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[bookmark: N10A25]
Summary


Patients with severe hemophilia A frequently develop neutralizing anti-factor VIII antibodies after replacement therapy with factor VIII (FVIII). In a search for new strategies to induce immune tolerance against FVIII in these patients, we used a murine model of hemophilia A to investigate the importance of CD40/CD40 ligand (CD40L) interactions for the initiation of the anti-FVIII immune response. We focused our attention in particular on the induction of neutralizing anti-FVIII antibodies and the Th1/Th2 polarization of FVIII-specific T cells. The development of anti-FVIII antibodies was analyzed by ELISA systems (detection of total anti-FVIII antibodies) and Bethesda assays (determination of neutralizing anti-FVIII antibodies). Factor VIII-specific T cells were characterized by multiparameter flow cytometry and cytokine ELISAs for the detection of cytokine production in splenic CD4+ T cells after in vitro restimulation with FVIII. Hemophilic mice received four doses of FVIII and anti-CD40L antibody MR1 (24 h before FVIII). Subsequently mice received four doses of FVIII only. The induction of neutralizing anti-FVIII antibodies in hemophilic mice after treatment with human FVIII could be prevented completely by a blockade of CD40/CD40L interactions using MR1. Furthermore, FVIII-specific T-cell responses that included both Th1 and Th2 cells were suppressed when mice were treated with FVIII and MR1. The initial blockade of CD40/CD40L interactions was, however, not sufficient to induce a lasting immune tolerance against FVIII. The immune suppression was abolished and both neutralizing anti-FVIII antibodies and FVIII-specific T cells developed when treatment with FVIII was continued after the omission of MR1. In addition, there were no alterations in the Th1/Th2 polarization induced by the initial blockade of CD40/CD40L interactions.





[bookmark: N10A32]
Keywords

Hemophilia A - 
factor VIII inhibitors - 
T cells - 
immune tolerance - 
CD40 ligand





 

[bookmark: ]

[bookmark: N10A54]
	
References


	
[bookmark: BR6733-1]1 
          
            Hoyer LW. 
          
        The incidence of factor VIII inhibitors in patients with severe hemophilia A. In: 
          
            Aledort LM, 
          
          
            Hoyer LW, 
          
          
            Lisher JM, 
          
          
            Reisner HM, 
          
          
            White GC. 
          
          eds. 
        Inhibitors to coagulation factors. New York: Plenum; 1995: 35-45. 





Google Scholar





	
[bookmark: JR6733-2]2 
          
            Ehrenforth S, 
          
          
            Kreuz W, 
          
          
            Scharrer I, 
          
          
            Linde R, 
          
          
            Funk M, 
          
          
            Güngör T, 
          
          
            Krackhardt B, 
          
          
            Kornhuber B. 
          
        Incidence of development of factor VIII and factor IX inhibitors in haemophiliacs. Lancet 1992; 339: 594-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-3]3 
          
            Schwaab R, 
          
          
            Brackmann HH, 
          
          
            Meyer C, 
          
          
            Seehafer J, 
          
          
            Kirchgesser M, 
          
          
            Haack A, 
          
          
            Olek K, 
          
          
            Tuddenham EG, 
          
          
            Oldenburg J. 
          
        Haemophilia A: Mutation type determines risk of inhibitor formation. Thromb Haemost 1995; 74: 1402-6. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR6733-4]4 
          
            Tuddenham EGD, 
          
          
            McVey JH. 
          
        The genetic basis of inhibitor development in hemophilia A. Haemophilia 1998; 4: 543-5. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-5]5 
          
            Fakharzadeh SS, 
          
          
            Kazazian HH. 
          
        Correlation between factor VIII genotype and inhibitor development in hemophilia A. Sem Thromb Hemost 2000; 26: 167-71. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR6733-6]6 
          
            Bi L, 
          
          
            Lawler AM, 
          
          
            Antonarakis SE, 
          
          
            High KA, 
          
          
            Gearhart JD, 
          
          
            Kazazian Jr HH. 
          
