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                                                            Bernard-Soulier syndrome (BSS) is an inherited, usually autosomal recessive, platelet bleeding abnormality, characterized by a prolonged bleeding time, large platelets and thrombocytopenia.1 In 1975, Nurden and Caen reported that platelets from BSS patients lacked a major surface membrane glycoprotein complex,2 subsequently demonstrated to be the component subunits of the glycoprotein (GP)Ib-IX-V complex.3,4 In this issue of the journal, Savoia and colleagues describe 13 patients with BSS from ten unrelated families with causative mutations in GPIbα, GPIbβ and GPIX, and attempt to relate the severity of the bleeding phenotype with genotype.5
Structure and function of the GP Ib-IX-V complex
The GPIb-IX-V complex is a pivotal receptor complex in hemostasis and thrombosis. In binding von Willebrand Factor (VWF), it mediates the initial contact adhesion of platelets to exposed vascular subendothelium or ruptured plaque in damaged vessels at high shear flow rates (>800).6 GPIb-IX-V/VWF interaction is also a critical event in deep venous thrombosis.7 The GPIb-IX-V complex consists of four subunits, GPIbα disulphide-linked to two GPIbαβ subunits, GPIX and GPV in a ratio of 2:4:2:1, respectively (Figure 1).8 Each subunit contains one or more, ~24 amino acid, leucine-rich repeats, disulphide-looped N-and C-terminal capping sequences, a transmembrane sequence and a cytoplasmic domain. GPIbα also contains a mucin-like domain elevating the major ligand-binding domain located within the N-terminal 282 residues. In addition to its primary role in binding VWF, this N-terminal domain of GPIbα is a major binding site for multiple ligands mediating platelet interactions with matrix and other cell types in thrombosis and inflammation (Figure 1). Other adhesive ligands include P-selectin,9 which is surface expressed on activated platelets and activated endothelial cells, and the leukocyte integrin, αMβ2 (also termed Mac-1 or CD11b/CD18).10 These two interactions are fundamental to crosstalk between platelets and leukocytes, including those involving platelet-and leukocyte-derived microparticles, in both thrombosis and the co-associated inflammatory response.11 The GPIb-IX-V complex is also a key receptor in mediating platelet-dependent coagulation, particularly with respect to the intrinsic pathway of coagulation, and has binding sites within the N-terminal domain of GPIbα for high molecular weight (HMW) kininogen, Factors XI and XII and α-thrombin.6
[image: ]

Figure 1.The GPIb-IX-V complex composed of GPIbα disulphide-linked to two GPIbβ subunits, and noncovalently associated with GPIX and GPV. Disulphide bonds within domains either side of leucine-rich repeat domains are depicted as solid black bars. The position of sulphated tyrosine residues (Sulfo-Tyr at 276, 278 and 279 of GPIbα), phosphorylated serine residues (Phospho-Ser) and palmitylated Cys residues of GPIbβ and GPIX are indicated. C, C-terminus; N, N-terminus; TM, transmembrane domain.
The GPIb-IX-V also plays a role in maintaining platelet shape by linking the platelet surface to a sub-membranous network of actin filaments, the platelet membrane skeleton. This involves the central portion of the cytoplasmic tail of GPIbα, particularly Phe568 and Trp570, which provides a binding site for the actin-associated protein, filamin A.6 Other proteins known to bind to the cytoplasmic face of GPIb-IX-V either directly or indirectly through bound binding partners include calmodulin and the signaling assemblage protein, 14-3-3ζ, as well as other proteins potentially involved in propagating signals downstream of GPIb-IX-V/VWF engagement such as PI 3-kinase, TRAF4, Hic-5, the p47 subunit of NADPH oxidase, the Src family kinase, Lyn, and Syk.6,12 Binding of VWF to the GPIb-IX-V complex initiates a signaling cascade leading to activation of the platelet integrin, αIIbβ3 (GPIIb-IIIa), and platelet aggregation. The most receptor-proximal signaling protein identified is the Src family kinase, Lyn.13,14 VWF is considered a weak agonist, with full platelet activation requiring augmentation of signals through the thromboxane A2- and ADP-dependent signaling pathways.15
Bernard-Soulier syndrome: phenotype
Bernard-Soulier syndrome is characterized clinically by a history of epistaxis, gingival and cutaneous bleeding, and hemorrhage post trauma. In females it can also be associated with severe menorrhagia. Clinical presentation includes a prolonged skin bleeding time, thrombocytopenia, and large platelets on peripheral blood smear, and as such, cases of BSS are frequently misdiagnosed as idiopathic thrombocytopenic purpura (ITP) in the absence of further clinical investigation. The clinical profiles of the first fifty-five literature reports of BSS patients/families have been previously reported in detail.1 BSS platelets are characterized by deficient ristocetin-dependent platelet agglutination as a clinical laboratory surrogate for assessment of GPIb-IX-V/VWF interaction. The component subunits of the GPIb-IX-V complex are present, except in very rare exceptions, at either very low levels or are undetectable by flow cytometry or by SDS-gel analysis and Western blotting.1,5 One interesting exception is the Bolzano variant of BSS, involving an A156V mutation (Figure 2) in which the platelets express essentially normal levels of the GPIb-IX-V complex which is, however, dysfunctional and cannot bind VWF.19 Thus either or both absent ristocetin-induced platelet aggregation or absent or near absent GPIb-IX-V content should ideally be employed to confirm the diagnosis of BSS.
[image: ]

