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Major problem to cure HIV:

proviral latency
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How can we drive the virus out of latency ?

Illustration: The Economist 2011

Kim et al. 2018
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HIV latency reversal by lipid nanoparticles

encapsulating HIV Tat mRNA

▪ Tat = "Trans-Activator of Transcription”
▪ Regulatory protein that drastically enhances the efficiency of viral transcription
▪ 86 - 101 amino acids

Van Gulck et al. 2023. Antimicrob Agents Chemother
Pardons et al. 2023. Nat Com

Encapsulated mRNA of truncated Tat!



JMPicado 20240314 5

HIV latency reversal by lipid nanoparticles 

encapsulating HIV Tat mRNA

T
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Take-Home Messages

Lipid nanoparticles containing HIV tat mRNA (L2 Tat66 

mRNA) reverse latency in cell line models and in CD4 T 

cells from durably ART-suppressed people with HIV.

Ex vivo, L2 Tat66 mRNA, but not other latency reversal 

agents (LRAs), induced robust HIV transcription and in 

some donors induced release of HIV p24 protein.

When combined with other LRAs, L2 Tat66 mRNA 

induced HIV p24 protein at a comparable frequency and 

magnitude to maximally activating T cell mitogens.

Shane D. Falcinelli1,2,3, Samuel L.M. Raines1,2,3 Jackson J. Peterson2,3, Ellen Van Gulck4, Jennifer Kirchherr1,3, Isabel Najera4, Jerel Vega5, Daniel Boden4, Nancie M. Archin1,3, and David M. Margolis1,2,3

1Department of Medicine, University of North Carolina, Chapel Hill, NC, USA. 2Department of Microbiology and Immunology, University of North Carolina, Chapel Hill, NC, USA.

 3HIV Cure Center, University of North Carolina, Chapel Hill, NC, USA. 4Janssen Pharmaceuticals, Beerse, Belgium 5Arcturus Therapeutics, San Diego, CA, USA.

Nanoparticle Delivery of Tat Synergizes With Latency Reversal Agents to Express HIV Antigen

CONCLUSIONS AND FUTURE DIRECTIONS
• L2 Tat66 mRNA induced HIV RNA and p24 protein expression in CD4 T 

cells from ART-suppressed PWH ex vivo, and synergized with IAPi, 

HDACi, and BETi LRAs. 

• Variability in L2 Tat66 mRNA latency reversal activity across cell line 

models and ART-suppressed donors suggests the need for further 
characterization of L2 Tat66 mRNA delivery efficiency and latent proviral 

responsiveness to exogenous Tat. 

• Further characterization and optimization of strategies to deliver HIV Tat 

via nanoparticles for latency reversal in vivo is warranted.
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Author Contact Information: shane_falcinelli@med.unc.edu
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BACKGROUND 
• Latency reversal and clearance of persistently infected CD4 T cells 

during antiretroviral therapy (ART) is a major strategy for HIV cure. 

• HIV latency is due, in part, to limiting cellular levels of the HIV 

transcriptional activator Tat.

• Here, lipid nanoparticles containing tat mRNA (L2 Tat66 mRNA) were 

evaluated for latency reversal activity alone and in combination with well-

characterized HIV latency reversal agents (LRAs). 

METHODS
Tat mRNA Lipid Nanoparticle Formulation

• Truncated tat T66 mRNA was prepared using in vitro transcription and 

then encapsulated in nanoparticles using a lipid excipient from Arcturus 

Therapeutics (proprietary ionizable lipid, phospholipid, cholesterol, and 

polyethylene glycol derivatized lipid), as described (PMID: 37874295). 

Cell line models of HIV latency

• L2 Tat66 mRNA, inhibitor of apoptosis protein antagonist AZD5582 (IAPi), 

bromodomain and extra-Terminal motif inhibitor I-BET151 (BETi), and 

histone deacetylase inhibitor Vorinostat (HDACi) were assessed for 

latency reversal activity in cell line models of HIV latency (J89♂, E4♂, 

2D10♂, J-Lat 6.3♂ and ACH-2♀) via flow cytometric quantification of a 

proviral GFP reporter or for ACH-2 cells, measurement of cell-associated 

gag RNA.

CD4 T cells from ART-suppressed people with HIV (PWH). 

• Resting (CD69-CD25-HLA-DR-) or total CD4 T cells were isolated using 

negative selection. Following LRA treatment, cells were pelleted for 

measurement of cell-associated HIV TAR, elongated LTR, and multiply-

spliced transcripts using digital PCR (PMID: 29491188). Supernatants 

were harvested for ultrasensitive HIV p24 ELISA (Quanterix). Wilcoxon 

matched-pairs signed rank tests were used for statistical analyses.

RESULTS

Figure 1: L2 Tat66 mRNA reverses HIV  latency in cell 

line models of HIV latency without cytotoxicity in a 

TAR-dependent manner
(A) Induction of latent HIV reporter across four cell line models following exposure to L2 Tat66 mRNA for 24 hours 
(n ≥ 3). (B) 250 ng/mL L2 Tat66 mRNA does not result in cell death as measured by a Live/Dead membrane 

exclusion dye. (C) 250 ng/mL L2 Tat66 mRNA has minimal effect on ACH-2 cell-associated HIV gag RNA induction 
relative to PMA/ionomycin (10 nM/1µM). 

