







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Genetics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature genetics

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 12 February 2006



                    Germline KRAS mutations cause Noonan syndrome

                    	Suzanne Schubbert1, 
	Martin Zenker2, 
	Sara L Rowe1, 
	Silke Böll3, 
	Cornelia Klein3, 
	Gideon Bollag4, 
	Ineke van der Burgt5, 
	Luciana Musante6, 
	Vera Kalscheuer6, 
	Lars-Erik Wehner7, 
	Hoa Nguyen4, 
	Brian West4, 
	Kam Y J Zhang4, 
	Erik Sistermans5, 
	Anita Rauch2, 
	Charlotte M Niemeyer3, 
	Kevin Shannon1,8 & 
	…
	Christian P Kratz3 

Show authors

                    

                    
                        
    Nature Genetics

                        volume 38, pages 331–336 (2006)Cite this article
                    

                    
        
            	
                        5627 Accesses

                    
	
                        540 Citations

                    
	
                            13 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Corrigendum to this article was published on 01 May 2006

                
            
        

    

    
    

                
            


        
            Abstract
Noonan syndrome (MIM 163950) is characterized by short stature, facial dysmorphism and cardiac defects1. Heterozygous mutations in PTPN11, which encodes SHP-2, cause ∼50% of cases of Noonan syndrome1,2. The SHP-2 phosphatase relays signals from activated receptor complexes to downstream effectors, including Ras3. We discovered de novo germline KRAS mutations that introduce V14I, T58I or D153V amino acid substitutions in five individuals with Noonan syndrome and a P34R alteration in a individual with cardio-facio-cutaneous syndrome (MIM 115150), which has overlapping features with Noonan syndrome1,4. Recombinant V14I and T58I K-Ras proteins show defective intrinsic GTP hydrolysis and impaired responsiveness to GTPase activating proteins, render primary hematopoietic progenitors hypersensitive to growth factors and deregulate signal transduction in a cell lineage–specific manner. These studies establish germline KRAS mutations as a cause of human disease and infer that the constellation of developmental abnormalities seen in Noonan syndrome spectrum is, in large part, due to hyperactive Ras.
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                    Figure 1: Clinical phenotypes and KRAS mutations in individuals with Noonan syndrome and CFC syndrome.[image: ]


Figure 2: Intrinsic GTP hydrolysis of wild-type and mutant K-Ras proteins and responses to GAPs.[image: ]


Figure 3: Functional and biochemical characteristics of V14I and T58I K-Ras proteins.[image: ]
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