Figure 2.Mutations of (A) GPIbα, (B) GPIbβ and (C) GPIX associated with Bernard-Soulier syndrome, mapped to the mature protein structure, indicating missense mutations or short deletions (green), nonsense mutations leading to premature stop (red), or mutations causing a frameshift leading to stop (blue), based mainly on Lanza16 and the Bernard-Soulier syndrome registry and website (http://www.bernardsouli-er.org/) and references therein. Mutations also occur in the GPIbβ and GPIX signal sequences leading to BSS. There are no reported mutations in GPV, which is not essential for functional GPIb-IX expression.6,17,18 The N-terminal 282 residues of GPIbα constitutes the major ligand-binding domain of GPIb-IX-V, with distinct or partially overlapping interactive sites for multiple ligands: VWF, thrombospondin, P-selectin, αMβ2 (Mac-1), thrombin, Factor XI, Factor XII and HMW kininogen. *autosomal dominant inheritance. **mutations detected by Savoia et al.5
In addition to these abnormalities, BSS platelets show additional functional defects including increased membrane deformability, poor aggregation response to low, but not high, doses of α-thrombin, and decreased capacity to support thrombin generation during platelet-dependent coagulation (less prothrombin is converted to thrombin).1 Platelet aggregation to other platelet agonists such as collagen and ADP is normal relative to platelets from a normal individual at the same platelet count. The majority of these phenotypic differences in BSS platelets can be explained in terms of the known function of the GPIb-IX-V complex. The very poor or absent ristocetin-induced platelet agglutination is due to the absence of the GPIb-IX-V complex and hence the VWF binding site on GPIbα, whilst the prolonged skin bleeding time presumptively reflects a combination of this defect coupled with the low platelet count and decreased thrombin production. The large platelets and low platelet count in BSS are presumptively due to the absence of GPIbα and the filamin A binding site that links the GPIb-IX-V complex to the platelet membrane skeleton since the large platelet defect and low platelet count that also occurs in BSS mice (GPIbα knockout) are largely rescued by expression of an α-subunit of GPIb in which most of the extracytoplasmic sequence has been replaced by an isolated domain of the α-subunit of the human interleukin-4 receptor but in which the cytoplasmic sequence is normal.20 The absence of the normal GPIbα interaction with filamin also appears to be the cause for the increased membrane deformability seen in BSS platelets.21 The poor response of BSS platelets to α-thrombin is consistent with evidence that binding of α-thrombin to GPIbα enhances the capacity of α-thrombin to activate platelets through the platelet thrombin receptor PAR-1.6,22 Finally, the decreased capacity of BSS platelets to support thrombin generation is consistent with a role for the GPIb-IX-V complex in facilitating activation of the intrinsic pathway of platelet activation by providing a platelet binding site for Factors XI and XII.6
Bernard-Soulier syndrome: genotype
A large number of mutations in GPIbα, GPIbβ and GPIX have now been described that are causative for Bernard-Soulier syndrome (Figure 2).16 These include missense mutations, short deletions, nonsense mutations resulting in a premature stop codon, and mutations causing a frameshift that also lead to a premature translational stop codon. No mutations have been reported in GPV that are causative for BSS consistent with a lack of a requirement for GPV expression for expression of the other subunits of the GPIb-IX-V complex.6,17,18
Does Bernard-Soulier syndrome genotype correlate with the severity of bleeding?
In this issue, Savoia and colleagues begin to address the intriguing question of whether BSS genotype correlates with the severity of bleeding.5 Studies in mice frequently demonstrate that phenotype can vary dependent on the genetic background of the mouse in which the gene has been deleted and thus other genetic differences that affect hemostasis undoubtedly contribute to the marked variability seen in bleeding tendency amongst BSS patients.1,5 What is less clear is whether the BSS genotype itself is also associated with the severity of bleeding phenotype. GPIbα is involved in binding of multiple ligands relevant to different aspects of hemostasis including VWF, thrombospondin, P-selectin, αMβ2 (Mac-1), thrombin, Factor XI, Factor XII and HMW kininogen and thus one would predict the potential for differences based on the degree of GPIbα expression versus its complete absence, or between low levels of normal GPIbα and similar low levels of GPIbα with functional mutations in the N-terminal GPIbα ligand-binding domain. In the Savoia paper,5 it is not possible to assess an overall relationship between genotype and bleeding phenotype since most of the BSS patients in their study are a single example of a specific genotype. There are, however, 5 BSS patients in their study from three different families that involve mutation of GPIX Cys8 (either C8R or C8W) and all had a mild bleeding phenotype. In contrast, a previous study addressing genotype/phenotype in a large Swiss family found that 4 BSS patients homozygous for an N45S mutation in GPIX had variable bleeding risk.23 Resolution of whether BSS genotype can indeed result in differences in the severity of the bleeding phenotype probably awaits more detailed genetic studies in mice with BSS and larger BSS patient cohort studies.
Footnotes
	