        Targeted disruption of the mouse factor VIII gene produces a model of haemophilia A. Nature Genetics 1995; 10: 119-21. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-7]7 
          
            Bi L, 
          
          
            Sarkar R, 
          
          
            Naas T, 
          
          
            Lawler AM, 
          
          
            Pain J, 
          
          
            Shumaker SL, 
          
          
            Bedian V, 
          
          
            Kazazian HH. 
          
        Further characterization of factor VIII-deficient mice created by gene targeting: RNA and protein studies. Blood 1996; 88: 3446-50. 





PubMedGoogle Scholar





	
[bookmark: JR6733-8]8 
          
            Reipert BM, 
          
          
            Ahmad RU, 
          
          
            Turecek PL, 
          
          
            Schwarz HP. 
          
        Characterization of antibodies induced by human factor VIII in a murine knockout model of hemophilia A. Thromb Haemost 2000; 84: 826-32. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR6733-9]9 
          
            Qian J, 
          
          
            Borovok M, 
          
          
            Bi L, 
          
          
            Kazazian Jr HH, 
          
          
            Hoyer LW. 
          
        Inhibitor development and T cell response to human factor VIII in murine haemophilia A. Thromb Haemost 1999; 81: 240-4. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR6733-10]10 
          
            Qian J, 
          
          
            Burkly LC, 
          
          
            Smith EP, 
          
          
            Ferrant JL, 
          
          
            Hoyer LW, 
          
          
            Scott DW, 
          
          
            Haudenschild CC. 
          
        Role of CD154 in the secondary immune response: the reduction of pre-existing splenic germinal centers and anti-factor VIII inhibitor titers. Eur J Immunol 2000; 30: 2548-54. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-11]11 
          
            Foy TM, 
          
          
            Aruffo A, 
          
          
            Bajorath J, 
          
          
            Buhlmann JE, 
          
          
            Noelle RJ. 
          
        Immune regulation by CD40 and its ligand GP39. Ann Rev Immunol 1996; 14: 591-617. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-12]12 
          
            Roy M, 
          
          
            Aruffo A, 
          
          
            Ledbetter J, 
          
          
            Linsley P, 
          
          
            Kehry M, 
          
          
            Noelle R. 
          
        Studies on the interdependence of GP39 and B7 expression and function during antigen-specific immune responses. Eur J Immunol 1995; 25: 596-603. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-13]13 
          
            Grewal IS, 
          
          
            Xu J, 
          
          
            Flavell RA. 
          
        Impairment of antigen-specific T-cell priming in mice lacking CD40 ligand. Nature 1995; 378: 617-20. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-14]14 
          
            Kenyon NS, 
          
          
            Chatzipetrou M, 
          
          
            Masetti M, 
          
          
            Ranuncoli A, 
          
          
            Oliveira M, 
          
          
            Wagner JL, 
          
          
            Kirk AD, 
          
          
            Harlan DM, 
          
          
            Burkly LC, 
          
          
            Ricordi C. 
          
        Long-term survival and function of intrahepatic islet allografts in rhesus monkeys treated with humanized anti-CD154. PNAS 1999; 96: 8132-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-15]15 
          
            Kirk AD, 
          
          
            Burkly LC, 
          
          
            Batty DC, 
          
          
            Baumgartner RE, 
          
          
            Berning JD, 
          
          
            Buchanan K, 
          
          
            Fechner JH, 
          
          
            Germond RL, 
          
          
            Kampen RL, 
          
          
            Patterson NB, 
          
          
            Swanson SJ, 
          
          
            Tadaki DK, 
          
          
            DenHoor CN. 
          
