







    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: 05 December 2002



                    CD4+CD25+ regulatory T cells control Leishmania major persistence and immunity

                    	Yasmine Belkaid1Â na1Â nAff3, 
	Ciriaco A. Piccirillo2Â na1, 
	Susana Mendez1, 
	Ethan M. Shevach2Â na1 & 
	â€¦
	David L. Sacks1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 420,Â pages 502â€“507 (2002)Cite this article
                    

                    
        
            	
                        5900 Accesses

                    
	
                        1365 Citations

                    
	
                            14 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
The long-term persistence of pathogens in a host that is also able to maintain strong resistance to reinfection, referred to as concomitant immunity, is a hallmark of certain infectious diseases, including tuberculosis and leishmaniasis. The ability of pathogens to establish latency in immune individuals often has severe consequences for disease reactivation1,2,3. Here we show that the persistence of Leishmania major in the skin after healing in resistant C57BL/6 mice is controlled by an endogenous population of CD4+CD25+ regulatory T cells. These cells constitute 5â€“10% of peripheral CD4+ T cells in naive mice and humans, and suppress several potentially pathogenic responses in vivo, particularly T-cell responses directed against self-antigens4. During infection by L. major, CD4+CD25+ T cells accumulate in the dermis, where they suppressâ€”by both interleukin-10-dependent and interleukin-10-independent mechanismsâ€”the ability of CD4+CD25- effector T cells to eliminate the parasite from the site. The sterilizing immunity achieved in mice with impaired IL-10 activity is followed by the loss of immunity to reinfection, indicating that the equilibrium established between effector and regulatory T cells in sites of chronic infection might reflect both parasite and host survival strategies.
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                    Figure 1: CD4+CD25+ T cells from chronic lesions are suppressive and secrete IL-10 in response to L. major in vitro.[image: ]


Figure 2: Lesion-derived CD4+CD25+ T cells suppress L. major immunity mediated by CD4+CD25- T cells in vivo.[image: ]


Figure 3: CD4+CD25+ T cells accumulating in chronic sites originate from naturally occurring CD4+CD25+ regulatory T cells.[image: ]


Figure 4: IL-10 produced by CD4+CD25+ T cells is required for parasite persistence and for the maintenance of immunity to reinfection.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Antigen recognition reinforces regulatory T cell mediated Leishmania major persistence
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 December 2023
                                    

                                

                                Romaniya Zayats, Zhirong Mou, â€¦ Thomas T. Murooka

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Infection-induced type I interferons critically modulate the homeostasis and function of CD8+ naÃ¯ve T cells
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 September 2021
                                    

                                

                                Mladen JergoviÄ‡, Christopher P. Coplen, â€¦ Janko Nikolich-Å½ugich

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Type 1 Treg cells promote the generation of CD8+ tissue-resident memory T cells
                                        
                                    

                                    
                                        Article
                                        
                                         18 May 2020
                                    

                                

