







    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 Neuroscience]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature neuroscience

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 28 April 2013



                    Circadian glucocorticoid oscillations promote learning-dependent synapse formation and maintenance

                    	Conor Liston1,2, 
	Joseph M Cichon1, 
	Freddy Jeanneteau3, 
	Zhengping Jia4, 
	Moses V Chao1 & 
	â€¦
	Wen-Biao Gan1Â 

Show authors

                    

                    
                        
    Nature Neuroscience

                        volumeÂ 16,Â pages 698â€“705 (2013)Cite this article
                    

                    
        
            	
                        16k Accesses

                    
	
                        254 Citations

                    
	
                            15 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Circadian rhythms and sleep
	Synaptic plasticity


    


                
    
    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Excessive glucocorticoid exposure during chronic stress causes synapse loss and learning impairment. Under normal physiological conditions, glucocorticoid activity oscillates in synchrony with the circadian rhythm. Whether and how endogenous glucocorticoid oscillations modulate synaptic plasticity and learning is unknown. Here we show that circadian glucocorticoid peaks promote postsynaptic dendritic spine formation in the mouse cortex after motor skill learning, whereas troughs are required for stabilizing newly formed spines that are important for long-term memory retention. Conversely, chronic and excessive exposure to glucocorticoids eliminates learning-associated new spines and disrupts previously acquired memories. Furthermore, we show that glucocorticoids promote rapid spine formation through a non-transcriptional mechanism by means of the LIM kinaseâ€“cofilin pathway and increase spine elimination through transcriptional mechanisms involving mineralocorticoid receptor activation. Together, these findings indicate that tightly regulated circadian glucocorticoid oscillations are important for learning-dependent synaptic formation and maintenance. They also delineate a new signaling mechanism underlying these effects.
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                    Figure 1: Circadian glucocorticoid peaks promote spine formation after learning.[image: ]


Figure 2: Circadian glucocorticoid troughs preserve newly formed spines.[image: ]


Figure 3: Disruption of glucocorticoid troughs reduces learning-dependent spine pruning.[image: ]


Figure 4: Chronic glucocorticoid exposure causes spine loss and memory impairment.[image: ]


Figure 5: Glucocorticoids promote spine formation and pruning through distinct signaling pathways.[image: ]


Figure 6: Glucocorticoids promote spine formation rapidly through non-transcriptional regulation of LIMK1-cofilin activity.[image: ]
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