







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 26 September 2018



                    Combination therapy with anti-HIV-1 antibodies maintains viral suppression

                    	Pilar Mendoza1 na1, 
	Henning Gruell2,3,4 na1, 
	Lilian Nogueira1, 
	Joy A. Pai1, 
	Allison L. Butler1, 
	Katrina Millard1, 
	Clara Lehmann3,4,5, 
	Isabelle Suárez3,4,5, 
	Thiago Y. Oliveira1, 
	Julio C. C. Lorenzi1, 
	Yehuda Z. Cohen1, 
	Christoph Wyen3,6, 
	Tim Kümmerle3,6, 
	Theodora Karagounis1, 
	Ching-Lan Lu1, 
	Lisa Handl7, 
	Cecilia Unson-O’Brien1, 
	Roshni Patel1, 
	Carola Ruping2, 
	Maike Schlotz2, 
	Maggi Witmer-Pack1, 
	Irina Shimeliovich1, 
	Gisela Kremer3, 
	Eleonore Thomas3, 
	Kelly E. Seaton8, 
	Jill Horowitz1, 
	Anthony P. West Jr9, 
	Pamela J. Bjorkman9, 
	Georgia D. Tomaras8,10,11,12, 
	Roy M. Gulick13, 
	Nico Pfeifer7,14,15,16, 
	Gerd Fätkenheuer3,4, 
	Michael S. Seaman17, 
	Florian Klein2,4,5 na2, 
	Marina Caskey1 na2 & 
	…
	Michel C. Nussenzweig1,18 na2 

Show authors

                    

                    
                        
    Nature

                        volume 561, pages 479–484 (2018)Cite this article
                    

                    
        
            	
                        26k Accesses

                    
	
                        334 Citations

                    
	
                            456 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	HIV infections
	Immunotherapy
	Phase I trials


    


                
    
    

    
    

                
            


        
            Abstract
Individuals infected with HIV-1 require lifelong antiretroviral therapy, because interruption of treatment leads to rapid rebound viraemia. Here we report on a phase 1b clinical trial in which a combination of 3BNC117 and 10-1074, two potent monoclonal anti-HIV-1 broadly neutralizing antibodies that target independent sites on the HIV-1 envelope spike, was administered during analytical treatment interruption. Participants received three infusions of 30 mg kg−1 of each antibody at 0, 3 and 6 weeks. Infusions of the two antibodies were generally well-tolerated. The nine enrolled individuals with antibody-sensitive latent viral reservoirs maintained suppression for between 15 and more than 30 weeks (median of 21 weeks), and none developed viruses that were resistant to both antibodies. We conclude that the combination of the anti-HIV-1 monoclonal antibodies 3BNC117 and 10-1074 can maintain long-term suppression in the absence of antiretroviral therapy in individuals with antibody-sensitive viral reservoirs.
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                    Fig. 1: Delayed viral rebound with 3BNC117 and 10-1074 combination therapy during ATI.


Fig. 2: Amino acid variants at 10-1074 contact sites and bNAb sensitivity of reactivated latent and rebound viruses.


Fig. 3: Comparison of the circulating latent reservoir and rebound viruses.


Fig. 4: Distribution of the circulating latent reservoir and rebound viruses.
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Extended data figures and tables

Extended Data Fig. 1 Study participant selection and demographics.
a, Flow diagram indicating the selection of study participants. b, Individual participant demographics and baseline clinical characteristics. Grey-shaded rows indicate participants who were found to have detectable viraemia (HIV-1 viral load of >20 copies ml−1) at week −2 or day 0. These participants were not included in the efficacy analyses given the lack of viral suppression at baseline. Amer Indian, American Indian; Hisp, Hispanic. *3TC, lamivudine; ABC, abacavir; cobi, cobicistat; DRV, darunavir; DTG, dolutegravir; EFV, efavirenz; EVG, elvitegravir; FTC, emtricitabine; RPV, rilpivirine; RTV, ritonavir; TAF, tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate. **NNRTI-based regimens were switched four weeks before ART interruption due to longer half-lives of NNRTIs. ***Pre-screening of bulk outgrowth virus obtained from PBMC cultures by TZM-bl assay. #All participants harboured clade B viruses. Viral load <20 D, plasma HIV-1 RNA detected but not quantifiable by clinical assay. d0, day 0; Dx, diagnosis; Scr, screening; Wk −2, week −2.


