







    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: 07 December 2016



                    Receptor usage dictates HIV-1 restriction by human TRIM5α in dendritic cell subsets

                    	Carla M. S. Ribeiro1, 
	Ramin Sarrami-Forooshani1, 
	Laurentia C. Setiawan1, 
	Esther M. Zijlstra-Willems1, 
	John L. van Hamme1, 
	Wikky Tigchelaar2, 
	Nicole N. van der Wel2, 
	Neeltje A. Kootstra1, 
	Sonja I. Gringhuis1 & 
	…
	Teunis B. H. Geijtenbeek1 

Show authors

                    

                    
                        
    Nature

                        volume 540, pages 448–452 (2016)Cite this article
                    

                    
        
            	
                        10k Accesses

                    
	
                        110 Citations

                    
	
                            54 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Langerhans cells
	Macroautophagy
	Pattern recognition receptors
	Restriction factors
	Virus–host interactions


    


                
    
    

    
    

                
            


        
            Abstract
The most prevalent route of HIV-1 infection is across mucosal tissues after sexual contact. Langerhans cells (LCs) belong to the subset of dendritic cells (DCs) that line the mucosal epithelia of vagina and foreskin and have the ability to sense and induce immunity to invading pathogens1. Anatomical and functional characteristics make LCs one of the primary targets of HIV-1 infection2. Notably, LCs form a protective barrier against HIV-1 infection and transmission3,4,5. LCs restrict HIV-1 infection through the capture of HIV-1 by the C-type lectin receptor Langerin and subsequent internalization into Birbeck granules5. However, the underlying molecular mechanism of HIV-1 restriction in LCs remains unknown. Here we show that human E3-ubiquitin ligase tri-partite-containing motif 5α (TRIM5α) potently restricts HIV-1 infection of LCs but not of subepithelial DC-SIGN+ DCs. HIV-1 restriction by TRIM5α was thus far considered to be reserved to non-human primate TRIM5α orthologues6,7,8,9, but our data strongly suggest that human TRIM5α is a cell-specific restriction factor dependent on C-type lectin receptor function. Our findings highlight the importance of HIV-1 binding to Langerin for the routeing of HIV-1 into the human TRIM5α-mediated restriction pathway. TRIM5α mediates the assembly of an autophagy-activating scaffold to Langerin, which targets HIV-1 for autophagic degradation and prevents infection of LCs. By contrast, HIV-1 binding to DC-SIGN+ DCs leads to disassociation of TRIM5α from DC-SIGN, which abrogates TRIM5α restriction. Thus, our data strongly suggest that restriction by human TRIM5α is controlled by C-type-lectin-receptor-dependent uptake of HIV-1, dictating protection or infection of human DC subsets. Therapeutic interventions that incorporate C-type lectin receptors and autophagy-targeting strategies could thus provide cell-mediated resistance to HIV-1 in humans.
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                    Figure 1: Human TRIM5α is a restriction factor for HIV-1 in LCs.[image: ]


Figure 2: Autophagy restricts HIV-1 infection of LCs.[image: ]


Figure 3: HIV-1 uptake by Langerin drives human TRIM5α restriction.[image: ]


Figure 4: Human TRIM5α is a cell-specific restriction factor for HIV-1.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Langerin in MUTZ-LCs restricts HIV-1 integration, infection and transmission to CD4+ T cells.
a, b, HIV-1NL4.3 integration (a) and infection (b) of MUTZ-LCs after Langerin silencing, determined by Alu-PCR (a) and intracellular p24 staining (b). c, HIV-1NL4.3-BaL transmission by MUTZ-LCs after Langerin silencing, determined in LC and T-cell coculture by intracellular p24 staining. d, e, Silencing was confirmed by real-time PCR (d) or by flow cytometer (e; representative of n = 3). mRNA expression was normalized to β-actin (d) and set at 1 in control-siRNA treated cells. *P < 0.05 (two-tailed t-test). Data are mean ± s.d. of three (a, c, d) and four (b) independent experiments.


Extended Data Figure 2 Silencing of TRIM5α, Atg5, Atg16L1 and LSP-1 by RNA interference.
a–k, Indicated proteins were silenced using specific SMARTpools and non-targeting siRNA as a control. Silencing was confirmed by real-time PCR (a–g) or by immunoblotting (β-actin served as loading control; h–k) in MUTZ-LCs (a, d, e, h, i, j), primary LCs (b), DCs (c), CD4+CCR5+ U87 parental cells (f) or CD4+CCR5+ U87 cells transduced with either Langerin (f, k) or rhesus TRIM5α (g). mRNA expression was normalized to β-actin (a, d, e) or GAPDH (b, c, f, g) and set at 1 in cells treated with control siRNA. Relative abundance of indicated proteins was quantified by normalizing to β-actin and set at 1 in control siRNA treated cells. Representative of n = 2 (d, e, h–k). For gel source data, see Supplementary Fig. 1. Data are mean ± s.d. of three (a, c, f, g) and six (b) independent experiments.


