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            Key Points

                	
                  Translocations that create neomorphic fusion genes occur in both lymphoid malignancies and solid tumours.

                
	
                  A large number of translocations do not encode fusion genes and may not contribute to malignancy.

                
	
                  Translocations frequently contain complex, clustered sequence rearrangements, similar to chromothrypsis, and may also contain genetic material from several different chromosomes.

                
	
                  Many translocations arise as a consequence of 'classical' or 'alternative' pathways of non-homologous end-joining.

                
	
                  Mammalian cells have regulatory systems to bias DNA repair towards repair pathways that are less likely to contribute to translocation.

                
	
                  Frequency of DNA breakage is the metric that best predicts the likelihood of a particular genomic site being involved in a translocation.

                
	
                  Therapeutic intervention to reduce translocation frequency is a potential mechanism for reducing the risk of cancer.

                


              

Abstract
Fusion genes that are caused by chromosome translocations have been recognized for several decades as drivers of deregulated cell growth in certain types of cancer. In recent years, oncogenic fusion genes have been found in many haematological and solid tumours, demonstrating that translocations are a common cause of malignancy. Sequencing approaches have now confirmed that numerous, non-clonal translocations are a typical feature of cancer cells. These chromosome rearrangements are often highly complex and contain DNA sequence from multiple genomic sites. The factors and pathways that promote translocations are becoming clearer, with non-homologous end-joining implicated as a key source of genomic rearrangements.
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                    Figure 1: Visualizing translocations.[image: ]


Figure 2: Pathways to translocation.[image: ]


Figure 3: Oncogene amplification by breakageâ€“fusionâ€“bridge cycles.[image: ]


Figure 4: Steps in classical and alternative end-joining.[image: ]


Figure 5: Regulation of DNA double-strand break repair pathways.[image: ]
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Glossary
	Non-homologous end-joining
	
                  (NHEJ). Joining of DNA double-strand breaks without extensive sequence homology by ligation of DNA ends.

                
	Chromothrypsis
	
                  A highly complex chromosome rearrangement event characterized by extensive re-assortment of genetic fragments from one or more chromosomes.

                
	Break-induced replication
	
                  (BIR). A modified homology-based repair pathway in which a broken DNA end is repaired by copying a large amount of sequence from an undamaged homologous partner, potentially leading to copying of the entire homologous sequence from the site of damage to the end of the chromosome.

                
	Non-allelic homologous recombination
	
                  (NAHR). Recombination between repetitive regions at different genomic sites that leads to chromosome rearrangements, as seen in genetic diseases such as Charcotâ€“Marieâ€“Tooth syndrome.

                
	Class switch recombination
	
                  (CSR). A region-specific deletional recombination reaction that replaces one switch region with another. This allows the production of different immunoglobulin isotypes.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Bunting, S., Nussenzweig, A. End-joining, translocations and cancer.
                    Nat Rev Cancer 13, 443â€“454 (2013). https://doi.org/10.1038/nrc3537
Download citation
	Published: 13 June 2013

	Issue Date: July 2013

	DOI: https://doi.org/10.1038/nrc3537


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Cancer (Nat Rev Cancer)
                
                
    
    
        ISSN 1474-1768 (online)
    
    


                
    
    
        ISSN 1474-175X (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