Extended Data Fig. 2 Demographics, CD4+ T cells during study period in participants and pharmacokinetics of 3BNC117 and 10-1074.
a, Baseline participant demographics. b, Absolute CD4+ T cell counts and percentage of CD4+ T cells among CD3+ T cells at screening (n = 15), day 0 (n = 15), at the time of viral rebound (n = 13) and at the end of the study are shown (n = 15) (see also Supplementary Table 2). The last available time point after resuppression was used as end of the study time point for the participants that reinitiated ART. Red lines indicate mean, error bars indicate standard deviation and individual participants are shown as dots. P values were obtained using a two-tailed paired Student’s t-test comparing CD4+ T cell counts between day 0 and the time of viral rebound. c, d, 3BNC117 (red) and 10-1074 (blue) levels in serum (n = 15) as determined by TZM-bl assay (c) and ELISA (d). In cases in which participants only received 2 infusions due to early viral rebound (9245, 9249 and 9253), only antibody concentrations up to the second infusion were included. Half-life of each bNAb is indicated in days. Curves indicate mean serum antibody concentrations and error bars represent standard deviation. Red and blue triangles indicate 3BNC117 and 10-1074 infusions, respectively. c, In the TZM-bl assay, lower limits of quantification were 0.46 μg ml−1 and 0.10 μg ml−1 for 3BNC117 and 10-1074, respectively. d, In the ELISA, lower limits of detection were 0.78 μg ml−1 and 0.41 μg ml−1, respectively. e, f, Half-lives of both antibodies as measured by TZM-bl assay (e) and ELISA (f). Each dot represents a single participant. The half-lives of both antibodies from the 15 participants enrolled in the study are represented. Black lines indicate the mean value and standard deviation (n = 15). P values were obtained using a two-tailed unpaired Student’s t-test comparing the two antibodies.


Extended Data Fig. 3 Phylogenetic tree of viruses from all enrolled participants.
Maximum likelihood phylogenetic trees of full-length env sequences containing all sequences obtained from Q2VOA cultures and rebound viruses from SGA or rebound outgrowth of the 15 participants enrolled in the study. Participants are indicated by individual colours.


Extended Data Fig. 4 Viral rebound, amino acid variants at 10-1074 contact sites and sensitivities of latent and rebound viruses in the participants with detectable viraemia (>20 copies per ml) two weeks before or at the start of ATI.
a, Plasma HIV-1 RNA levels (black; left y axis) and bNAb serum concentrations (3BNC117, red; 10-1074, blue; right y axis). Red and blue triangles indicate 3BNC117 and 10-1074 infusions, respectively. Serum antibody concentrations were determined by TZM-bl assay. Grey-shaded areas indicate time on ART. Lower limit of detection of HIV-1 RNA was 20 copies per ml. b, Kaplan–Meier plots summarizing time to viral rebound. The y axis shows the percentage of participants that maintained viral suppression. The x axis shows the time in weeks after the start of ATI. Participants receiving the combination of 3BNC117 and 10-1074 are indicated by the blue line (n = 4). The dotted red line indicates a cohort of individuals receiving 3BNC117 alone during ATI9 (n = 13) and the dotted black line indicates a cohort of participants who underwent ATI without any intervention10 (n = 52). c, Colour charts show Env contact sites of 10-1074 at the G(D/N)IR motif (positions 324–327, according to HXB2 numbering) and the glycan at the potential N-linked glycosylation site at position 332 (NxS/T motif at positions 332–334). LR, latent reservoir viruses isolated by Q2VOA (week −2); RB, rebound viruses isolated by SGA (plasma) or viral outgrowth (PBMCs). Each amino acid is represented by a colour and the frequency of each amino acid is indicated by the height of the rectangle. Shaded rectangles indicate the lack of variation between latent reservoir and rebound viruses at the indicated position. Full-colour rectangles represent amino acid residues with changes in distribution between reservoir and rebound viruses. d, Dot plots showing the IC80 (μg ml−1) of 3BNC117 (left) and 10-1074 (right) against latent and rebound viruses determined by TZM-bl neutralization assay. Q2VOA-derived latent viruses from week −2 are shown as black circles. For outgrowth culture-derived rebound viruses, the highest IC80 determined is shown as red circle. For 9250 and 9253, no viruses could be obtained from rebound outgrowth cultures and pseudoviruses were made from env sequences of the latent reservoir (Q2VOA) and rebound viruses (plasma SGA). Note that 9249 and 9253 had pre-existing resistant viruses in the reservoir (IC50 > 2 μg ml−1). 9248 and 9250 had pre-existing viruses that failed to reach an IC100 when tested up to 50 μg ml−1 for 3BNC117 (Extended Data Fig. 5). Rebound viruses of all four participants had an IC80 or IC100 of >50 μg ml−1 for both 3BN117 and 10-1074.


