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            Abstract
Tim-3 is a T helper type 1 (TH1)â€“specific cell surface molecule that seems to regulate TH1 responses and the induction of peripheral tolerance. However, the identity of the Tim-3 ligand and the mechanism by which this ligand inhibits the function of effector TH1 cells remain unknown. Here we show that galectin-9 is the Tim-3 ligand. Galectin-9-induced intracellular calcium flux, aggregation and death of TH1 cells were Tim-3-dependent in vitro, and administration of galectin-9 in vivo resulted in selective loss of interferon-Î³-producing cells and suppression of TH1 autoimmunity. These data suggest that the Tim-3â€“galectin-9 pathway may have evolved to ensure effective termination of effector TH1 cells.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Tim-3 expression on effector-memory T cells in vivo.[image: ]


Figure 2: Identification of the Tim-3-binding protein.[image: ]


Figure 3: Galectin-9 specifically interacts with Tim-3.[image: ]


Figure 4: Galectin-9 specifically binds to the carbohydrate chains on Tim-3.[image: ]


Figure 5: Galectin-9-induced cell death in activated mouse TH1 cells is mediated by interaction with Tim-3.[image: ]


Figure 6: Confocal microscopy of galectin-9-induced cell death in TH1 cells.[image: ]


Figure 7: Effect of the modulation of galectin-9 on TH1 cells in vivo.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        IFNÎ³-induction of TH1-like regulatory T cells controls antiviral responses
                                        
                                    

                                    
                                        Article
                                        
                                         16 March 2023
                                    

                                

                                Angela M. Gocher-Demske, Jian Cui, â€¦ Dario A. A. Vignali

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Lrig1-expression confers suppressive function to CD4+ cells and is essential for averting autoimmunity via the Smad2/3/Foxp3 axis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 September 2023
                                    

                                

                                Jae-Seung Moon, Chun-Chang Ho, â€¦ Sang-Kyou Lee

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Unique roles of co-receptor-bound LCK in helper and cytotoxic T cells
                                        
                                    

                                    
                                        Article
                                         Open access
                                         23 December 2022
                                    

                                

                                Veronika Horkova, Ales Drobek, â€¦ Ondrej Stepanek

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Accessions

                
                  BINDPlus
	
                    
                        335759
                      

                  


                
              
            

