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            Abstract
Gene transfer has potential as a once-only treatment that reduces viral load, preserves the immune system and avoids lifetime highly active antiretroviral therapy. This study, which is to our knowledge the first randomized, double-blind, placebo-controlled, phase 2 cell-delivered gene transfer clinical trial, was conducted in 74 HIV-1â€“infected adults who received a tat-vprâ€“specific anti-HIV ribozyme (OZ1) or placebo delivered in autologous CD34+ hematopoietic progenitor cells. There were no OZ1-related adverse events. There was no statistically significant difference in viral load between the OZ1 and placebo group at the primary end point (average at weeks 47 and 48), but time-weighted areas under the curve from weeks 40â€“48 and 40â€“100 were significantly lower in the OZ1 group. Throughout the 100 weeks, CD4+ lymphocyte counts were higher in the OZ1 group. This study indicates that cell-delivered gene transfer is safe and biologically active in individuals with HIV and can be developed as a conventional therapeutic product.
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                    Figure 1: Ribozyme target site within HIV-1 genome, schematic of gene-modified cell manufacture and protocol design.[image: ]


Figure 2: Participant disposition.[image: ]


Figure 3: HIV-1 viral load: ITT population.[image: ]


Figure 4: T lymphocyte counts over time.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Safety and virologic impact of the IL-15 superagonist N-803 in people living with HIV: a phase 1 trial
                                        
                                    

                                    
                                        Article
                                        
                                         31 January 2022
                                    

                                

                                Jeffrey S. Miller, Zachary B. Davis, â€¦ Timothy W. Schacker

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Concurrent administration of IFNÎ±14 and cART in TKO-BLT mice enhances suppression of HIV-1 viremia but does not eliminate the latent reservoir
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 December 2019
                                    

                                

                                Kathrin Sutter, Kerry J. Lavender, â€¦ Ulf Dittmer

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Safety, immunogenicity and effect on viral rebound of HTI vaccines in early treated HIV-1 infection: a randomized, placebo-controlled phase 1 trial
                                        
                                    

                                    
                                        Article
                                        
                                         27 October 2022
                                    

                                

                                Lucia BailÃ³n, Anuska Llano, â€¦ the AELIX002 Study Group

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Taylor, B.S., Sobieszczyk, M.E., McCutchan, F.E. & Hammer, S.M. The challenge of HIV-1 subtype diversity. N. Engl. J. Med. 358â€“1590â€“1602 (2008).

	Watkins, D.I., Burton, D.R., Kallas, E.G., Moore, J.P. & Koff, W.C. Nonhuman primate models and the failure of the Merck HIV-1 vaccine in humans. Nat. Med. 14, 617â€“621 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Baltimore, D. Gene therapy. Intracellular immunization. Nature 335, 395â€“396 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Amado, R.G. et al. Antiâ€“human immunodeficiency virus hematopoietic progenitor cell-delivered ribozyme in a phase I study: myeloid and lymphoid reconstitution in human immunodeficiency virus type-1â€“infected patients. Hum. Gene Ther. 15, 251â€“262 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	An, D.S. et al. Stable reduction of CCR5 by RNAi through hematopoietic stem cell transplant in non-human primates. Proc. Natl. Acad. Sci. USA 104, 13110â€“13115 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Anderson, J. et al. Safety and efficacy of a lentiviral vector containing three anti-HIV genesâ€“CCR5 ribozyme, tat-rev siRNA, and TAR decoyâ€“in SCID-hu mouse-derived T cells. Mol. Ther. 15, 1182â€“1188 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bahner, I. et al. Comparison of trans-dominant inhibitory mutant human immunodeficiency virus type 1 genes expressed by retroviral vectors in human T lymphocytes. J. Virol. 67, 3199â€“3207 (1993).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Cagnon, L. & Rossi, J. Retroviral delivery and anti-HIV testing of hammerhead ribozymes. Methods Mol. Biol. 74, 451â€“457 (1997).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Dropulic, B., Elkins, D.A., Rossi, J.J. & Sarver, N. Ribozymes: use as anti-HIV therapeutic molecules. Antisense Res. Dev. 3, 87â€“94 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fanning, G., Amado, R. & Symonds, G. Gene therapy for HIV/AIDS: the potential for a new therapeutic regimen. J. Gene Med. 5, 645â€“653 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kohn, D.B. Gene therapy using hematopoietic stem cells. Curr. Opin. Mol. Ther. 1, 437â€“442 (1999).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kohn, D.B. et al. A clinical trial of retroviral-mediated transfer of a rev-responsive element decoy gene into CD34+ cells from the bone marrow of human immunodeficiency virus-1-infected children. Blood 94, 368â€“371 (1999).
CASÂ 
    
