







    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: 23 January 2011



                    Cell-type-specific replication initiation programs set fragility of the FRA3B fragile site

                    	Anne Letessier1,2,3, 
	Gaël A. Millot1,2,3, 
	Stéphane Koundrioukoff1,2,3 na1, 
	Anne-Marie Lachagès1,2,3 na1, 
	Nicolas Vogt1,2,3 na1, 
	R. Scott Hansen4, 
	Bernard Malfoy1,2,3, 
	Olivier Brison1,2,3 & 
	…
	Michelle Debatisse1,2,3 

Show authors

                    

                    
                        
    Nature

                        volume 470, pages 120–123 (2011)Cite this article
                    

                    
        
            	
                        5085 Accesses

                    
	
                        313 Citations

                    
	
                            7 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Common fragile sites have long been identified by cytogeneticists as chromosomal regions prone to breakage upon replication stress1. They are increasingly recognized to be preferential targets for oncogene-induced DNA damage in pre-neoplastic lesions2 and hotspots for chromosomal rearrangements in various cancers3. Common fragile site instability was attributed to the fact that they contain sequences prone to form secondary structures that may impair replication fork movement, possibly leading to fork collapse resulting in DNA breaks4. Here we show, in contrast to this view, that the fragility of FRA3B—the most active common fragile site in human lymphocytes—does not rely on fork slowing or stalling but on a paucity of initiation events. Indeed, in lymphoblastoid cells, but not in fibroblasts, initiation events are excluded from a FRA3B core extending approximately 700 kilobases, which forces forks coming from flanking regions to cover long distances in order to complete replication. We also show that origins of the flanking regions fire in mid-S phase, leaving the site incompletely replicated upon fork slowing. Notably, FRA3B instability is specific to cells showing this particular initiation pattern. The fact that both origin setting5,6 and replication timing are highly plastic7,8 in mammalian cells explains the tissue specificity of common fragile site instability we observed. Thus, we propose that common fragile sites correspond to the latest initiation-poor regions to complete replication in a given cell type. For historical reasons, common fragile sites have been essentially mapped in lymphocytes1. Therefore, common fragile site contribution to chromosomal rearrangements in tumours should be reassessed after mapping fragile sites in the cell type from which each tumour originates.
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                    Figure 1: 
                        Comparison of fork properties in the 
                        FHIT
                         locus and in the bulk genome in JEFF cells.
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Figure 2: 
                        Mapping of initiation and termination events along the 
                        FHIT
                         locus.
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Figure 3: 
                        Relationship between replication profile of the 
                        FHIT
                         locus and 
                        FRA3B
                         fragility in lymphoblastoid and fibroblastic cells.
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Some chromosomal locations, known as common fragile sites, are predisposed to breakage. These sites have pathological relevance because they are often associated with chromosomal translocations. An analysis of the replication dynamics along a 1.6-Mb region of FRA3B, a common fragile site in human lymphocytes that hosts the FHIT tumour suppressor gene, shows that, rather than breakage being due to replication stalling, FRA3B site fragility results from an unusually low density of replication origins. Surprisingly, fragility is cell-type-specific, which may have implications for current models of translocations and tumorigenesis.
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