







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 09 June 2013



                    EndMT contributes to the onset and progression of cerebral cavernous malformations

                    	Luigi Maddaluno1 na1, 
	Noemi Rudini1 na1, 
	Roberto Cuttano1, 
	Luca Bravi1, 
	Costanza Giampietro1, 
	Monica Corada1, 
	Luca Ferrarini1, 
	Fabrizio Orsenigo1, 
	Eleanna Papa1, 
	Gwenola Boulday2,3, 
	Elisabeth Tournier-Lasserve2,3,4, 
	Françoise Chapon5, 
	Cristina Richichi6, 
	Saverio Francesco Retta7, 
	Maria Grazia Lampugnani1,8 & 
	…
	Elisabetta Dejana1,9 

Show authors

                    

                    
                        
    Nature

                        volume 498, pages 492–496 (2013)Cite this article
                    

                    
        
            	
                        18k Accesses

                    
	
                        346 Citations

                    
	
                            18 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Mechanisms of disease


    


                
    
    

    
    

                
            


        
            Abstract
Cerebral cavernous malformation (CCM) is a vascular dysplasia, mainly localized within the brain and affecting up to 0.5% of the human population. CCM lesions are formed by enlarged and irregular blood vessels that often result in cerebral haemorrhages. CCM is caused by loss-of-function mutations in one of three genes, namely CCM1 (also known as KRIT1), CCM2 (OSM) and CCM3 (PDCD10), and occurs in both sporadic and familial forms1. Recent studies2,3,4,5,6,7 have investigated the cause of vascular dysplasia and fragility in CCM, but the in vivo functions of this ternary complex remain unclear8. Postnatal deletion of any of the three Ccm genes in mouse endothelium results in a severe phenotype, characterized by multiple brain vascular malformations that are markedly similar to human CCM lesions9. Endothelial-to-mesenchymal transition (EndMT) has been described in different pathologies, and it is defined as the acquisition of mesenchymal- and stem-cell-like characteristics by the endothelium10,11,12. Here we show that endothelial-specific disruption of the Ccm1 gene in mice induces EndMT, which contributes to the development of vascular malformations. EndMT in CCM1-ablated endothelial cells is mediated by the upregulation of endogenous BMP6 that, in turn, activates the transforming growth factor-β (TGF-β) and bone morphogenetic protein (BMP) signalling pathway. Inhibitors of the TGF-β and BMP pathway prevent EndMT both in vitro and in vivo and reduce the number and size of vascular lesions in CCM1-deficient mice. Thus, increased TGF-β and BMP signalling, and the consequent EndMT of CCM1-null endothelial cells, are crucial events in the onset and progression of CCM disease. These studies offer novel therapeutic opportunities for this severe, and so far incurable, pathology.
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                    Figure 1: Ccm1 deletion causes EndMT in vivo.[image: ]


Figure 2: Ccm1 deletion induces EndMT via TGF-β signalling activation.[image: ]


Figure 3: TGF-β signalling inhibition reduces number and size of lesions and vessel leakage.[image: ]


Figure 4: CCM1 deletion induces EndMT via BMP6 upregulation.[image: ]
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Cerebral cavernous malformation (CCM) is a genetic disease causing lesions of the brain vasculature that can lead to seizures and stroke. Neurosurgery is the only treatment offered today. CCM lesions are caused by loss-of-function mutations in one of three genes: CCM1, CCM2 and CCM3. Elisabetta Dejana and colleagues show that lesions associated with loss of function of CCM1 are formed by endothelial cells undergoing endothelial-to-mesenchymal transition (EndMT), induced by activation of transforming growth factor-β (TGF-β) signalling. They show that inhibition of TGF-β signalling prevents EndMT and the appearance of CCM lesions in vivo. Inhibitors of various steps of the TGF-β and bone morphogenetic protein signalling pathways might therefore be candidates to reduce or reverse the development of CCM lesions.
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