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            Abstract
Cellular growth and proliferation are coordinated during organogenesis. Misregulation of these processes leads to pathological conditions such as cancer. Tuberous sclerosis (TSC) is a benign tumour syndrome caused by mutations in either TSC1 or TSC2 tumour suppressor genes. Studies in Drosophila and other organisms have identified TSC signalling as a conserved pathway for growth control. Activation of the TSC pathway is mediated by Rheb (Ras homologue enriched in brain), a Ras superfamily GTPase1,2. Rheb is a direct target of TSC2 and is negatively regulated by its GTPase-activating protein activity3,4,5. However, molecules required for positive regulation of Rheb have not been identified. Here we show that a conserved protein, translationally controlled tumour protein (TCTP), is an essential new component of the TSCâ€“Rheb pathway. Reducing Drosophila TCTP (dTCTP) levels reduces cell size, cell number and organ size, which mimics Drosophila Rheb (dRheb) mutant phenotypes. dTCTP is genetically epistatic to Tsc1 and dRheb, but acts upstream of dS6k, a downstream target of dRheb. dTCTP directly associates with dRheb and displays guanine nucleotide exchange activity with it in vivo and in vitro. Human TCTP (hTCTP) shows similar biochemical properties compared to dTCTP and can rescue dTCTP mutant phenotypes, suggesting that the function of TCTP in the TSC pathway is evolutionarily conserved. Our studies identify TCTP as a direct regulator of Rheb and a potential therapeutic target for TSC disease.
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                    Figure 1: 
                        dTCTP
                         RNAi affects cell size, cell number and organ size.
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Figure 2: 
                        dTCTP
                         mutant phenotypes in cell proliferation and survival.
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Figure 3: 
                        Epistatic analysis between dTCTP and components of the insulin signalling and TSC pathways.
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Figure 4: 
                        dTCTP has GEF-like activity for dRheb.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        GOLPH3 protein controls organ growth by interacting with TOR signaling proteins in Drosophila
                                        
                                    

                                    
                                        Article
                                         Open access
                                         27 November 2022
                                    

                                

                                Anna Frappaolo, Angela Karimpour-Ghahnavieh, â€¦ Maria Grazia Giansanti

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Tctp regulates the level and localization of Foxo for cell growth in Drosophila
                                        
                                    

                                    
                                        Article
                                         Open access
                                         31 March 2022
                                    

                                

                                Sujin Nam, Thao Phuong Le, â€¦ Kwang-Wook Choi

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Snail modulates JNK-mediated cell death in Drosophila
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 November 2019
                                    

                                

