







    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: 02 August 2007



                    Distinct classes of chromosomal rearrangements create oncogenic ETS gene fusions in prostate cancer

                    	Scott A. Tomlins1Â na1, 
	Bharathi Laxman1Â na1, 
	Saravana M. Dhanasekaran1Â na1, 
	Beth E. Helgeson1, 
	Xuhong Cao1, 
	David S. Morris2, 
	Anjana Menon1, 
	Xiaojun Jing1, 
	Qi Cao1, 
	Bo Han1, 
	Jindan Yu1, 
	Lei Wang1, 
	James E. Montie2,4, 
	Mark A. Rubin5,6, 
	Kenneth J. Pienta2,3,4, 
	Diane Roulston1, 
	Rajal B. Shah1,2,4, 
	Sooryanarayana Varambally1,4, 
	Rohit Mehra1,4 & 
	â€¦
	Arul M. Chinnaiyan1,2,4Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 448,Â pages 595â€“599 (2007)Cite this article
                    

                    
        
            	
                        6582 Accesses

                    
	
                        614 Citations

                    
	
                            13 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Recently, we identified recurrent gene fusions involving the 5â€² untranslated region of the androgen-regulated gene TMPRSS2 and the ETS (E26 transformation-specific) family genes ERG, ETV1 or ETV4 in most prostate cancers1,2. Whereas TMPRSS2â€“ERG fusions are predominant, fewer TMPRSS2â€“ETV1 cases have been identified than expected on the basis of the frequency of high (outlier) expression of ETV1 (refs 3â€“13). Here we explore the mechanism of ETV1 outlier expression in human prostate tumours and prostate cancer cell lines. We identified previously unknown 5â€² fusion partners in prostate tumours with ETV1 outlier expression, including untranslated regions from a prostate-specific androgen-induced gene (SLC45A3) and an endogenous retroviral element (HERV-K_22q11.23), a prostate-specific androgen-repressed gene (C15orf21), and a strongly expressed housekeeping gene (HNRPA2B1). To study aberrant activation of ETV1, we identified two prostate cancer cell lines, LNCaP and MDA-PCa 2B, that had ETV1 outlier expression. Through distinct mechanisms, the entire ETV1 locus (7p21) is rearranged to a 1.5-megabase prostate-specific region at 14q13.3â€“14q21.1 in both LNCaP cells (cryptic insertion) and MDA-PCa 2B cells (balanced translocation). Because the common factor of these rearrangements is aberrant ETV1 overexpression, we recapitulated this event inâ€‰vitro and inâ€‰vivo, demonstrating that ETV1 overexpression in benign prostate cells and in the mouse prostate confers neoplastic phenotypes. Identification of distinct classes of ETS gene rearrangements demonstrates that dormant oncogenes can be activated in prostate cancer by juxtaposition to tissue-specific or ubiquitously active genomic loci. Subversion of active genomic regulatory elements may serve as a more generalized mechanism for carcinoma development. Furthermore, the identification of androgen-repressed and insensitive 5â€² fusion partners may have implications for the anti-androgen treatment of advanced prostate cancer.
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                    Figure 1: Identification of prostate-specific or ubiquitously active regulatory elements fused to  ETV1.[image: ]


Figure 2: 
                        ETV1
                         is rearranged to 14q13.3â€“14q21.1 in LNCaP and MDA-PCa 2B.
                      [image: ]


Figure 3: 
                        ETV1
                         overexpression in prostate cells confers invasiveness.
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Figure 4: 
                        Transgenic mice expressing 
                        ETV1
                         develop mPIN.
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