







    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: 12 December 2010



                    Directed differentiation of human pluripotent stem cells into intestinal tissue in vitro

                    	Jason R. Spence1, 
	Christopher N. Mayhew1, 
	Scott A. Rankin1, 
	Matthew F. Kuhar1, 
	Jefferson E. Vallance2, 
	Kathryn Tolle1, 
	Elizabeth E. Hoskins3, 
	Vladimir V. Kalinichenko1,4, 
	Susanne I. Wells3, 
	Aaron M. Zorn1, 
	Noah F. Shroyer1,2 & 
	â€¦
	James M. Wells1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 470,Â pages 105â€“109 (2011)Cite this article
                    

                    
        
            	
                        41k Accesses

                    
	
                        1372 Citations

                    
	
                            619 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Intestinal stem cells
	Morphogenesis
	Pluripotent stem cells


    


                
    
    

    
    

                
            


        
            Abstract
Studies in embryonic development have guided successful efforts to direct the differentiation of human embryonic and induced pluripotent stem cells (PSCs) into specific organ cell types in vitro1,2. For example, human PSCs have been differentiated into monolayer cultures of liver hepatocytes and pancreatic endocrine cells3,4,5,6 that have therapeutic efficacy in animal models of liver disease7,8 and diabetes9, respectively. However, the generation of complex three-dimensional organ tissues in vitro remains a major challenge for translational studies. Here we establish a robust and efficient process to direct the differentiation of human PSCs into intestinal tissue in vitro using a temporal series of growth factor manipulations to mimic embryonic intestinal development10. This involved activin-induced definitive endoderm formation11, FGF/Wnt-induced posterior endoderm pattering, hindgut specification and morphogenesis12,13,14, and a pro-intestinal culture system15,16 to promote intestinal growth, morphogenesis and cytodifferentiation. The resulting three-dimensional intestinal â€˜organoidsâ€™ consisted of a polarized, columnar epithelium that was patterned into villus-like structures and crypt-like proliferative zones that expressed intestinal stem cell markers17. The epithelium contained functional enterocytes, as well as goblet, Paneth and enteroendocrine cells. Using this culture system as a model to study human intestinal development, we identified that the combined activity of WNT3A and FGF4 is required for hindgut specification whereas FGF4 alone is sufficient to promote hindgut morphogenesis. Our data indicate that human intestinal stem cells form de novo during development. We also determined that NEUROG3, a pro-endocrine transcription factor that is mutated in enteric anendocrinosis18, is both necessary and sufficient for human enteroendocrine cell development in vitro. PSC-derived human intestinal tissue should allow for unprecedented studies of human intestinal development and disease.




            
                
                    

    
        
            
                
                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 51 print issues and online access
$199.00 per year
only $3.90 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: 
                        FGF4 and WNT3A act synergistically in a temporal and dose-dependent manner to specify stable posterior endoderm fate.
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Figure 2: 
                        Morphogenesis of posterior endoderm into three-dimensional, hindgut-like spheroids.
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Figure 3: 
                        Human ES cells and iPSCs form three-dimensional intestine-like organoids.
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Figure 4: 
                        Formation and function of intestinal cell types and regulation of enteroendocrine differentiation by NEUROG3.
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