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            Abstract
The initial discovery that ras genes endowed retroviruses with potent carcinogenic properties and the subsequent determination that mutated ras genes were present in a wide variety of human cancers, prompted a strong suspicion that the growth-promoting actions of mutated Ras proteins contribute to their aberrant regulation of growth stimulatory signaling pathways. In 1993, a remarkable convergence of experimental observations from genetic analyses of Drosophila, S. cerevisiae and C. elegans as well as biochemical and biological studies in mammalian cells came together to define a clear role for Ras in signal transduction. What emerged was an elegant linear signaling pathway where Ras functions as a relay switch that is positioned downstream of cell surface receptor tyrosine kinases and upstream of a cytoplasmic cascade of kinases that included the mitogen-activated protein kinases (MAPKs). Activated MAPKs in turn regulated the activities of nuclear transcription factors. Thus, a signaling cascade where every component between the cell surface and the nucleus was defined and conserved in worms, flies and man. This was a remarkable achievement in our efforts to appreciate how the aberrant function of Ras proteins may contribute to the malignant growth properties of the cancer cell. However, the identification of this pathway has proven to be just the beginning, rather than the culmination, of our understanding of Ras in signal transduction. Instead, we now appreciate that this simple linear pathway represents but a minor component of a very complex signaling circuitry. Ras signaling has emerged to involve a complex array of signaling pathways, where cross-talk, feedback loops, branch points and multi-component signaling complexes are recurring themes. The simplest concept of a signaling cascade, where each component simply relays the same message to the next, is clearly not the case. In this review, we summarize our current understanding of Ras signal transduction with an emphasis on new complexities associated with the recognition and/or activation of cellular effectors, and the diverse array of signaling pathways mediated by interaction between Ras and Ras-subfamily proteins with multiple effectors.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        RASSF1A, puppeteer of cellular homeostasis, fights tumorigenesis, and metastasisâ€”an updated review
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 December 2019
                                    

                                

                                FatÃ©mÃ©h Dubois, Emmanuel Bergot, â€¦ GuÃ©naÃ«lle Levallet

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        ERK signalling: a master regulator of cell behaviour, life and fate
                                        
                                    

                                    
                                        Article
                                        
                                         23 June 2020
                                    

                                

                                Hugo Lavoie, Jessica Gagnon & Marc Therrien

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The level of oncogenic Ras determines the malignant transformation of Lkb1 mutant tissue in vivo
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 January 2021
                                    

                                

                                Briana Rackley, Chang-Soo Seong, â€¦ Melissa Gilbert-Ross

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                
Author information
Authors and Affiliations
	Department of Biochemistry and Biophysics, MIT, Cambridge, 02139, Massachusetts, USA
Sharon L CampbellÂ &Â Kent L Rossman

	Department of Biology, MIT, Cambridge, 02139, Massachusetts, USA
Roya Khosravi-Far

	Department of Pharmacology, University of North Carolina, Chapel Hill, 27599, North Carolina, USA
Channing J Der

	Lineberger Comprehensive Cancer Center, University of North Carolina, Chapel Hill, 27599, North Carolina, USA
Sharon L CampbellÂ &Â Channing J Der

	Curriculum in Genetics and Molecular Biology, University of North Carolina, Chapel Hill, 27599, North Carolina, USA
Channing J Der

	Department of Cell and Cellular Cancer Biology, NCI/NIH, 9610 Medical Center Drive, Rm 307, Rockville, 20850-3300, Maryland, USA
Geoffrey J Clark


Authors	Sharon L CampbellView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Roya Khosravi-FarView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kent L RossmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Geoffrey J ClarkView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Channing J DerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Campbell, S., Khosravi-Far, R., Rossman, K. et al. Increasing complexity of Ras signaling.
                    Oncogene 17, 1395â€“1413 (1998). https://doi.org/10.1038/sj.onc.1202174
Download citation
	Published: 22 September 1998

	Issue Date: 17 September 1998

	DOI: https://doi.org/10.1038/sj.onc.1202174


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
                        


Keywords
	Ras
	review
	signal transduction
	effector
	Ras sub-family







            


            

            
        





    
        

        
            
                

    
        
            
                
                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

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & Referees
                                
                            
	
                                
                                    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


    





        
    
        
            

            
                
                    Oncogene (Oncogene)
                
                
    
    
        ISSN 1476-5594 (online)
    
    


                
    
    
        ISSN 0950-9232 (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




    

    
    
    











    [image: ]







[image: ]
