







    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 Immunology]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature immunology

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 26 September 2016



                    A three-stage intrathymic development pathway for the mucosal-associated invariant T cell lineage

                    	Hui-Fern Koay1, 
	Nicholas A Gherardin1,2, 
	Anselm EndersÂ 
            ORCID: orcid.org/0000-0001-5933-64633, 
	Liyen Loh1, 
	Laura K Mackay1,4, 
	Catarina F Almeida1, 
	Brendan E Russ1, 
	Claudia A Nold-Petry5,6, 
	Marcel F Nold5,6, 
	Sammy Bedoui1, 
	Zhenjun Chen1, 
	Alexandra J Corbett1, 
	Sidonia B G EckleÂ 
            ORCID: orcid.org/0000-0003-0766-171X1, 
	Bronwyn Meehan1, 
	Yves d'Udekem7, 
	Igor E Konstantinov7, 
	Martha Lappas8,9, 
	Ligong LiuÂ 
            ORCID: orcid.org/0000-0002-2693-189610,11, 
	Chris C GoodnowÂ 
            ORCID: orcid.org/0000-0001-5296-61553, 
	David P Fairlie10,11, 
	Jamie Rossjohn12,13,14, 
	Mark M Chong15,16, 
	Katherine Kedzierska1, 
	Stuart P Berzins1,17,18, 
	Gabrielle T Belz19,20, 
	James McCluskey1, 
	Adam P Uldrich1,4, 
	Dale I GodfreyÂ 
            ORCID: orcid.org/0000-0002-3009-54721,4Â na1 & 
	â€¦
	Daniel G Pellicci1,4Â na1Â 

Show authors

                    

                    
                        
    Nature Immunology

                        volumeÂ 17,Â pages 1300â€“1311 (2016)Cite this article
                    

                    
        
            	
                        10k Accesses

                    
	
                        227 Citations

                    
	
                            21 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Innate immune cells
	Mucosal immunology


    


                
    
    

    
    

                
            


        
            Abstract
Mucosal-associated invariant T cells (MAIT cells) detect microbial vitamin B2 derivatives presented by the antigen-presenting molecule MR1. Here we defined three developmental stages and checkpoints for the MAIT cell lineage in humans and mice. Stage 1 and stage 2 MAIT cells predominated in thymus, while stage 3 cells progressively increased in abundance extrathymically. Transition through each checkpoint was regulated by MR1, whereas the final checkpoint that generated mature functional MAIT cells was controlled by multiple factors, including the transcription factor PLZF and microbial colonization. Furthermore, stage 3 MAIT cell populations were expanded in mice deficient in the antigen-presenting molecule CD1d, suggestive of a niche shared by MAIT cells and natural killer T cells (NKT cells). Accordingly, this study maps the developmental pathway and checkpoints that control the generation of functional MAIT cells.
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                    Figure 1: Identification of distinct MAIT-cell subsets in mouse thymus.[image: ]


Figure 2: Ontogeny, transcriptional and functional potential of mouse MAIT cells.[image: ]


Figure 3: Precursor-product relationship of mouse MAIT cells.[image: ]


Figure 4: PLZF controls development of MAIT cells.[image: ]


Figure 5: MAIT cell development is impaired in Drosha-deficient mice and germ-free mice.[image: ]


Figure 6: CD1d-deficient mice have a greater number of MAIT cells.[image: ]


Figure 7: Identification of distinct MAIT-cell subsets in humans.[image: ]


Figure 8: Comparison of human MAIT cells from thymus and blood.[image: ]
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Integrated supplementary information

Supplementary Figure 1 RORÎ³t expression on MAIT cells in RORÎ³t-GFP reporter mice.
Flow cytometric analysis of MAIT cells from MR1-5-OP-RU tetramer enriched RORÎ³t-GFP reporter mouse thymi for CD24, CD44, and GFP expression. Data are representative of a total of 9 mice with 3-pooled mouse thymi from 2 independent experiments.


