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            Abstract
Human immunodeficiency virus (HIV) persists indefinitely in individuals with HIV who receive antiretroviral therapy (ART)Â owing to a reservoir of latently infected cells that contain replication-competent virus1,2,3,4. Here, to better understand the mechanisms responsible for latency persistence and reversal, we used the interleukin-15 superagonist N-803 in conjunction with the depletion of CD8+ lymphocytes in ART-treated macaques infected with simian immunodeficiency virus (SIV). Although N-803 alone did not reactivateÂ virus production, its administration after the depletion of CD8+ lymphocytes in conjunction with ART treatment induced robust and persistent reactivation of the virus in vivo. We found viraemia of more than 60Â copies per ml in all macaques (nÂ =Â 14; 100%) and in 41 out of a total of 56 samples (73.2%) that were collected each week after N-803 administration. Notably, concordant results were obtained in ART-treated HIV-infected humanized mice. In addition, we observed that co-culture with CD8+ T cells blocked the in vitro latency-reversing effect of N-803 on primary human CD4+ T cells that were latently infected with HIV. These results advance our understanding of the mechanisms responsible for latency reversal and lentivirus reactivation during ART-suppressed infection.
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                    Fig. 1: Study design and phenotypicÂ andÂ transcriptomic effects of N-803 with or without CD8 depletion in rhesus macaques.[image: ]


Fig. 2: SIV and HIV reactivation after CD8 depletion combined with N-803 treatment.[image: ]


Fig. 3: In vitro co-culture of latently infected human CD4+ T cells with autologous CD8+ T cells results in decreased expression of HIV Gag during LRA administration.[image: ]


Fig. 4: CD8 depletion combined with N-803 administration does not decrease the size of the latent SIV viral reservoir.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 MT807R1 effectively depletes CD8+ T cells in peripheral blood, lymph node and rectum of macaques in addition to depleting NK cells from the blood at dayÂ 7.
The percentage of CD8+ cells in the CD3+ population 7Â days after depletion was compared to the levels before depletion. aâ€“c, Sample flow cytometry shows the absence of CD8Î²+ cells as part of the CD3+ T cell population after depletion in the peripheral blood (a), rectum (b) and lymph nodes (c) of macaques. Similar results were found across all CD8-depleted macaques (nÂ =Â 28Â biologically independent samples). d, The percentage of CD8Î²+ cells compared to pre-depletion baseline was calculated in all CD8-depleted macaques (treated with or without N-803, nÂ =Â 28Â macaques) across blood and tissue samples (no differences in CD8+ T cell depletion were observed between groups 2 and 3 on dayÂ 7). A two-sided Friedman test was used to calculate statistically significant changes compared to baseline across tissues. e, Depletion of NK cells in the peripheral blood was assessed 1Â week after CD8 depletion alone (nÂ =Â 14Â macaques) compared to baseline. Statistical significance was calculated using Wilcoxon signed-rank test. Data are meanÂ Â±Â s.e.m.


Extended Data Fig. 2 Phenotypic changes to CD4+ T cells after intervention.
Longitudinal flow cytometry analysis after treatment with only N-803 (green, nÂ =Â 7Â macaques), only CD8 depletion (blue, nÂ =Â 14Â macaques) and after CD8 depletion and treatment with N-803 (red, nÂ =Â 14Â macaques). a, CD4+ T cell frequency. bâ€“f, Percentage of naive (b), stem cell memory (SCM) (c), central memory (CM) (d), transitional memory (TM) (e) and effector memory (EM) (f) CD4+ T cells. gâ€“l, Percentage of bulk CD4+ T cells that express PD-1 (g), CD25 (h), CD69 (i), HLA-DR (j), CCR5 (k) and both CCR5 and Ki-67 (l). mâ€“v, CCR5 (mâ€“q) and Ki-67 (râ€“v) expression in different subsets of CD4+ T cells. Data are meanÂ Â±Â s.e.m. Two-sided Kruskalâ€“Wallis tests were used to compare values after the intervention to the pre-intervention baseline and approximate P-value summaries are provided.


