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            Abstract
Interleukin 17 (IL-17) has been linked to autoimmune diseases, although its regulation and function have remained unclear. Here we have evaluated in vitro and in vivo the requirements for the differentiation of naive CD4 T cells into effector T helper cells that produce IL-17. This process required the costimulatory molecules CD28 and ICOS but was independent of the cytokines and transcription factors required for T helper type 1 or type 2 differentiation. Furthermore, both IL-4 and interferon-Î³ negatively regulated T helper cell production of IL-17 in the effector phase. In vivo, antibody to IL-17 inhibited chemokine expression in the brain during experimental autoimmune encephalomyelitis, whereas overexpression of IL-17 in lung epithelium caused chemokine production and leukocyte infiltration. Thus, IL-17 expression characterizes a unique T helper lineage that regulates tissue inflammation.
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                    Figure 1: The generation of IL-17-producing T cells requires CD28 and ICOS costimulation.[image: ]


Figure 2: Regulation of IL-17 expression by cytokines and transcriptional factors.[image: ]


Figure 3: Regulation of IL-17 production by effector and memory T cells.[image: ]


Figure 4: IL-17 regulates genes encoding inflammatory molecules.[image: ]


Figure 5: IL-17 regulates chemokine expression in brain tissue during EAE.[image: ]


Figure 6: Generation and analysis of Cc10-Il17â€“transgenic mice.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Depleting myeloid-biased haematopoietic stem cells rejuvenates aged immunity
                                        
                                    

                                    
                                        Article
                                        
                                         27 March 2024
                                    

                                

                                Jason B. Ross, Lara M. Myers, â€¦ Irving L. Weissman

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Dictionary of immune responses to cytokines at single-cell resolution
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 December 2023
                                    

                                

                                Ang Cui, Teddy Huang, â€¦ Nir Hacohen

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        IKK2 controls the inflammatory potential of tissue-resident regulatory T cells in a murine gain of function model
                                        
                                    

                                    
                                        Article
                                         Open access
                                         25 March 2024
                                    

                                

