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[bookmark: N10BDA]
Abstract



          
MYH9-related disease (MYH9-RD) is an autosomal-dominant thrombocytopenia caused by mutations in the gene for non-muscle myosin heavy chain IIA (NMMHC-IIA). Patients present congenital macrothrombocytopenia and inclusions of NMMHC-IIA in leukocytes, and have a variable risk of developing kidney damage, sensorineural deafness, presenile cataracts and/or liver enzymes abnormalities. The spectrum of mutations found in MYH9-RD patients is limited and the incidence and severity of the non-congenital features are predicted by the causative MYH9 variant. In particular, different alterations of the C-terminal tail domain of NMMHC-IIA associate with remarkably different disease evolution. We report four novel MYH9 mutations affecting the tail domain of NMMHC-IIA and responsible for MYH9-RD in four families. Two variants cause amino acid substitutions in the coiled-coil region of NMMHC-IIA, while the other two are a splicing variant and a single nucleotide deletion both resulting in frameshift alterations of the short non-helical tailpiece. Characterization of phenotypes of affected individuals shows that all of these novel variants are associated with a mild clinical evolution of the disease.
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Zusammenfassung


MYH9-assoziierte Erkrankung (MYH9-RD) ist eine autosomal-dominante Thrombozytopenie, die durch Mutationen im Gen für die Nicht-Muskel-Myosin schwere Kette IIA (NMMHC-IIA) verursacht wird. Die Patienten weisen eine kongenitale Makrothrombozytopenie und Einschlüsse von NMMHC-IIA in Leukozyten auf und haben ein variables Risiko, Nierenschäden, sensorineurale Taubheit, präsenile Katarakte und / oder Leberenzyme zu entwickeln. Das Spektrum der bei MYH9-RD-Patienten gefundenen Mutationen ist begrenzt und die Inzidenz und der Schweregrad der nicht-kongenitalen Merkmale werden durch die verursachende MYH9-Variante prognostiziert. Insbesondere assoziieren verschiedene Veränderungen der C-terminalen Schwanzdomäne von NMMHC-IIA mit einer bemerkenswert unterschiedlichen Krankheitsentwicklung. Wir berichten über vier neue MYH9-Mutationen, die die Schwanzdomäne von NMMHC-IIA betreffen und in vier Familien für MYH9-RD verantwortlich sind. Zwei Varianten verursachen Aminosäuresubstitutionen in der Coiled-Coil-Region von NMMHC-IIA, während die anderen beiden eine Splicing-Variante und eine Einzelnucleotid-Deletion sind, die beide zu Frameshift-Veränderungen des kurzen nicht-helikalen Schwanzstückes führen. Die Charakterisierung der Phänotypen betroffener Individuen zeigt, dass alle diese neuen Varianten mit einer milden klinischen Entwicklung der Erkrankung einhergehen.




        
[bookmark: N10C00]
Keywords

inherited platelet disorders - 
inherited thrombocytopenia - 

          MYH9-related disease - 
non-muscle myosin IIA



        
[bookmark: N10C16]
Schlüsselwörter

erbliche Thrombozytopathien - 
erbliche Thrombozytopenie - 

          MYH9-assoziierte Erkrankung - 
Nicht-Muskel Myosin IIA


[bookmark: N1124E]
Authors' Contributions

[bookmark: FN180002-8]
        
C.Z., A.P. and A.S. conceived and designed the study, analysed and interpreted data and wrote the manuscript. D.D.R., T.G., V.B., S.B., J.D., P.L., P.N. and S.R. performed research, collected, analysed and interpreted the data. All the authors critically revised the manuscript and accepted the final version.

      



 

[bookmark: ]

[bookmark: N1125B]
	
References


	
[bookmark: JR180002-1]1 

Seri M, 


Cusano R, 


Gangarossa S. 

, et al; The May-Heggllin/Fechtner Syndrome Consortium.  Mutations in MYH9 result in the May-Hegglin anomaly, and Fechtner and Sebastian syndromes. Nat Genet 2000; 26 (01) 103-105 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-2]2 

Kunishima S, 


Kojima T, 


Matsushita T. 

, et al.  Mutations in the NMMHC-A gene cause autosomal dominant macrothrombocytopenia with leukocyte inclusions (May-Hegglin anomaly/Sebastian syndrome). Blood 2001; 97 (04) 1147-1149 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-3]3 

Seri M, 


Pecci A, 


Di Bari F. 

, et al.  MYH9-related disease: May-Hegglin anomaly, Sebastian syndrome, Fechtner syndrome, and Epstein syndrome are not distinct entities but represent a variable expression of a single illness. Medicine (Baltimore) 2003; 82 (03) 203-215 





PubMedGoogle Scholar





	
[bookmark: JR180002-4]4 

Kunishima S, 


Saito H. 

Advances in the understanding of MYH9 disorders. Curr Opin Hematol 2010; 17 (05) 405-410 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-5]5 

Balduini CL, 


Pecci A, 


Savoia A. 