Supplementary Figure 2 Thymic MAIT cell subsets in mice with transgenic expression of the TRAV1-TRAJ33 TCR.
Flow cytometric analysis of MR1-5-OP-RU tetramer reactive MAIT cells in TRAV1-TRAJ33 CÎ±-/- TCR transgenic mouse thymus for expression of CD4, CD8, CD24 and CD44. Data are representative of 3 independent experiments.


Supplementary Figure 3 NKT cells in Drosha-deficient mice and germ-free mice.
(a) Flow cytometric analysis of CD1d-PBS44 tetramer+ TCRÎ²+ NKT cells from thymus, spleen, lymph nodes from Droshafl/+ CD4-Cre heterozygous control mice and Droshafl/fl CD4-Cre mice. Absolute numbers and percentage NKT cells of TCRÎ²+ cells in thymus, spleen and lymph nodes of Droshafl/+ CD4-Cre heterozygous control mice and Droshafl/fl CD4-Cre mice. (b) Flow cytometric analysis of NKT cells from thymus, spleen, lymph nodes from control (SPF) mice and germ-free (GF) mice. Absolute numbers and percentage NKT cells of TCRÎ²+ cells in thymus and spleen of SPF mice and GF mice. *P<0.1 **P<0.01 ***P<0.001 NS = not significant (Mann-Whitney rank sum U test (a, b)). Data are representative of 3 independent experiments with a total of 8 mice per group (a; mean Â± SEM) or of 2 independent experiments with a combined total of 11-15 mice per group (b; mean Â± SEM).


Supplementary Figure 4 MAIT cells in IL-18-deficient mice and IL-18RÎ±-deficient mice.
(a) Flow cytometric analysis of MAIT cells from MR1-5-OP-RU tetramer enriched thymus, spleen and lymph nodes from WT and IL-18-deficient mice for CD24 and CD44 expression. (b) Absolute numbers and percentage MAIT cells of TCRÎ²+ cells in individual thymus, spleen and lymph nodes of WT and IL-18-deficient mice. (c) Flow cytometric analysis of MAIT cells from MR1-5-OP-RU tetramer enriched thymus, spleen and lymph nodes from WT and IL-18RÎ±-deficient mice for CD24 and CD44 expression. (d) Absolute numbers and percentage MAIT cells of TCRÎ²+ cells in individual thymus, spleen and lymph nodes of WT and IL-18RÎ±-deficient mice. *P<0.1 **P<0.01 ***P<0.001 NS = not significant (Mann-Whitney rank sum U test (b, d)). Data are representative of 3 independent experiments with a total of 12 mice per group (a, b; mean Â± SEM) or 2 independent experiments with a total of 10 mice per group (c, d; mean Â± SEM).


Supplementary Figure 5 MAIT cells in C57BL/6 CD1d-deficient mice.
Flow cytometric analysis of MAIT cells from thymus, MR1-5-OP-RU enriched thymus and spleen from C57BL/6 WT and C57BL/6 CD1d-deficient mice for CD24, CD44 and CD4/CD8 co-receptor expression. Data are representative of 3 independent experiments with a total of 6 mice per group.


Supplementary Figure 6 Schematic of the three development stages of MAIT cells.
Mouse and human MAIT cell development in the thymus can be defined by three separate stages. Mouse thymic MAIT cells can be defined by a three-stage sequential pathway from CD24+CD44âˆ’ (stage 1), via CD24âˆ’CD44âˆ’ (stage 2), to CD24âˆ’CD44+ (stage 3), while in humans thymic MAIT cells can be defined by three distinct stages from CD161âˆ’CD27âˆ’ (stage 1), via CD161âˆ’CD27+ (stage 2), to CD161+CD27+/lo (stage 3). These stages are regulated by several factors including MR1, PLZF, Drosha and commensal bacteria.
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