







    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: 02 November 2011



                    Clearance of p16Ink4a-positive senescent cells delays ageing-associated disorders

                    	Darren J. Baker1,2,3, 
	Tobias Wijshake1,4, 
	Tamar Tchkonia3, 
	Nathan K. LeBrasseur3,5, 
	Bennett G. Childs1, 
	Bart van de Sluis4, 
	James L. Kirkland3 & 
	â€¦
	Jan M. van Deursen1,2,3Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 479,Â pages 232â€“236 (2011)Cite this article
                    

                    
        
            	
                        75k Accesses

                    
	
                        2401 Citations

                    
	
                            1167 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Diseases
	Physiology
	Senescence
	Therapeutics


    


                
    
    

    
    

                
            


        
            Abstract
Advanced age is the main risk factor for most chronic diseases and functional deficits in humans, but the fundamental mechanisms that drive ageing remain largely unknown, impeding the development of interventions that might delay or prevent age-related disorders and maximize healthy lifespan. Cellular senescence, which halts the proliferation of damaged or dysfunctional cells, is an important mechanism to constrain the malignant progression of tumour cells1,2. Senescent cells accumulate in various tissues and organs with ageing3 and have been hypothesized to disrupt tissue structure and function because of the components they secrete4,5. However, whether senescent cells are causally implicated in age-related dysfunction and whether their removal is beneficial has remained unknown. To address these fundamental questions, we made use of a biomarker for senescence, p16Ink4a, to design a novel transgene, INK-ATTAC, for inducible elimination of p16Ink4a-positive senescent cells upon administration of a drug. Here we show that in the BubR1 progeroid mouse background, INK-ATTAC removes p16Ink4a-positive senescent cells upon drug treatment. In tissuesâ€”such as adipose tissue, skeletal muscle and eyeâ€”in which p16Ink4a contributes to the acquisition of age-related pathologies, life-long removal of p16Ink4a-expressing cells delayed onset of these phenotypes. Furthermore, late-life clearance attenuated progression of already established age-related disorders. These data indicate that cellular senescence is causally implicated in generating age-related phenotypes and that removal of senescent cells can prevent or delay tissue dysfunction and extend healthspan.
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                    Figure 1: 
                        Generation and characterization of 
                        INK-ATTAC
                         transgenic mice.
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Figure 2: 
                        BubR1
                        H/H
                        ;INK-ATTAC
                         mice treated with AP20187 from weaning age on show delayed onset of p16
                        Ink4a
                        -mediated age-related phenotypes.
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Figure 3: 
                        AP20187-treated 
                        BubR1
                        H/H
                        ;INK-ATTAC
                         mice have reduced numbers of p16
                        Ink4a
                        -positive senescent cells.
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Figure 4: 
                        Treatment of older 
                        BubR1
                        H/H
                        ;INK-ATTAC
                         mice with AP20187 delays progression of p16
                        Ink4a
                        -mediated age-related phenotypes.
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        Editorial Summary
Role of cell senescence in ageing
Senescent cells accumulate in tissues with age, but it is not known whether they actually cause age-related dysfunction or whether their removal is beneficial. Using a mouse model with a transgene named INK-ATTAC, which allows for the inducible elimination of cells carrying the senescence biomarker p16Ink4a, Baker et al. demonstrate that life-long removal of senescent cells delays the onset of age-related phenotypes. Furthermore, late-life clearance attenuated the progression of already established age-related disorders. This indicates that senescent cells do cause age-related phenotypes and that their removal can prevent or delay age-related tissue dysfunction.
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