                                Chelisa Cardinez, Yuwei Hao, â€¦ Matthew C. Cook

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Mosmann, T.R. & Coffman, R.L. TH1 and TH2 cells: different patterns of lymphokine secretion lead to different functional properties. Annu. Rev. Immunol. 7, 145â€“173 (1989).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lenschow, D.J., Walunas, T.L. & Bluestone, J.A. CD28/B7 system of T cell costimulation. Annu. Rev. Immunol. 14, 233â€“258 (1996).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Dong, C. & Nurieva, R.I. Regulation of immune and autoimmune responses by ICOS. J. Autoimmun. 21, 255â€“260 (2003).
ArticleÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Szabo, S.J., Sullivan, B.M., Peng, S.L. & Glimcher, L.H. Molecular mechanisms regulating Th1 immune responses. Annu. Rev. Immunol. 21, 713â€“758 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Trinchieri, G., Pflanz, S. & Kastelein, R.A. The IL-12 family of heterodimeric cytokines: new players in the regulation of T cell responses. Immunity 19, 641â€“644 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Robinson, D.S., O'Garra, A., Steinman, L. & Gijbels, K. Further checkpoints in Th1 development: CD4+ T-cell subsets in autoimmunity. Immunity 16, 755â€“758 (2002).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Cua, D.J. et al. Interleukin-23 rather than interleukin-12 is the critical cytokine for autoimmune inflammation of the brain. Nature 421, 744â€“748 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Murphy, C.A. et al. Divergent pro- and antiinflammatory roles for IL-23 and IL-12 in joint autoimmune inflammation. J. Exp. Med. 198, 1951â€“1957 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Glimcher, L.H. & Murphy, K.M. Lineage commitment in the immune system: the T helper lymphocyte grows up. Genes Dev. 14, 1693â€“1711 (2000).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Zheng, W. & Flavell, R.A. The transcription factor GATA-3 is necessary and sufficient for Th2 cytokine gene expression in CD4 T cells. Cell 89, 587â€“596 (1997).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ho, I.C., Hodge, M.R., Rooney, J.W. & Glimcher, L.H. The proto-oncogene c-maf is responsible for tissue-specific expression of interleukin-4. Cell 85, 973â€“983 (1996).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kim, J.I., Ho, I.C., Grusby, M.J. & Glimcher, L.H. The transcription factor c-Maf controls the production of interleukin-4 but not other Th2 cytokines. Immunity 10, 745â€“751 (1999).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Aggarwal, S. & Gurney, A.L. IL-17: prototype member of an emerging cytokine family. J. Leukoc. Biol. 71, 1â€“8 (2002).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Moseley, T.A., Haudenschild, D.R., Rose, L. & Reddi, A.H. Interleukin-17 family and IL-17 receptors. Cytokine Growth Factor Rev. 14, 155â€“174 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kolls, J.K. & Linden, A. Interleukin-17 family members and inflammation. Immunity 21, 467â€“476 (2004).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Schwandner, R., Yamaguchi, K. & Cao, Z. Requirement of tumor necrosis factor receptor-associated factor (TRAF)6 in interleukin 17 signal transduction. J. Exp. Med. 191, 1233â€“1240 (2000).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Ye, P. et al. Requirement of interleukin 17 receptor signaling for lung CXC chemokine and granulocyte colony-stimulating factor expression, neutrophil recruitment, and host defense. J. Exp. Med. 194, 519â€“527 (2001).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Nakae, S. et al. Antigen-specific T cell sensitization is impaired in IL-17-deficient mice, causing suppression of allergic cellular and humoral responses. Immunity 17, 375â€“387 (2002).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Nakae, S., Nambu, A., Sudo, K. & Iwakura, Y. Suppression of immune iInduction of collagen-induced arthritis in IL-17-deficient mice. J. Immunol. 171, 6173â€“6177 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bush, K.A., Farmer, K.M., Walker, J.S. & Kirkham, B.W. Reduction of joint inflammation and bone erosion in rat adjuvant arthritis by treatment with interleukin-17 receptor IgG1 Fc fusion protein. Arthritis Rheum. 46, 802â€“805 (2002).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Yao, Z. et al. Human IL-17: a novel cytokine derived from T cells. J. Immunol. 155, 5483â€“5486 (1995).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Aggarwal, S., Ghilardi, N., Xie, M.H., De Sauvage, F.J. & Gurney, A.L. Interleukin-23 promotes a distinct CD4 T cell activation state characterized by the production of interleukin-17. J. Biol. Chem. 278, 1910â€“1914 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Langrish, C.L. et al. IL-23 drives a pathogenic T cell population that induces autoimmune inflammation. J. Exp. Med. 201, 233â€“240 (2005).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Seder, R.A. & Ahmed, R. Similarities and differences in CD4+ and CD8+ effector and memory T cell generation. Nat. Immunol. 4, 835â€“842 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Yang, J., Murphy, T.L., Ouyang, W. & Murphy, K.M. Induction of interferon-Î³ production in Th1 CD4+ T cells: evidence for two distinct pathways for promoter activation. Eur. J. Immunol. 29, 548â€“555 (1999).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Prasad, D.V., Richards, S., Mai, X.M. & Dong, C. B7S1, a novel B7 family member that negatively regulates T cell activation. Immunity 18, 863â€“873 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ruddy, M.J. et al. Functional cooperation between interleukin-17 and tumor necrosis factor-Î± is mediated by CCAAT/enhancer-binding protein family members. J. Biol. Chem. 279, 2559â€“2567 (2004).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sun, M. et al. Characterization of mouse and human B7â€“H3 genes. J. Immunol. 168, 6294â€“6297 (2002).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ransohoff, R.M. The chemokine system in neuroinflammation: an update. J. Infect. Dis. 186, S152â€“S156 (2002).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Huang, D., Wang, J., Kivisakk, P., Rollins, B.J. & Ransohoff, R.M. Absence of monocyte chemoattractant protein 1 in mice leads to decreased local macrophage recruitment and antigen-specific T helper cell type 1 Immune response in experimental autoimmune encephalomyelitis. J. Exp. Med. 193, 713â€“726 (2001).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Vignola, A.M. et al. Sputum metalloproteinase-9/tissue inhibitor of metalloproteinase-1 ratio correlates with airflow obstruction in asthma and chronic bronchitis. Am. J. Respir. Crit. Care Med. 158, 1945â€“1950 (1998).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Beeh, K.M., Beier, J., Kornmann, O. & Buhl, R. Sputum matrix metalloproteinase-9, tissue inhibitor of metalloprotinease-1, and their molar ratio in patients with chronic obstructive pulmonary disease, idiopathic pulmonary fibrosis and healthy subjects. Respir. Med. 97, 634â€“639 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Infante-Duarte, C., Horton, H.F., Byrne, M.C. & Kamradt, T. Microbial lipopeptides induce the production of IL-17 in Th cells. J. Immunol. 165, 6107â€“6115 (2000).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Linden, A. Role of interleukin-17 and the neutrophil in asthma. Int. Arch. Allergy Immunol. 126, 179â€“184 (2001).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Stark, M.A. et al. Phagocytosis of apoptotic neutrophils regulates granulopoiesis via IL-23 and IL-17. Immunity 22, 285â€“294 (2005).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Zhu, Z. et al. Pulmonary expression of interleukin-13 causes inflammation, mucus hypersecretion, subepithelial fibrosis, physiologic abnormalities, and eotaxin production. J. Clin. Invest. 103, 779â€“788 (1999).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Ideker, T., Thorsson, V., Siegel, A.F. & Hood, L.E. Testing for differentially-expressed genes by maximum-likelihood analysis of microarray data. J. Comput. Biol. 7, 805â€“817 (2000).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Dong, C. et al. ICOS co-stimulatory receptor is essential for T-cell activation and function. Nature 409, 97â€“102 (2001).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank L. Glimcher and I.-C. Ho for Maf-transgenic mice; L. Glimcher and C. Wilson for T-bet-deficient mice; J. Elias for the Cc10 promoter construct; A. Farr for guidance in animal work; and the Dong lab for help and discussions. Supported by the National Institutes of Health (C.D.), Arthritis Foundation (S.H.C., R.N. and C.D.), Cancer Research Institute (C.D.) and MD Anderson Cancer Center (C.D.).


