







    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: 21 June 2006



                    Endothelial tubes assemble from intracellular vacuoles in vivo

                    	Makoto Kamei1, 
	W. Brian Saunders3, 
	Kayla J. Bayless3, 
	Louis Dye2, 
	George E. Davis3 & 
	â€¦
	Brant M. Weinstein1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 442,Â pages 453â€“456 (2006)Cite this article
                    

                    
        
            	
                        6038 Accesses

                    
	
                        388 Citations

                    
	
                            19 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
The formation of epithelial tubes is crucial for the proper development of many different tissues and organs, and occurs by means of a variety of different mechanisms1. Morphogenesis of seamless, properly patterned endothelial tubes is essential for the development of a functional vertebrate circulatory system, but the mechanism of vascular lumenization in vivo remains unclear. Evidence dating back more than 100 years has hinted at an important function for endothelial vacuoles in lumen formation2. More than 25 years ago, in some of the first endothelial cell culture experiments in vitro, Folkman and Haudenschild described â€œlongitudinal vacuolesâ€� that â€œappeared to be extruded and connected from one cell to the nextâ€�3,4, observations confirmed and extended by later studies in vitro showing that intracellular vacuoles arise from integrin-dependent and cdc42/Rac1-dependent pinocytic events downstream of integrinâ€“extracellular-matrix signalling interactions5,6,7,8,9,10. Despite compelling data supporting a model for the assembly of endothelial tubes in vitro through the formation and fusion of vacuoles, conclusive evidence in vivo has been lacking, primarily because of difficulties associated with imaging the dynamics of subcellular endothelial vacuoles deep within living animals. Here we use high-resolution time-lapse two-photon imaging of transgenic zebrafish to examine how endothelial tubes assemble in vivo, comparing our results with time-lapse imaging of human endothelial-cell tube formation in three-dimensional collagen matrices in vitro. Our results provide strong support for a model in which the formation and intracellular and intercellular fusion of endothelial vacuoles drives vascular lumen formation.
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                    Figure 1: Imaging of vacuoles in ECs  in vitro  and  in vivo.[image: ]


Figure 2: 
                        Vacuoles are highly dynamic and fuse into large intracellular compartments.
                      [image: ]


Figure 3: 
                        Intracellular vacuolar compartments fuse to form intercellular lumenal spaces.
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Figure 4: 
                        A model for vascular lumen formation by intracellular and intercellular fusion of endothelial vacuoles.
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        Editorial Summary
Tubular cells
Epithelial tubes are important structural components in many different tissues, including the vascular system, where because of the interest in angiogenesis inhibitors as anticancer drugs, they are pharmacologically important too. It has been difficult to establish their exact mechanism of formation. Now high resolution time-lapse imaging of blood vessel formation in living (and conveniently transparent) zebrafish shows that the lumen of the blood vessels is formed by coalescence of intracellular vacuoles, followed by fusion to the plasma membrane. The study finally provides in vivo confirmation of the century-old fusion model for endothelial lumen formation, and finally lays to rest alternative models and concerns about cell culture artefacts.
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