        Treatment with humanized monoclonal antibody against CD154 prevents acute renal allograft rejection in nonhuman primates. Nat Med 1999; 5: 686-93. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-16]16 
          
            Larsen CP, 
          
          
            Alexander DZ, 
          
          
            Hollenbaugh D, 
          
          
            Elwood ET, 
          
          
            Ritchie SC, 
          
          
            Aruffo A, 
          
          
            Hendrix R, 
          
          
            Pearson TC. 
          
        CD40-gp39 interactions play a critical role during allograft rejection: suppression of allograft rejection by blockade of the CD40-gp39 pathway. Transplantation 1996; 61: 4-9. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-17]17 
          
            Honey K, 
          
          
            Cobbold SP, 
          
          
            Waldmann H. 
          
        CD40 ligand blockade induces CD4+ T cell tolerance and linked suppression. J Immunol 1999; 163: 4805-10. 





PubMedGoogle Scholar





	
[bookmark: JR6733-18]18 
          
            Noelle RJ, 
          
          
            Roy M, 
          
          
            Shepherd DM, 
          
          
            Stamenkovic I, 
          
          
            Ledbetter JA, 
          
          
            Aruffo A. 
          
        A 39-kDa protein on activated helper T cells binds CD40 and transduces the signal for cognate activation of B cells. PNAS 1992; 89: 6550-4. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-19]19 
          
            Durie FH, 
          
          
            Fava RA, 
          
          
            Foy TM, 
          
          
            Aruffo A, 
          
          
            Ledbetter JA, 
          
          
            Noelle RJ. 
          
        Prevention of collagen-induced arthritis with an antibody to gp39, the ligand for CD40. Science 1993; 261: 1328-30. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-20]20 
          
            Muchitsch EM, 
          
          
            Turecek PL, 
          
          
            Zimmermann K, 
          
          
            Pichler L, 
          
          
            Auer W, 
          
          
            Richter G, 
          
          
            Gritsch H, 
          
          
            Schwarz HP. 
          
        Phenotypic expression of murine hemophilia (letter). Thromb Haemost 1999; 82: 1371-3. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: BR6733-21]21 
          
            Reipert BM, 
          
          
            Ahmad R, 
          
          
            Olas K, 
          
          
            Gritsch H, 
          
          
            Turecek PL, 
          
          
            Schwarz HP. 
          
        Toleranzinduktion gegen humanen Faktor VIII in Mäusen – Untersuchungen zur Toleranzaufhebung durch denaturierten Faktor VIII. In: 
          
            Scharrer I, 
          
          
            Schramm W. 
          
          eds. 
        29. Hämophilie-Symposium, Hamburg 1998. Berlin: Springer; 2000: 147-53. 





Google Scholar





	
[bookmark: JR6733-22]22 
          
            Kasper CK, 
          
          
            Aledort LM, 
          
          
            Aronson D, 
          
          
            Counts R, 
          
          
            Edson JR, 
          
          
            van Eys J, 
          
          
            Fratantoni J, 
          
          
            Green D, 
          
          
            Hampton J, 
          
          
            Hilgartner M, 
          
          
            Levine P, 
          
          
            Lazerson J, 
          
          
            McMillan C, 
          
          
            Penner J, 
          
          
            Shapiro S, 
          
          
            Shulman NR. 
          
        A more uniform measurement of factor VIII inhibitors. Thromb Diath Heamorr 1975; 34: 869-72. 





PubMedGoogle Scholar





	
[bookmark: JR6733-23]23 
          
            Mosmann TR, 
          
          
            Cherwinski H, 
          
          
            Bond MW, 
          
          
            Giedlin MA, 
          
          
            Coffman RL. 
          
        Two types of murine helper T cell clones. I. Definition according to profiles of lymphokine activities and secreted proteins. J Immunol 1986; 136: 2348-57. 





PubMedGoogle Scholar





	
[bookmark: JR6733-24]24 
          
            Durie FH, 
          
          
            Aruffo A, 
          
          
            Ledbetter J, 
          
          
            Crassi KM, 
          
          
            Green WR, 
          
          
            Fast LD, 
          
          
            Noelle RJ. 
          