Extended Data Fig. 5 Phylogenetic env trees and TZM-bl neutralization curves for individuals with viral blips.
a, Circulating reservoir and viral rebound in study participants with detectable viraemia at week −2 or day 0. Maximum likelihood phylogenetic trees of full-length env sequences of viruses isolated from week −2 Q2VOA cultures, rebound plasma SGA and rebound outgrowth from the four participants with viral blips. Open black rectangles indicate Q2VOA-derived viruses from week −2. Viruses obtained at the time of rebound are indicated by red rectangles (plasma SGA) and red stars (rebound PBMC outgrowth cultures), respectively. Asterisks indicate nodes with significant bootstrap values (bootstrap support ≥70%). Clones are denoted by coloured lines. Boxes indicate IC80 values (μg ml−1) of 3BNC117 and 10-1074 against individual clones, with asterisks indicating IC100 > 50 μg ml−1. b, Latent reservoir virus TZM-bl neutralization curves for two participants that had a viral load of >20 copies per ml at day 0 (9248 and 9250). Curves show neutralization titres by 3BNC117 (blue), 10-1074 (red) and other bNAbs, when available, for week −2 Q2VOA-derived viruses present in the circulating reservoir. Three representative viruses from 9248 (left) and 9250 (right) are shown. Although these viruses had low 3BNC117 and 10-1074 IC50 or IC80 titres, the IC100 (black dotted line) is reached only at a high concentration or not reached at all. The neutralization titre was measured by TZM-bl neutralization assay using a five-parameter curve fit method.


Extended Data Fig. 6 Amino acid variants at 3BNC117 contact sites of reactivated latent and rebound viruses.
Colour charts show 3BNC117 contact sites in Env according to HXB2 numbering. Diagram shows the 13 participants that experienced viral rebound before week 30. LR, latent reservoir viruses isolated by Q2VOA (on weeks −2 and 12 when available); RB, rebound viruses isolated by SGA (plasma) and viral outgrowth (PBMCs). Each amino acid is represented by a colour and the frequency of each amino acid is indicated by the height of the rectangle. Shaded rectangles indicate the lack of variation and full-colour rectangles represent amino acid residues with changes in the distribution between the reservoir and rebound.


Extended Data Fig. 7 Comparison of the circulating latent reservoir and rebound viruses.
Maximum likelihood phylogenetic trees of full-length env sequences of viruses isolated from Q2VOA, rebound plasma SGA and rebound PBMC outgrowth cultures from participants 9241, 9244, 9246 and 9247, who rebounded before week 30. Open and closed black rectangles indicate Q2VOA-derived viruses from week −2 and week 12, respectively. Viruses obtained at the time of rebound are indicated by red rectangles (plasma SGA) and red stars (rebound PBMC outgrowth cultures). Asterisks indicate nodes with significant bootstrap values (bootstrap support ≥70%). Clones are denoted by coloured lines mirroring the colours of slices in Extended Data Fig. 10a. Boxes indicate IC80 values (μg ml−1) of 3BNC117 and 10-1074 against representative viruses throughout the phylogenetic tree and clones, when possible (Supplementary Table 4). Asterisks in boxes indicate IC100 > 50 μg ml−1.


Extended Data Fig. 8 Recombination events in rebound viruses.
a, Maximum likelihood phylogenetic trees of full-length env sequences of viruses isolated from Q2VOA cultures and rebound SGA in the four participants for whom rebound viruses showed recombination events. Open and closed black rectangles indicate Q2VOA-derived viruses from week −2 and week 12, respectively. Rebound plasma SGA- or outgrowth-derived viruses are indicated by closed red rectangles. Green stars represent parent sequences that underwent recombination to produce the child sequences (red stars). b, Circos plots indicating the relationship between the parent sequences and the recombinants. Open and closed black rectangles indicate Q2VOA-derived sequences from week −2 and week 12, respectively. Rebound virus sequences are indicated by red rectangles. The thickness of the black outer bars represents the number of sequences obtained from that particular clone.


