood 1996; 87: 567-73. 





PubMedGoogle Scholar





	
[bookmark: JR1613385-10]10 
          
            Yang C, 
          
          
            Li YC, 
          
          
            Kuter DJ. 
          
        The physiological response of thrombopoietin (c-Mpl ligand) to thrombocytopenia in the rat. Br J Haematol 1999; 105: 478-85. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-11]11 
          
            Cerutti A, 
          
          
            Custodi P, 
          
          
            Cazzola MdurantiM, 
          
          
            Balduini CL. 
          
        Circulating thrombopoietin in reactive conditions behaves like an acute phase reactant. Clin Lab Haematol 1999; 21: 271-5. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-12]12 
          
            Cerutti A, 
          
          
            Custodi P, 
          
          
            Duranti M, 
          
          
            Noris P, 
          
          
            Balduini CL. 
          
        Thrombopoietin levels in patients with primary and reactive thrombocytosis. Br J Haematol 1997; 99: 281-4. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-13]13 
          
            Hsu HC, 
          
          
            Tsai WH, 
          
          
            Jiang ML, 
          
          
            Ho CH, 
          
          
            Hsu ML, 
          
          
            Ho CK, 
          
          
            Wang SY. 
          
        Circulating levels of thrombopoietic and inflammatory cytokines in patients with clonal and reactive thrombocytosis. J Lab Clin Med 1999; 134: 392-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-14]14 
          
            McCarty JM, 
          
          
            Sprugel KH, 
          
          
            Fox NE, 
          
          
            Sabath DE, 
          
          
            Kaushansky K. 
          
        Murine thrombopoietin mRNA levels are modulated by platelet count. Blood 1995; 86: 3668-75. 





PubMedGoogle Scholar





	
[bookmark: JR1613385-15]15 
          
            Sungaran R, 
          
          
            Markovic B, 
          
          
            Chong BH. 
          
        Localization and regulation of thrombopoietin mRNa expression in human kidney, liver, bone marrow, and spleen using in situ hybridization. Blood 1997; 89: 101-7. 





PubMedGoogle Scholar





	
[bookmark: JR1613385-16]16 
          
            Wolber EM, 
          
          
            Fandrey J, 
          
          
            Frackowski U, 
          
          
            Jelkmann W. 
          
        Hepatic thrombopoietin mRNA is increased in acute inflammation. Thromb Haemost 2001; 86: 1421-4. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR1613385-17]17 
          
            Kaser A, 
          
          
            Brandacher G, 
          
          
            Steurer W, 
          
          
            Kaser S, 
          
          
            Offner FA, 
          
          
            Zoller H, 
          
          
            Theurl I, 
          
          
            Widder W, 
          
          
            Molnar C, 
          
          
            Ludwiczek O, 
          
          
            Atkins MB, 
          
          
            Mier JW, 
          
          
            Tilg H. 
          
        Interleukin-6 stimulates thrombopoiesis through thrombopoietin: role in inflammatory thrombocytosis. Blood 2001; 98: 2720-5. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-18]18 
          
            Martin JF, 
          
          
            Plumb J, 
          
          
            Kilbey RS, 
          
          
            Kishk YT. 
          
        Changes in volume and density of platelets in myocardial infarction. Br Med J (Clin Res Ed) 1983; 287: 456-9. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-19]19 
          
            Brown AS, 
          
          
            Hong Y, 
          
          
            de Belder A, 
          
          
            Beacon H, 
          
          
            Beeso J, 
          
          
            Sherwood R, 
          
          
            Edmonds M, 
          
          
            Martin JF, 
          
          
            Erusalimsky JD. 
          
        Megakaryocyte ploidy and platelet changes in human diabetes and atherosclerosis. Arterioscler Thromb Vasc Biol 1997; 17: 802-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-20]20 
          
            Martin JF, 
          
          
            Bath PM, 
          
          
            Burr ML. 
          
        Mean platelet volume and myocardial infarction. Lancet 1992; 339: 1000-1. 





PubMedGoogle Scholar





	
[bookmark: JR1613385-21]21 
          
            Biasucci LM, 
          
          
            Liuzzo G, 
          
          
            Fantuzzi G, 
          
          
            Caligiuri G, 
          
          
            Rebuzzi AG, 
          
          
            Ginetti F, 
          
          
            Dinarello CAMA. 
          
        Increasing levels of interleukin (IL)-IRa and IL-6 during the first 2 days of hospitalisation in unstable angina are associated with increased risk of in-hospital coronary events. Circulation 1999; 99: 2079-84. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-22]22 
          
            Ikonomidis I, 
          
          
            Andreotti F, 
          
          
            Economou E, 
          
          
            Stefanidis C, 
          
          
            Toutouzas P, 
          
          
            Nihoyannopoulos P. 
          