Figure 2: L2 Tat66 mRNA synergizes with IAPi, 

HDACi, and BETi to induce latent HIV in cell lines 
(A) Mean (n ≥ 3) percentage GFP expression relative to buffer control across the 4 cell lines following 24-hour exposure to 250 ng/mL L2 

Tat66 mRNA and/or LRAs: 100 nM AZD5582, 400 nM Vorinostat (VOR), or 500 nM I-BET151. (B-D) Bliss independence synergy index 

for a matrix of L2 Tat66 mRNA (0.3, 8, or 250 ng/mL) and small molecule LRA exposures for each cell line. 

Figure 3: L2 Tat66 mRNA consistently increases cell-

associated HIV RNA and in a subset of donors 

induces p24 protein in CD4 T cells ex vivo 
CD4 T cells (diamonds = resting; circles = total) from ART-suppressed donors were exposed to 250 ng/mL L2 Tat66 mRNA for 24 hours. 

(A-C) Impact of L2 Tat66 mRNA or PMA/i on the frequency of HIV cell-associated (A) TAR transcripts, (B) Elongated LTR transcripts, 

and (C) multiply-spliced tat-rev transcripts for n = 9 donors (D-E) Impact of L2 Tat66 mRNA or PMA/i treatment on (D) the frequency of 

detectable p24 protein in the supernatant and (E) quantitative levels of p24 for n = 12 donors. 

Figure 4: L2 Tat66 mRNA synergizes with IAPi and 

HDACi to induce HIV cell-associated RNA 

expression in CD4 T cells from PWH.
CD4 T cells (diamonds = resting; circles = total) from ART-suppressed donors were exposed to LRAs for 24 hours. (A-C) Impact of L2 

Tat66 mRNA and/or 100 nM AZD5582 on cell-associated HIV (A) TAR transcripts, (B) Elongated LTR transcripts, and (C) multiply-

spliced tat-rev transcripts for n = 9 donors. (D-E) Impact of L2 Tat66 mRNA and/or 400 nM vorinostat (VOR) on cell-associated HIV 

transcripts for n = 9 donors.

Figure 5: L2 Tat66 mRNA synergizes with IAPi and 

HDACi to induce p24 protein release from CD4 T 

cells from PWH.
CD4 T cells (diamonds = resting; circles = total) from ART-suppressed donors were exposed to LRAs for 24 hours. (A-B) Impact of L2 

Tat66 mRNA and/or 100 nM AZD5582 on (A) the frequency of detectable p24 protein in the supernatant and (B) quantitative levels of p24 

for n = 12 donors. (C-D) Impact of L2 Tat66 mRNA and/or 400 nM Vorinostat (VOR) treatment on (A) the frequency of detectable p24 

protein in the supernatant and (B) quantitative levels of p24 for n = 12 donors.

Figure 6: L2 Tat66 mRNA-driven latency reversal 

activity increases with longer exposure times. 
CD4 T cells (diamonds = resting; circles = total) from ART-suppressed donors were exposed to LRAs for 24 hours with 5U IL-2/mL, 1 µM 

raltegravir, and 4 µM abacavir in the media. (A-B) Impact of L2 Tat66 mRNA in combination with 100 nM AZD5582 or 400 nM Vorinostat 

(VOR) on the frequency of detectable p24 protein in the supernatant following (A) 24-hour or (B) 72-hour exposures for n = 7 donors.

RESULTS, continued RESULTS, continued RESULTS, continued
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Figure 6: L2 Tat66 mRNA-driven latency reversal 

activity increases with longer exposure times. 
CD4 T cells (diamonds = resting; circles = total) from ART-suppressed donors were exposed to LRAs for 24 hours with 5U IL-2/mL, 1 µM 

raltegravir, and 4 µM abacavir in the media. (A-B) Impact of L2 Tat66 mRNA in combination with 100 nM AZD5582 or 400 nM Vorinostat 

(VOR) on the frequency of detectable p24 protein in the supernatant following (A) 24-hour or (B) 72-hour exposures for n = 7 donors.
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CD4-Targeted mRNA Delivery of Tat Reverses HIV-1 Latency
Edward F. Kreider¹, Vincent Wu¹, Jayme Nordin¹, Francesco Pennino², Amie Albertus¹, Tyler Papp¹, Obinna Uzosike¹, Richard Khumoekae², Carol Cheney³, Karam Mounzer⁴, 

Hamideh Parhiz¹, MIchael R Betts¹, Daniel Claiborne², Drew Weissman¹, Luis J Montaner²
¹University of Pennsylvania, ²Wistar Institute, ³Merck, ⁴Jonathan Lax Center

Background and Methods
Interventions that reverse viral latency may be needed for an HIV cure. The HIV-1 protein Tat 

drives viral RNA expression but is cytotoxic and difficult to deliver to cells harboring the latent 

reservoir. Here, we tested whether CD4-targeted delivery of mRNA expressing a noncytotoxic 

Tat could antagonize viral latency. 

CD4-targeted Tat mRNA delivery may represent a new 

method of latency reactivation in HIV Cure strategies.