Extended Data Figure 3 Human TRIM5α-mediated restriction in LCs or, the lack thereof in DCs, is independent of virus tropism.
a–d, HIV-1NL4.3 (X4, CXCR4-tropic virus) or HIV-1NL4.3-BaL (R5, CCR5-tropic virus) integration (a, c) and infection (b, d) of primary LCs (a, b) or DCs (b, d) after TRIM5α silencing determined by Alu-PCR (a, c) and intracellular p24 staining (b, d). *P < 0.05, **P < 0.01 (two-tailed t-test). Data are mean ± s.d. of three (a–d) independent experiments.


Extended Data Figure 4 ULK1 complex-dependent autophagy restricts HIV-1 integration in LCs and human TRIM5α restriction is dependent on Atg5 function.
a, TRIM5α, p62 and Atg16L1 in whole-cell lysates of uninfected MUTZ-LCs before (input) or after immunoprecipitation with Atg16L1, p62, TRIM5α, rabbit IgG control (as control for Atg16L1 and TRIM5α IP) or mouse IgG2a isotype control (as control for p62 immunoprecipitation), determined by immunoblotting (n.d., not determined). b, Autophagy induction in primary LCs pre-treated with bafilomycin followed by incubation with HIV-1NL4.3, determined by immunoblotting for LC3. For gel source data, see Supplementary Fig. 1. c, HIV-1NL4.3 infection of MUTZ-LCs after Atg5 or Atg16L1 silencing, determined by intracellular p24 staining. d, HIV-1NL4.3 integration into MUTZ-LCs after Atg13 or FIP200 silencing, determined by Alu-PCR. e, f, HIV-1NL4.3 integration (e) or infection (f) of MUTZ-LCs after Atg5, TRIM5α silencing or simultaneously with Atg5 and TRIM5α silencing, determined by Alu-PCR (e) and intracellular p24 staining (f). Data are representative of three (a) or two (b, d–f) experiments and mean ± s.d. of four independent experiments (c).


Extended Data Figure 5 Increased Atg5 recruitment into TRIM5α–Atg16L1 complex scaffold in CD4+CCR5+ U87 transfectants.
a, Atg5, TRIM5α and Atg16L1 in whole-cell lysates of CD4+CCR5+ U87 parental cells (U87) or transduced with either human TRIM5α (U87 hu5α) or rhesus TRIM5α (U87 rh5α) infected with HIV-1NL4.3-BaL before (input) or after immunoprecipitation with Atg16L1 or rabbit IgG control, determined by immunoblotting (n.d., not determined). b, Autophagy induction in U87 transfectants with bafilomycin followed by incubation with HIV-1SF162, determined by immunoblotting for LC3 (autophagy induction in control CD4+CCR5+ U87 parental cells presented in Fig. 3o). Relative abundance of LC3 II determined by normalizing to β-actin. Representative of n = 2 (a, b). For gel source data, see Supplementary Fig. 1. c, HIV-1SF162 infection of CD4+CD5+ U87 cells transduced with rhesus TRIM5α after Atg16L1 silencing, determined by intracellular p24 staining. *P < 0.05 (t-test). Data are mean ± s.d. of three (c) independent experiments.


Extended Data Figure 6 Human TRIM5α induces autophagy upon HIV-1 exposure in Langerin+ U87 transfectant and interacts with Langerin through LSP-1, but not Atg16L1.
a, Atg5, TRIM5α and Atg16L1 in whole-cell lysates of CD4+CCR5+ U87 parental cells (U87) or transduced with Langerin (U87 Langerin) before (input) or after immunoprecipitation with Atg16L1 or rabbit IgG control, determined by immunoblotting (n.d., not determined). b, Autophagy levels in Langerin+ U87 transfectant after TRIM5α silencing, pre-treated with bafilomycin followed by incubation with HIV-1NL4.3-BaL, determined by intracellular LC3 II levels by flow cytometer. c, LSP-1 in whole-cell lysates of MUTZ-LCs infected with HIV-1NL4.3 before (input) or after immunoprecipitation with TRIM5α or rabbit IgG control. d, TRIM5α in whole-cell lysates of Langerin+ U87 transfectant after Atg16L1 silencing before (input) or after immunoprecipitation with Langerin, determined by immunoblotting. For gel source data, see Supplementary Fig. 1. e, Autophagy induction in Langerin+ U87 transfectant pre-treated with bafilomycin followed by incubation with VSV-G-pseudotyped HIV-1, determined by intracellular LC3 II levels. Data are representative of two experiments (a–e).