        Increased proinflammatory cytokines in patients with chronic stable angina and their reduction by aspirin. Circulation 1999; 100: 793-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-23]23 
          
            Pike OM, 
          
          
            Marquiss JE, 
          
          
            Weiner RS, 
          
          
            Breckenridge RT. 
          
        A study of platelet counts during cardiopulmonary bypass. Transfusion 1972; 12: 119-22. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-24]24 
          
            Martin JF, 
          
          
            Daniel TD, 
          
          
            Trowbridge EA. 
          
        Acute and chronic changes in platelet volume and count after cardiopulmonary bypass induced thrombocytopenia in man. Thromb Haemost 1987; 57: 55-8. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR1613385-25]25 
          
            Bruins P, 
          
          
            te VH, 
          
          
            Yazdanbakhsh AP, 
          
          
            Jansen PG, 
          
          
            van Hardevelt FW, 
          
          
            de Beaumont EM, 
          
          
            Wildevuur CR, 
          
          
            Eijsman L, 
          
          
            Trouwborst A, 
          
          
            Hack CE. 
          
        Activation of the complement system during and after cardiopulmonary bypass surgery: postsurgery activation involves C-reactive protein and is associated with postoperative arrhythmia. Circulation 1997; 96: 3542-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-26]26 
          
            Kaushansky K. 
          
        Thrombopoietin: the primary regulator of platelet production. Blood 1995; 86: 419-31. 





PubMedGoogle Scholar





	
[bookmark: JR1613385-27]27 
          
            Wolber EM, 
          
          
            Jelkmann W. 
          
        Interleukin-6 increases thrombopoietin production in human hepatoma cells HepG2 and Hep3B. J Interferon Cytokine Res 2000; 20: 499-506. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-28]28 
          
            Folman CC, 
          
          
            Ooms M, 
          
          
            Kuenen BB, 
          
          
            de Jong SM, 
          
          
            Vet RJ, 
          
          
            de Haas M, 
          
          
            dem Borne AE. 
          
        The role of thrombopoietin in post-operative thrombocytosis. Br J Haematol 2001; 114: 126-33. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-29]29 
          
            Corash L, 
          
          
            Chen HY, 
          
          
            Levin J, 
          
          
            Baker G, 
          
          
            Lu H, 
          
          
            Mok Y. 
          
        Regulation of thrombopoiesis: effects of the degree of thrombocytopenia on megakaryocyte ploidy and platelet volume. Blood 1987; 70: 177-85. 





PubMedGoogle Scholar





	
[bookmark: JR1613385-30]30 
          
            Levin J, 
          
          
            Bessman JD. 
          
        The inverse relation between platelet volume and platelet number. Abnormalities in hematologic disease and evidence that platelet size does not correlate with platelet age. J Lab Clin Med 1983; 101: 295-307. 





PubMedGoogle Scholar





	
[bookmark: JR1613385-31]31 
          
            Martin JF, 
          
          
            Daniel TD, 
          
          
            Trowbridge EA. 
          
        Acute and chronic changes in platelet volume and count after cardiopulmonary bypass induced thrombocytopaenia in man. Thromb Haemost 1987; 57: 55-8. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR1613385-32]32 
          
            Cotton JM, 
          
          
            Mathur A, 
          
          
            Hong Y, 
          
          
            Brown AS, 
          
          
            Martin JF, 
          
          
            Erusalimsky JD. 
          
        Acute rise of circulating vascular endothelial growth factor-A in patients with coronary artery disease following cardiothoracic surgery. Eur Heart J 2002; 23: 953-9. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-33]33 
          
            Ross R. 
          
        Atherosclerosis-an inflammatory disease. N Engl J Med 1999; 340: 115-26. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-34]34 
          
            Ridker PM, 
          
          
            Rifai N, 
          
          
            Stampfer MJ, 
          
          
            Hennekens CH. 
          
        Plasma concentration of interleukin-6 and the risk of future myocardial infarction among apparently healthy men. Circulation 2000; 101: 1767-72. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613385-35]35 
          
            Oda A, 
          
          
            Miyakawa Y, 
          
          
            Druker BJ, 
          
          
            Ozaki K, 
          
          
            Ohashi H, 
          
          
            Kato T, 
          
          
            Miyazaki H, 
          
          
            Handa M, 
          
          
            Ikebuchi K, 
          
          
            Ikeda Y. 
          
        Thrombopoietin-induced signal transduction and potentiation of platelet activation. Thromb Haemost 1999; 82: 377-84. 





Article in Thieme ConnectPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 44.203.175.219
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  