        Antibody to the ligand of CD40, gp39, blocks the occurrence of the acute and chronic forms of graft-vs-host-disease. J Clin Invest 1994; 94: 1333-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-25]25 
          
            Saito K, 
          
          
            Sakurai J, 
          
          
            Ohata J, 
          
          
            Kohsaka T, 
          
          
            Hashimoto H, 
          
          
            Okumura K, 
          
          
            Abe R, 
          
          
            Azuma M. 
          
        Involvement of CD40 ligand-CD40 and CTLA4-B7 pathways in murine acute graft-versus-host disease induced by allogeneic T cells lacking CD28. J Immunol 1998; 160: 4225-31. 





PubMedGoogle Scholar





	
[bookmark: JR6733-26]26 
          
            Blazar BR, 
          
          
            Taylor PA, 
          
          
            Panoskaltsis-Mortari A, 
          
          
            Buhlman J, 
          
          
            Xu J, 
          
          
            Flavell RA, 
          
          
            Korngold R, 
          
          
            Noelle R, 
          
          
            Vallera DA. 
          
        Blockade of CD40 ligand-CD40 interaction impairs CD4+ T cell-mediated alloreactivity by inhibiting mature donor T cell expansion and function after bone marrow transplantation. J Immunol 1997; 158: 29-39. 





PubMedGoogle Scholar





	
[bookmark: JR6733-27]27 
          
            Grewal IS, 
          
          
            Foellmer HG, 
          
          
            Grewal KD, 
          
          
            Xu J, 
          
          
            Hardardottir F, 
          
          
            Baron JL, 
          
          
            Janeway CA, 
          
          
            Flavell RA. 
          
        Requirement for CD40 ligand in costimulation induction, T cell activation, and Experimental Allergic Encephalomyelitis. Science 1996; 273: 1864-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-28]28 
          
            Gerritse K, 
          
          
            Laman JD, 
          
          
            Noeller RJ, 
          
          
            Aruffo A, 
          
          
            Ledbetter JA, 
          
          
            Boersma WJA, 
          
          
            Claassen E. 
          
        CD40-CD40 ligand interactions in experimental allergic encephalomyelitis and multiple sclerosis. PNAS 1996; 93: 2499-2504. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-29]29 
          
            Early GS, 
          
          
            Zhao W, 
          
          
            Burns CM. 
          
        Anti-CD40 ligand antibody treatment prevents the development of lupus-like nephritis in a subset of New Zealand black x New Zealand white mice. Response correlates with the absence of an anti-antibody response. J Immunol 1996; 157: 3159-64. 





PubMedGoogle Scholar





	
[bookmark: JR6733-30]30 
          
            Rossi G, 
          
          
            Sarakar J, 
          
          
            Scandella D. 
          
        Long-term induction of immune tolerance after blockade of CD40-CD40L interaction in a mouse model of hemophilia A. Blood 2001; 97: 2750-6. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-31]31 
          
            Smith KM, 
          
          
            Pottage L, 
          
          
            Thomas ER, 
          
          
            Leishman AJ, 
          
          
            Doig TN, 
          
          
            Xu D, 
          
          
            Liew FY, 
          
          
            Garside P. 
          
        Th1 and Th2 CD4+ T cells provide help for B cell clonal expansion and antibody synthesis in a similar manner in vivo. J Immunol 2000; 165: 3136-44. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6733-32]32 
          
            Faquim-Mauro EL, 
          
          
            Coffman RL, 
          
          
            Abrahamsohn IA, 
          
          
            Macebo MS. 
          
        Cutting edge: mouse IgG1 antibodies comprise two functionally distinct types that are differentially regulated by IL-4 and IL-12. J Immunol 1999; 163: 3572-9. 





PubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 44.192.45.10
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  