







    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: 23 December 2012



                    Visualization of splenic marginal zone B-cell shuttling and follicular B-cell egress

                    	Tal I. Arnon1, 
	Robert M. Horton1, 
	Irina L. Grigorova1Â nAff2 & 
	â€¦
	Jason G. Cyster1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 493,Â pages 684â€“688 (2013)Cite this article
                    

                    
        
            	
                        17k Accesses

                    
	
                        162 Citations

                    
	
                            4 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Cell migration
	Follicular B cells
	Imaging the immune system
	Integrins
	Marginal zone B cells


    


                
    
    

    
    

                
            


        
            Abstract
The splenic marginal zone is a unique microenvironment where resident immune cells are exposed to the open blood circulation1,2. Even though it has an important role in responses against blood-borne antigens, lymphocyte migration in the marginal zone has not been intravitally visualized due to challenges associated with achieving adequate imaging depth in this abdominal organ. Here we develop a two-photon microscopy procedure to study marginal zone and follicular B-cell movement in the live mouse spleen. We show that marginal zone B cells are highly motile and exhibit long membrane extensions. Marginal zone B cells shuttle between the marginal zone and follicles with at least one-fifth of the cells exchanging between compartments per hour, a behaviour that explains their ability to deliver antigens rapidly from the open blood circulation to the secluded follicles. Follicular B cells also transit from follicles to the marginal zone, but unlike marginal zone B cells, they fail to undergo integrin-mediated adhesion, become caught in fluid flow and are carried into the red pulp. Follicular B-cell egress via the marginal zone is sphingosine-1-phosphate receptor-1 (S1PR1)-dependent. This study shows that marginal zone B cells migrate continually between marginal zone and follicles and establishes the marginal zone as a site of S1PR1-dependent B-cell exit from follicles. The results also show how adhesive differences of similar cells critically influence their behaviour in the same microenvironment.
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                    Figure 1: 
                        Adoptive transfer system for GFP labelling marginal zone B cells.
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Figure 2: 
                        Marginal zone B cells are migratory and exhibit long membrane processes.
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Figure 3: 
                        Marginal zone B cells migrate bidirectionally between marginal zone and follicle.
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Figure 4: 
                        Splenic follicular B-cell migration and S1PR1 requirement for exit.
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Intravital TPLSM of MZ B cell migration in the spleen (~25 min)
Time lapse image sequence (57Î¼m thick z stack) showing MZ B cells (GFP+, green) migrating in the spleen. MZ is identified by labeling MZ macrophages (MZM) with PE-IC (red). Example 1, MZ B cells are large and motile in both MZ and FO compartments and some show a dendritic morphology. Example 2, movie zooms on MZ B cells migrating between MZM and in the FO. Many MZ B cells are in close contact with MZM. The volume image is displayed using normal shading to show the 3D shape of the cells. Elapsed time is shown as hrs:min:sec. Data represents more than seven experiments. (MPG 5174 kb)


Intravital imaging of MZ B cell migration in the spleen 2 (~25 min) 
Time lapse image sequence (39Î¼m thick z stack) of spleen showing three typical behaviors of MZ B cells (GFP+, green) with respect to the MZ (MZM coated with PE-IC, red). White circle and arrow highlight a cell moving from the FO towards the MZ. Blue circle shows a cell that moves from the MZ towards the FO. Yellow dashed circle shows an example of a cell that remains confined to the MZ-FO interface by a membrane process (yellow arrow) while the cell body stretches back and forth between zones. The three cells are further highlighted by a white shadow. Many of the cells show long tails (~40Î¼m). Image is displayed using normal shading. Elapsed time is shown as hrs:min:sec. Data are representative of more than seven experiments. (MPG 2726 kb)


Intravital imaging of MZ B cells migration before and after FTY720 treatment (~21min) 
Time lapse image sequence (30Î¼m thick z stack) of spleen showing MZ B cells (GFP+, green) migrating within the same follicle before (left image) or after (right image) injection with FTY720. Movie starts with a still image showing MZ B cells distribution in relation to MZM (PE-ICs, red). White dotted line indicates approximate MZ-FO interface. The image is displayed using normal shading to show the 3D shape of the cells. Elapsed time is shown as hrs:min:sec. Data represents one out of two experiments. (MPG 1634 kb)


MZ B cells move from the MZ into the FO 
Movie shows two example (24min) time lapse image sequences (57Î¼m thick z stacks) from intravital TPLSM of spleen showing MZ B cells (GFP, green) moving from the MZ to the FO. Grey surface was generated in Imaris using PE-IC labeled MZM and the red dashed line represents the MZ-FO interface. In example 2, cell is shown to crawl for a short time across the MZ-FO boundary before making a sharp turn and entering the FO. The cell body appears to stretch at the time of crossing. Pink lines indicate entire tracked paths of the cells. White arrows point at the crossing cell. Elapsed time is shown as hrs:min:sec. Data are representative of more than seven experiments. (MPG 3217 kb)