Michael Berndt is currently Director of the Biomedical Diagnostics Institute in Dublin and Professor of Experimental Medicine at the Royal College of Surgeons in Ireland, also in Dublin, Ireland. He is Chairman-elect of the International Society on Thrombosis and Haemostasis. He has published over 280 papers in the fields of Thrombosis and Haemostasis and Vascular Biology. Robert Andrews is currently Associate Professor, and head of the Vascular Biology Laboratory at the Australian Centre for Blood Diseases (ACBD), Alfred Medical Research and Education Precinct (AMREP), Monash University, Melbourne, Australia. He has published over 120 papers on platelet receptors, snake toxins, drug targets, and clinical defects, and serves on national and international Editorial Boards and advisory committees. Acknowledgments: the authors gratefully acknowledge support from Science Foundation Ireland and the National Health and Medical Research Council of Australia.
	
Related Original Article on page 
417

	
Financial and other disclosures provided by the author using the ICMJE (www.icmje.org) Uniform Format for Disclosure of Competing Interests are available with the full text of this paper at www.haematologica.org.

References
	Lopez JA, Andrews RK, Afshar-Kharghan V, Berndt MC. Bernard-Soulier syndrome. Blood. 1998; 91(12):4397-418. PubMedGoogle Scholar

	Nurden AT, Caen JP. Specific roles for platelet surface glycoproteins in platelet function. Nature. 1975; 255(5511):720-2. PubMedhttps://doi.org/10.1038/255720a0Google Scholar

	Berndt MC, Gregory C, Chong BH, Zola H, Castaldi PA. Additional glycoprotein defects in Bernard-Soulier's syndrome: confirmation of genetic basis by parental analysis. Blood. 1983; 62(4):800-7. PubMedGoogle Scholar

	Clemeton KJ, McGregor JL, James E, Dechavanne M, Luscher EF. Characterization of the platelet membrane glycoprotein abnormalities in Bernard-Soulier syndrome and comparison with normal by surface-labeling techniques and high-resolution two-dimensional gel electrophoresis. J Clin Invest. 1982; 70(2):304-11. PubMedhttps://doi.org/10.1172/JCI110618Google Scholar