Supported by: Combined Adult/Pediatric Infectious Disease T32, Penn 

Measey Scholars in Molecular Medicine, BEAT-HIV Collaboratory

Conclusions

mRNA encoding Tat variants were made and transfected into TZM-bl cells to assess transac-

tivation. Five J-Lat clones were treated with Tat mRNA-LNPs or small molecule agents and 

evaluated using flow cytometry, live cell imaging, or single cell multiomic (RNA+ATAC) profil-

ing. Ibalizumab (anti-CD4) was conjugated to mRNA-LNPs to generate CD4-targeted mR-

NA-LNPs. Primary CD4 T cells were treated with Ibalizumab-targeted Tat or GFP mR-

NA-LNPs to assess mRNA expression, toxicity, and activation. PBMCs from people living 

with HIV (PLWH) on ART were treated with CD4-targeted Tat mRNA-LNPs and assayed for 

p24 expression in both the culture supernatant and cellular pellets.

Figure 1: Tat regulation of HIV-1 

transcription. Viral transcription is 

regulated by expression the viral 

protein Tat. The HIV-1 promoter re-

sides in the 5’ Long Terminal 

Repeat (yellow). In the absence of 

Tat, trasncription initiates but stalls 

after ~60 nts. This results in the ex-

pression of abortive transcripts. In 

the presence of Tat elongation is 

transactivated. This results in ex-

pression of viral RNAs

Figure 3: Potent transactivation of the HIV-1 promoter by mRNA-encoded Tat. Tat 

mRNA was assess for transactivation of HIV-1 expression in the TZM-bl cell line and com-

pared to transfection of luciferase and GFP mRNA. Transfection of cells on one side of a 

semipermable membrane resulted in transactivation of cells on the opposite side (right). 

Figure 2: Antibody Targeting of Lipid Nanoparticles. Lipid nanoparticles can be covalent-

ly modified to display monoclonal antibodies on their exterior surface. This permits mRNA 

delivery to cells that would not normally take up LNPs, like CD4+ T cells, through recep-

tor-mediated endocytosis and endosomal escape of the mRNA into the cytosol. In this study, 

the FDA approved mAb ibalizumab was conjugated to LNPs to deliver mRNA to CD4+ cells

Figure 5: Multi-omic analysis of Tat-treated J-Lat 10.6 Cells. J-Lat 10.6 cells were treated with Tat  

or Luciferase mRNA-LNPs at 2mg/million cells (~60% reactivation, Figure 4) or PMA/Ionomycin. They 

were then subjecteed to mutiomic profiling with RNAseq (principle components analysis of RNAse-

quencing top left, differentially expressed genes top right) and ATAC sequencing (bottom, HIV-1 

genome accessibility depicted) 16-72 hours later. 
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CD4-targted Tat mRNA-LNPs selectively drive viral 

gene expression without evidence of cell toxicity. 

These findings show that viral transcriptional pro-

grams, including latency, can be modified using 

CD4-targeted gene therapy

Figure 7: Reactivation of viral protein expression following CD4-Tar-

geted Tat delivery. PBMCs from PWH on cART were left untreated, activat-

ed with anti-CD3/CD28, or treated with CD4-target mRNA-LNPs. p24 levels 

from cells and supernatants are plotted. 
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Figure 6: Toxicity and expression of CD4-Targeted mRNA-LNPS. Top: 
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HIV latency reversal by lipid nanoparticles 

encapsulating HIV Tat mRNA

▪ Tat LNPs* induced unspliced, multiply-spliced, and polyadenylated HIV 

transcripts in CD4 T cells

▪ Tat LNPs induced detectable HIV p24 protein (24h)

▪ Combination with other LRA resulted in p24 induction similar to that observed 

with T-cell activation

▪ Prolonged exposure to combination regimens increased p24 detection, without:

• inducing global T-cell activation in primary CD4+ T-cells (i.e. toxicity)

• leading to any significant perturbation of the human T-cell transcriptome.

* Tat mRNA delivered by nanoparticles is likely due to more efficient cytosolic delivery as opposed to Tat protein 

transduction which depends on endocytic uptake mechanisms and endosomal escape of the entrapped protein
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Kim et al. 2018
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How to sensitize HIV-infected cell for killing?

CD4 CD4-mimetics
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Sequential opening of Env by CD4mimetics and
CD4i Abs sensitizes of HIV-1-infected cells to ADCC
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A New CD4mc Enables Fc-Mediated Reservoir Reduction for Durable Post-ART HIV-1 Control in Hu-Mice 00527

CONCLUSIONS

vTreatment of HIV-1JRCSF-infected NSG-Tg(IL15) hu-mice 

with a cocktail of CJF-III-288 and the CD4iAbs CoRBS 

17b/Cluster A A32 at the time of cART initiation can lead to 

durable control of viral rebound. Indeed, plasma viral loads 

were repeatedly suppressed in a large subset of animals 

for >100 days after ATI, despite intermittent blips! 

vDramatic (>3-log) reductions in proviral DNA copies in 

CD4 T cells occurred in various tissues upon 

CD4mc/CD4iAb treatment at cART initiation.

vDepletion of NK cells abrogated CD4mc/CD4iAb effects, 

resulting in rapid viral rebound after ATI indicating a key 

role for Ab Fc-effector function and ADCC.

vTreatment with bNAb 3BNC117 at initiation of cART did 

not result in durable control of rebound viremia.

CJF-III-288/CD4i-Abs at the time of cART 

initiation has can serve as an early cure 

intervention for HIV-1.
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BACKGROUND 

Persistently-infected HIV-1-positive cells are heterogeneous, 

rare, and inherently difficult to eliminate; shock-and-kill 

approaches have thus far proven inefficient in measurably 

reducing infected cell frequencies in clinical trials. CD4-

mimetic compounds (CD4mcs) sensitize HIV-1-infected cells 

to antibody-dependent cellular cytotoxicity (ADCC) mediated 

by CD4-induced (CD4i) non-neutralizing antibodies (nnAb) 

found in plasma of people living with HIV (PLWH) [1, 2].  

