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[bookmark: N10A91]
Summary


One of the main disadvantages of current t-PA thrombolytic treatment is the increased bleeding risk. Upon activation, thrombin activatable fibrinolysis inhibitor (TAFI) is a very powerful antifibrinolytic enzyme. Therefore, co-administration of a TAFI inhibitor during thrombolysis could reduce the required t-PA dose without compromising the thrombolytic efficacy. In this study we generated and characterised a nanobody that is inhibitory towards rat TAFI and evaluated its profibrinolytic property in vitro and in vivo. Nanobody VHH-rTAFI-i81 inhibits (at a 16-fold molar ratio nanobody over TAFI) the thrombin/thrombomodulin (T/TM)-mediated activation of rat TAFI (rTAFI) by 83 ± 1.8% with an IC50 of 0.46 (molar ratio nanobody over TAFI). The affinity (KA) of VHH-rTAFI-i81 for rTAFI, as determined by surface plasmon resonance (Biacore®), is 2.5 ± 0.2 × 1010 M−1 and illustrates a very strong binding. In an in vitro clot lysis assay, administration of VHH-rTAFI-i81 strongly enhances the degree of lysis and reduces time to reach full lysis of t-PA-mediated clot lysis. Epitope mapping discloses that Lys392 is of primary importance for the nanobody/rTAFI interaction besides minor contributions of Tyr175 and Glu183. In vivo application of VHH-rTAFI-i81 in a tissue factor-induced mouse thromboembolism model significantly decreases fibrin deposition in the lungs in the absence of exogenous administered t-PA. Nanobody VHH-rTAFI-i81 is a very potent inhibitor of T/TM-mediated TAFI activation. Co-administration of this nanobody and t-PA enhances the fibrinolytic efficacy. In an in vivo mouse thromboembolism model, VHH-rTAFI-i81 reduces fibrin deposition in the lungs.





[bookmark: N10ABF]
Keywords

TAFI - 
nanobody - 
fibrinolysis - 
TAFI inhibition - 
profibrinolytic - 
thromboembolism





 

[bookmark: ]

[bookmark: N10AE4]
	
References


	
[bookmark: JR0645-1]1 
          
            Bajzar L, 
          
          
            Manuel R, 
          
          
            Nesheim ME. 
          
        Purification and characterization of TAFI, a thrombin-activable fibrinolysis inhibitor. J Biol Chem 1995; 270: 14477-14484. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-2]2 
          
            Schatteman KA, 
          
          
            Goossens FJ, 
          
          
            Scharpe SS. 
          
        et al. Proteolytic activation of purified human procarboxypeptidase U. Clin Chim Acta 2000; 292: 25-40. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-3]3 
          
            Boffa MB, 
          
          
            Bell R, 
          
          
            Stevens WK. 
          
        et al. Roles of thermal instability and proteolytic cleavage in regulation of activated thrombin-activable fibrinolysis inhibitor. J Biol Chem 2000; 275: 12868-12878. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-4]4 
          
            Boffa MB, 
          
          
            Wang W, 
          
          
            Bajzar L. 
          
        et al. Plasma and recombinant thrombin-activable fibrinolysis inhibitor (TAFI) and activated TAFI compared with respect to glycosylation, thrombin/thrombomodulin-dependent activation, thermal stability, and enzymatic properties. J Biol Chem 1998; 273: 2127-2135. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-5]5 
          
            Marx PF, 
          
          
            Hackeng TM, 
          
          
            Dawson PE. 
          
        et al. Inactivation of active thrombin-activable fibrinolysis inhibitor takes place by a process that involves conformational instability rather than proteolytic cleavage. J Biol Chem 2000; 275: 12410-12415. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-6]6 
          
            Hendrickx ML, 
          
          
            De Winter A, 
          
          
            Buelens K. 
          
        et al. TAFIa inhibiting nanobodies as profibrinolytic tools and discovery of a new TAFIa conformation. J Thromb Haemost 2011; 09: 2268-2277. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-7]7 
          
            Zirlik A. 
          
        TAFI: a promising drug target?. Thromb Haemost 2004; 91: 420-422. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0645-8]8 
          
            Wang YX, 
          
          
            da Cunha V, 
          
          
            Vincelette J. 
          
        et al. A novel inhibitor of activated thrombin activatable fibrinolysis inhibitor (TAFIa) – part II: enhancement of both exogenous and endogenous fibrinolysis in animal models of thrombosis. Thromb Haemost 2007; 97: 54-61. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0645-9]9 
          
            Buelens K, 
          
          
            Hassanzadeh-Ghassabeh G, 
          
          
            Muyldermans S. 
          
        et al. Generation and characterization of inhibitory nanobodies towards thrombin activatable fibrinolysis inhibitor. J Thromb Haemost 2010; 08: 1302-1312. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-10]10 
          
            Hillmayer K, 
          
          
            Macovei A, 
          
          
            Pauwels D. 
          
        et al. Characterization of rat thrombin-ac-tivatable fibrinolysis inhibitor (TAFI)--a comparative study assessing the biological equivalence of rat, murine and human TAFI. J Thromb Haemost 2006; 04: 2470-2477. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-11]11 
          
            Hillmayer K, 
          
          
            Brouwers E, 
          
          
            Leon-Tamariz F. 
          
        et al. Development of sandwich-type ELISAs for the quantification of rat and murine thrombin activatable fibrinolysis inhibitor in plasma. J Thromb Haemost 2008; 06: 132-138. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-12]12 
          
            Hillmayer K, 
          
          
            Ceresa E, 
          
          
            Vancraenenbroeck R. 
          
        et al. Conformational (in)stability of rat vs. human activated thrombin activatable fibrinolysis inhibitor. J Thromb Haemost 2008; 06: 1426-1428. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-13]13 
          
            Vincke C, 
          
          
            Wernery U, 
          
          
            Devoogdt N. 
          
        et al. Generation of Single Domain Antibody fragments Derived from Camelids and Generation of Manifold Constructs. Antibody Engin Meth Protocols 2012; pp 145-176. 