	Savoia A, Pastore A, De Rocco D, Civaschi E, Di Stazio M, Bottega R, Melazzini F. Clinical and genetic aspects Bernard-Soulier syndrome: searching for genotype/phenotype correlations. Haematologia. 2011; 96(3):417-423. Google Scholar

	 The glycoprotein Ib-IX-V complex. Platelets. 2006;145-64. Google Scholar

	Brill A, Fuchs TA, Chauhan AK, Yang JJ, De Meyer SF, Köllnberger M. von Willebrand factor-mediated platelet adhesion is critical for deep vein thrombosis in mouse models. Blood. 2011; 117(4):1400-7. PubMedhttps://doi.org/10.1182/blood-2010-05-287623Google Scholar

	Luo SZ, Mo X, Afshar-Kharghan V, Srinivasan S, Lopez JA, Li R. Glycoprotein Ibα forms disulfide bonds with 2 glycoprotein Ibβ subunits in the resting platelet. Blood. 2007; 109(2):603-9. PubMedhttps://doi.org/10.1182/blood-2006-05-024091Google Scholar

	Romo GM, Dong JF, Schade AJ, Gardiner EE, Kansas GS, Li CQ. The glycoprotein Ib-IX-V complex is a platelet counterreceptor for P-selectin. J Exp Med. 1999; 190(6):803-14. PubMedhttps://doi.org/10.1084/jem.190.6.803Google Scholar

	Simon DI, Chen Z, Xu H, Li CQ, Dong J, McIntire LV. Platelet glycoprotein Ibα is a counterreceptor for the leukocyte integrin Mac-1 (CD11b/CD18). J Exp Med. 2000; 192(2):193-204. PubMedhttps://doi.org/10.1084/jem.192.2.193Google Scholar

	Pluskota E, Woody NM, Szpak D, Ballantyne CM, Soloviev DA, Simon DI. Expression, activation, and function of integrin αMβ2 (Mac-1) on neutrophil-derived microparticles. Blood. 2008; 112(6):2327-35. PubMedhttps://doi.org/10.1182/blood-2007-12-127183Google Scholar

	Arthur JF, Shen Y, Gardiner EE, Coleman L, Kenny D, Andrews RK. TNF Receptor-Associated Factor 4 (TRAF4) is a novel binding partner of glycoprotein Ib and glycoprotein VI in human platelets. J Thromb Haemost. 2011; 9(1):163-72. PubMedhttps://doi.org/10.1111/j.1538-7836.2010.04091.xGoogle Scholar

	Liu J, Pestina TI, Berndt MC, Jackson CW, Gartner TK. Botrocetin/VWF-induced signaling through GPIb-IX-V produces TxA2 in an αIIbβ3- and aggregation-independent manner. Blood. 2005; 106(8):2750-6. PubMedhttps://doi.org/10.1182/blood-2005-04-1667Google Scholar

	Yin H, Liu J, Li Z, Berndt MC, Lowell CA, Du X. Src family tyrosine kinase Lyn mediates VWF/GPIb-IX-induced platelet activation via the cGMP signaling pathway. Blood. 2008; 112(4):1139-46. PubMedhttps://doi.org/10.1182/blood-2008-02-140970Google Scholar

	Liu J, Pestina TI, Berndt MC, Steward SA, Jackson CW, Gartner TK. The roles of ADP and TXA in botrocetin/VWF-induced aggregation of washed platelets. J Thromb Haemost. 2004:2213-22. Google Scholar

	Lanza F. Bernard-Soulier syndrome (hemorrhagiparous thrombocytic dystrophy). Orphanet J Rare Dis. 2006; 1:46. PubMedhttps://doi.org/10.1186/1750-1172-1-46Google Scholar

	Kahn ML, Diacovo TG, Bainton DF, Lanza F, Trejo J, Coughlin SR. Glycoprotein V-deficient platelets have undiminished thrombin responsiveness and do not exhibit a Bernard-Soulier phenotype. Blood. 1999; 94(12):4112-21. PubMedGoogle Scholar

