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		Abstract

		Regulation of neuronal activity is critical for network operations such as during experience-dependent plasticity and learning. Experience-driven alterations in neuronal activity are followed by structural and functional modifications that allow cells to adapt for these activity changes. Spine growth as regulatory plasticity has been observed for cortical principal cells. However, how GABAergic interneurons respond to persistent activity changes remained largely uncharted. Here we show that parvalbumin-expressing interneurons (PVIs) of the dentate gyrus (DG) possess dendritic spines, which undergo activity-dependent structural dynamics. We found that PVI spines are bi-directionally regulated: In vivo PVI excitation increased density and length of spines, whereas PVI silencing causes the opposite. Moreover, glutamatergic inputs at PVI spines evoked signals with high spatial compartmentalization defined by their neck length, a mechanism that led to reduced postsynaptic signal strength. Emergence of spines with prolonged necks could be reproduced in mice experiencing novel contexts followed by enhanced neuronal network and PVI activity. Using dual-eGRASP-mediated synapse labeling we show that experience-driven PVI spine growth boosts targeting of PVI spines over shafts by glutamatergic synapses. Our findings reveal a key role of PVI spines in adapting the influence of glutamatergic inputs on PVIs’ excitation. Such a mechanism may allow PVIs to dynamically adjust their functional integration in the DG micro-circuitry in relation to the networks’ computational demands. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: dentate gyrus, fast-spiking parvalbumin-positive interneurons, spines, hippocampus, DREADDs, behavior, in-vitro electrophysiology, experience- and context-dependent spine dynamics, eGRASP.

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	

























    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Kaufhold,  Dorthe and de las Casas,  Eduardo  Maristany and Ocaña-Fernández,  Maria del Angel and Cazala,  Aurore and Yuan,  Mei and Kulik,  Ákos and Cholvin,  Thibault and Steup,  Stefanie and Sauer,  Jonas and Eyre,  Mark D. and Elgueta,  Claudio and Strueber,  Michael and Bartos,  Marlene, Spine Plasticity of Dentate Gyrus Parvalbumin-Positive Interneurons is Regulated by Neuronal Activity and Experience.  Available at SSRN: https://ssrn.com/abstract=4555929 or http://dx.doi.org/10.2139/ssrn.4555929 
		
	

	

	
	
		
			This version of the paper has not been formally peer reviewed.
		

	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Dorthe Kaufhold

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I  ( email )

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Eduardo  Maristany De las Casas

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Humboldt University of Berlin  ( email )

			

			
			
				
				
				
					Unter den Linden 6
Berlin, AK  10099
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Maria del Angel Ocaña-Fernández

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I  ( email )

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Aurore Cazala

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I  ( email )

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Mei Yuan

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I  ( email )

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Ákos Kulik

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				University of Freiburg - Institute of Physiology 

			

			
			
				
				
				
					Hermann-Herder-Str. 7
Freiburg, 79104
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Thibault Cholvin

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I  ( email )

			

			
			
				
				
				
					Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Stefanie Steup

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I  ( email )

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jonas Sauer

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I 

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Mark D. Eyre

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I 

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Claudio Elgueta

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I 

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Michael Strueber

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Goethe University Frankfurt  ( email )

			

			
			
				
				
				
					Grüneburgplatz 1
Frankfurt am Main, 60323
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Marlene Bartos (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Freiburg - Institute for Physiology I  ( email )

			

			
			
				
				
				
					Germany

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to Cell.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to Cell.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				        9

			

		
		
		
			Abstract Views

			      160

		

		
		
	


	

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Cell Press Journals on Sneak Peek
									

									
										
											All Journals (9196)
										
											Cancer Cell (105)
										
											Cell (577)
										
											Cell Chemical Biology (141)
										
											Cell Genomics (21)
										
											Cell Host & Microbe (186)
										
											Cell Metabolism (144)
										
											Cell Press Community (115)
										
											Cell Reports (2103)
										
											Cell Reports Medicine (226)
										
											Cell Reports Methods (166)
										
											Cell Reports Physical Science (210)
										
											Cell Reports Sustainability (0)
										
											Cell Stem Cell (155)
										
											Cell Systems (84)
										
											Chem (155)
										
											Chem Catalysis (0)
										
											Current Biology (652)
										
											Developmental Cell (284)
										
											Device (0)
										
											Immunity (242)
										
											iScience (2199)
										
											Joule (307)
										
											Matter (146)
										
											Med (40)
										
											Molecular Cell (191)
										
											Neuron (395)
										
											One Earth (84)
										
											Patterns (121)
										
											Structure (141)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Neurobiology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Neurobiology eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               96

                                    

                                    
                                        PAPERS

                                            3,685

                                    

                                

                                
                            

                        

                    

                
	
                    Cell Press

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Cell Press

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               20

                                    

                                    
                                        PAPERS

                                            9,196

                                    

                                

                                
                            

                        

                    

                


            

            
                
                

                	
                    Neural Pathways, Neural Circuits & Seizure Disorders eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Neural Pathways, Neural Circuits & Seizure Disorders eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               18

                                    

                                    
                                        PAPERS

                                              368

                                    

                                

                                
                            

                        

                    

                
	
                    Neural Signaling, Neurotransmitters & Synaptic Neurobiology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Neural Signaling, Neurotransmitters & Synaptic Neurobiology eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                                7

                                    

                                    
                                        PAPERS

                                              387

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		









	
		
	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright © 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l200 in   0.236 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
