







    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: 15 October 2009



                    DNA demethylation in hormone-induced transcriptional derepression

                    	Mi-Sun Kim1,2,3, 
	Takeshi Kondo2, 
	Ichiro Takada2, 
	Min-Young Youn2, 
	Yoko Yamamoto2, 
	Sayuri Takahashi2, 
	Takahiro Matsumoto1,2, 
	Sally Fujiyama1,2, 
	Yuko Shirode1,2, 
	Ikuko Yamaoka1,2, 
	Hirochika Kitagawa2, 
	Ken-Ichi Takeyama2, 
	Hiroshi Shibuya3, 
	Fumiaki Ohtake1,2 & 
	â€¦
	Shigeaki Kato1,2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 461,Â pages 1007â€“1012 (2009)Cite this article
                    

                    
        
            	
                        4693 Accesses

                    
	
                        185 Citations

                    
	
                            64 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Retraction to this article was published on 13 June 2012

                
            
        

    
        
            
                
                    
                        
                    
                
            
            
                
                    A Corrigendum to this article was published on 26 October 2011

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Epigenetic modifications at the histone level affect gene regulation in response to extracellular signals1,2. However, regulated epigenetic modifications at the DNA level, especially active DNA demethylation, in gene activation are not well understood3,4,5. Here we report that DNA methylation/demethylation is hormonally switched to control transcription of the cytochrome p450 27B1 (CYP27B1) gene. Reflecting vitamin-D-mediated transrepression of the CYP27B1 gene by the negative vitamin D response element (nVDRE)6,7, methylation of CpG sites (5mCpG) is induced by vitamin D in this gene promoter. Conversely, treatment with parathyroid hormone, a hormone known to activate the CYP27B1 gene8, induces active demethylation of the 5mCpG sites in this promoter. Biochemical purification of a complex associated with the nVDRE-binding protein (VDIR, also known as TCF3)6,7 identified two DNA methyltransferases, DNMT1 and DNMT3B, for methylation of CpG sites9, as well as a DNA glycosylase, MBD4 (ref. 10). Protein-kinase-C-phosphorylated MBD4 by parathyroid hormone stimulation promotes incision of methylated DNA through glycosylase activity11, and a base-excision repair process seems to complete DNA demethylation in the MBD4-bound promoter. Such parathyroid-hormone-induced DNA demethylation and subsequent transcriptional derepression are impaired in Mbd4-/- mice12. Thus, the present findings suggest that methylation switching at the DNA level contributes to the hormonal control of transcription.
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                    Figure 1: 
                        Hormonal control of DNA methylation/demethylation of the 
                        CYP27B1
                         gene promoter.
                      [image: ]


Figure 2: 
                        MBD4 is indispensable for PTH-induced DNA demethylation in the 
                        CYP27B1
                         promoter.
                      [image: ]


Figure 3: 
                        The DNA glycosylase activity of MBD4 is potentiated by PKC-phosphorylation.
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Figure 4: 
                        MBD4-mediated DNA demethylation derepresses transcription of the vitamin D-transrepressed 
                        CYP27B1
                         gene.
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Active DNA demethylation
Kim et al. report that hormonal control of transcription of the cytochrome p450 27B1 (CYP27B1) gene involves DNA methylation and active demethylation of the promoter, directed by hormonal signalling. This suggests that methylation changes at the DNA level contribute to the hormonal control of transcription.
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