Extended Data Fig. 9 Phylogenetic trees of participants 9245, 9251, 9254 and 9255.
Maximum likelihood phylogenetic trees of full-length env sequences of viruses isolated from Q2VOA cultures and rebound plasma SGA and rebound outgrowth from the two participants (9245 and 9251) with pre-existing resistance to one of the two antibodies and the two sensitive participants (9254 and 9255) who maintained viral suppression for >30 weeks (end of the study). Open and closed black rectangles indicate Q2VOA-derived viruses from week −2 and week 12, respectively. Rebound plasma SGA viruses are indicated by closed red rectangles. Asterisks indicate nodes with significant bootstrap values (bootstrap support ≥ 70%). Clones are denoted by coloured lines beside the phylogenetic tree. Numbers correspond to 3BNC117 and 10-1074 IC80 neutralization titres.


Extended Data Fig. 10 Clonal distribution of the circulating latent reservoir and IUPM changes.
a, Pie charts depicting the distribution of Q2VOA-derived env sequences obtained at weeks −2 (W−2) and week 12 (W12). Number in the inner circle indicates the total number of analysed env sequences. White represents sequences isolated only once across both time points and coloured slices represent identical sequences that appear more than once (clones). The size of each pie slice is proportional to the size of the clone. Red arrows denote clones that significantly change in size (P ≤ 0.05 (two-sided Fisher’s exact test)) between the two time points. b, Summary of clonal env sequences and IUPM in the nine individuals with an antibody-sensitive reservoir. c, IUPM versus time of viral rebound in the antibody-sensitive individuals (n = 7) who rebounded within the study observation period (30 weeks). P values were obtained using a two-tailed Pearson correlation test comparing the two variables.





Supplementary information
Supplementary Tables
This file contains Supplementary Tables 1–5.


Reporting Summary




Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Mendoza, P., Gruell, H., Nogueira, L. et al. Combination therapy with anti-HIV-1 antibodies maintains viral suppression.
                    Nature 561, 479–484 (2018). https://doi.org/10.1038/s41586-018-0531-2
Download citation
	Received: 06 June 2018

	Accepted: 30 July 2018

	Published: 26 September 2018

	Issue Date: 27 September 2018

	DOI: https://doi.org/10.1038/s41586-018-0531-2


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
                        


Keywords
	Maintained Suppression
	Analytical Treatment Interruption (ATI)
	University Hospital Cologne
	Pseudovirions
	Latent Reservoir







            


            
        
            
                This article is cited by

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

                            
                                
                                    	Rafaëla Schober
	Bianca Brandus
	Carole Seguin-Devaux


                                
                                Journal of Translational Medicine (2023)

                            
	
                            
                                
                                    
                                        Human monoclonal antibodies inhibit invasion of transgenic Plasmodium knowlesi expressing Plasmodium vivax Duffy binding protein
                                    
                                

                            
                                
                                    	Quentin D. Watson
	Lenore L. Carias
	Christopher L. King


                                
                                Malaria Journal (2023)

                            
	
                            
                                
                                    
                                        Conformational antigenic heterogeneity as a cause of the persistent fraction in HIV-1 neutralization
                                    
                                

                            
                                
                                    	Philippe Colin
	Rajesh P. Ringe
	P. J. Klasse


                                
                                Retrovirology (2023)

                            
	
                            
                                
                                    
                                        Predicted resistance to broadly neutralizing antibodies (bnAbs) and associated HIV-1 envelope characteristics among seroconverting adults in Botswana
                                    
                                

                            
                                
                                    	Natasha O. Moraka
	Wonderful T. Choga
	Simani Gaseitsiwe


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Probabilities of developing HIV-1 bNAb sequence features in uninfected and chronically infected individuals
                                    
                                

                            
                                
                                    	Christoph Kreer
	Cosimo Lupo
	Florian Klein


                                
                                Nature Communications (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

                
                    
                        
                            
                                Milestone

                                
                                    HIV research
                                

                            
                        

                    
                    
                        
                            
    
        
            
                
                    Safety and antiviral activity of combination HIV-1 broadly neutralizing antibodies in viremic individuals
                

                
	Yotam Bar-On
	Henning Gruell
	Michel C. Nussenzweig



                
    
        
            Nature Medicine
        
        Letter
        
        
            26 Sept 2018
        
    


            

        

    


                        

                    
                        
                            
    
        
            
                
                    Antibodies pose a double threat to HIV
                

                
	Nancy L. Haigwood



                
    
        
            Nature
        
        News & Views
        
        
            26 Sept 2018
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter — 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
            
        


    









    








