







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                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: 29 April 2007



                    Recovery of learning and memory is associated with chromatin remodelling

                    	Andre Fischer1,2,3Â nAff4, 
	Farahnaz Sananbenesi1,2,3Â nAff4, 
	Xinyu Wang1,2,3, 
	Matthew Dobbin1,2,3 & 
	â€¦
	Li-Huei Tsai1,2,3Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 447,Â pages 178â€“182 (2007)Cite this article
                    

                    
        
            	
                        13k Accesses

                    
	
                        900 Citations

                    
	
                            41 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Neurodegenerative diseases of the central nervous system are often associated with impaired learning and memory, eventually leading to dementia. An important aspect in pre-clinical research is the exploration of strategies to re-establish learning ability and access to long-term memories. By using a mouse model that allows temporally and spatially restricted induction of neuronal loss, we show here that environmental enrichment reinstated learning behaviour and re-established access to long-term memories after significant brain atrophy and neuronal loss had already occurred. Environmental enrichment correlated with chromatin modifications (increased histone-tail acetylation). Moreover, increased histone acetylation by inhibitors of histone deacetylases induced sprouting of dendrites, an increased number of synapses, and reinstated learning behaviour and access to long-term memories. These data suggest that inhibition of histone deacetylases might be a suitable therapeutic avenue for neurodegenerative diseases associated with learning and memory impairment, and raises the possibility of recovery of long-term memories in patients with dementia.
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                    Figure 1: 
                        Environmental enrichment reinstates learning in CK-p25 Tg mice after neurodegeneration.
                      


Figure 2: 
                        Environmental enrichment re-establishes access to long-term memories.
                      


Figure 3: 
                        Environmental enrichment induces chromatin modifications, and histone-deacetylase inhibitors facilitate learning behaviour.
                      


Figure 4: 
                        Sodium butyrate facilitates learning and re-establishes the access to long-term memories in CK-p25 Tg mice.
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Rewriting the memory
The tantalizing prospect of a pill to boost memory and even restore forgotten memories in disorders such as Alzheimerâ€™s disease is raised by new work in an animal model (CK-p25 Tg mice) for severe neuro degeneration. Two strategies restored learning and long-term memory in these mice â€” environmental enrichment (basically, making life more interesting), and treatment with histone deacetylase (HDAC) inhibitors. HDACs are thought to boost memory formation by promoting histone acetylation, thereby altering transcription in the nucleus. Significantly, this memory boost occurs, despite severe brain atrophy, in the p25 mice. Recovery was associated with rearrangements of the existing neuronal network, which may be a means of re-establishing access to long-term memories.
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