Extended Data Figure 7 Proteosome inhibition does not relieve Langerin-mediated restriction of HIV-1 reverse-transcription products nor infection.
a–d, R/gag proviral DNA levels (a, c) and HIV-1 infection (b, d) in CD4+CCR5+ U87 parental cells (U87) or cells transduced with either rhesus TRIM5α (U87 rh5α) or Langerin (U87 Lang) after pre-treatment with proteosome inhibitor MG-132 and infected with VSV-G-pseudotyped HIV-1 (a, b; VSV-G) or HIV-1NL4.3-BaL (c, d; HIV-1), determined by qPCR (a, c) and intracellular p24 staining (b, d). Data are representative of two experiments (a–d).


Extended Data Figure 8 Langerin-controlled human TRIM5α restriction mechanism in Langerhans cells.
a, HIV-1 binding to Langerin in Langerhans cells drives human TRIM5α-mediated restriction of viral integration, HIV-1 infection and HIV-1 transmission to CD4+ T cells. b, Langerin associates at steady-state with LSP-1–TRIM5α–Atg16L1 complex. Capture of HIV-1 by Langerin targets internalization of the incoming virus into Birbeck granules. Upon viral fusion, human TRIM5α mediates recruitment of Atg5 to TRIM5α–Atg16L1–HIV-1p24 capsid complex, which promotes lipidation of LC3 (LC3 II) and thereby elicit autophagosome formation. Vesicles containing Langerin–HIV-1 capsid complexes are subsequently targeted into autophagosomes for lysosomal degradation, which prevents infection of Langerhans cells.


Extended Data Table 1 Primer sequences used for mRNA expression and HIV-1 integration assayFull size table





Supplementary information
Supplementary Information
DESCRIPThis file contains Supplementary Figure 1, gel source data with size marker indications for Figure 2a; Figure 3e,g,o; Figure 4e,i; Extended Data Fig. 2h-k, Extended Data Fig. 4a,b, Extended Data Fig. 5a,b and Extended Data Fig. 6a,c,d. It also contains Supplementary Table 1, primary data of HIV-1 integration Alu-PCR assay and calculation of relative HIV-1 integration; see also Figure 1a.TION (PDF 2796 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Ribeiro, C., Sarrami-Forooshani, R., Setiawan, L. et al. Receptor usage dictates HIV-1 restriction by human TRIM5α in dendritic cell subsets.
                    Nature 540, 448–452 (2016). https://doi.org/10.1038/nature20567
Download citation
	Received: 24 March 2016

	Accepted: 20 October 2016

	Published: 07 December 2016

	Issue Date: 15 December 2016

	DOI: https://doi.org/10.1038/nature20567


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 effects of CypA on apoptosis: potential target for the treatment of diseases
                                    
                                

                            
                                
                                    	Li Chen
	Zhuo Zeng
	Yanhua Zeng


                                
                                Applied Microbiology and Biotechnology (2024)

                            
	
                            
                                
                                    
                                        TRIM5α recruits HDAC1 to p50 and Sp1 and promotes H3K9 deacetylation at the HIV-1 LTR
                                    
                                

                            
                                
                                    	Xiang-Hong Ran
	Jia-Wu Zhu
	Dan Mu


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Immune activation of vaginal human Langerhans cells increases susceptibility to HIV-1 infection
                                    
                                

                            
                                
                                    	Nienke H. van Teijlingen
	Julia Eder
	Teunis B. H. Geijtenbeek


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        HIV transmitting mononuclear phagocytes; integrating the old and new
                                    
                                

                            
                                
                                    	Erica E. Vine
	Jake W. Rhodes
	Andrew N. Harman


                                
                                Mucosal Immunology (2022)

                            
	
                            
                                
                                    
                                        Autophagy-enhancing drugs limit mucosal HIV-1 acquisition and suppress viral replication ex vivo
                                    
                                

                            
                                
                                    	Alexandra P. M. Cloherty
	Nienke H. van Teijlingen
	Carla M. S. Ribeiro


                                
                                Scientific Reports (2021)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        Editorial Summary
C-type lectin receptor-mediated anti-HIV activity
Teunis Geijtenbeek and colleagues find a role for human E3-ubiquitin ligase tri-partite-containing motif 5α (TRIM5α) in restricting HIV-1 infection in Langerhans cells, a subset of dendritic cells present at the mucosal barrier. They show that capture of HIV-1 by the C-type lectin receptor Langerin serves to route the virus to a TRIM5α- and Langerin-dependent autophagy pathway. This mechanism of TRIM5α-mediated restriction differs from the proteasome-dependent mechanism by which rhesus TRIM5α is thought to restrict HIV-1, and seems to be a Langerhans-cell-specific restriction mechanism operating at the mucosal barrier. Langerhans cells are important in the defence against HIV-1 infection during sexual transmission, and this work highlights the potential of interventions involving C-type lectin receptors and autophagy-targeting strategies to promote cell-mediated resistance to HIV-1.
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