                                Cristina Ferreira, Leandro Barros, â€¦ Marc Veldhoen

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	el Hassan, A. M. et al. Post kala-azar dermal leishmaniasis in the Sudan: clinical features, pathology and treatment. Trans. R. Soc. Trop. Med. Hyg. 86, 245â€“248 (1992)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Momeni, A. Z. & Aminjavaheri, M. Clinical picture of cutaneous leishmaniasis in Isfahan, Iran. Int. J. Dermatol. 33, 260â€“265 (1994)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Alvar, J. et al. Leishmania and human immunodeficiency virus coinfection: the first 10 years. Clin. Microbiol. Rev. 10, 298â€“319 (1997)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Shevach, E. M. CD4 + CD25 + suppressor T cells: more questions than answers. Nature Rev. Immunol. 2, 389â€“400 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sakaguchi, S., Sakaguchi, N., Asano, M., Itoh, M. & Toda, M. Immunologic self-tolerance maintained by activated T cells expressing IL-2 receptor alpha-chains (CD25). Breakdown of a single mechanism of self-tolerance causes various autoimmune diseases. J. Immunol. 155, 1151â€“1164 (1995)
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Thornton, A. M. & Shevach, E. M. CD4 + CD25 + immunoregulatory T cells suppress polyclonal T cell activation in vitro by inhibiting interleukin 2 production. J. Exp. Med. 188, 287â€“296 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Piccirillo, C. A. et al. CD4 + CD25 + regulatory T cells can mediate suppressor function in the absence of transforming growth factorÎ²1 production and responsivenes. J. Exp. Med. 196, 237â€“246 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Papiernik, M., de Moraes, M. L., Pontoux, C., Vasseur, F. & Penit, C. Regulatory CD4 T cells: expression of IL-2R alpha chain, resistance to clonal deletion and IL-2 dependency. Int. Immunol. 10, 371â€“378 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Belkaid, Y. et al. The role of interleukin (IL)-10 in the persistence of Leishmania major in the skin after healing and the therapeutic potential of anti-IL-10 receptor antibody for sterile cure. J. Exp. Med. 194, 1497â€“1506 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Belkaid, Y. et al. A natural model of Leishmania major infection reveals a prolonged â€˜silentâ€™ phase of parasite amplification in the skin before the onset of lesion formation and immunity. J. Immunol. 165, 969â€“977 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Piccirillo, C. A. & Shevach, E. M. Cutting edge: control of CD8 + T cell activation by CD4 + CD25 + immunoregulatory cells. J. Immunol. 167, 1137â€“1140 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Cederbom, L., Hall, H. & Ivars, F. CD4 + CD25 + regulatory T cells down-regulate co-stimulatory molecules on antigen-presenting cells. Eur. J. Immunol. 30, 1538â€“1543 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Read, S., Malmstrom, V. & Powrie, F. Cytotoxic T lymphocyte-associated antigen 4 plays an essential role in the function of CD25+CD4+ regulatory cells that control intestinal inflammation. J. Exp. Med. 192, 295â€“302 (2000)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Gazzinelli, R. T., Oswald, I. P., James, S. L. & Sher, A. IL-10 inhibits parasite killing and nitrogen oxide production by IFN-Î³-activated macrophages. J. Immunol. 148, 1792â€“1796 (1992)
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mendez, S. et al. The potency and durability of DNA- and protein-based vaccines against Leishmania major evaluated using low-dose, intradermal challenge. J. Immunol. 166, 5122â€“5128 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Karp, C. L. et al. In vivo cytokine profiles in patients with kala-azar. Marked elevation of both interleukin-10 and interferon-gamma. J. Clin. Invest. 91, 1644â€“1648 (1993)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Gasim, S. et al. High levels of plasma IL-10 and expression of IL-10 by keratinocytes during visceral leishmaniasis predict subsequent development of post-kala-azar dermal leishmaniasis. Clin. Exp. Immunol. 111, 64â€“69 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Powrie, F., Correa-Oliveira, R., Mauze, S. & Coffman, R. L. Regulatory interactions between CD45RBhigh and CD45RBlow CD4+ T cells are important for the balance between protective and pathogenic cell-mediated immunity. J. Exp. Med. 179, 589â€“600 (1994)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gerosa, F. et al. CD4+ T cell clones producing both interferon-gamma and interleukin-10 predominate in bronchoalveolar lavages of active pulmonary tuberculosis patients. Clin. Immunol. 92, 224â€“234 (1999)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Plebanski, M. et al. Interleukin 10-mediated immunosuppression by a variant CD4 T cell epitope of Plasmodium falciparum. Immunity 10, 651â€“660 (1999)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jankovic, D. et al. In the absence of IL-12, CD4+ T cell responses to intracellular pathogens fail to default to a Th2 pattern and are host protective in an IL-10-/- setting. Immunity 16, 429â€“439 (2002)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ostrowski, M. A. et al. Quantitative and qualitative assessment of human immunodeficiency virus type 1 (HIV-1)-specific CD4 + T cell immunity to gag in HIV-1-infected individuals with differential disease progression: reciprocal interferon-gamma and interleukin-10 responses. J. Infect. Dis. 184, 1268â€“1278 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Uzonna, J. E., Wei, G., Yurkowski, D. & Bretscher, P. Immune elimination of Leishmania major in mice: implications for immune memory, vaccination, and reactivation disease. J. Immunol. 167, 6967â€“6974 (2001)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	O'Farrell, A. M., Liu, Y., Moore, K. W. & Mui, A. L. IL-10 inhibits macrophage activation and proliferation by distinct signaling mechanisms: evidence for Stat3-dependent and -independent pathways. EMBO J. 17, 1006â€“1018 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	von Stebut, E., Belkaid, Y., Jakob, T., Sacks, D. L. & Udey, M. C. Uptake of Leishmania major amastigotes results in activation and interleukin 12 release from murine skin-derived dendritic cells: implications for the initiation of anti-Leishmania immunity. J. Exp. Med. 188, 1547â€“1552 (1998)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Lutz, M. B. et al. An advanced culture method for generating large quantities of highly pure dendritic cells from mouse bone marrow. J. Immunol. Methods 223, 77â€“92 (1999)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank C. Eigsti and K. Holmes of the Flow Cytometry Unit for FACS sorting, S. Cooper for help with the mouse care, S. Hieny for providing Toxoplasma gondii tachyzoites, M. Udey for helpful discussion, and A. Sher and G. Milon for critical reading of the manuscript.