                    Google ScholarÂ 
                

	Li, M., Li, H. & Rossi, J.J. RNAi in combination with a ribozyme and TAR decoy for treatment of HIV infection in hematopoietic cell gene therapy. Ann. NY Acad. Sci. 1082, 172â€“179 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lo, A.S., Zhu, Q. & Marasco, W.A. Intracellular antibodies (intrabodies) and their therapeutic potential. Handb. Exp. Pharmacol. 181, 343â€“373 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Marasco, W.A., LaVecchio, J. & Winkler, A. Human antiâ€“HIV-1 tat sFv intrabodies for gene therapy of advanced HIV-1-infection and AIDS. J. Immunol. Methods 231, 223â€“238 (1999).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mautino, M.R. & Morgan, R.A. Potent inhibition of human immunodeficiency virus type 1 replication by conditionally replicating human immunodeficiency virus-based lentiviral vectors expressing envelope antisense mRNA. Hum. Gene Ther. 11, 2025â€“2037 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Morgan, R.A. et al. Preferential survival of CD4+ T lymphocytes engineered with anti-human immunodeficiency virus (HIV) genes in HIV-infected individuals. Hum. Gene Ther. 16, 1065â€“1074 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Morris, K.V. & Rossi, J.J. Lentivirus-mediated RNA interference therapy for human immunodeficiency virus type 1 infection. Hum. Gene Ther. 17, 479â€“486 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rossi, J.J. The application of ribozymes to HIV infection. Curr. Opin. Mol. Ther. 1, 316â€“322 (1999).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Strayer, D.S. et al. Current status of gene therapy strategies to treat HIV/AIDS. Mol. Ther. 11, 823â€“842 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Taylor, J.A. et al. Foamy virus vectors expressing anti-HIV transgenes efficiently block HIV-1 replication. Mol. Ther. 16, 46â€“51 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	von Laer, D., Hasselmann, S. & Hasselmann, K. Gene therapy for HIV infection: what does it need to make it work? J. Gene Med. 8, 658â€“667 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zahn, R.C. et al. Efficient entry inhibition of human and nonhuman primate immunodeficiency virus by cell surface-expressed gp41-derived peptides. Gene Ther. 15, 1210â€“1222 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sarver, N. et al. Ribozymes as potential antiâ€“HIV-1 therapeutic agents. Science 247, 1222â€“1225 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Schambach, A. et al. Towards hematopoietic stem cellâ€“mediated protection against infection with human immunodeficiency virus. Gene Ther. 13, 1037â€“1047 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rossi, J.J., June, C.H. & Kohn, D.B. Genetic therapies against HIV. Nat. Biotechnol. 25, 1444â€“1454 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Macpherson, J.L., Ely, J.A., Sun, L.Q. & Symonds, G.P. Ribozymes in gene therapy of HIV-1. Front. Biosci. 4, D497â€“D505 (1999).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Levine, B.L. et al. Gene transfer in humans using a conditionally replicating lentiviral vector. Proc. Natl. Acad. Sci. USA 103, 17372â€“17377 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Macpherson, J.L. et al. Long-term survival and concomitant gene expression of ribozyme-transduced CD4+ T lymphocytes in HIV-infected patients. J. Gene Med. 7, 552â€“564 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Podsakoff, G.M. et al. Selective survival of peripheral blood lymphocytes in children with HIV-1 following delivery of an anti-HIV gene to bone marrow CD34(+) cells. Mol. Ther. 12, 77â€“86 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sun, L.Q., Ely, J.A., Gerlach, W. & Symonds, G. Anti-HIV ribozymes. Mol. Biotechnol. 7, 241â€“251 (1997).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sun, L.Q., Wang, L., Gerlach, W.L. & Symonds, G. Target sequence-specific inhibition of HIV-1 replication by ribozymes directed to tat RNA. Nucleic Acids Res. 23, 2909â€“2913 (1995).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sun, L.Q. et al. Resistance to human immunodeficiency virus type 1 infection conferred by transduction of human peripheral blood lymphocytes with ribozyme, antisense, or polymeric trans-activation response element constructs. Proc. Natl. Acad. Sci. USA 92, 7272â€“7276 (1995).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rossi, J.J. Ribozyme therapy for HIV infection. Adv. Drug Deliv. Rev. 44, 71â€“78 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wang, L. et al. Preclinical characterization of an anti-tat ribozyme for therapeutic application. Hum. Gene Ther. 9, 1283â€“1291 (1998).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Center for Biologics Evaluation and Research. Guidance for Industry: Gene Therapy Clinical Trialsâ€”Observing Subjects for Delayed Adverse Events. (US Department of Health and Human Services, Rockville, Maryland, 2006).