While ADCC can eliminate HIV-infected cells in vivo, this 

powerful immune mechanism is negated by the HIV-1 

proteins, Vpu and Nef, that downregulate CD4, limiting 

exposure of the ADCC-vulnerable CD4-bound conformation 

of gp120 Env on the infected cell surface. CD4mc effectively 

promote Env recognition through sequential opening and 

binding of Abs to two categories of highly-conserved CD4i 

epitopes : 1) coreceptor-binding site (CoRBS) epitopes; and 

2) “Cluster A” epitopes, which results in the stabilization of 

an asymmetric Env conformation (State 2A) that renders 

infected cells highly vulnerable to ADCC (Fig 1). 

The development of a new indoline CD4mc, CJF-III-288, 

with improved potency in neutralization and ADCC [3], 

prompted us to investigate the impact of treatment at cART 

initiation or cART cessation, on viral tissue reservoirs and 

post-ART virus rebound dynamics in humanized mice (hu-

mice) that support antibody effector function.

METHODS

NSG-Tg(IL15) hu-mice were treated with CJF-III-288 in 

combination with CD4i A32 (anti-cluster A) and 17b (anti-

coreceptor binding site) nnAbs either at cART initiation or at 

cART cessation (analytical treatment interruption or ATI). 

Post-ART plasma viremia and tissue viral reservoir size 

were analyzed by longitudinal measurements of HIV-1 RNA 

and DNA respectively. We also analyzed the contributions of 

natural killer (NK) cells to the observed effects by in vivo 

cell-depletion studies. Treatment with the broadly-

neutralizing antibody (bNAb) 3BNC117 was similarly studied 

for comparison.

Fig. 2. CD4mc/CD4iAb intervention at cART initiation durably controls 

viral rebound and significantly reduces the size of the HIV-1 reservoir in 

NSG15 hu-mice. (A) HIV-1JRCSF-infected NSG15 hu-mice were initiated on 

cART comprising raltegravir, emtricitabine and tenofovir disoproxil fumarate 
when plasma VLs were ~104-105/ml and treated with a cocktail of CD4mc 

(CJF-III-288) + CD4iAbs (Abs = CoRBS 17b/Cluster A A32) either at (1) cART 

cessation or (2) cART initiation, as indicated (B and C). (D) Control cohorts 

received only cART (Mock-Treatment) or CD4mc or Abs individually, along 

with cART. (E) Separate cohorts were treated similarly with the bNAb 

3BNC117 or its Fc-null variant 3BNC117 GRLR. (F) Some cohorts were 

administered the NK cell-depleting Ab NKp46 (Clone B-L46, 50 μg/mouse, 

two consecutive days) two days prior to CD4mc/CD4iAb administration. (G) 

Proviral DNA (copies) in CD4+ T cells were measured in tissues at day 3 

post-ATI corresponding to the time of viral rebound in mock-treated mouse 

cohorts. Plasma VL (left Y axis, RNA copies/ml plasma, solid lines, detection 

limit 350 copies/ml, B-F) and peripheral CD4+ T cell percentages (right Y 

axis, dotted lines, B-D) were measured longitudinally after ATI. Gray shading 

indicates cART treatment, arrows indicate the timing and interventions 

applied and each line/symbol corresponds to an individual mouse in B, C, D, 

G and average data (Mean ± S.D.) in E, F.

Fig. 1. Sequential opening of Env by CD4mc (CJF-III-288, inset) and 

CD4i Abs sensitizes of HIV-1-infected cells to ADCC.

A new indoline CD4-mimetic compound CJF-III-288 has therapeutic 

potential, when administered at early stages of infection, in the 

presence of HIV-1 anti-Env CD4i non-neutralizing antibodies that 

are found in plasma of most people living with HIV-1. In a 

humanized-mouse (hu-mouse) model of HIV-1 infection with natural 

killer (NK) cell function, administration of a “cocktail” of CJF-III-288 

and CD4i Abs at the time of cART initiation resulted in sustained 

virus control after analytical treatment interruption.
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A New CD4mc Enables Fc-Mediated Reservoir Reduction for Durable Post-ART HIV-1 Control in Hu-Mice 00527

CONCLUSIONS

vTreatment of HIV-1JRCSF-infected NSG-Tg(IL15) hu-mice 

with a cocktail of CJF-III-288 and the CD4iAbs CoRBS 

17b/Cluster A A32 at the time of cART initiation can lead to 

durable control of viral rebound. Indeed, plasma viral loads 

were repeatedly suppressed in a large subset of animals 

for >100 days after ATI, despite intermittent blips! 

vDramatic (>3-log) reductions in proviral DNA copies in 

CD4 T cells occurred in various tissues upon 

CD4mc/CD4iAb treatment at cART initiation.

vDepletion of NK cells abrogated CD4mc/CD4iAb effects, 

resulting in rapid viral rebound after ATI indicating a key 

role for Ab Fc-effector function and ADCC.

vTreatment with bNAb 3BNC117 at initiation of cART did 

not result in durable control of rebound viremia.

