







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 04 January 2006



                    Purification and unique properties of mammary epithelial stem cells

                    	John Stingl1,3, 
	Peter Eirew1, 
	Ian Ricketson1, 
	Mark Shackleton4, 
	François Vaillant4, 
	David Choi1, 
	Haiyan I. Li2 & 
	…
	Connie J. Eaves1,5 

Show authors

                    

                    
                        
    Nature

                        volume 439, pages 993–997 (2006)Cite this article
                    

                    
        
            	
                        13k Accesses

                    
	
                        1194 Citations

                    
	
                            24 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Elucidation of the cellular and molecular mechanisms that maintain mammary epithelial tissue integrity is of broad interest and paramount to the design of more effective treatments for breast cancer1. Evidence from both in vitro and in vivo experiments suggests that mammary cell differentiation is a hierarchical process originating in an uncommitted stem cell with self-renewal potential2,3,4. However, analysis of the properties and regulation of mammary stem cells has been limited by a lack of methods for their prospective isolation. Here we report the use of multi-parameter cell sorting and limiting dilution transplant analysis to demonstrate the purification of a rare subset of adult mouse mammary cells that are able individually to regenerate an entire mammary gland within 6 weeks in vivo while simultaneously executing up to ten symmetrical self-renewal divisions. These mammary stem cells are phenotypically distinct from and give rise to mammary epithelial progenitor cells that produce adherent colonies in vitro. The mammary stem cells are also a rapidly cycling population in the normal adult and have molecular features indicative of a basal position in the mammary epithelium.
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                        The MRU assay.
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Figure 2: 
                        Phenotypic characterization of MRUs.
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Figure 3: 
                        Functional and molecular characterization of subsets of mammary cells.
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Figure 4: 
                        Characterization of dye efflux and cycling properties of MRUs and Ma-CFCs.
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Supplementary Figure 1
This figure illustrates how a quantitative in vivo transplantation assay was used to demonstrate the two hallmarks of mouse mammary epithelial stem cells: their ability as single cells to generate a complete new gland containing both ductal and alveolar components as well as progenitors detectable as in vitro colony-forming cells, and their ability to self-renew as assessed by the transplantation of cells from primary outgrowths into secondary mice


Supplementary Figure 2
This figure shows the rapidity with which the expression of Sca-1 is upregulated in mouse mammary epithelial cells cultured in serum-free media.


Supplementary Tables 1-4
These report the frequencies and distribution of MRUs in unfractionated mouse mammary epithelial cells and various subsets of these, including CD24highCD49flow (Ma-CFC-enriched), CD24medCD49fhigh (MRU-enriched), CD24lowCD49flow (MYO), SP and non-SP subpopulations, as well as cells sorted based on their differential Rhodamine 123 efflux activity.


Supplementary Table 5
This lists genes found to be expressed at twofold or higher levels and at statistically significant higher levels in the MRU fraction as compared to the CFC and MYO fractions. The statistical tests used include DEDS and LIMMA.


Supplementary Table 6
This lists genes found to be expressed at twofold or lower levels and at statistically significant lower levels in the MRU fraction as compared to the CFC and MYO fractions. The statistical tests used include DEDS and LIMMA.


Supplementary Table 7
This table lists the GEO sample accession numbers for series GSE3711.


Supplementary Methods
Supplementary Methods describing the experiments in which mixtures of GFP+ and CFP+ cells were transplanted, the immunocytochemistry protocols used, and the microarray analyses and quantitative real-time PCR analyses performed.
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References for Supplementary Methods.
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