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            Key Points

                	
                  Resistance to apoptosis is considered to be a hallmark of cancer cells. Defects in apoptosis underlie not only tumorigenesis, but also resistance to cancer treatments.

                
	
                  Defects in non-apoptotic cell-death pathways â€” such as necrosis, autophagy and mitotic catastrophe â€” are also associated with tumorigenesis. The senescence 'living-death' programme â€” which involves the genes that encode p53, WAF1, INK4A and the retinoblastoma protein â€” is crucial for both tumour suppression and anticancer therapy.

                
	
                  Malignant transformation can be induced by the dysregulation of oncogenes and tumour-suppressor genes that have secondary functions in the autophagic pathway. Inactivation of the autophagy gene beclin 1 induces malignancy in a mouse model.

                
	
                  Defects in genes that are required for mitotic catastrophe can contribute to tumorigenesis. Uncontrolled activation of mitotic kinases and defects in mitotic checkpoints are important causes of centrosomal aberrations and genomic instability.

                
	
                  Survivin is essential for mitotic progression, and inactivation of this protein induces death by mitotic catastrophe. Survivin might be an ideal target for cancer treatment, because cell death induced by survivin loss is independent of BCL2 and p53.

                
	
                  The interactions between non-apoptotic and apoptotic cell-death pathways are not yet clear. Further investigation of non-apoptotic pathways might reveal new targets for the design of therapeutics that are aimed at inducing the non-apoptotic death of cancer cells.

                


              

Abstract
Defects in cell-death pathways are hallmarks of cancer. Although resistance to apoptosis is closely linked to tumorigenesis, tumour cells can still be induced to die by non-apoptotic mechanisms, such as necrosis, senescence, autophagy and mitotic catastrophe. The molecular pathways that underlie these non-apoptotic responses remain unclear. Several apoptotic and non-apoptotic pathways of cell death have been defined in normal physiology and during tumorigenesis, and these could potentially be manipulated to develop new cancer therapies. The mitotic-checkpoint molecule survivin â€” the inactivation of which induces the death of p53-deficient cells by mitotic catastrophe â€” is of particular interest.
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                    Figure 1: Responses of cells to natural and treatment-induced tumorigenic stresses.[image: ]


Figure 2: Model for survivin-mediated protection against mitotic catastrophe.[image: ]
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                  A modified cell cycle in which S phase (DNA synthesis) occurs without M phase (mitosis and cell division). Large, polyploid cells result.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Okada, H., Mak, T. Pathways of apoptotic and non-apoptotic death in tumour cells.
                    Nat Rev Cancer 4, 592â€“603 (2004). https://doi.org/10.1038/nrc1412
Download citation
	Issue Date: 01 August 2004

	DOI: https://doi.org/10.1038/nrc1412


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

                
                    	
                            
                                
                                    
                                        Autophagy of Candida albicans cells after the action of earthworm Venetin-1 nanoparticle with protease inhibitor activity
                                    
                                

                            
                                
                                    	Sylwia WÃ³jcik-Mieszawska
	Kinga Lewtak
	Marta J. FioÅ‚ka


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Synergistic antitumor efficacy of gemcitabine and cisplatin to induce ferroptosis in pancreatic ductal adenocarcinoma via Sp1-SAT1-polyamine metabolism pathway
                                    
                                

                            
                                
                                    	Wanhui Wei
	Yuanyuan Lu
	Lan Liu


                                
                                Cellular Oncology (2023)

                            
	
                            
                                
                                    
                                        Synergistic antitumor effect of Andrographolide and cisplatin through ROS-mediated ER stress and STAT3 inhibition in colon cancer
                                    
                                

                            
                                
                                    	Huang Hong
	Weilan Cao
	Chongjie Huang


                                
                                Medical Oncology (2022)

                            
	
                            
                                
                                    
                                        Anti-apoptotic effect of Nisin as a prebiotic on human mesenchymal stem cells in harsh condition
                                    
                                

                            
                                
                                    	Atousa Namjoo
	Ali Salimi
	Asgar Emamgholi


                                
                                Cell and Tissue Banking (2022)

                            
	
                            
                                
                                    
                                        ABCB7 simultaneously regulates apoptotic and non-apoptotic cell death by modulating mitochondrial ROS and HIF1Î±-driven NFÎºB signaling
                                    
                                

                            
                                
                                    	Jung Yun Kim
	Jun-Kyum Kim
	Hyunggee Kim


                                
                                Oncogene (2020)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                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 Reviews Cancer (Nat Rev Cancer)
                
                
    
    
        ISSN 1474-1768 (online)
    
    


                
    
    
        ISSN 1474-175X (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	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 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: ]
