







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 11 September 2011



                    CTCF-binding elements mediate control of V(D)J recombination

                    	Chunguang Guo1,2Â na1, 
	Hye Suk Yoon1,2Â na1, 
	Andrew Franklin1,2Â na1, 
	Suvi Jain1,2, 
	Anja Ebert3, 
	Hwei-Ling Cheng1,2, 
	Erica Hansen1,2, 
	Orion Despo1,2, 
	Claudia Bossen4, 
	Christian Vettermann5, 
	Jamie G. Bates5, 
	Nicholas Richards1,2, 
	Darienne Myers1,2, 
	Harin Patel1,2, 
	Michael Gallagher1,2, 
	Mark S. Schlissel5, 
	Cornelis Murre4, 
	Meinrad Busslinger3, 
	Cosmas C. Giallourakis1,2,6 & 
	â€¦
	Frederick W. Alt1,2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 477,Â pages 424â€“430 (2011)Cite this article
                    

                    
        
            	
                        5790 Accesses

                    
	
                        202 Citations

                    
	
                            18 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	VDJ recombination


    


                
    
    

    
    

                
            


        
            Abstract
Immunoglobulin heavy chain (IgH) variable region exons are assembled from VH, D and JH gene segments in developing B lymphocytes. Within the 2.7-megabase mouse Igh locus, V(D)J recombination is regulated to ensure specific and diverse antibody repertoires. Here we report in mice a key Igh V(D)J recombination regulatory region, termed intergenic control region 1 (IGCR1), which lies between the VH and D clusters. Functionally, IGCR1 uses CTCF looping/insulator factor-binding elements and, correspondingly, mediates Igh loops containing distant enhancers. IGCR1 promotes normal B-cell development and balances antibody repertoires by inhibiting transcription and rearrangement of DH-proximal VH gene segments and promoting rearrangement of distal VH segments. IGCR1 maintains ordered and lineage-specific VH(D)JH recombination by suppressing VH joining to D segments not joined to JH segments, and VH to DJH joins in thymocytes, respectively. IGCR1 is also required for feedback regulation and allelic exclusion of proximal VH-to-DJH recombination. Our studies elucidate a long-sought Igh V(D)J recombination control region and indicate a new role for the generally expressed CTCF protein.
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                        Mutation of IGCR1 CBEs impairs B-cell development.
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Figure 2: 
                        IGCR1 mutations alter V
                        
                        H
                         usage, germline transcription and rearrangement order.
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Figure 3: 
                        IGCR1/CBE mutations lead to V
                        
                        H
                        (D)J
                        
                        H
                         and V
                        
                        H
                        D rearrangements in thymocytes.
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Figure 4: 
                        IGCR1 is required to allow feedback regulation of proximal V
                        
                        H
                        -to-DJ
                        
                        H
                         recombination.
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Figure 5: 
                        IGCR1 mediates long-distance 
                        Igh
                         chromosomal loops.
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        Editorial Summary
Enforcing order in heavy chains
The variable region of the immunoglobulin heavy chain (IgH) is generated by selecting one segment each from the VH, D and JH loci. Many studies have proposed the existence of a control region between the VH and D loci that would regulate VH-to-D recombination, but its identity has been elusive. Frederick Alt and colleagues have now located this regulatory sequence, IGCR1 (intergenic control region 1), and show that it uses CTCF sites to promote looping and interaction with distal enhancer elements. It also suppresses other events that would disrupt the ordered rearrangement of the VH, D and JH loci.
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