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            Abstract
Organismal lifespan can be extended by genetic manipulation of cellular processes such as histone acetylation, the insulin/IGF-1 (insulin-like growth factor 1) pathway or the p53 system. Longevity-promoting regimens, including caloric restriction and inhibition of TOR with rapamycin, resveratrol or the natural polyamine spermidine, have been associated with autophagy (a cytoprotective self-digestive process) and in some cases were reported to require autophagy for their effects. We summarize recent developments that outline these links and hypothesize that clearing cellular damage by autophagy is a common denominator of many lifespan-extending manipulations.
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                    Figure 1: Linking different lifespan-prolonging treatments to autophagy.[image: ]


Figure 2: Linking autophagy-mediated lifespan extension to cytoprotection.[image: ]



                


                
            

            
                References
	Levine, B. & Kroemer, G. Cell 132, 27â€“42 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kroemer, G. & Levine, B. Nat. Rev. Mol. Cell Biol. 9, 1004â€“1010 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tasdemir, E. et al. Nat. Cell Biol. 10, 676â€“687 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Boya, P. et al. Mol. Cell Biol. 25, 1025â€“1040 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lum, J. J. et al. Cell 120, 237â€“248 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Gonzalez-Polo, R. A. et al. J. Cell Sci. 118, 3091â€“3102 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mathew, R. et al. Cell 137, 1062â€“1075 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Cuervo, A. M. et al. Autophagy 1, 131â€“140 (2005).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Vigne, P., Tauc, M. & Frelin, C. PLoS One 4, e5422 (2009).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lee, C. et al. Cancer Res. 70, 1564â€“1572 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Imai, S., Armstrong, C. M., Kaeberlein, M. & Guarente, L. Nature 403, 795â€“800 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Longo, V. D. Neurobiol. Aging 20, 479â€“486 (1999).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sun, J., Kale, S. P., Childress, A. M., Pinswasdi, C. & Jazwinski, S. M. J. Biol. Chem. 269, 18638â€“18645 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Rogina, B. & Helfand, S. L. Proc. Natl Acad. Sci. USA 101, 15998â€“16003 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tissenbaum, H. A. & Guarente, L. Nature 410, 227â€“230 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Cohen, H. Y. et al. Science 305, 390â€“392 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Longo, V. D. & Kennedy, B. K. Cell 126, 257â€“268 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kaeberlein, M., Burtner, C. R. & Kennedy, B. K. PLoS Genet. 3, e84 (2007).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Eisenberg, T. et al. Nat. Cell Biol. 11, 1305â€“1314 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Dang, W. et al. Nature 459, 802â€“807 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lee, I. H. et al. Proc. Natl Acad. Sci. USA 105, 3374â€“3379 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Morselli, E. et al. Autophagy 6, 186â€“188 (2010).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Morselli, E. et al. Cell Death Dis. 1, e10 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Melendez, A. et al. Science 301, 1387â€“1391 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Dorman, J. B., Albinder, B., Shroyer, T. & Kenyon, C. Genetics 141, 1399â€“1406 (1995).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Jia, K. & Levine, B. Autophagy 3, 597â€“599 (2007).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Toth, M. L. et al. Autophagy 4, 330â€“338 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tavernarakis, N., Pasparaki, A., Tasdemir, E., Maiuri, M. C. & Kroemer, G. Autophagy 4, 870â€“873 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Powers, R. W. 3rd, Kaeberlein, M., Caldwell, S. D., Kennedy, B. K. & Fields, S. Genes Dev. 20, 174â€“184 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zeng, X., Overmeyer, J. H. & Maltese, W. A. J. Cell Sci. 119, 259â€“270 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Onodera, J. & Ohsumi, Y. J. Biol. Chem. 280, 31582â€“31586 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kapahi, P. et al. Curr. Biol. 14, 885â€“890 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bjedov, I. et al. Cell Metab. 11, 35â€“46 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Harrison, D. E. et al. Nature 460, 392â€“395 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Alvers, A. L. et al. Autophagy 5, 847â€“849 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Howitz, K. T. et al. Nature 425, 191â€“196 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wood, J. G. et al. Nature 430, 686â€“689 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Baur, J. A. et al. Nature 444, 337â€“342 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Scarlatti, F., Maffei, R., Beau, I., Codogno, P. & Ghidoni, R. Cell Death Differ. 15, 1318â€“1329 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fabrizio, P. et al. Cell 123, 655â€“667 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kaeberlein, M. Cell Metab. 8, 4â€“5 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Li, Y., Xu, W., McBurney, M. W. & Longo, V. D. Cell Metab. 8, 38â€“48 (2008).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Pacholec, M. et al. J. Biol. Chem. 285, 8340â€“8351 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Beher, D. et al. Chem. Biol. Drug Des. 74, 619â€“624 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Soda, K., Dobashi, Y., Kano, Y., Tsujinaka, S. & Konishi, F. Exp. Gerontol. 44, 727â€“732 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rubinsztein, D. C. Nature 443, 780â€“786 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Madeo, F., Eisenberg, T. & Kroemer, G. Genes Dev. 23, 2253â€“2259 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yang, Z. & Klionsky, D. J. Autophagy 3, 149â€“150 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Komatsu, M. et al. Nature 441, 880â€“884 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hara, T. et al. Nature 441, 885â€“889 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Moreau, K., Luo, S. & Rubinsztein, D. C. Curr. Opin. Cell Biol. 22, 206â€“211 (2009).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Li, Y. et al. Cancer Res. 68, 6889â€“6895 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Uhl, M. et al. Cell Death Differ. 16, 991â€“1005 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Degenhardt, K. et al. Cancer Cell 10, 51â€“64 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zitvogel, L., Kepp, O. & Kroemer, G. Cell 140, 798â€“804 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Madeo, F. et al. Mol. Cell 9, 911â€“917 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hamann, A., Brust, D. & Osiewacz, H. D. Mol. Microbiol. 65, 948â€“958 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kwak, H. B., Song, W. & Lawler, J. M. Faseb J. 20, 791â€“793 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pistilli, E. E., Siu, P. M. & Alway, S. E. J. Gerontol. A Biol. Sci. Med. Sci. 61, 245â€“255 (2006).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Chen, C., Liu, Y., Liu, Y. & Zheng, P. Sci. Signal 2, ra75 (2009).
PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Castilho, R. M., Squarize, C. H., Chodosh, L. A., Williams, B. O. & Gutkind, J. S. Cell Stem Cell 5, 279â€“289 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Demidenko, Z. N. et al. Cell Cycle 8, 1888â€“1895 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Young, A. R. et al. Genes Dev. 23, 798â€“803 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	White, E. & Lowe, S. W. Genes Dev. 23, 784â€“787 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Edinger, A. L. & Thompson, C. B. Cancer Cell 4, 422â€“424 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rockenfeller, P. & Madeo, F. Biochim. Biophys. Acta 1803, 499â€“506 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Cuervo, A. M. & Dice, J. F. J. Biol. Chem. 275, 31505â€“31513 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Simonsen, A. et al. Autophagy 4, 176â€“184 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Morley, J. F. & Morimoto, R. I. Mol. Biol. Cell 15, 657â€“664 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zheng, S. et al. PLoS Genet. 6, e1000838 (2010).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Zhang, C. & Cuervo, A. M. Nat. Med. 14, 959â€“965 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hars, E. S. et al. Autophagy 3, 93â€“95 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
G.K. is supported by grants from the Ligue Nationale contre le Cancer (Ã©quipe labellisÃ©e), Fondation pour la Recherche MÃ©dicale, the European Union, CancÃ©ropÃ´le Ile-de-France, Institut National du Cancer and Agence Nationale pour la Recherche. F.M. is supported by grants from the Austrian Science Fund (S-9304-B05, LIPOTOX) and European Commission (APOSYS). N.T. is supported by grants from the European Research Council (ERC), the European Commission 6th and 7th Framework programs and the European Molecular Biology Organization (EMBO).