                                Chenxi Wu, Zhuojie Li, â€¦ Lei Xue

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Stocker, H. et al. Rheb is an essential regulator of S6K in controlling cell growth in Drosophila. Nature Cell Biol. 5, 559â€“565 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Saucedo, L. J. et al. Rheb promotes cell growth as a component of the insulin/TOR signalling network. Nature Cell Biol. 5, 566â€“571 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Zhang, Y. et al. Rheb is a direct target of the tuberous sclerosis tumour suppressor proteins. Nature Cell Biol. 5, 578â€“581 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Inoki, K., Li, Y., Xu, T. & Guan, K. L. Rheb GTPase is a direct target of TSC2 GAP activity and regulates mTOR signaling. Genes Dev. 17, 1829â€“1834 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Garami, A. et al. Insulin activation of Rheb, a mediator of mTOR/S6K/4E-BP signaling, is inhibited by TSC1 and 2. Mol. Cell 11, 1457â€“1466 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Yarm, F. R. Plk phosphorylation regulates the microtubule-stabilizing protein TCTP. Mol. Cell. Biol. 22, 6209â€“6221 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Liu, H., Peng, H.-W., Cheng, Y.-S., Yuan, H. S. & Yang-Yen, H.-F. Stabilization and enhancement of the antiapoptotic activity of Mcl-1 by TCTP. Mol. Cell. Biol. 25, 3117â€“3126 (2005)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Yang, Y. et al. An N-terminal region of translationally controlled tumor protein is required for its antiapoptotic activity. Oncogene 24, 4778â€“4788 (2005)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Thaw, P. et al. Structure of TCTP reveals unexpected relationship with guanine nucleotide-free chaperones. Nature Struct. Biol. 8, 701â€“704 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lee, Y. S. & Carthew, R. W. Making a better RNAi vector for Drosophila: use of intron spacers. Methods 30, 322â€“329 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Brand, A. H. & Perrimon, N. Targeted gene expression as a means of altering cell fates and generating dominant phenotypes. Development 118, 401â€“415 (1993)
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Stowers, R. S. & Schwarz, T. L. A genetic method for generating Drosophila eyes composed exclusively of mitotic clones of a single genotype. Genetics 152, 1631â€“1639 (1999)
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Lee, T. & Luo, L. Mosaic analysis with a repressible cell marker for studies of gene function in neuronal morphogenesis. Neuron 22, 451â€“461 (1999)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Patel, P. H. et al. Drosophila Rheb GTPase is required for cell cycle progression and cell growth. J. Cell Sci. 116, 3601â€“3610 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Oldham, S., Montagne, J., Radimerski, T., Thomas, G. & Hafen, E. Genetic and biochemical characterization of dTOR, the Drosophila homolog of the target of rapamycin. Genes Dev. 14, 2689â€“2694 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Zhang, H., Stallock, J. P., Ng, J. C., Reinhard, C. & Neufeld, T. P. Regulation of cellular growth by the Drosophila target of rapamycin dTOR. Genes Dev. 14, 2712â€“2724 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Brogiolo, W. et al. An evolutionarily conserved function of the Drosophila insulin receptor and insulin-like peptides in growth control. Curr. Biol. 11, 213â€“221 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Tapon, N., Ito, N., Dickson, B. J., Treisman, J. E. & Hariharan, I. K. The Drosophila tuberous sclerosis complex gene homologs restrict cell growth and cell proliferation. Cell 105, 345â€“355 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Potter, C. J., Huang, H. & Xu, T. Drosophila Tsc1 functions with Tsc2 to antagonize insulin signaling in regulating cell growth, cell proliferation, and organ size. Cell 105, 357â€“368 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ito, N. & Rubin, G. M. gigas, a Drosophila homolog of tuberous sclerosis gene product-2, regulates the cell cycle. Cell 96, 529â€“539 (1999)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gao, X., Neufeld, T. P. & Pan, D. Drosophila PTEN regulates cell growth and proliferation through PI3K-dependent and -independent pathways. Dev. Biol. 221, 404â€“418 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Goberdhan, D. C., Paricio, N., Goodman, E. C., Mlodzik, M. & Wilson, C. Drosophila tumor suppressor PTEN controls cell size and number by antagonizing the Chico/PI3-kinase signaling pathway. Genes Dev. 13, 3244â€“3258 (1999)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Huang, H. et al. PTEN affects cell size, cell proliferation and apoptosis during Drosophila eye development. Development 126, 5365â€“5372 (1999)
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Tuynder, M. et al. Biological models and genes of tumor reversion: cellular reprogramming through tpt1/TCTP and SIAH-1. Proc. Natl Acad. Sci. USA 99, 14976â€“14981 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Tuynder, M. et al. Translationally controlled tumor protein is a target of tumor reversion. Proc. Natl Acad. Sci. USA 101, 15364â€“15369 (2004)
ArticleÂ 
    ADSÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Walch-Solimena, C., Collins, R. N. & Novick, P. J. Sec2p mediates nucleotide exchange on Sec4p and is involved in polarized delivery of post-Golgi vesicles. J. Cell Biol. 137, 1495â€“1509 (1997)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Guo, X. et al. A Rac/Cdc42-specific exchange factor, GEFT, induces cell proliferation, transformation, and migration. J. Biol. Chem. 278, 13207â€“13215 (2003)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	von Lintig, F. C., Pilz, R. B. & Boss, G. R. Quantitative determination of Rap 1 activation in cyclic nucleotide-treated HL-60 leukemic cells: lack of Rap 1 activation in variant cells. Oncogene 19, 4029â€“4034 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Im, E. et al. Rheb is in a high activation state and inhibits B-Raf kinase in mammalian cells. Oncogene 21, 6356â€“6365 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sharma, P. M. et al. Inhibition of phosphatidylinositol 3-kinase activity by adenovirus-mediated gene transfer and its effect on insulin action. J. Biol. Chem. 273, 18528â€“18537 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We acknowledge H. Bellen, A. Bergmann, S. Cohen, B. Edgar, G. Halder, H. Richardson, G. Struhl, T. Xu, A. Selvaraj, G. Thomas and the Bloomington Stock Center for fly stocks, and the Drosophila Genomics Resource Center for cDNA clones. We thank H. Andrews, K.-O. Cho, G. Halder, J. Lim, S.-C. Nam, G. Roman and A. Singh for critical comments; R. Atkinson for assisting image analysis; and M. Acar for suggestions on S2 cell assays. We also thank G. Boss for advice on in vivo measurement of dRheb activation. Confocal microscopy was provided by an NIH core grant. This work was supported by NIH grants to M.L. and K.-W.C.
Author Contributions Y.-C.H. did most of the included studies; J.C. contributed to the initiation of this project and generated some dTCTP reagents, including antibody and dTCTP transgenic flies; Y.C and M.L performed in vitro GEF assays; K.-W.C. supervised the research project and data analysis.


