







    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 Medicine]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature medicine

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 09 October 2011



                    Epigenetic suppression of GAD65 expression mediates persistent pain

                    	Zhi Zhang1, 
	You-Qing Cai1, 
	Fang Zou1, 
	Bihua Bie1 & 
	â€¦
	Zhizhong Z Pan1Â 

Show authors

                    

                    
                        
    Nature Medicine

                        volumeÂ 17,Â pages 1448â€“1455 (2011)Cite this article
                    

                    
        
            	
                        6297 Accesses

                    
	
                        207 Citations

                    
	
                            9 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Chronic pain
	Gene silencing
	Synaptic transmission


    


                
    
    

    
    

                
            


        
            Abstract
Chronic pain is a common neurological disease involving lasting, multifaceted maladaptations ranging from gene modulation to synaptic dysfunction and emotional disorders. Sustained pathological stimuli in many diseases alter the output activities of certain genes through epigenetic modifications, but it is unclear how epigenetic mechanisms operate in the development of chronic pain. We show here that in the rat brainstem nucleus raphe magnus, which is important for central mechanisms of chronic pain, persistent inflammatory and neuropathic pain epigenetically suppresses Gad2 (encoding glutamic acid decarboxylase 65 (GAD65)) transcription through histone deacetylase (HDAC)-mediated histone hypoacetylation, resulting in impaired Î³-aminobutyric acid (GABA) synaptic inhibition. Gad2 knockout mice showed sensitized pain behavior and impaired GABA synaptic function in their brainstem neurons. In wild-type but not Gad2 knockout mice, HDAC inhibitors strongly increased GAD65 activity, restored GABA synaptic function and relieved sensitized pain behavior. These findings suggest GAD65 and HDACs as potential therapeutic targets in an epigenetic approach to the treatment of chronic pain.
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                    Figure 1: Persistent inflammatory pain induces time-dependent hyperacetylation of histones H3 and H4.[image: ]


Figure 2: Persistent pain decreases GABAergic synaptic function by inhibiting presynaptic GABA release.[image: ]


Figure 3: Persistent pain induces histone hypoacetylation at the Gad2 promoter.[image: ]


Figure 4: Persistent inflammatory and neuropathic pain reduces GAD65 expression.[image: ]


Figure 5: Histone hyperacetylation overcomes pain-induced reduction in GABA synaptic function through GAD65.[image: ]


Figure 6: HDAC inhibitors relieve pain through GAD65.[image: ]
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