PubMedGoogle Scholar





	
[bookmark: JR0645-14]14 
          
            Develter J, 
          
          
            Booth NA, 
          
          
            Declerck PJ. 
          
        et al. Bispecific targeting of thrombin activatable fibrinolysis inhibitor and plasminogen activator inhibitor-1 by a hetero-dimer diabody. J Thromb Haemost 2008; 06: 1884-1891. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-15]15 
          
            Vercautren E, 
          
          
            Emmerechts J, 
          
          
            Peeters M. 
          
        et al. Evaluation of the profibrinolytic properties of an anti-TAFI monoclonal antibody in a mouse thromboembolism model. Blood 2011; 117: 4615-4622. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-16]16 
          
            Hillmayer K, 
          
          
            Vancraenenbroeck R, 
          
          
            De Maeyer M. 
          
        et al. Discovery of novel mechanisms and molecular targets for the inhibition of activated thrombin activatable fibrinolysis inhibitor. J Thromb Haemost 2008; 06: 1892-1899. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-17]17 
          
            De Genst E, 
          
          
            Silence K, 
          
          
            Ghahroudi MA. 
          
        et al. Strong in vivo maturation compensates for structurally restricted H3 loops in antibody repertoires. J Biol Chem 2005; 280: 14114-14121. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-18]18 
          
            Declerck PJ. 
          
        Thrombin activatable fibrinolysis inhibitor. Hamostaseologie 2011; 31: 165-166. 168–173. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0645-19]19 
          
            Morange PE, 
          
          
            Juhan-Vague I, 
          
          
            Scarabin PY. 
          
        et al. Association between TAFI antigen and Ala147Thr polymorphism of the TAFI gene and the angina pectoris incidence. The PRIME Study (Prospective Epidemiological Study of MI). Thromb Haemost 2003; 89: 554-560. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0645-20]20 
          
            van Tilburg NH, 
          
          
            Rosendaal FR, 
          
          
            Bertina RM. 
          
        Thrombin activatable fibrinolysis inhibitor and the risk for deep vein thrombosis. Blood 2000; 95: 2855-2859. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-21]21 
          
            Silveira A, 
          
          
            Schatteman K, 
          
          
            Goossens F. 
          
        et al. Plasma procarboxypeptidase U in men with symptomatic coronary artery disease. Thromb Haemost 2000; 84: 364-368. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0645-22]22 
          
            Montaner J, 
          
          
            Ribo M, 
          
          
            Monasterio J. 
          
        et al. Thrombin-activable fibrinolysis inhibitor levels in the acute phase of ischemic stroke. Stroke 2003; 34: 1038-1040. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-23]23 
          
            Juhan-Vague I, 
          
          
            Morange PE, 
          
          
            Aubert H. 
          
        et al. Plasma thrombin-activatable fibrinolysis inhibitor antigen concentration and genotype in relation to myocardial infarction in the north and south of Europe. Arterioscler Thromb Vasc Biol 2002; 22: 867-873. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-24]24 
          
            Mishra N, 
          
          
            Buelens K, 
          
          
            Theyskens S. 
          
        et al. Increased zymogen activity of thrombin-activatable fibrinolysis inhibitor prolongs clot lysis. J Thromb Haemost 2012; 10: 1091-1099. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-25]25 
          
            Marx PF, 
          
          
            Dawson PE, 
          
          
            Bouma BN. 
          
        et al. Plasmin-mediated activation and inactivation of thrombin-activatable fibrinolysis inhibitor. Biochemistry 2002; 41: 6688-6696. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-26]26 
          
            Marx PF, 
          
          
            Brondijk TH, 
          
          
            Plug T. 
          
        et al. Crystal structures of TAFI elucidate the inactivation mechanism of activated TAFI: a novel mechanism for enzyme auto-regulation. Blood 2008; 112: 2803-2809. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-27]27 
          
            Marx PF, 
          
          
            Havik SR, 
          
          
            Bouma BN. 
          
        et al. Role of isoleucine residues 182 and 183 in thrombin-activatable fibrinolysis inhibitor. J Thromb Haemost 2005; 03: 1293-1300. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-28]28 
          
            Walker JB, 
          
          
            Hughes B, 
          
          
            James I. 
          
        et al. Stabilization versus inhibition of TAFIa by competitive inhibitors in vitro. J Biol Chem 2003; 278: 8913-8921. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0645-29]29 
          
            Ceresa E, 
          
          
            De Maeyer M, 
          
          
            Jonckheer A. 
          
        et al. Comparative evaluation of stable TAFIa variants: importance of alpha-helix 9 and beta-sheet 11 for TAFIa (in)stability. J Thromb Haemost 2007; 05: 2105-2112. 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 18.207.224.173
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  