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[bookmark: N10A50]
Summary


Recent studies have suggested that clot-bound thrombin plays an important role in thrombus growth. In this study, we examined the effects of recombinant human soluble thrombomodulin (rhsTM) on clot-induced coagulation. rhsTM enhanced the activation of protein C by clots, and attenuated clot-induced thrombin generation and fibrinopep-tide A (FPA) production in a dose-dependent manner. The inhibitory effect of rhsTM was abolished by anti-protein C antibody. The inhibitory effect of rhsTM on clot-induced thrombin generation continued for over 60 min after the addition of the clot, while an active site-directed thrombin inhibitor, argatroban, produced a more transient inhibition. rhsTM also inhibited the regrowth of the clot in 125I-fibrinogen-supplemented plasma. We also examined the effect of rhsTM by thromboelastography; rhsTM reduced the growth of the clot but had little effect on the time to begin clotting, while heparin and Fragmin (low molecular weight heparin) had effects opposite to those of rhsTM.


These findings suggest that rhs-TM attenuates the growth of the clot by activating protein C and inhibiting further thrombin generation in the clot.






 

[bookmark: ]

[bookmark: N10A6C]
	
References


	
[bookmark: BR4702-1]1 
          
            Hemker HC. 
          
        Thrombin generation, an essential step in haemostasis and thrombosis. In: Haemostasis and Thrombosis 3rd edition. 
          
            Bloom AL, 
          
          
            Forbes CD, 
          
          
            Thomas DP, 
          
          
            Tuddenham EGD. 
          
          eds. 
        Edinburgh, UK: Churchill Livingstone,; 1994: 477-90. 





Google Scholar





	
[bookmark: JR4702-2]2 
          
            Liu CY, 
          
          
            Nossel HL, 
          
          
            Kaplan KL. 
          
        The binding of thrombin by fibrin. J Biol Chem 1979; 254: 10421-5. 





PubMedGoogle Scholar





	
[bookmark: JR4702-3]3 
          
            Vali Z, 
          
          
            Scheraga HA. 
          
        Localization of the binding site on fibrin for the secondary binding site of thrombin. Biochemistry 1988; 27: 1956-63. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-4]4 
          
            Weitz JY, 
          
          
            Hudoba M, 
          
          
            Massel D, 
          
          
            Maraganore J, 
          
          
            Hirsh J. 
          
        Clot-bound thrombin is protected from inhibition by heparin – antithrombin III but is susceptible to inactivation by antithrombin III – independent inhibitors. J Clin Invest 1990; 86: 385-91. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-5]5 
          
            Francis WC, 
          
          
            Markham ER, 
          
          
            Barlow HG, 
          
          
            Florack MT, 
          
          
            Dobrzynski MD, 
          
          
            Marder JV. 
          
        Thrombin activity of fibrin thrombi and soluble plasmic derivatives. J Lab Clin Med 1983; 102: 220-30. 





PubMedGoogle Scholar





	
[bookmark: JR4702-6]6 
          
            Bendayan P, 
          
          
            Bocalon H, 
          
          
            Dupouy D, 
          
          
            Boneu B. 
          
        Dermatan sulfate is a more potent inhibitor of clot-bound thrombin than unfractionated and low molecular weight heparins. Thromb Haemost 1994; 71: 576-80. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR4702-7]7 
          
            Kumar R, 
          
          
            Beguin S, 
          
          
            Hemker HC. 
          
        The influence of fibrinogen and fibrin on thrombin generation-evidence for feedback activation of the clotting system by clot bound thrombin. Thromb Haemost 1994; 72: 713-21. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR4702-8]8 
          
            Hogg PJ, 
          
          
            Jackson CM. 
          
        Fibrin monomer protects thrombin from inactivation by heparin-antithrombin III: implications for heparin efficacy. Proc Natl Acad Sci USA 1989; 86: 3619-23. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-9]9 
          
            Kelly AB, 
          
          
            Marzec UM, 
          
          
            Krupski W, 
          
          
            Bass A, 
          
          
            Cadroy Y, 
          
          
            Hanson SR, 
          
          
            Harker LA. 
          
