







    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: 18 August 2010



                    Mediator and cohesin connect gene expression and chromatin architecture

                    	Michael H. Kagey1Â na1, 
	Jamie J. Newman1,2Â na1, 
	Steve Bilodeau1Â na1, 
	Ye Zhan3, 
	David A. Orlando1, 
	Nynke L. van Berkum3, 
	Christopher C. Ebmeier4, 
	Jesse Goossens4, 
	Peter B. Rahl1, 
	Stuart S. Levine2, 
	Dylan J. Taatjes4, 
	Job Dekker3 & 
	â€¦
	Richard A. Young1,2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 467,Â pages 430â€“435 (2010)Cite this article
                    

                    
        
            	
                        37k Accesses

                    
	
                        1379 Citations

                    
	
                            22 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Chromatin structure
	Embryonic stem cells
	Gene expression


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Corrigendum to this article was published on 13 April 2011

                
            
        

    

    
    

                
            


        
            Abstract
Transcription factors control cell-specific gene expression programs through interactions with diverse coactivators and the transcription apparatus. Gene activation may involve DNA loop formation between enhancer-bound transcription factors and the transcription apparatus at the core promoter, but this process is not well understood. Here we report that mediator and cohesin physically and functionally connect the enhancers and core promoters of active genes in murine embryonic stem cells. Mediator, a transcriptional coactivator, forms a complex with cohesin, which can form rings that connect two DNA segments. The cohesin-loading factor Nipbl is associated with mediatorâ€“cohesin complexes, providing a means to load cohesin at promoters. DNA looping is observed between the enhancers and promoters occupied by mediator and cohesin. Mediator and cohesin co-occupy different promoters in different cells, thus generating cell-type-specific DNA loops linked to the gene expression program of each cell.
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                    Figure 1: 
                        Mediator and cohesin contribute to the ES cell state.
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Figure 2: 
                        Genome-wide occupancy of mediator and cohesin in ES cells.
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Figure 3: 
                        Mediator and cohesin interact.
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Figure 4: 
                        Mediator and cohesin binding profiles predict enhancerâ€“promoter looping events.
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Figure 5: 
                        Cell-type-specific occupancy of mediator and cohesin.
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        Editorial Summary
Mediator and cohesin in control of stem-cell state
The control of embryonic stem-cell state is not yet fully understood, but is fundamental to our knowledge of human development and to making progress in regenerative medicine. The gene-expression programs that make stem cells pluripotent are controlled by transcription factors â€” such as Oct4, Sox2 and Nanog â€” in a process thought to involve gene activation through DNA loop formation between enhancer-bound transcription factors and the transcription apparatus at the core promoter. Two factors, Mediator and cohesin, are shown here to connect the enhancers and core promoters of active genes in embryonic stem cells by generating cell-type-specific DNA loops linked to the gene-expression program of each cell. These results suggest that diseases caused by mutations in Mediator and cohesin â€” including Opitzâ€“Kaveggia syndrome, Lujan syndrome, schizophrenia and Cornelia de Lange syndrome â€” are associated with defects in the cell-type-specific chromatin structure that is established by these protein complexes.
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