	Center for Biologics Evaluation and Research. Guidance for Industry: Supplemental Guidances on Testing for Replication Competent Retrovirus in Retroviral Vector Based Gene Therapy Products and During Follow-up of Patients in Clinical Trials Using Retroviral Vectors. (US Department of Health and Human Services, Rockville, Maryland, 2006).

	Cavallaro, A.M. et al. Three to six year follow-up of normal donors who received recombinant human granulocyte colony-stimulating factor. Bone Marrow Transplant. 25, 85â€“89 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Nicolini, F.E. et al. Long-term persistent lymphopenia in hematopoietic stem cell donors after donation for donor lymphocyte infusion. Exp. Hematol. 32, 1033â€“1039 (2004).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Novotny, J. et al. Sustained decrease of peripheral lymphocytes after allogeneic blood stem cell aphereses. Br. J. Haematol. 100, 695â€“697 (1998).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Malech, H.L. et al. Prolonged production of NADPH oxidaseâ€“corrected granulocytes after gene therapy of chronic granulomatous disease. Proc. Natl. Acad. Sci. USA 94, 12133â€“12138 (1997).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Aiuti, A. et al. Correction of ADA-SCID by stem cell gene therapy combined with nonmyeloablative conditioning. Science 296, 2410â€“2413 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hacein-Bey-Abina, S. et al. LMO2-associated clonal T cell proliferation in two patients after gene therapy for SCID-X1. Science 302, 415â€“419 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ott, M.G. et al. Correction of X-linked chronic granulomatous disease by gene therapy, augmented by insertional activation of MDS1â€“EVI1, PRDM16 or SETBP1. Nat. Med. 12, 401â€“409 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	The Strategies for Management of Antiretroviral Therapy (SMART) Study Group. CD4+ count-guided interruption of antiretroviral treatment. N. Engl. J. Med. 355, 2283â€“2296 (2006).

	Schmidt, M. et al. High-resolution insertion-site analysis by linear amplification-mediated PCR (LAM-PCR). Nat. Methods 4, 1051â€“1057 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
The following clinicians, research nurses and coordinators contributed substantially to the trial: S. Agrawal, R. Amado, C. Anderson, P. Cain, R. Cordova, G. Dolan, C. Farthing, E. Glutzer, M. Gonzalez, M. Harbour, N. Hyland, A. Lebel, S. Lundy, K. Macrae, S. Miller, J. Norris, L. O'Donnell, L. Pearce, J. Perram, V. Rees, R. Richardson, J. Sarangapany, D. Slamowitz, R. Vale, G. Vasquez, B. Williams and A. Zolopa. We also acknowledge the contribution of the leukapheresis collection and cell processing staff, W. Quan for assistance with quality assurance and A. Miller of the Biologics Group for assistance with regulatory aspects. S. Margrie had a key role in the development of the statistical analysis plan and in the statistical analyses. C. Ang and A. King assisted with the preparation of the manuscript. We acknowledge W. Gerlach, D. Wade, J. Peacock, R. de Feyter and L. Farrell for their vital role during the early stages of the development of OZ1. We sincerely thank the participants who enrolled in this intensive study and the members of the Data Safety Monitoring Board. The University of Californiaâ€“Los Angeles Center for AIDS Research and University of Californiaâ€“Los Angeles General Clinical Research Center were supported by US National Institutes of Health grants AI28697 and M01-RR00865.