        Hirudin interruption of heparin-resistant arterial thrombus formation in baboons. Blood 1991; 77: 1006-12. 





PubMedGoogle Scholar





	
[bookmark: JR4702-10]10 
          
            Li WX, 
          
          
            Kaplan AV, 
          
          
            Grant GW, 
          
          
            Toole JJ, 
          
          
            Leung LLK. 
          
        A novel nucleotide-based thrombin inhibits clot-bound thrombin and reduces arterial platelet thrombus formation. Blood 1994; 83: 677-82. 





PubMedGoogle Scholar





	
[bookmark: JR4702-11]11 
          
            Gomi K, 
          
          
            Zushi M, 
          
          
            Honda G, 
          
          
            Kawahara S, 
          
          
            Matsuzaki O, 
          
          
            Yamamoto S, 
          
          
            Maruyama I, 
          
          
            Suzuki K. 
          
        Antithrombotic effect of recombinant human thrombomodulin on thrombin-induced thromboembolism in mice. Blood 1990; 75: 1396-9. 





PubMedGoogle Scholar





	
[bookmark: JR4702-12]12 
          
            Aritomi M, 
          
          
            Watanabe N, 
          
          
            Ohishi R, 
          
          
            Gomi K, 
          
          
            Kiyota T, 
          
          
            Yamamoto S, 
          
          
            Ishida T, 
          
          
            Maruyama I. 
          
        Recombinant human soluble thrombomodulin delivers bounded thrombin to antithrombin III: thrombomodulin associates with free thrombin and is recycled to activate protein C. Thromb Haemost 1993; 70: 418-22. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR4702-13]13 
          
            Ohishi R, 
          
          
            Watanabe N, 
          
          
            Aritomi M, 
          
          
            Gomi K, 
          
          
            Kiyota T, 
          
          
            Yamamoto S, 
          
          
            Ishida T, 
          
          
            Maruyama I. 
          
        Evidence that the protein C activation pathway amplifies the inhibition of thrombin generation by recombinant human thrombomodulin in plasma. Thromb Haemost 1993; 70: 423-6. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR4702-14]14 
          
            Mohri M, 
          
          
            Gonda Y, 
          
          
            Oka M, 
          
          
            Aoki Y, 
          
          
            Gomi K, 
          
          
            Kiyota T, 
          
          
            Sugihara T, 
          
          
            Yamamoto S, 
          
          
            Ishida T, 
          
          
            Maruyama I. 
          
        The antithrombotic effects of recombinant human soluble thrombomodulin (rhsTM) on tissue factor-induced disseminated intravascular coagulation in crab-eating monkeys (Macaca Fascicularis). Blood Coagul Fibrinolysis 1997; 8: 274-83. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-15]15 
          
            Mohri M, 
          
          
            Sata M, 
          
          
            Gomi K, 
          
          
            Maruyama Y, 
          
          
            Osame M, 
          
          
            Maruyama I. 
          
        Abnormalities in the protein C anticoagulant pathway detected by a novel assay using human thrombomodulin. Lupus 1997; 6: 590-6. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-16]16 
          
            Gonda Y, 
          
          
            Hirata S, 
          
          
            Saitoh K, 
          
          
            Aoki Y, 
          
          
            Mohri M, 
          
          
            Gomi K, 
          
          
            Sugihara T, 
          
          
            Kiyota T, 
          
          
            Yamamoto S, 
          
          
            Ishida T, 
          
          
            Maruyama I. 
          
        Antithrombotic effect of recombinant human soluble thrombomodulin on endotoxin-induced disseminated intravascular coagulation in rats. Thromb Res 1993; 71: 325-35. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-17]17 
          
            Mohri M, 
          
          
            Oka M, 
          
          
            Aoki Y, 
          
          
            Gonda Y, 
          
          
            Hirata S, 
          
          
            Gomi K, 
          
          
            Kiyota T, 
          
          
            Sugihara T, 
          
          
            Yamamoto S, 
          
          
            Ishida T, 
          
          
            Maruyama I. 
          
