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            Abstract
During wound repair, branching morphogenesis and carcinoma dissemination, cellular rearrangements are fostered by a solid-to-liquid transition, known as unjamming. The biomolecular machinery behind unjamming and its pathophysiological relevance remain, however, unclear. Here, we study unjamming in a variety of normal and tumorigenic epithelial two-dimensional (2D) and 3D collectives. Biologically, the increased level of the small GTPase RAB5A sparks unjamming by promoting non-clathrin-dependent internalization of epidermal growth factor receptor that leads to hyperactivation of the kinase ERK1/2 and phosphorylation of the actin nucleator WAVE2. This cascade triggers collective motility effects with striking biophysical consequences. Specifically, unjamming in tumour spheroids is accompanied by persistent and coordinated rotations that progressively remodel the extracellular matrix, while simultaneously fluidizing cells at the periphery. This concurrent action results in collective invasion, supporting the concept that the endo-ERK1/2 pathway is a physicochemical switch to initiate collective invasion and dissemination of otherwise jammed carcinoma.
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                    Fig. 1: Endocytic reawakening of motility is dependent on EGFR activation.


Fig. 2: RAB5A increases non-clathrin internalization of EGFR.


Fig. 3: RAB5A endosomal ERK1/2 activity is required for flocking locomotion.


Fig. 4: RAB5A overcomes kinetic and proliferation arrest in terminally differentiated acini.


Fig. 5: RAB5A promotes the emergence of coordinated angular rotation in cancer spheroids.


Fig. 6: RAB5A promotes collective invasion in tumour spheroids and tumour slices.
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RAB5A promotes wound closure and flocking motion


Supplementary Video 22
RAB5A-mediated unjamming induces coordinated angular rotation in breast cancer spheroids


Supplementary Video 23
3D DVA of a RAB5A rotating spheroid after removal of the global rotation


Supplementary Video 24
RAB5A-flocking in spheroids is trafficking-, EGFR-, ERK1/2- and ARP2/3-dependent


Supplementary Video 25
RAB5A-mediated 3D unjamming promotes collective invasion in tumour spheroids


Supplementary Video 26
RAB5A spheroids exert larger stresses on surrounding ECM


Supplementary Video 27
Instantaneous velocity and stress maps of control and RAB5A-expressing spheroids.


Supplementary Video 28
RAB5A-mediated flocking promotes collective invasion in ex vivo DCIS tumour slices


Supplementary Video 29
PIV analysis on ex vivo DCIS tumour slice motility





Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Palamidessi, A., Malinverno, C., Frittoli, E. et al. Unjamming overcomes kinetic and proliferation arrest in terminally differentiated cells and promotes collective motility of carcinoma.
                    Nat. Mater. 18, 1252â€“1263 (2019). https://doi.org/10.1038/s41563-019-0425-1
Download citation
	Received: 22 August 2018

	Accepted: 05 June 2019

	Published: 22 July 2019

	Issue Date: November 2019

	DOI: https://doi.org/10.1038/s41563-019-0425-1


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

                
                    	
                            
                                
                                    
                                        Differences and similarities in biophysical and biological characteristics between U87 MG glioblastoma and astrocyte cells
                                    
                                

                            
                                
                                    	Berrin Ozdil
	Duygu Calik-Kocaturk
	Huseyin Aktug


                                
                                Histochemistry and Cell Biology (2024)

                            
	
                            
                                
                                    
                                        Matrix viscoelasticity controls spatiotemporal tissue organization
                                    
                                

                            
                                
                                    	Alberto Elosegui-Artola
	Anupam Gupta
	David J. Mooney


                                
                                Nature Materials (2023)

                            
	
                            
                                
                                    
                                        Curvature induces active velocity waves in rotating spherical tissues
                                    
                                

                            
                                
                                    	Tom BrandstÃ¤tter
	David B. BrÃ¼ckner
	Chase P. Broedersz


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Adherens junctions as molecular regulators of emergent tissue mechanics
                                    
                                

                            
                                
                                    	Otger CampÃ s
	Ivar Noordstra
	Alpha S. Yap


                                
                                Nature Reviews Molecular Cell Biology (2023)

                            
	
                            
                                
                                    
                                        Tissue fluidification promotes a cGASâ€“STING cytosolic DNA response in invasive breast cancer
                                    
                                

                            
                                
                                    	Emanuela Frittoli
	Andrea Palamidessi
	Giorgio Scita


                                
                                Nature Materials (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Molecular basis for fluidization of cancer cells
                

                
	RenÃ© Marc MÃ¨ge



                
    
        
            Nature Materials
        
        News & Views
        
        
            23 Oct 2019
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    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 Materials (Nat. Mater.)
                
                
    
    
        ISSN 1476-4660 (online)
    
    


                
    
    
        ISSN 1476-1122 (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


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    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
            
        


    









    








