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            Abstract
Recent studies indicate that a subset of cancer cells possessing stem cell properties, referred to as cancer-initiating or cancer stem cells (CSCs), have crucial roles in tumor initiation, metastasis and resistance to anticancer therapies. Transforming growth factor (TGF)-β and their family members have been implicated in both normal (embryonic and somatic) stem cells and CSCs. In this study, we observed that exposure to TGF-β increased the population of breast cancer (BC) cells that can form mammospheres in suspension, a feature endowed by stem cells. This was mediated by the micro (mi)RNA family miR-181, which was upregulated by TGF-β at the post-transcriptional level. Levels of the miR-181 family members were elevated in mammospheres grown in undifferentiating conditions, compared with cells grown in two-dimensional conditions. Ataxia telangiectasia mutated (ATM), a target gene of miR-181, exhibited reduced expression in mammospheres and upon TGF-β treatment. Overexpression of miR-181a/b, or depletion of ATM or its substrate CHK2, was sufficient to induce sphere formation in BC cells. Finally, knockdown of ATM enhanced in vivo tumorigenesis of the MDA361 BC cells. Our results elucidate a novel mechanism through which the TGF-β pathway regulates the CSC property by interfering with the tumor suppressor ATM, providing insights into the cellular and environmental factors regulating CSCs, which may guide future studies on therapeutic strategies targeting these cells.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 50 print issues and online access
$259.00 per year
only $5.18 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

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



    

                
                    Figure 1[image: ]


Figure 2[image: ]


Figure 3[image: ]


Figure 4[image: ]


Figure 5[image: ]


Figure 6[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Beyond genetics: driving cancer with the tumour microenvironment behind the wheel
                                        
                                    

                                    
                                        Article
                                        
                                         12 February 2024
                                    

                                

                                Shaopeng Yuan, Jorge Almagro & Elaine Fuchs

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Extrachromosomal DNA in cancer
                                        
                                    

                                    
                                        Article
                                        
                                         26 February 2024
                                    

                                

                                Xiaowei Yan, Paul Mischel & Howard Chang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Single cell deciphering of progression trajectories of the tumor ecosystem in head and neck cancer
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 March 2024
                                    

                                

                                Z. L. Liu, X. Y. Meng, … Y. He

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Ailles LE, Weissman IL . (2007). Cancer stem cells in solid tumors. Curr Opin Biotechnol 18: 460–466.
Article 
    CAS 
    
                    Google Scholar 
                

	Austen B, Skowronska A, Baker C, Powell JE, Gardiner A, Oscier D et al. (2007). Mutation status of the residual ATM allele is an important determinant of the cellular response to chemotherapy and survival in patients with chronic lymphocytic leukemia containing an 11q deletion. J Clin Oncol 25: 5448–5457.
Article 
    CAS 
    
                    Google Scholar 
                

	Charafe-Jauffret E, Ginestier C, Iovino F, Wicinski J, Cervera N, Finetti P et al. (2009). Breast cancer cell lines contain functional cancer stem cells with metastatic capacity and a distinct molecular signature. Cancer Res 69: 1302–1313.
Article 
    CAS 
    
                    Google Scholar 
                

	Cicalese A, Bonizzi G, Pasi CE, Faretta M, Ronzoni S, Giulini B et al. (2009). The tumor suppressor p53 regulates polarity of self-renewing divisions in mammary stem cells. Cell 138: 1083–1095.
Article 
    CAS 
    
                    Google Scholar 
                

	Cordenonsi M, Dupont S, Maretto S, Insinga A, Imbriano C, Piccolo S . (2003). Links between tumor suppressors: p53 is required for TGF-beta gene responses by cooperating with Smads. Cell 113: 301–314.
Article 
    CAS 
    
                    Google Scholar 
                

	Davis BN, Hilyard AC, Lagna G, Hata A . (2008). SMAD proteins control DROSHA-mediated microRNA maturation. Nature 454: 56–61.
Article 
    CAS 
    
                    Google Scholar 
                

	Derynck R, Zhang YE . (2003). Smad-dependent and Smad-independent pathways in TGF-beta family signalling. Nature 425: 577–584.
Article 
    CAS 
    
                    Google Scholar 
                

	Diederichs S, Haber DA . (2007). Dual role for argonautes in microRNA processing and posttranscriptional regulation of microRNA expression. Cell 131: 1097–1108.
Article 
    CAS 
    
                    Google Scholar 
                

	Dontu G . (2008). Breast cancer stem cell markers—the rocky road to clinical applications. Breast Cancer Res 10: 110.
Article 
    
                    Google Scholar 
                

	Dontu G, Abdallah WM, Foley JM, Jackson KW, Clarke MF, Kawamura MJ et al. (2003). In vitro propagation and transcriptional profiling of human mammary stem/progenitor cells. Genes Dev 17: 1253–1270.
Article 
    CAS 
    
                    Google Scholar 
                

	Dumont N, Arteaga CL . (2003). Targeting the TGF beta signaling network in human neoplasia. Cancer Cell 3: 531–536.
Article 
    CAS 
    