Extended Data Fig. 3 SIV-associated genes and IL-15 subunit genes show a transient change in expression after treatment with N-803 alone.
RNA was extracted from sorted peripheral bulk CD4+ T cells (CD3+CD4+CD8âˆ’CD20âˆ’CD14âˆ’) (left), bulk CD8+ T cells (CD3+CD4âˆ’CD8+CD20âˆ’CD14âˆ’) (middle) and NK cells (CD3âˆ’CD20âˆ’CD14âˆ’NKG2A+) (right) and libraries were prepared, normalized, pooled and clustered on flow cells for sequencing. RNA-sequencing data were aligned to the MacaM v.7.8 assembly of the Indian rhesus macaque genome. Transcripts were analysed for alignment against a custom gene set with SIV host restriction factors, PPIA (capsid folding protein), SIV receptors, SIV receptor agonists, NF-ÎºB subunits (involved in mediating the transcription of long-terminal repeat regions), IL-15 receptor subunits and NFAT subunits. D, day; W, week.


Extended Data Fig. 4 Quantification of levels of cell-associated SIV RNA in peripheral CD4+ T cells before and after interventions.
aâ€“c,Â Changes in expression of SIV RNA in relation to the number of copies of CD4 after intervention with N-803 alone (nÂ =Â 7Â macaques) (a), CD8 depletion alone (nÂ =Â 7Â macaques) (b) or CD8 depletion combined with N-803 (nÂ =Â 7Â macaques)Â (c). Data are meanÂ Â±Â s.e.m. Two-sided Wilcoxon signed-rank tests were used to compare values after the intervention to the pre-intervention baseline.


Extended Data Fig. 5 Level of virus reactivation correlated with the absence of CD8+ T cells.
a, b, Correlation between CD8+ T cell counts and viral load (SIV RNA copies per ml of plasma) on dayÂ 0, dayÂ 3, and weekly up to week 6 after interventions. a, CD8 depletion alone (nÂ =Â 103Â samples from 14Â macaques). b, CD8 depletion combined with N-803 treatment (nÂ =Â 112Â samples from 14Â macaques). c, d, The area under the curve (AUC) and the average pre-intervention viral load after CD8 depletion alone (c; nÂ =Â 14 macaques) or CD8 depletion with N-803 treatment (d; nÂ =Â 14 macaques). Correlation coefficients are calculated using the Spearmanâ€™s rank-order correlation (two-tailed, no adjustments). eâ€“g, Longitudinal viral loads (top) and CD8+ T cell counts (bottom) after N-803 treatment alone (e; nÂ =Â 7 macaques), CD8 depletion alone (f; nÂ =Â 14 macaques) or CD8 depletion combined with N-803 treatment (g; nÂ =Â 14 macaques). Colour keys along the bottom indicate animal IDs.


Extended Data Fig. 6 HIV DNA, HIV RNA and human T cell activation levels in HIV-infected, ART-suppressed BLT humanized mice treated with N-803, CD8 depletion aloneÂ or combined CD8 depletion with N-803 .
a, b, HIV-infected, ART-suppressed BLT humanized mice were treated with N-803 (green, nÂ =Â 4 BLT humanized mice), CD8 depletion alone (blue, nÂ =Â 4), or treated with CD8 depletion with N-803 (red, nÂ =Â 4). After 7Â days, total HIV DNA (a) and cell-associated HIV RNA (b) were extracted from mononuclear cells isolated from the spleen, human-derived thymus (huThy) and lymph node (LN; HIV RNA only). câ€“f, Percentages of HLA-DR+, CD38+, CD25+ or HLA-DR+CD38+ cells were measured in human CD4+ (c, e) or CD8+ (d, f) T cells isolated from the spleen (c, d) or human-derived thymus (e, f) of HIV-infected, ART-suppressed BLT humanized mice 7Â days after treatment with N-803 (green, nÂ =Â 4), CD8 depletion alone (blue, nÂ =Â 4) or CD8 depletion combined with N-803 treatment (red, nÂ =Â 4). Treatment groups were compared using a two-tailed Studentâ€™s t-test (a) or a Kruskalâ€“Wallis test with a false-discovery rate correction (bâ€“f). Data are meanÂ Â±Â s.e.m.