CJF-III-288/CD4i-Abs at the time of cART 

initiation has can serve as an early cure 

intervention for HIV-1.
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BACKGROUND 

Persistently-infected HIV-1-positive cells are heterogeneous, 

rare, and inherently difficult to eliminate; shock-and-kill 

approaches have thus far proven inefficient in measurably 

reducing infected cell frequencies in clinical trials. CD4-

mimetic compounds (CD4mcs) sensitize HIV-1-infected cells 

to antibody-dependent cellular cytotoxicity (ADCC) mediated 

by CD4-induced (CD4i) non-neutralizing antibodies (nnAb) 

found in plasma of people living with HIV (PLWH) [1, 2].  

While ADCC can eliminate HIV-infected cells in vivo, this 

powerful immune mechanism is negated by the HIV-1 

proteins, Vpu and Nef, that downregulate CD4, limiting 

exposure of the ADCC-vulnerable CD4-bound conformation 

of gp120 Env on the infected cell surface. CD4mc effectively 

promote Env recognition through sequential opening and 

binding of Abs to two categories of highly-conserved CD4i 

epitopes : 1) coreceptor-binding site (CoRBS) epitopes; and 

2) “Cluster A” epitopes, which results in the stabilization of 

an asymmetric Env conformation (State 2A) that renders 

infected cells highly vulnerable to ADCC (Fig 1). 

The development of a new indoline CD4mc, CJF-III-288, 

with improved potency in neutralization and ADCC [3], 

prompted us to investigate the impact of treatment at cART 

initiation or cART cessation, on viral tissue reservoirs and 

post-ART virus rebound dynamics in humanized mice (hu-

mice) that support antibody effector function.

METHODS

NSG-Tg(IL15) hu-mice were treated with CJF-III-288 in 

combination with CD4i A32 (anti-cluster A) and 17b (anti-

coreceptor binding site) nnAbs either at cART initiation or at 

cART cessation (analytical treatment interruption or ATI). 

Post-ART plasma viremia and tissue viral reservoir size 

were analyzed by longitudinal measurements of HIV-1 RNA 

and DNA respectively. We also analyzed the contributions of 

natural killer (NK) cells to the observed effects by in vivo 

cell-depletion studies. Treatment with the broadly-

neutralizing antibody (bNAb) 3BNC117 was similarly studied 

for comparison.

Fig. 2. CD4mc/CD4iAb intervention at cART initiation durably controls 

viral rebound and significantly reduces the size of the HIV-1 reservoir in 

NSG15 hu-mice. (A) HIV-1JRCSF-infected NSG15 hu-mice were initiated on 

cART comprising raltegravir, emtricitabine and tenofovir disoproxil fumarate 
when plasma VLs were ~104-105/ml and treated with a cocktail of CD4mc 

(CJF-III-288) + CD4iAbs (Abs = CoRBS 17b/Cluster A A32) either at (1) cART 

cessation or (2) cART initiation, as indicated (B and C). (D) Control cohorts 

received only cART (Mock-Treatment) or CD4mc or Abs individually, along 

with cART. (E) Separate cohorts were treated similarly with the bNAb 

3BNC117 or its Fc-null variant 3BNC117 GRLR. (F) Some cohorts were 

administered the NK cell-depleting Ab NKp46 (Clone B-L46, 50 μg/mouse, 

two consecutive days) two days prior to CD4mc/CD4iAb administration. (G) 

Proviral DNA (copies) in CD4+ T cells were measured in tissues at day 3 

post-ATI corresponding to the time of viral rebound in mock-treated mouse 

cohorts. Plasma VL (left Y axis, RNA copies/ml plasma, solid lines, detection 

limit 350 copies/ml, B-F) and peripheral CD4+ T cell percentages (right Y 

axis, dotted lines, B-D) were measured longitudinally after ATI. Gray shading 

indicates cART treatment, arrows indicate the timing and interventions 

applied and each line/symbol corresponds to an individual mouse in B, C, D, 

G and average data (Mean ± S.D.) in E, F.

Fig. 1. Sequential opening of Env by CD4mc (CJF-III-288, inset) and 

CD4i Abs sensitizes of HIV-1-infected cells to ADCC.

A new indoline CD4-mimetic compound CJF-III-288 has therapeutic 

potential, when administered at early stages of infection, in the 

presence of HIV-1 anti-Env CD4i non-neutralizing antibodies that 

are found in plasma of most people living with HIV-1. In a 

humanized-mouse (hu-mouse) model of HIV-1 infection with natural 

killer (NK) cell function, administration of a “cocktail” of CJF-III-288 

and CD4i Abs at the time of cART initiation resulted in sustained 

virus control after analytical treatment interruption.
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CD4mimetics + CD4-induced Abs
delays viral rebound after ART interruption 

▪ Also decreases the HIV-1 reservoir in humanized mice 

▪ It is dependent on Fc-effector function
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α-gp41 Abs contribute to CD4mc sensitization
of infected cells to ADCC
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CD4mimetics – CD4i Ab conjugates

Non-neutralizing antibody therapeutics to eliminate HIV-infected cells 
in vitro and in vivo via ADCC

Jonathan Richard1,2,*, Dung N Nguyen3*, William D. Tolbert3, Derek Yang4, Seung Tae Kim4, Marco Diaz Salinas5, Jyothi K. Rajashekar6, Li Zhu6, Catherine Bourassa1, Halima Medjahed1, 

Suneetha Gottumukkala3, Priti Kumar6, James B. Munro5, Amos B. Smith III4, Andrés Finzi1,2,* , Marzena Pazgier3*

CONCLUSIONS

Our data provide a solid proof of concept that bispecific

molecules consisting of ‘an opener’ attached through an

appropriate linker to a CD4i Ab are capable of

cooperative action to stabilize the State 2A conformation

and mediate Fc-effector function in vitro and in vivo.