                    Google Scholar 
                

	Haidar MA, Kantarjian H, Manshouri T, Chang CY, O'Brien S, Freireich E et al. (2000). ATM gene deletion in patients with adult acute lymphoblastic leukemia. Cancer 88: 1057–1062.
Article 
    CAS 
    
                    Google Scholar 
                

	Ji J, Yamashita T, Budhu A, Forgues M, Jia HL, Li C et al. (2009). Identification of microRNA-181 by genome-wide screening as a critical player in EpCAM-positive hepatic cancer stem cells. Hepatology 50: 472–480.
Article 
    CAS 
    
                    Google Scholar 
                

	Kastan MB, Lim DS . (2000). The many substrates and functions of ATM. Nat Rev Mol Cell Biol 1: 179–186.
Article 
    CAS 
    
                    Google Scholar 
                

	Kong W, Yang H, He L, Zhao JJ, Coppola D, Dalton WS et al. (2008). MicroRNA-155 is regulated by the transforming growth factor beta/Smad pathway and contributes to epithelial cell plasticity by targeting RhoA. Mol Cell Biol 28: 6773–6784.
Article 
    CAS 
    
                    Google Scholar 
                

	Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY et al. (2008). The epithelial-mesenchymal transition generates cells with properties of stem cells. Cell 133: 704–715.
Article 
    CAS 
    
                    Google Scholar 
                

	Massague J . (2008). TGFbeta in cancer. Cell 134: 215–230.
Article 
    CAS 
    
                    Google Scholar 
                

	Pece S, Tosoni D, Confalonieri S, Mazzarol G, Vecchi M, Ronzoni S et al. (2010). Biological and molecular heterogeneity of breast cancers correlates with their cancer stem cell content. Cell 140: 62–73.
Article 
    CAS 
    
                    Google Scholar 
                

	Ren Y, Wu L, Frost AR, Grizzle W, Cao X, Wan M . (2009). Dual effects of TGF-beta on ERalpha-mediated estrogenic transcriptional activity in breast cancer. Mol Cancer 8: 111.
Article 
    
                    Google Scholar 
                

	Roberts AB, Wakefield LM . (2003). The two faces of transforming growth factor beta in carcinogenesis. Proc Natl Acad Sci USA 100: 8621–8623.
Article 
    CAS 
    
                    Google Scholar 
                

	Shipitsin M, Campbell LL, Argani P, Weremowicz S, Bloushtain-Qimron N, Yao J et al. (2007). Molecular definition of breast tumor heterogeneity. Cancer Cell 11: 259–273.
Article 
    CAS 
    
                    Google Scholar 
                

	Suzuki HI, Yamagata K, Sugimoto K, Iwamoto T, Kato S, Miyazono K . (2009). Modulation of microRNA processing by p53. Nature 460: 529–533.
Article 
    CAS 
    
                    Google Scholar 
                

	Topczewska JM, Postovit LM, Margaryan NV, Sam A, Hess AR, Wheaton WW et al. (2006). Embryonic and tumorigenic pathways converge via Nodal signaling: role in melanoma aggressiveness. Nat Med 12: 925–932.
Article 
    CAS 
    
                    Google Scholar 
                

	Tribius S, Pidel A, Casper D . (2001). ATM protein expression correlates with radioresistance in primary glioblastoma cells in culture. Int J Radiat Oncol Biol Phys 50: 511–523.
Article 
    CAS 
    
                    Google Scholar 
                

	Vallier L, Touboul T, Brown S, Cho C, Bilican B, Alexander M et al. (2009). Signaling pathways controlling pluripotency and early cell fate decisions of human induced pluripotent stem cells. Stem Cells 27: 2655–2666.
Article 
    CAS 
    
                    Google Scholar 
                

	Visvader JE, Lindeman GJ . (2008). Cancer stem cells in solid tumours: accumulating evidence and unresolved questions. Nat Rev Cancer 8: 755–768.
Article 
    CAS 
    
                    Google Scholar 
                

	Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A, Petrocca F et al. (2006). A microRNA expression signature of human solid tumors defines cancer gene targets. Proc Natl Acad Sci USA 103: 2257–2261.
Article 
    CAS 
    
                    Google Scholar 
                

	Wang B, Hsu SH, Majumder S, Kutay H, Huang W, Jacob ST et al. (2010). TGFbeta-mediated upregulation of hepatic miR-181b promotes hepatocarcinogenesis by targeting TIMP3. Oncogene 29: 1787–1797.
Article 
    CAS 
    
                    Google Scholar 
                

	Wang SE, Narasanna A, Perez-Torres M, Xiang B, Wu FY, Yang S et al. (2006). HER2 kinase domain mutation results in constitutive phosphorylation and activation of HER2 and EGFR and resistance to EGFR tyrosine kinase inhibitors. Cancer Cell 10: 25–38.
Article 
    
                    Google Scholar 
                

	Wang SE, Narasanna A, Whitell CW, Wu FY, Friedman DB, Arteaga CL . (2007). Convergence of p53 and transforming growth factor beta (TGFbeta) signaling on activating expression of the tumor suppressor gene maspin in mammary epithelial cells. J Biol Chem 282: 5661–5669.
Article 
    CAS 
    