Extended Data Fig. 7 Phylogenetic trees of longitudinal SGA-derived Env amino acid sequences.
Phylogenetic trees were generated for six macaques that received CD8 depletion with N-803 using Env sequences from the peak viral load (red), pre-ART (blue) and reactivation (green) time points. The Env sequence of the SIVmac239 clone used for infection is included in each tree (black). The horizontal bar below each tree indicates the genetic distance. Sequence clusters that are supported by bootstraps greater than 80% are indicated by an asterisk. Env sequences that contain a stop codon are indicated by an arrow.


Extended Data Fig. 8 Longitudinal Env amino acid divergence from the input virus and relationship with viral load in the plasma.
The number of amino acid differences between the infecting viral clone SIVmac239 and each SGA amplicon was determined using Geneious. a, Violin plots show the frequency distribution of the number of amino acid differences between sequences at each time point in each macaque. The solid line indicates the median number of amino acid differences for each individual Env sequence; the dotted lines indicate the quartiles. Peak viral load (VL) (red), pre-ART (blue) and reactivation (green) time points are shown. The animal ID and the three time points are indicated on the x axis. Statistical differences between time points for each macaque were determined by performing multiple comparisons using a Kruskalâ€“Wallis test with Dunnâ€™s correction. b, The average number of sequence differences for each macaque at the reactivation time point is plotted on the y axis, and the corresponding plasma viral loads are plotted on the x axis on a log10 scale. Correlation coefficients are calculated using the Spearmanâ€™s rank-order correlation (two-tailed, no adjustments).


Extended Data Fig. 9 Highlighter plots of longitudinal SGA-derived Env amino acid sequences.
Highlighter plots were generated for six representative macaques that were depleted of CD8 and treated with N-803 using Env sequences from peak VL (red box), pre-ART (blue box) and reactivation (green box) time points. The Env sequence of the SIVmac239 clone used for infection is included as the master (reference) sequence in each plot. The position of N-linked glycosylation sites on the master sequence are indicated by pink circles. Each tick represents an amino acid difference from the master sequence, as indicated in the key. Blue diamonds indicate the loss of an N-linked glycosylation site.


Extended Data Table 1 Viral loads from macaque and humanized mouse studiesFull size table





Supplementary information
Reporting Summary




Rights and permissions
Reprints and permissions


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



Cite this article
McBrien, J.B., Mavigner, M., Franchitti, L. et al. Robust and persistent reactivation of SIV and HIV by N-803 and depletion of CD8+ cells.
                    Nature 578, 154â€“159 (2020). https://doi.org/10.1038/s41586-020-1946-0
Download citation
	Received: 12 March 2019

	Accepted: 12 December 2019

	Published: 22 January 2020

	Issue Date: 06 February 2020

	DOI: https://doi.org/10.1038/s41586-020-1946-0


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

                
                    	
                            
                                
                                    
                                        Multimeric immunotherapeutic complexes activating natural killer cells towards HIV-1 cure
                                    
                                

                            
                                
                                    	RafaÃ«la Schober
	Bianca Brandus
	Carole Seguin-Devaux


                                
                                Journal of Translational Medicine (2023)

                            
	
                            
                                
                                    
                                        Trispecific antibody targeting HIV-1 and T cells activates and eliminates latently-infected cells in HIV/SHIV infections
                                    
                                

                            
                                
                                    	Wanwisa Promsote
	Ling Xu
	Richard A. Koup


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Elevated glutamate impedes anti-HIV-1 CD8â€‰+â€‰T cell responses in HIV-1-infected individuals on antiretroviral therapy
                                    
                                

                            
                                
                                    	You-Yuan Wang
	Cheng Zhen
	Chao Zhang


                                
                                Communications Biology (2023)

                            
	
                            
                                
                                    
                                        AZD5582 plus SIV-specific antibodies reduce lymph node viral reservoirs in antiretroviral therapy-suppressed macaques
                                    
                                

                            
                                
                                    	Amir Dashti
	Sophia Sukkestad
	Ann Chahroudi


                                
                                Nature Medicine (2023)

                            
	
                            
                                
                                    
                                        CD8+ lymphocytes do not impact SIV reservoir establishment under ART
                                    
                                

                            
                                
                                    	Maura Statzu
	Wang Jin
	Guido Silvestri


                                
                                Nature Microbiology (2023)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Reactivation of latent HIV moves shock-and-kill treatments forward
                

                
	Mathias Lichterfeld



                
    
        
            Nature
        
        News & Views
        
        
            22 Jan 2020
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