Author information
Author notes	Yasmine Belkaid
Present address: Research Foundation, Division of Molecular Immunology, Children's Hospital, 3333 Burnet Avenue, Cincinnati, Ohio, MLC 7021 452229, USA

	Yasmine Belkaid, Ciriaco A. Piccirillo and Ethan M. Shevach: These authors contributed equally to this work


Authors and Affiliations
	Laboratory of Parasitic Diseases, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland, 20892, USA
Yasmine Belkaid,Â Susana MendezÂ &Â David L. Sacks

	Laboratory of Immunology, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland, 20892, USA
Ciriaco A. PiccirilloÂ &Â Ethan M. Shevach


Authors	Yasmine BelkaidView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ciriaco A. PiccirilloView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Susana MendezView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ethan M. ShevachView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	David L. SacksView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Yasmine Belkaid.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Supplementary information

Supplementary Figure 1 (JPG 21 kb)

Supplementary Figure 2 (JPG 62 kb)

Supplementary Figure 3 (JPG 26 kb)

Supplementary Figure Legends (DOC 24 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Belkaid, Y., Piccirillo, C., Mendez, S. et al. CD4+CD25+ regulatory T cells control Leishmania major persistence and immunity.
                    Nature 420, 502â€“507 (2002). https://doi.org/10.1038/nature01152
Download citation
	Received: 14 May 2002

	Accepted: 16 September 2002

	Issue Date: 05 December 2002

	DOI: https://doi.org/10.1038/nature01152


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Antigen recognition reinforces regulatory T cell mediated Leishmania major persistence
                                    
                                

                            
                                
                                    	Romaniya Zayats
	Zhirong Mou
	Thomas T. Murooka


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Pathogenic Interleukin-10 Receptor Alpha Variants in Humans â€” Balancing Natural Selection and Clinical Implications
                                    
                                

                            
                                
                                    	Dominik Aschenbrenner
	Ziqing Ye
	Holm H. Uhlig


                                
                                Journal of Clinical Immunology (2023)

                            
	
                            
                                
                                    
                                        Local assessment of the immunohistochemical expression of Foxp3+ regulatory T lymphocytes in the different pathological forms associated with bovine paratuberculosis
                                    
                                

                            
                                
                                    	David Zapico
	JosÃ© Espinosa
	ValentÃn PÃ©rez


                                
                                BMC Veterinary Research (2022)

                            
	
                            
                                
                                    
                                        Concomitant immunity to M. tuberculosis infection
                                    
                                

                            
                                
                                    	Louis R. Joslyn
	JoAnne L. Flynn
	Jennifer J. Linderman


                                
                                Scientific Reports (2022)

                            
	
                            
                                
                                    
                                        CD4 expression in effector T cells depends on DNA demethylation over a developmentally established stimulus-responsive element
                                    
                                

                            
                                
                                    	Athmane Teghanemt
	Priyanjali Pulipati
	Priya D. Issuree


                                
                                Nature Communications (2022)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