Furthermore, in addition to acting alone, our prototype Ab-

CD4s are also capable of unleashing the ADCC potential

of Abs present in HIV-1+ plasma. Altogether, these data

confirm the utility CD4i Abs-CD4/CD4mc as therapeutics

capable of overcoming a major obstacle in eliminating

HIV-1 infected cells via ADCC that could be utilized in

strategies to reduce or eliminate the viral reservoir in

people living with HIV.

Reference: (1) Richard, Nguyuen at al., mBio. 2021 Oct 26;12(5):e0140521. doi:

10.1128/mBio.01405-21. Epub 2021 Sep 28. PMID: 34579568

Disclaimer
The views expressed in this presentation are those of the authors and do

not reflect the official policy or position of the Uniformed Services

University, US Army, the Department of Defense, or the US Government.
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RESULTS

17b-CD4 and A32-CD4 directly stabilize the State 2A Env

conformation (Figure 3) and are capable HIV-1 infected

cells recognition and elimination through ADCC

mechanism (Figure 4). Interestingly, A32-CD4 hybrid is

also able to synergize with Abs present in HIV+ plasma in

mediating ADCC of infected cells. In this format A32-CD4

hybrid outcompetes the best in class broadly neutralizing

Abs (bnAbs) (Figure 5). Results in humanized mice (hu-

mice) show that A32-CD4 can control HIV-1 replication in

vivo, as well as to reduce the level of integrated HIV DNA

in the blood and in the spleen in an FcR-dependent

manner (Figure 6). Finally, we show that the CD4 moiety

in Ab-CD4 hybrid can be replaced by the small molecule

CD4mc. Our data confirm in vitro the capacity of an Ab-

CJF-III-288 conjugate utilizing Abs of a CoRBS specificity

in vivo testing is ongoing.
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Figure 1. Ab-CD4 and Ab-CD4mc design. (a)
Ab-CD4 are produced as in (1). Production of
Ab-CJF-III-288 conjugates as is shown in (b). A
tRNA suppressor system is used to produce
Ab with AzF incorporated followed by the click-
chemistry reaction between N3 and the DBCO
group of DBCO-(PEG)23-CJF-III-288.

a b

a

Figure 2. Cluster A and CoRBS epitope exposure and conservation. (a) Co-localization of Cluster A and CoRBS epitopes within the unliganded HIV-1
trimer. Structural rearrangements (post-CD4 binding) are required for Cluster A/CoRBS epitope formation/exposure. (b) Sequence conservation. The molecular
surface is displayed over gp120 and colored in gradient based on a sequence conservation (residues differing by 0.2-7% and 87-99.9% from the Hxbc2
sequence colored dark blue to red, respectively).

Figure 4. Ab-CD4 hybrids effectively recognize and eliminate HIV-1-infected cells through ADCC. (a)
Primary CD4+ T cells infected with JRFL were stained with A32 or A32-CD4. Infected cells were identified by
intracellular p24 staining. (b) Ab-CD4 mediated ADCC of CD4+ T cells infected with Tier 2 JRFL. Statistical
significance was tested using an unpaired t-test (**, P < 0.01, ***, P < 0.001).

Figure 5. Ab-CD4 are capable of potent
ADCC alone and synergize with Abs
present in plasma of HIV-1 infected
individuals ADCC of HIV-1 JRFL-infected
primary CD4+ T cells in the presence of
HIV+ plasma by (a) Ab-CD4 hybrid
compared to the State 2A cocktail and (b)
bnAbs.

Figure 3. Ab-CD4 are capable of
triggering HIV-1 Env to the 2A Env state
Histograms of FRET values resulting from
HMM analysis observed for HIV-1 JR-FL
Env in the presence and absence of bound
Ab-CD4s.

Figure 6. In vivo activity of A32-CD4 hybrids in hu-mice. (a) Experimental outine. HIV-1JRCSF-infected
NSG-IL15 hu-PBL mice were administrated indicated A32-CD4 variants at day 6 post-infection. Mice were
bled at day 0, 5 and 10 post-infection for plasma viral load (PVL). At day 10 post-infection, tissues were
harvested, andcells isolated for real-time PCR analysis of HIV DNA levels. (b) PVL was measured by
quantitative real-time PCR (Limit of detection =300 copies/mL, dashed line). (c) % CD4+ T cells was
measured by flow cytometry in indicated tissues. (d) CD4+ T cells were purified from peripheral blood and
spleen for real-time quantitative PCR analysis of HIV DNA level.
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BACKGROUND

In HIV-1 infection, a significant fraction of antibodies (Abs) is

induced to epitopes that are obscured on the unliganded

Env trimer, either at the surface of infected cells or on viral

particles. A prime example of this are Abs targeting CD4

induced (CD4i) epitopes, exposed only upon CD4

interaction. Most CD4i specific Abs are non-neutralizing or

have weak neutralization activity. Their FcR activities, on the

other hand, are usually very potent but dependent on CD4i

epitope exposure. Interestingly, some CD4i epitopes,

including co-receptor binding site (CoRBS), or epitopes

mapping to gp120 inner domain constant region 1 and 2

(Cluster A), are the most conserved Env regions (Figure 2).