Author information
Authors and Affiliations
	Frank Madeo is in the Institute of Molecular Biosciences, University of Graz, 8010 Graz, Austria., 
Frank Madeo

	Nektarios Tavernarakis is in the Institute of Molecular Biology and Biotechnology, Foundation for Research and Technology, Vasilika Vouton, PO Box 1385, Heraklion 71110, Crete, Greece., 
Nektarios Tavernarakis

	Guido Kroemer is in INSERM, U848, F-94805 Villejuif, France, the Metabolomics Platform, Institut Gustave Roussy, Villejuif, France, the Centre de Recherche des Cordeliers, Paris, France, PÃ´le de Biologie, HÃ´pital EuropÃ©en Georges Pompidou, AP-HP, Paris, France and UniversitÃ© Paris Descartes, Paris 5, Paris, France., 
Guido Kroemer


Authors	Frank MadeoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Nektarios TavernarakisView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Guido KroemerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Guido Kroemer.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Madeo, F., Tavernarakis, N. & Kroemer, G. Can autophagy promote longevity?.
                    Nat Cell Biol 12, 842â€“846 (2010). https://doi.org/10.1038/ncb0910-842
Download citation
	Issue Date: September 2010

	DOI: https://doi.org/10.1038/ncb0910-842


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Clinical-grade human umbilical cord-derived mesenchymal stem cells improved skeletal muscle dysfunction in age-associated sarcopenia mice
                                    
                                

                            
                                
                                    	Chao Wang
	Bichun Zhao
	Wen Yue


                                
                                Cell Death & Disease (2023)

                            
	
                            
                                
                                    
                                        Cannabidiol induces autophagy and improves neuronal health associated with SIRT1 mediated longevity
                                    
                                

                            
                                
                                    	Zhizhen Wang
	Peng Zheng
	Xu-Feng Huang


                                
                                GeroScience (2022)

                            
	
                            
                                
                                    
                                        Trehalose in pine wood nematode participates in DJ3 formation and confers resistance to low-temperature stress
                                    
                                

                            
                                
                                    	Qiaoli Chen
	Ruizhi Zhang
	Jianan Wang


                                
                                BMC Genomics (2021)

                            
	
                            
                                
                                    
                                        Stachyose triggers apoptotic like cell death in drought sensitive but not resilient plants
                                    
                                

                            
                                
                                    	Pauline Okemo
	Hao Long
	Brett Williams


                                
                                Scientific Reports (2021)

                            
	
                            
                                
                                    
                                        A systems pharmacology approach to identify the autophagy-inducing effects of Traditional Persian medicinal plants
                                    
                                

                            
                                
                                    	Pouria Mosaddeghi
	Mahboobeh Eslami
	Younes Ghasemi


                                
                                Scientific Reports (2021)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Cell Biology (Nat Cell Biol)
                
                
    
    
        ISSN 1476-4679 (online)
    
    


                
    
    
        ISSN 1465-7392 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