MZ B cell moves from the FO to the MZ 
Two example time lapse image sequences (69Î¼m thick z stacks) from intravital TPLSM of spleen showing examples of MZ B cells (GFP, green) moving from the FO to the MZ. Grey surface was generated in Imaris using PE-IC labeled MZM and the red dashed line represents the MZ-FO interface. In example 1 the MZ B cell pauses at the FO boundary for ~10 min before crossing to the other side. In example 2, the cell pauses for ~5 min at the FO boundary before crossing to the MZ. In the MZ, the cells continue to migrate in parallel to the FO-MZ interface. Pink lines indicate entire tracked paths of the cells. White arrows point at the crossing cell. Elapsed time is shown as hrs:min:sec. Data are representative of more than seven experiments. (MPG 1837 kb)


FO B cells migration in the red pulp (RP) (27min)
Time lapse image sequence (78Î¼m) from intravital TPLSM of spleen showing FO B cells (green) migrating in a FO surrounded by PE-IC coated MZM (red) and an adjacent RP. In contrast to the FO, in the RP most cells alternate between stationary and fast movement. White dashed circles show examples of cells that either pause or move fast in a directional path away from the FO. White circled cells are further highlighted with light blue surfaces. Green dashed circles show examples of cells that remain stationary for the duration of the movie. Blue circle shows a relatively rare example of a cell that shows migratory behavior similar to cells in the FO. Elapsed time is shown as hrs:min:sec. Data are representative of more than eight experiments. (MPG 1297 kb)


FO B cells exit via the MZ 
Movie shows three example time lapse image sequences of intravital TPLSM of spleen showing FO B cells (green) moving from FO to MZ. The movie begins with a time lapse image sequence (51Î¼m thick z stack) showing both the FO B cells (GFP, green) and the PE-IC labeled MZM (red). The white dashed circle shows a FO B cell that migrates in the FO for few minutes before jumping across the FO-MZ boundary. After crossing the cell becomes immobile for the last 8 min of the movie. White line indicates entire tracked path of the cell. In the next two image sequences (54Î¼m and 60Î¼m thick z stacks, respectively) FO B cells (CFSE labeled, green) are shown moving from FO to MZ, with the FO-MZ boundary shown by a grey surface. The red dashed line represents the MZ-FO interface. In example 1, the blue dashed circle shows a cell that jumps across the FO-MZ boundary. Example 2 shows two FO B cells (yellow and blue dashed circles) that reach the boundary of the FO at approximately the same time and appear to jump across the MZ-FO interface simultaneously. After crossing, the cells continue to either move fast or pause similarly to the movement observed in the RP. Red line indicate entire tracked path of the cell. Circled cells are further highlighted by a light blue surface. Elapsed time is shown as hrs:min:sec. Data are representative of more than eight experiments. (MPG 4075 kb)


MZ B cell movement after integrin blockade 
Three time lapse image sequences (51Î¼m thick z stacks) from intravital TPLSM of spleen 2 hr after treatment with integrin blocking antibodies (as in Figure 4i-l) showing examples of MZ B cell (GFP, green) movement in the spleen. The first two examples show MZ B cells moving from FO to the MZ after integrin blockade. Red dashed line represents the MZ-FO interface. In both examples the MZ B cells show a meandering migration within the FO but upon crossing into the MZ they show fast tangential movements, consistent with having been caught by flow. Pink lines indicate entire tracked paths of the cells. White arrows point at the crossing cell. Third time lapse image sequence shows GFP+ MZ B cells movement in the MZ (PE-ICs, red) 2 hrs after integrin blockade. White arrow highlights a MZ B cell that was initially adherent but gradually becomes displaced and rapidly disappears from view. Blue arrow highlights another MZ B cell that exhibits mixed adhesive and jumping movements and travels into the red pulp. The volume image is displayed using normal shading to show the 3D shape of the cells. Elapsed time is shown as hrs:min:sec. Data are representative of more than five experiments. (MPG 6701 kb)


S1PR1 is required for FO B cells to egress from FO (49min)
Time lapse image sequence (90Î¼m thick z stack) from intravital TPLSM of spleen showing WT FO B cells (CMTMR labeled, red) and S1PR1 KO FO B cells (CFSE, green) migrating in the FO. Follicles are identified by the high density of WT and KO B cell tracks (white lines). Blue lines show tracks of WT B cells that were observed leaving the FO. Green line shows a single S1PR KO B cell that was detected moving away from the FO. Elapsed time is shown as hrs:min:sec. Data are representative of more than eight experiments. (MPG 4833 kb)
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        Editorial Summary
B cells in the splenetic margin
The marginal zone of the spleen is a region of tissue that traps circulating antigens and is populated by a distinct population of lymphocytes. This paper reports the use of intravital immuno-imaging to study the dynamics of splenic marginal zone and follicular B cells in real time. Previously the thick splenic capsule and high red blood cell content have been considered insurmountable obstacles to microscopy. Findings include the demonstration that marginal zone B cells are motile and migrate continually between the marginal zone and follicles, and that the exit of follicular B cells from the white pulp via the marginal zone is dependent on sphingosine-1-phosphate receptor-1.
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