Author information
Authors and Affiliations
	Center for Clinical AIDS Research and Education, University of Californiaâ€“Los Angeles, 9911 West Pico Boulevard, Suite 980, Los Angeles, 90035, California, USA
Ronald T Mitsuyasu

	Division of Infectious Diseases and Geographic Medicine, Stanford University, 300 Pasteur Drive, Stanford, 94305, California, USA
Thomas C MeriganÂ &Â Mark A Winters

	St. Vincent's Hospital, 406 Victoria Road, Darlinghurst, 2010, New South Wales, Australia
Andrew Carr,Â David MaÂ &Â David A Cooper

	Department of Medicine and Microbiology, University of Californiaâ€“Los Angeles, 405 Hilgard Avenue, Los Angeles, 90095, California, USA
Jerome A Zack

	AIDS Research Initiative, 48 Little Oxford Street, Darlinghurst, 2010, New South Wales, Australia
Cassy Workman

	Holdsworth House Medical Practice, Suite 3/32a Oxford Street, Darlinghurst, 2010, New South Wales, Australia
Mark Bloch

	Quest Clinical Research, 2300 Sutter Street, San Francisco, 94115, California, USA
Jacob Lalezari

	Pacific Horizon Medical Group, 2351 Clay Street, San Francisco, 94115, California, USA
Stephen BeckerÂ &Â Lorna Thornton

	Health Innovations Research, 9201 Sunset Bouldevard, Los Angeles, 90069, California, USA
Bisher Akil

	AIDS Healthcare Foundation Research Center, 6255 West Sunset Boulevard, Los Angeles, 90028, California, USA
Homayoon Khanlou

	Taylor Square Private Clinic, 393 Bourke Street, Darlinghurst, 2010, New South Wales, Australia
Robert Finlayson

	East Sydney Doctors, 102 Burton Street, Darlinghurst, 2010, New South Wales, Australia
Robert McFarlane

	Albion Street Centre, 150 Albion Street, Darlinghurst, 2010, New South Wales, Australia
Don E Smith

	Royal Prince Alfred Hospital, Missenden Road, Camperdown, 2050, New South Wales, Australia
Roger Garsia

	National Centre in HIV Epidemiology and Clinical Research, 376 Victoria Street
Matthew Law,Â John M MurrayÂ &Â David A Cooper

	Darlinghurst, University of New South Wales, 2010, New South Wales, Australia
Matthew Law,Â John M MurrayÂ &Â David A Cooper

	School of Mathematics and Statistics, University of New South Wales, Randwick, 2052, New South Wales, Australia
John M Murray

	Cincinnati Children's Hospital Research Foundation, 3333 Burnet Avenue, Cincinnati, 45229-3039, Ohio, USA
Christof von Kalle

	National Center for Tumor Diseases, German Cancer Research Center, Neuenheimer Feld 350, Heidelberg, 69120, Germany
Christof von Kalle

	Johnson & Johnson Research Proprietary Limited, 1 Central Avenue, Australian Technology Park, Eveleigh, Sydney, 1430, New South Wales, Australia
Julie A Ely,Â Sharon M Patino,Â Alison E Knop,Â Philip Wong,Â Alison V Todd,Â Margaret Haughton,Â Caroline Fuery,Â Janet L Macpherson,Â Geoff P Symonds,Â Louise A EvansÂ &Â Susan M Pond


Authors	Ronald T MitsuyasuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Thomas C MeriganView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Andrew CarrView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jerome A ZackView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mark A WintersView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Cassy WorkmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mark BlochView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jacob LalezariView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Stephen BeckerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Lorna ThorntonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bisher AkilView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Homayoon KhanlouView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Robert FinlaysonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Robert McFarlaneView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Don E SmithView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Roger GarsiaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	David MaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Matthew LawView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	John M MurrayView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Christof von KalleView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Julie A ElyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sharon M PatinoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Alison E KnopView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Philip WongView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Alison V ToddView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Margaret HaughtonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Caroline FueryView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Janet L MacphersonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Geoff P SymondsView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Louise A EvansView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Susan M PondView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	David A CooperView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
R.T.M., T.C.M., A.C. and D.A.C. were involved in the design and clinical investigator leadership of the trial; J.A.Z., M.A.W. and J.L.M. were laboratory directors of cell manufacturing at their respective clinical sites; R.T.M., T.C.M., A.C., D.A.C., C.W., M.B., J.L., S.B., L.T., B.A., H.K., R.F., R.M. and D.E.S. were clinical investigators involved in the planning and conduct of the study, R.G., D.M. and J.M.M. provided advice about the design and ongoing conduct of the study; M.L. designed and reviewed the statistical analysis; C.v.K. set up, supervised and advised on the integration analysis; J.A.E. and S.M. Patino were the global clinical trial managers; A.E.K. was the project manager and lead clinical research associate; P.W. was head of quality assurance cell manufacturing and esoteric tests; A.V.T., M.H. and C.F. managed the central laboratory testing for esoteric tests; J.L.M., global product scientist, was responsible for the design and conduct of the cell and gene manufacturing protocols; G.P.S., global product leader, provided the interface between the manufacturing and sponsor clinical trial teams and overall strategic direction; L.A.E., global medical leader, provided oversight of the protocol, safety monitoring, regulatory reporting, data analysis and the sponsor clinical trial team; S.M. Pond, the global trial director, had oversight of the entire program; R.T.M., T.C.M., A.C., J.L.M., G.P.S., L.A.E., S.M. Pond and D.A.C. were the major contributors to writing of the manuscript; and all authors reviewed the raw data and the drafts and final manuscript.
Corresponding author
Correspondence to
                Ronald T Mitsuyasu.