Consequently, their potential utility as targets for Ab-based

approaches is high, provided the challenge of occluded

exposure is overcome.

METHODS

We utilized structure-based engineering to develop CoRBS

or Cluster A Abs into Ab-CD4 hybrids or Ab-CD4 mimetic

(CD4 mc) conjugates. In an Ab-CD4 hybrid, Ab is linked via

a flexible (G4S)6(G4T)2-linker (~152 Å long) to CD4 (the d1d2

domain of CD4, residues 26-208 (1), whereas in Ab-CD4mc

conjugate the CD4 is replaced by small compound CD4

antagonist, CJF-III-288 and linked to the Ab by a (PEG)23-

linker. Ab-CJF-III-288 conjugate is produced using a tRNA

suppressor system where an unnatural aa, Azido-L-

phenylalanine (AzF), is first introduced at a specific site of

the Ab (Figure 1) and linked to DBCO-(PEG)23-CD4mc

through copper–Free click Chemistry (SPAAC) ligation.

b

a

b

a

b c d

Figure 7. 17b-CJF-III-288 conjugate effectively recognizes and eliminates HIV-1-
infected cells through ADCC (a) Primary CD4+ T cells infected with CH058TF were
stained with 17b-CJF-III-288. Infected cells were identified by intracellular p24 staining. (b)
17b-CJF-III-288 binding and ADCC of CD4+ T cells infected with CH058TF.

CD4mc CD4mc

Bispecific molecules consisting of ‘an opener’ 
attached through a linker to a CD4i Ab
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How to sensitize HIV-infected cell for killing?

▪ CD4 mimetics allows improved Fc-effector functions

▪ Indoline CD4 mimetics (CJF-III-288) with improved antiviral potency and breath
▪ Favorable PK/Tox in humanized mice and non-human primates
▪ CJF-III-288, with CD4i antibodies, decreases the size of the reservoir in mice
▪ New therapeutic: CD4mc-Ab conjugates
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Markers that may predict viral rebound

CyTOF: Cytometry by time of flight; BIRC5: pro-survival factor; CXCR4: lymphoid tissue-homing receptor 

Mass Cytometry (CyTOF*)
▪ CD103+ T resident memory cells:

o associated with longer time-to-rebound 

and lower intact provirus (ACTG A5345)

▪ BIRC5+CXCR4+ CD8+ T cells:
o associated with longer time-to-rebound 

and lower intact provirus (TEACH & 

ACTG A5345)

These long-lived cells may be better able to home to lymphoid tissues during the early post-ART 
period and together with resident memory T cells slow viral rebound upon ATI
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Role of autologous HIV-1specific antibodies 
during virus rebound after ART interruption

Introduction 

• Latently-infected resting memory CD4+ T cells, known as the latent reservoir, represent the major barrier to cure.

• During untreated infection, HIV-1 continuously evolves to evade autologous neutralizing antibody (anAb) responses, 
which results in little to no contemporaneous neutralization.[3-4]

• Antiretroviral therapy (ART), however, reduces viremia to undetectable levels by most clinical assays and halts viral 

evolution, but is not curative. If ART is stopped, rapid and exponential viral rebound occurs.

• The principal goal of HIV-1 cure research is to prevent viral rebound. However, among people who stop ART, it is 

difficult to predict 1) which isolates may contribute to initial viral rebound and 2) when it might occur. 

• The ability to predict both features prior to ART interruption may be necessary towards efforts aiming for a functional 

HIV cure.

Hypothesis

We hypothesize that contemporaneous anAbs influence viral rebound dynamics. anAb-sensitive reservoir isolates 
detected prior to ART interruption may not rebound and the aNAb-resistant isolates may be genetically similar to virus 

that rebounds. 

Methods Modified quantitative viral outgrowth assays (QVOAs) were conducted using participant-derived resting 
CD4+ T cells and aNAbs collected prior to ART interruption. QVOAs were conducted in the presence of either: no IgG, 

HIV- donor IgG, or contemporaneous autologous IgG antibodies. See methods section for more details.

Results and Conclusions 

We have identified the percentage of inducible, replication-competent reservoir isolates sensitive to neutralization by 
contemporaneous aNAbs prior to the ATI has a statistically significant correlation with time to viral rebound. 

Furthermore, phylogenetic analyses revealed that aNAb-resistant reservoir variants were genetically similar to 
rebound virus in multiple participants, and in Tzm-bl direct neutralization assays were highly resistant.

Single Genome Env Sequencing  
HIV-1 Env from cDNA was amplified with a two-step, nested PCR protocol. The outer PCR was completed in a volume 

of 10 μL containing 10x PCR buffer, 50 mM MgCl2, 10 mM PCR dNTP mix (Promega), 5 U/μL of Platinum Taq DNA 
Polymerase High Fidelity with a 50 μM final concentration of primers envB5out 

(5′ TAGAGCCCTGGAAGCATCCAGGAAG 3′ ; nt 5853 to 5877 of the HXB2 sequence) and envB3out (5’ 

TTGCTACTTGTGATTGCTCCATGT 3’). PCR conditions were 94°C for 2 min (94°C for 30 s; 50°C for 30 s; 72°C for 
2.5 min) for 44 rounds, and 72°C for 3 min. The nested, inner PCR was completed in a total volume of 18 μL using 2 

μL of the first round PCR product diluted 1:1 with Tris: HCl, pH 8.0, and 50 μM of the primers envB5in 
(5′ TTAGGCATCTCCTATGGCAGGAAGAAG 3′ ; nt 5957 to5983 of the HXB2 sequence) and envB3in 

(5′GTCTCGAGATACTGCTCC-CACCC 3′ ; nt 8882 to 8904 of the HXB2 sequence). PCR conditions were conducted 

at 94°C for 2 min (94°C for 30 s; 55°C for 30 s; 72°C for 2.5 min) 41 times, and finally 72°C for 3 min. PCR products 
were subsequently run on a 1% agarose gel for analysis. Bands at 3 kb  were subjected to Sanger sequencing. 