Author information
Authors and Affiliations
	Program in Developmental Biology,, 
Ya-Chieh HsuÂ &Â Kwang-Wook Choi

	Department of Molecular and Cellular Biology, and, 
Joshua J. ChernÂ &Â Kwang-Wook Choi

	Department of Ophthalmology, Baylor College of Medicine, and, 
Kwang-Wook Choi

	Institute of Biosciences and Technology, Texas A&M University System Health Science Center, Houston, Texas 77030, USA, 
Yi CaiÂ &Â Mingyao Liu


Authors	Ya-Chieh HsuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Joshua J. ChernView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yi CaiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mingyao LiuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kwang-Wook ChoiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Kwang-Wook Choi.


Ethics declarations

              
                Competing interests

                Reprints and permissions information is available at www.nature.com/reprints. The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Information
This file contains Supplementary Discussion, Supplementary Methods, Supplementary Figures S1-S6 with Legends and additional references (PDF 2852 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Hsu, YC., Chern, J., Cai, Y. et al. Drosophila TCTP is essential for growth and proliferation through regulation of dRheb GTPase.
                    Nature 445, 785â€“788 (2007). https://doi.org/10.1038/nature05528
Download citation
	Received: 09 November 2006

	Accepted: 05 December 2006

	Issue Date: 15 February 2007

	DOI: https://doi.org/10.1038/nature05528


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

                
                    	
                            
                                
                                    
                                        The rapid proximity labeling system PhastID identifies ATP6AP1 as an unconventional GEF for Rheb
                                    
                                

                            
                                
                                    	Ran Feng
	Feng Liu
	Zhou Songyang


                                
                                Cell Research (2024)

                            
	
                            
                                
                                    
                                        Understanding the Multi-Functional Role of TCTP in the Regeneration Process of Earthworm, Perionyx excavatus
                                    
                                

                            
                                
                                    	Kamarajan Rajagopalan
	Jackson Durairaj Selvan Christyraj
	Saritha Gunalan


                                
                                Tissue Engineering and Regenerative Medicine (2024)

                            
	
                            
                                
                                    
                                        GOLPH3 protein controls organ growth by interacting with TOR signaling proteins in Drosophila
                                    
                                

                            
                                
                                    	Anna Frappaolo
	Angela Karimpour-Ghahnavieh
	Maria Grazia Giansanti


                                
                                Cell Death & Disease (2022)

                            
	
                            
                                
                                    
                                        Translational fidelity and growth of Arabidopsis require stress-sensitive diphthamide biosynthesis
                                    
                                

                            
                                
                                    	Hongliang Zhang
	Julia Quintana
	Ute KrÃ¤mer


                                
                                Nature Communications (2022)

                            
	
                            
                                
                                    
                                        Tctp regulates the level and localization of Foxo for cell growth in Drosophila
                                    
                                

                            
                                
                                    	Sujin Nam
	Thao Phuong Le
	Kwang-Wook Choi


                                
                                Cell Death Discovery (2022)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Mixed messages
Translationally controlled tumour protein (TCTP) has been implicated in tumorigenesis in mammalian cells, but its in vivo role is still unknown. Now a study in Drosophila reveals an important connection between TCTP and the TSC signalling pathway. Tuberous sclerosis or tuberous sclerosis complex (TSC) is a benign tumour syndrome caused by mutations in either TSC1 or TSC2 tumour suppressor genes, and TSC signalling is a conserved pathway for growth control. The genetic and biochemical evidence in Drosophila suggests that TCTP is a direct regulator of Rheb, a Ras superfamily GTPase that is part of the TSC pathway. TCTP is therefore a potential therapeutic target for tuberous sclerosis.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For 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


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (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: ]