Ethics declarations

              
                Competing interests

                R.T.M. and T.C.M. are investigators who were contracted by Johnson & Johnson Research (JJR) to perform the clinical trial. This included payments for visits with subjects, equipment and salaries as part of the contracts with their institutions. D.A.C., C.W., M.B., J.L., S.B., L.T., B.A., H.K., R.F., R.M. and D.E.S. are investigators who were contracted by JJR to perform the clinical trial. A.C., J.A.Z. and M.A.W. are employees of the institutions where the clinical trial was conducted and acted as advisers during the conduct of the clinical trial. R.G., D.M., M.L. and J.M. are advisers who were contracted by JJR for their expertise during the conduct of the study. C.v.K. was responsible for one of the contract laboratories that was contracted by JJR during the conduct of the study. J.A.E., S.M. Patino, A.E.K., P.W., M.H., C.F. and L.A.E. are or were employees of JJR. J.L.M., G.P.S., S.M. Pond and A.V.T. are employees of JJR who hold shares in Johnson & Johnson in excess of $10,000.

              
            

Supplementary information

Supplementary Text and Figures
Supplementary Figs. 1â€“4, Supplementary Tables 1 and and Supplementary Methods (PDF 646 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Mitsuyasu, R., Merigan, T., Carr, A. et al. Phase 2 gene therapy trial of an anti-HIV ribozyme in autologous CD34+ cells.
                    Nat Med 15, 285â€“292 (2009). https://doi.org/10.1038/nm.1932
Download citation
	Received: 30 September 2008

	Accepted: 16 January 2009

	Published: 15 February 2009

	Issue Date: March 2009

	DOI: https://doi.org/10.1038/nm.1932


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

                
                    	
                            
                                
                                    
                                        HLA-mismatched allogeneic adoptive immune therapy in severely immunosuppressed AIDS patients
                                    
                                

                            
                                
                                    	Ruonan Xu
	Ji-Yuan Zhang
	Fu-Sheng Wang


                                
                                Signal Transduction and Targeted Therapy (2021)

                            
	
                            
                                
                                    
                                        An insight on promising strategies hoping to cure HIV-1 infection by targeting Rev proteinâ€”short review
                                    
                                

                            
                                
                                    	Sahana Pai
	Jayesh Mudgal
	K. Sreedhara Ranganath Pai


                                
                                Pharmacological Reports (2021)

                            
	
                            
                                
                                    
                                        Re-engineering 10â€“23 core DNA- and MNAzymes for applications at standard room temperature
                                    
                                

                            
                                
                                    	Karen Ven
	Saba Safdar
	Dragana Spasic


                                
                                Analytical and Bioanalytical Chemistry (2019)

                            
	
                            
                                
                                    
                                        Gene therapy research in Asia
                                    
                                

                            
                                
                                    	H-X Deng
	Y Wang
	Yu-quan Wei


                                
                                Gene Therapy (2017)

                            
	
                            
                                
                                    
                                        Stem cell transplantation in strategies for curing HIV/AIDS
                                    
                                

                            
                                
                                    	Gero HÃ¼tter


                                
                                AIDS Research and Therapy (2016)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            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
                                
                            
	
                                
                                    Nature Medicine Classic Collection
                                
                            
	
                                
                                    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 Medicine (Nat Med)
                
                
    
    
        ISSN 1546-170X (online)
    
    


                
    
    
        ISSN 1078-8956 (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: ]