	Ramakrishnan V, Reeves PS, DeGuzman F, Deshpande U, Ministri-Madrid K, DuBridge RB. Increased thrombin responsiveness in platelets from mice lacking glycoprotein V. Proc Natl Acad Sci USA. 1999; 96(23):13336-41. PubMedhttps://doi.org/10.1073/pnas.96.23.13336Google Scholar

	Ware J, Russell SR, Marchese P, Murata M, Mazzucato M, De Marco L. Point mutation in a leucine-rich repeat of platelet glycoprotein Ibα resulting in the Bernard-Soulier syndrome. J Clin Invest. 1993; 92(3):1213-20. PubMedhttps://doi.org/10.1172/JCI116692Google Scholar

	Kanaji T, Russell S, Ware J. Amelioration of the macrothrombocytopenia associated with the murine Bernard-Soulier syndrome. Blood. 2002; 100(6):2102-7. PubMedhttps://doi.org/10.1182/blood-2002-03-0997Google Scholar

	Cranmer SL, Ashworth KJ, Yao Y, Berndt MC, Ruggeri ZM, Andrews RK. High shear-dependent loss of membrane integrity and defective platelet adhesion following disruption of the GPIbα-filamin inter-action. Blood. 2010. Google Scholar

	De Candia E, Hall SW, Rutella S, Landolfi R, Andrews RK, De Cristofaro R. Binding of thrombin to glycoprotein Ib accelerates the hydrolysis of PAR-1 on intact platelets. J Biol Chem. 2001; 276(7):4692-8. PubMedhttps://doi.org/10.1074/jbc.M008160200Google Scholar

	Zieger B, Jenny A, Tsakiris DA, Bartsch I, Sandrock K, Schubart C. A large Swiss family with Bernard-Soulier syndrome - Correlation phenotype and genotype. Hamostaseologie. 2009; 29(2):161-7. PubMedGoogle Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        2010_039883-Disclosures.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 96 No. 3 (2011): March, 2011 : Editorials
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2010.039883
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        21357716
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC3046265
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2011-03-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        2988

    

    
        PDF Downloads

        647

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Michael C. Berndt, Robert K. Andrews. Bernard-Soulier syndrome. Haematologica 2011;96(3):355-359; https://doi.org/10.3324/haematol.2010.039883.





                

                

                
                
  Copy Citation
  
  

                
                

                
                Choose Citation Format
                


                                        
                        	
                                
                                    Chicago
                                
                            
	
                                
                                    Harvard
                                
                            
	
                                
                                    Vancouver
                                
                            
	
                                
                                    Haematologica
                                
                            


                                                
                            Download Citation

                        

                        	
                                
                                    
                                    Endnote/Zotero/Mendeley (RIS)
                                
                            
	
                                
                                    
                                    BibTeX
                                
                            


                                            

                

            

        

    

    
            

        

    


                            
    
        
            
                Share Article

                
                    ×
                
            

            
                
                

                    
                        
                        
                            
                                Copy URL
                            
                        
                    

                

                
                
         

           
                

            

        

    



                                                                    
    
        
            
                Request Permissions

                
                    ×
                
            

            
                
                
                    To create an adaptation, translation, or derivative of the
                        original work, for commercial e-prints and printed articles further permission is
                        required.
 For
                        information contact: marketing@haematologica.org


                                        
                    Other types of copyright management, can be agreed with the Editorial office.



                

            

        

    


            
                        
    


 







  










    
        
            

            				
                                                                    
                                
					
Navigate

	Home
	Current issue
	Early view
	Archive
	About Haematologica
	Editorial Team
	Our policies





For Authors

	Author Guidelines
	Submit Manuscript
	Track Manuscript


For Reviewers

	Reviewer Guidelines
	Access Your Profile
	Access Your Tasks





For Advertisers

	Informations For Advertising


Education

	Review Articles
	Guidelines Articles


Privacy

	Cookie Policy
	Newsletter Privacy Policy
	Privacy Policy





More

	Rights & Permissions


	Web design
	Development



                                
                                    
                                
                                
                                
                                
                                
                                    
                                
                                


Copyright © 2023 by the Ferrata Storti Foundation | Web design ￫ | Development ￫


ISSN 0390-6078 print | ISSN 1592-8721 online
 





				

			                        

        

    

   
















 