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 
    
                    Google ScholarÂ 
                

	Paul, W.E. & Seder, R.A. Lymphocyte responses and cytokines. Cell 76, 241â€“251 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Street, N.E. & Mosmann, T.R. Functional diversity of T lymphocytes due to secretion of different cytokine patterns. FASEB J. 5, 171â€“177 (1991).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Romagnani, S. Lymphokine production by human T cells in disease states. Annu. Rev. Immunol. 12, 227â€“257 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kamradt, T. & Mitchison, N.A. Tolerance and autoimmunity. N. Engl. J. Med. 344, 655â€“664 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Abbas, A.K., Murphy, K.M. & Sher, A. Functional diversity of helper T lymphocytes. Nature 383, 787â€“793 (1996).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sher, A. & Coffman, R.L. Regulation of immunity to parasites by T cells and T cell-derived cytokines. Annu. Rev. Immunol. 10, 385â€“409 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Monney, L. et al. Th1-specific cell surface protein Tim-3 regulates macrophage activation and severity of an autoimmune disease. Nature 415, 536â€“541 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Khademi, M. et al. T cell Ig- and mucin-domain-containing molecule-3 (TIM-3) and TIM-1 molecules are differentially expressed on human TH1 and TH2 cells and in cerebrospinal fluid-derived mononuclear cells in multiple sclerosis. J. Immunol. 172, 7169â€“7176 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	McIntire, J.J. et al. Identification of Tapr (an airway hyperreactivity regulatory locus) and the linked Tim gene family. Nat. Immunol. 2, 1109â€“1116 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chae, S.C., Park, Y.R., Shim, S.C., Yoon, K.S. & Chung, H.T. The polymorphisms of TH1 cell surface gene Tim-3 are associated in a Korean population with rheumatoid arthritis. Immunol. Lett. 95, 91â€“95 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sabatos, C.A. et al. Interaction of Tim-3 and Tim-3 ligand regulates T helper type 1 responses and induction of peripheral tolerance. Nat. Immunol. 4, 1102â€“1110 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sanchez-Fueyo, A. et al. Tim-3 inhibits T helper type 1-mediated auto- and alloimmune responses and promotes immunological tolerance. Nat. Immunol. 4, 1093â€“1101 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wada, J. & Kanwar, Y.S. Identification and characterization of galectin-9, a novel Î²-galactoside-binding mammalian lectin. J. Biol. Chem. 272, 6078â€“6086 (1997).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rabinovich, G.A. et al. Galectins and their ligands: amplifiers, silencers or tuners of the inflammatory response? Trends Immunol. 23, 313â€“320 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Oda, Y. et al. Soluble lactose-binding lectin from rat intestine with two different carbohydrate-binding domains in the same peptide chain. J. Biol. Chem. 268, 5929â€“5939 (1993).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hernandez, J.D. & Baum, L.G. Ah, sweet mystery of death! Galectins and control of cell fate. Glycobiology 12, 127Râ€“136R (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Matsushita, N. et al. Requirement of divalent galactoside-binding activity of ecalectin/galectin-9 for eosinophil chemoattraction. J. Biol. Chem. 275, 8355â€“8360 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wada, J., Ota, K., Kumar, A., Wallner, E.I. & Kanwar, Y.S. Developmental regulation, expression, and apoptotic potential of galectin-9, a Î²-galactoside binding lectin. J. Clin. Invest. 99, 2452â€“2461 (1997).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kashio, Y. et al. Galectin-9 induces apoptosis through the calcium-calpain-caspase-1 pathway. J. Immunol. 170, 3631â€“3636 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lam, M. et al. Evidence that BCL-2 represses apoptosis by regulating endoplasmic reticulum-associated Ca2+ fluxes. Proc. Natl. Acad. Sci. USA 91, 6569â€“6573 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Matsumoto, R. et al. Human ecalectin, a variant of human galectin-9, is a novel eosinophil chemoattractant produced by T lymphocytes. J. Biol. Chem. 273, 16976â€“16984 (1998).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sturm, A. et al. Human galectin-2: novel inducer of T cell apoptosis with distinct profile of caspase activation. J. Immunol. 173, 3825â€“3837 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Vercammen, D. et al. Dual signaling of the Fas receptor: initiation of both apoptotic and necrotic cell death pathways. J. Exp. Med. 188, 919â€“930 (1998).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Weiner, H.L. Oral tolerance: immune mechanisms and the generation of TH3-type TGF-Î²-secreting regulatory cells. Microbes Infect. 3, 947â€“954 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yoshida, H. et al. Interleukin-1Î² stimulates galectin-9 expression in human astrocytes. Neuroreport 12, 3755â€“3758 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Imaizumi, T. et al. Interferon-Î³ stimulates the expression of galectin-9 in cultured human endothelial cells. J. Leukoc. Biol. 72, 486â€“491 (2002).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Asakura, H. et al. Selective eosinophil adhesion to fibroblast via IFN-Î³-induced galectin-9. J. Immunol. 169, 5912â€“5918 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pender, M.P., McCombe, P.A., Yoong, G. & Nguyen, K.B. Apoptosis of Î±Î² T lymphocytes in the nervous system in experimental autoimmune encephalomyelitis: its possible implications for recovery and acquired tolerance. J. Autoimmun. 5, 401â€“410 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ferber, I.A. et al. Mice with a disrupted IFN-Î³ gene are susceptible to the induction of experimental autoimmune encephalomyelitis (EAE). J. Immunol. 156, 5â€“7 (1996).
CASÂ 
    
                    Google ScholarÂ 
                

	Salama, A.D. et al. Critical role of the programmed death-1 (PD-1) pathway in regulation of experimental autoimmune encephalomyelitis. J. Exp. Med. 198, 71â€“78 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rabinovich, G.A. et al. Recombinant galectin-1 and its genetic delivery suppress collagen-induced arthritis via T cell apoptosis. J. Exp. Med. 190, 385â€“398 (1999).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank J. Meyers for reading the manuscript and B. Zhu for technical assistance. Supported by the National Institutes Health, National Multiple Sclerosis Society, Juvenile Diabetes Research Foundation, Forest Health and the Javits Neuroscience Investigator Award from the National Institutes of Health (V.K.K.).