Author information
Author notes	Heon Park, Zhaoxia Li and Xuexian O Yang: These authors contributed equally to this work.


Authors and Affiliations
	Department of Immunology, University of Washington, Seattle, 98195, Washington, USA
Heon Park,Â Zhaoxia LiÂ &Â Ying Wang

	Department of Immunology, MD Anderson Cancer Center, Houston, 77030, Texas, USA
Xuexian O Yang,Â Seon Hee Chang,Â Roza Nurieva,Â Yi-Hong WangÂ &Â Chen Dong

	Institute for Systems Biology, Seattle, 98103, Washington, USA
Leroy HoodÂ &Â Qiang Tian

	Johns Hopkins University School of Medicine, Baltimore, 21224, Maryland, USA
Zhou Zhu


Authors	Heon ParkView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Zhaoxia LiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Xuexian O YangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Seon Hee ChangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Roza NurievaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yi-Hong WangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ying WangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Leroy HoodView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Zhou ZhuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Qiang TianView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Chen DongView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Chen Dong.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Fig. 1
Anti-IL-17 antibody specifically blocks IL-17 biological activity. (PDF 11373 kb)


Supplementary Fig. 2
Blockage of IL-17 after disease onset reduces inflammation during EAE. (PDF 7419 kb)


Supplementary Fig. 3
Summary of TH differentiation. (PDF 3099 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Park, H., Li, Z., Yang, X. et al. A distinct lineage of CD4 T cells regulates tissue inflammation by producing interleukin 17.
                    Nat Immunol 6, 1133â€“1141 (2005). https://doi.org/10.1038/ni1261
Download citation
	Received: 27 June 2005

	Accepted: 09 September 2005

	Published: 02 October 2005

	Issue Date: 01 November 2005

	DOI: https://doi.org/10.1038/ni1261


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

                
                    	
                            
                                
                                    
                                        The choroid plexus acts as an immune cell reservoir and brain entry site in experimental autoimmune encephalomyelitis
                                    
                                

                            
                                
                                    	Ivana Lazarevic
	Sasha Soldati
	Britta Engelhardt


                                
                                Fluids and Barriers of the CNS (2023)

                            
	
                            
                                
                                    
                                        Nsun2 coupling with RoRÎ³t shapes the fate of Th17 cells and promotes colitis
                                    
                                

                            
                                
                                    	Wen-Lan Yang
	Weinan Qiu
	Yun-Gui Yang


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        SENP2 restrains the generation of pathogenic Th17 cells in mouse models of colitis
                                    
                                

                            
                                
                                    	Tsan-Tzu Yang
	Ming-Feng Chiang
	Kuo-I Lin


                                
                                Communications Biology (2023)

                            
	
                            
                                
                                    
                                        TH17 cell heterogeneity and its role in tissue inflammation
                                    
                                

                            
                                
                                    	Alexandra Schnell
	Dan R. Littman
	Vijay K. Kuchroo


                                
                                Nature Immunology (2023)

                            
	
                            
                                
                                    
                                        Differentiation of IL-26+ TH17 intermediates into IL-17A producers via epithelial crosstalk in psoriasis
                                    
                                

                            
                                
                                    	Anissa Fries
	Fanny Saidoune
	Michel Gilliet


                                
                                Nature Communications (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Interleukin 17â€“producing CD4+ effector T cells develop via a lineage distinct from the T helper type 1 and 2 lineages
                

                
	Laurie E Harrington
	Robin D Hatton
	Casey T Weaver



                
    
        
            Nature Immunology
        
        Article
        
        
            02 Oct 2005
        
    


            

        

    


                        

                    
                        
                            
    
        
            
                
                    TH-17: a giant step from TH1 and TH2
                

                
	Thomas A Wynn



                
    
        
            Nature Immunology
        
        News & Views
        
        
            01 Nov 2005
        
    


            

        

    


                        

                    
                        
                            
    
        
            
                
                    Seventeen on inflammation
                

                
	Chen Dong



                
    
        
            Nature Immunology
        
        Comment
        
        
            02 Jul 2020
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    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 Immunology (Nat Immunol)
                
                
    
    
        ISSN 1529-2916 (online)
    
    


                
    
    
        ISSN 1529-2908 (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: ]