Recent advances in the understanding and management of MYH9-related inherited thrombocytopenias. Br J Haematol 2011; 154 (02) 161-174 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-6]6 

Pecci A, 


Klersy C, 


Gresele P. 

, et al.  MYH9-related disease: a novel prognostic model to predict the clinical evolution of the disease based on genotype-phenotype correlations. Hum Mutat 2014; 35 (02) 236-247 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-7]7 

Balduini CL, 


Savoia A, 


Seri M. 

Inherited thrombocytopenias frequently diagnosed in adults. J Thromb Haemost 2013; 11 (06) 1006-1019 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-8]8 

Pecci A, 


Biino G, 


Fierro T. 

, et al; Italian Registry for MYH9-Releated Diseases.  Alteration of liver enzymes is a feature of the MYH9-related disease syndrome. PLoS One 2012; 7 (04) e35986 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-9]9 

Vicente-Manzanares M, 


Ma X, 


Adelstein RS, 


Horwitz AR. 

Non-muscle myosin II takes centre stage in cell adhesion and migration. Nat Rev Mol Cell Biol 2009; 10 (11) 778-790 





PubMedGoogle Scholar





	
[bookmark: JR180002-10]10 

Eddinger TJ, 


Meer DP. 

Myosin II isoforms in smooth muscle: heterogeneity and function. Am J Physiol Cell Physiol 2007; 293 (02) C493-C508 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-11]11 

Saposnik B, 


Binard S, 


Fenneteau O. 

, et al; French MYH9 networka.  Mutation spectrum and genotype-phenotype correlations in a large French cohort of MYH9-related disorders. Mol Genet Genomic Med 2014; 2 (04) 297-312 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-12]12 

Savoia A, 


De Rocco D, 


Pecci A. 

MYH9 gene mutations associated with bleeding. Platelets 2017; 28 (03) 312-315 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-13]13 

Pecci A, 


Panza E, 


Pujol-Moix N. 

, et al.  Position of nonmuscle myosin heavy chain IIA (NMMHC-IIA) mutations predicts the natural history of MYH9-related disease. Hum Mutat 2008; 29 (03) 409-417 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-14]14 

Verver EJ, 


Topsakal V, 


Kunst HP. 

, et al.  Nonmuscle myosin heavy chain IIA mutation predicts severity and progression of sensorineural hearing loss in patients with MYH9-related disease. Ear Hear 2016; 37 (01) 112-120 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-15]15 

Savoia A, 


De Rocco D, 


Panza E. 

, et al.  Heavy chain myosin 9-related disease (MYH9 -RD): neutrophil inclusions of myosin-9 as a pathognomonic sign of the disorder. Thromb Haemost 2010; 103 (04) 826-832 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR180002-16]16 

Rodeghiero F, 


Tosetto A, 


Abshire T. 

, et al; I. STH/SSC Joint VWF and Perinatal/Pediatric Hemostasis Subcommittees Working Group.  ISTH/SSC bleeding assessment tool: a standardized questionnaire and a proposal for a new bleeding score for inherited bleeding disorders. J Thromb Haemost 2010; 8 (09) 2063-2065 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-17]17 

Lowe GC, 


Lordkipanidzé M, 


Watson SP. 

; UK GAPP study group.  Utility of the ISTH bleeding assessment tool in predicting platelet defects in participants with suspected inherited platelet function disorders. J Thromb Haemost 2013; 11 (09) 1663-1668 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-18]18 

Pecci A, 


Granata A, 


Fiore CE, 


Balduini CL. 

Renin-angiotensin system blockade is effective in reducing proteinuria of patients with progressive nephropathy caused by MYH9 mutations (Fechtner-Epstein syndrome). Nephrol Dial Transplant 2008; 23 (08) 2690-2692 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-19]19 

Kunishima S, 


Matsushita T, 


Kojima T. 

, et al.  Immunofluorescence analysis of neutrophil nonmuscle myosin heavy chain-A in MYH9 disorders: association of subcellular localization with MYH9 mutations. Lab Invest 2003; 83 (01) 115-122 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-20]20 

Greinacher A, 


Pecci A, 


Kunishima S. 

, et al.  Diagnosis of inherited platelet disorders on a blood smear: a tool to facilitate worldwide diagnosis of platelet disorders. J Thromb Haemost 2017; 15 (07) 1511-1521 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-21]21 

Hao J, 


Kada A, 


Kunishima S. 

Further classification of neutrophil non-muscle myosin heavy chain-IIA localization for efficient genetic diagnosis of MYH9 disorders. Ann Hematol 2018; 97 (04) 709-711 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180002-22]22 

Kunishima S, 


Tomii T, 


Kudo K, 


Saito H. 

G to T transversion at the first nucleotide of exon 26 of the MYH9 gene results in a novel missense mutation and abnormal splicing in platelets: comment on “A G to C transversion at the last nucleotide of exon 25 of the MYH9 gene results in a missense mutation rather than in a splicing defecton” by Vettore et al. Eur J Med Genet 2012; 55 (12) 763-765 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 34.207.100.160
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  