Author information
Authors and Affiliations
	Center for Neurologic Diseases, Brigham and Women's Hospital, Harvard Medical School, Boston, 02115, Massachusetts, USA
Chen Zhu,Â Ana C Anderson,Â Anna Schubart,Â Jaime Imitola,Â Samia J KhouryÂ &Â Vijay K Kuchroo

	Immunobiology Center, Mount Sinai School of Medicine of New York University, New York, 10029, New York, USA
Huabao Xiong

	Division of Immunology and Transplant Research Center, Beth Israel and Deaconess Hospital, Harvard Medical School, Boston, 02115, Massachusetts, USA
Xin Xiao ZhengÂ &Â Terry B Strom


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



	Ana C AndersonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Anna SchubartView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Huabao XiongView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jaime ImitolaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Samia J KhouryView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Xin Xiao ZhengView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Terry B StromView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Vijay K KuchrooView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Vijay K Kuchroo.


Ethics declarations

              
                Competing interests

                Patents have been licensed to Telos; V.K.K. is a consultant to Telos.

              
            

Supplementary information

Supplementary Table 1
The kinetics of galectin-9 induced cell death in TH1 and TH2 cells. (PDF 97 kb)


Supplementary Video 1
Galectin-9 induced cell aggregation and subsequent cell death in TH1 cells. DO11.10 TH1 cell aggregation began at 15 minutes after addition of 0.5 Î¼M Gal-9. (MOV 1246 kb)


Supplementary Video 2
Galectin-9 induced cell aggregation and subsequent cell death in TH1 cells. DO11.10 TH1 cells form tight junctions 1 h after 0.5 Î¼M Gal-9 stimulation. (MOV 509 kb)


Supplementary Video 3
Galectin-9 induced cell aggregation and subsequent cell death in TH1 cells. Induction of cell death in the aggregated DO11.10 TH1 cells. (MOV 698 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Zhu, C., Anderson, A., Schubart, A. et al. The Tim-3 ligand galectin-9 negatively regulates T helper type 1 immunity.
                    Nat Immunol 6, 1245â€“1252 (2005). https://doi.org/10.1038/ni1271
Download citation
	Received: 14 July 2005

	Accepted: 04 October 2005

	Published: 13 November 2005

	Issue Date: 01 December 2005

	DOI: https://doi.org/10.1038/ni1271


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

                
                    	
                            
                                
                                    
                                        Plasma galectin-9 levels correlate with blood monocyte turnover and predict simian/human immunodeficiency virus disease progression
                                    
                                

                            
                                
                                    	Laurent Zablocki-Thomas
	Amir Ardeshir
	Marcelo J. Kuroda


                                
                                Translational Medicine Communications (2024)

                            
	
                            
                                
                                    
                                        Mechanisms of immune checkpoint inhibitors: insights into the regulation of circular RNAS involved in cancer hallmarks
                                    
                                

                            
                                
                                    	Lingjiao Meng
	Haotian Wu
	Lihua Liu


                                
                                Cell Death & Disease (2024)

                            
	
                            
                                
                                    
                                        Effect of Cyclosporine A on Th1/Th2 Cytokine Production by Decidual Stromal Cells Mediated by Trophoblast-derived Galectin-9
                                    
                                

                            
                                
                                    	Jiaoqi Mei
	Bangyong Wu
	Yuanhua Huang


                                
                                Reproductive Sciences (2024)

                            
	
                            
                                
                                    
                                        Tumor Microenvironment Regulates Immune Checkpoints: Emerging Need of Combinatorial Therapies
                                    
                                

                            
                                
                                    	Moyna Kalia
	Kumari Bhavya
	Durba Pal


                                
                                Current Tissue Microenvironment Reports (2024)

                            
	
                            
                                
                                    
                                        NK cells as powerful therapeutic tool in cancer immunotherapy
                                    
                                

                            
                                
                                    	Mao Huang
	Yixuan Liu
	Wei Xiong


                                
                                Cellular Oncology (2024)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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
	protocols.io
	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 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: ]