        Intravenous extended infusion of recombinant human soluble thrombomodulin prevented tissue factor-induced disseminated intravascular coagulation in rats. Am J Hematol 1994; 45: 298-303. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-18]18 
          
            Aoki Y, 
          
          
            Ohishi R, 
          
          
            Takei R, 
          
          
            Matsuzaki O, 
          
          
            Mohri M, 
          
          
            Saitoh K, 
          
          
            Gomi K, 
          
          
            Sugihara T, 
          
          
            Kiyota T, 
          
          
            Yamamoto S, 
          
          
            Ishida T, 
          
          
            Maruyama I. 
          
        Effects of recombinant human soluble thrombomodulin (rhs-TM) on rat model of disseminated intravascular coagulation with decreased levels of plasma anti-thrombin III. Thromb Res 1994; 71: 452-5. 





PubMedGoogle Scholar





	
[bookmark: JR4702-19]19 
          
            Aoki Y, 
          
          
            Takei R, 
          
          
            Mohri M, 
          
          
            Gonda Y, 
          
          
            Gomi K, 
          
          
            Sugihara T, 
          
          
            Kiyota T, 
          
          
            Yamamoto S, 
          
          
            Ishida T, 
          
          
            Maruyama I. 
          
        Antithrombotic effects of recombinant human soluble thrombomodulin (rhs-TM) on arteriovenous shunt thrombosis in rats. Am J Hematol 1994; 47: 162-6. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-20]20 
          
            Suzuki M, 
          
          
            Mohri M, 
          
          
            Yamamoto S. 
          
        In vitro anticoagulant properties of a minimum functional fragment of human thrombomodulin and in vivo demonstration of its benefit as an anticoagulant in extracorporeal circulation using a monkey model. Thromb Haemost 1998; 79: 417-22. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR4702-21]21 
          
            Weisel JW, 
          
          
            Nagaswami C, 
          
          
            Young TA, 
          
          
            Light DR. 
          
        The shape of thrombomodulin and interactions with thrombin as determined by electron microscopy. J Biol Chem 1996; 271: 31485-90. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-22]22 
          
            Berry CN, 
          
          
            Giradot C, 
          
          
            Lecoffre C, 
          
          
            Lunven C. 
          
        Effects of the synthetic thrombin inhibitor argatroban on fibrin- or clot-incorporated thrombin: Comparison with heparin and recombinant hirudin. Thromb Haemost 1994; 72: 381-6. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR4702-23]23 
          
            Chandler WL. 
          
        The thromboelastograph and the thromboelastography technique. Semin Thromb Hemost 1996; 21 (Suppl. 04) 1-6. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: BR4702-24]24 
          
            Ichihara K. 
          
        Comparison of two regression parameters. In: Statistics of bioscience – practical technique and theory. Tokyo, Japan: Nankodo; 1990: 218-23. 





Google Scholar





	
[bookmark: JR4702-25]25 
          
            Hijikawa-Okunomiya A, 
          
          
            Okamoto S, 
          
          
            Wanaka K. 
          
        Effect of a synthetic thrombin-inhibitor MD805 on the reaction between thrombin and plasma antithrombin-III. Thromb Res 1990; 59: 967-77. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-26]26 
          
            Callas D, 
          
          
            Iqbal O, 
          
          
            Fareed J. 
          
        Comparison of the anticoagulant activities of thrombin inhibitors as assessed by thromboelastographic analysis. Semin Thromb Hemost 1995; 21 (Suppl. 04) 76-9. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR4702-27]27 
          
            Bajzar L, 
          
          
            Morser J, 
          
          
            Nesheim M. 
          
        TAFI, or plasma procarboxypeptidase B, couples the coagulation and fibrinolytic cascades through the thrombinthrombomodulin complex. J Biol Chem 1996; 271: 16603-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR4702-28]28 
          
            Wang W, 
          
          
            Nagashima M, 
          
          
            Manuel R, 
          
          
            Morser J, 
          
          
            Nesheim ME. 
          
        The structural elements of thrombomodulin essential for protein C activation are different from those required for TAFI activation. Thromb Haemost 1997; 78 (Suppl): 548. 





Article in Thieme ConnectPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 50.19.159.160
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  