                    Google Scholar 
                

	Wang SE, Wu FY, Shin I, Qu S, Arteaga CL . (2005). Transforming growth factor \{beta\} (TGF-\{beta\})-Smad target gene protein tyrosine phosphatase receptor type kappa is required for TGF-\{beta\} function. Mol Cell Biol 25: 4703–4715.
Article 
    CAS 
    
                    Google Scholar 
                

	Watabe T, Miyazono K . (2009). Roles of TGF-beta family signaling in stem cell renewal and differentiation. Cell Res 19: 103–115.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was supported by NCI R00 CA125892 (SEW) and CBCRP 16IB-0081 (SEW). We thank Dr John J Rossi for kindly providing reagents, Dr Shiuan Chen and Dr Susan Kane for valuable comments, the Bioinformatics Core for professional service and colleagues in the Division of Tumor Cell Biology for enthusiastic support and discussion. Financial Support: NCI R00 CA125892 (SEW); CBCRP 16IB-0081 (SEW).


Author information
Author notes	Y Wang, Y Yu and A Tsuyada: These authors contributed equally to this work.


Authors and Affiliations
	Division of Tumor Cell Biology, Beckman Research Institute of City of Hope, Duarte, CA, USA
Y Wang, Y Yu, A Tsuyada, K Stubblefield, E K Rankin-Gee & S E Wang

	Department of Head and Neck Tumor, Tianjin Cancer Institute and Hospital, Tianjin Medical University, Tianjin, China
Y Yu

	Department of Immunology and Biotherapy, Tianjin Cancer Institute and Hospital, Tianjin Medical University, Tianjin, China
X Ren

	Bioinformatics Core Facility, City of Hope Comprehensive Cancer Center, Duarte, CA, USA
X Wu

	Cancer Biology Program, City of Hope Comprehensive Cancer Center, Duarte, CA, USA
S E Wang


Authors	Y WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Y YuView author publications
You can also search for this author in
                        PubMed Google Scholar



	A TsuyadaView author publications
You can also search for this author in
                        PubMed Google Scholar



	X RenView author publications
You can also search for this author in
                        PubMed Google Scholar



	X WuView author publications
You can also search for this author in
                        PubMed Google Scholar



	K StubblefieldView author publications
You can also search for this author in
                        PubMed Google Scholar



	E K Rankin-GeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	S E WangView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                S E Wang.


Ethics declarations

              
                Competing interests

                The authors declare no conflict of interest.

              
            

Additional information
Supplementary Information accompanies the paper on the Oncogene website


Supplementary information

Supplementary Figures (PDF 149 kb)

Supplementary Material (PDF 63 kb)

Supplementary Table 1 (XLS 625 kb)

Supplementary Table 2 (XLS 36 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Wang, Y., Yu, Y., Tsuyada, A. et al. Transforming growth factor-β regulates the sphere-initiating stem cell-like feature in breast cancer through miRNA-181 and ATM.
                    Oncogene 30, 1470–1480 (2011). https://doi.org/10.1038/onc.2010.531
Download citation
	Received: 14 July 2010

	Revised: 18 October 2010

	Accepted: 19 October 2010

	Published: 22 November 2010

	Issue Date: 24 March 2011

	DOI: https://doi.org/10.1038/onc.2010.531


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
	TGF-β
	cancer stem cells
	microRNA
	ATM
	CHK2







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Pinostrobin, a fingerroot compound, regulates miR-181b-5p and induces acute leukemic cell apoptosis
                                    
                                

                            
                                
                                    	Chosita Norkaew
	Paweena Subkorn
	Dalina Tanyong


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Advances in molecular targeted therapies to increase efficacy of (chemo)radiation therapy
                                    
                                

                            
                                
                                    	Kristina Viktorsson
	Thorsten Rieckmann
	Franz Rödel


                                
                                Strahlentherapie und Onkologie (2023)

                            
	
                            
                                
                                    
                                        SYT-SSX1 enhances the invasiveness and maintains stem-like cell properties in synovial sarcoma via induction of TGF-β1/Smad signaling
                                    
                                

                            
                                
                                    	Yan Qi
	Shuang-Shuang Dong
	Feng Li


                                
                                BMC Cancer (2022)

                            
	
                            
                                
                                    
                                        A positive feedback loop: RAD18-YAP-TGF-β between triple-negative breast cancer and macrophages regulates cancer stemness and progression
                                    
                                

                            
                                
                                    	Xueqi Yan
	Yaozhou He
	Yongmei Yin


                                
                                Cell Death Discovery (2022)

                            
	
                            
                                
                                    
                                        Liver-specific deletion of miR-181ab1 reduces liver tumour progression via upregulation of CBX7
                                    
                                

                            
                                
                                    	Jinbiao Chen
	Yang Zhao
	Geoffrey W. McCaughan


                                
                                Cellular and Molecular Life Sciences (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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: ]