Plasma viremia was sequenced by Oxford Nanopore and PacBio.

Phylogenetic Analyses

Full-length Env contigs from single genome sequencing were aligned to a consensus HXB2 sequence using the 
Geneious Prime Software and BioEdit. Maximum-likelihood phylogenetic trees were constructed using IQ Tree 

(LANL). Trees were visualized in MEGA11, and data annotations included using Adobe Illustrator.

Figure 3. HIV-1 p24 ELISA results for three modified QVOA arms conducted for three representative participants: (A) SCOPE2919, (B) 
SCOPE3662, and (C) SCOPE2056. Neutralization by autologous IgG is reflected in the decreased p24 antigen levels in the QVOA arms 

with autologous IgG as compared to the two control arms with no IgG and control IgG.
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1. The percentage of reservoir variants neutralized by contemporaneous aNAbs at 50 ug/mL in the modified QVOA has 

a statistically significant correlation with time to viral rebound.

2. Autologous IgG-resistant outgrowth viruses were genetically similar to virus that rebounds following ART 

interruption.

3. People on ART for more than two decades had detectable viremia within 2-4 weeks following ART interruption.

4. ATI studies using time to rebound as an outcome measurement should consider the role of aNAbs.

Figure 1. Rebound is likely attributed to aNAb-resistant HIV-1 reactivated after ART interruption.

Figure 4. Rebound viremia detected in nine SCOPE ATI participants following ART interruption. (A) Variable time to >200 copies HIV-1 

RNA/mL (dashed line) following ART interruption; ranges from 10-38 days. (B) The percentage of inducible, replication-competent 

reservoir isolates neutralized by autologous IgG in the modified QVOA has a statistically significant  correlation with time to rebound.

Figure 5. Phylogenetic analysis of full-length Env sequences from each experimental arm of the modified QVOA for SCOPE2056. HIV-1 
outgrowth sequences indicated as dark purple, light purple and orange squares grew out in the presence of either no IgG, control IgG, or 

autologous IgG, respectively. There are mutations in the variable loops of Env consistent with escape from autologous neutralizing 
antibodies. Only isolates found in the lower part of the tree could replicate exponentially in the presence of 50 ug/mL of autologous IgG 

antibodies when included in the modified QVOA. These outgrowth isolates had similar escape mutations and were genetically similar to the 

virus that rebounds following ART interruption.

Study Participants 

Adults with HIV-1 on suppressive ART were enrolled at University of 

California – San Francisco (UCSF) for the Gates-SCOPE Analytical 
Treatment Interruption (ATI) trial. Selection criteria included viral 

suppression for > 6 months and undetectable plasma HIV-1 RNA 

levels (< 20 copies per mL) prior to the ATI. Participants underwent 

leukapheresis under a protocol approved by UCSF and SCOPE 

Institutional Review Board (IRB). All participants provided written 
informed consent. Coded, deidentified leukapheresis products were 

shipped by same-day courier to the Johns Hopkins School of 

Medicine for processing and analysis under a protocol approved by a 

Johns Hopkins University School of Medicine IRB. 

Modified Quantitative Viral Outgrowth Assay

Highly purified resting CD4+ T cells from each SCOPE ATI participant 

were seeded into three QVOA culture arms at 200,000 resting CD4+ T 

cells/well with up to 107 replicate wells per arm (typically 321 wells per 

study participant). Cultures were set up with either: no IgG, HIV- donor 
IgG (50 μg/mL), or with contemporaneous autologous IgG (50 μg/mL). 

Cell cultures were maintained as previously described.[5] On day 14, 

culture wells were assayed for p24 antigen by HIV-1 p24 ELISA 

(Perkin Elmer).

Future Work

1. Complete modified QVOAs for additional SCOPE ATI participants and compare outgrowth with rebound sequences.

2. Complete Tzm-bl direct neutralization assays testing baseline IgG against rebound and latent variants.

Figure 2. Modified QVOA with either no IgG, 

uninfected donor IgG, or contemporaneous 

autologous IgG.
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Figure 6. Phylogenetic analyses of full-length Env sequences from (A) SCOPE1498, (B) SCOPE2929, (C) 

SCOPE1184, and (D) SCOPE2153. Outgrowth isolates were genetically similar to rebound virus for most participants, 

except SCOPE1184, a known viremic controller with few outgrowth wells. In SCOPE2153, outgrowth isolates nearly 
identical to rebound virus were highly resistant as shown by Tzm-bl direct neutralization assays and had an IC50 

greater than 100 ug/mL autologous IgG antibodies from the baseline ATI timepoint.

A) B) C)

D)

0 10 20 30 40 50
101

102

103

104

105

Days since ART interruption

V
ir
a
l 
L
o
a
d

  
(l
o
g
1
0
 H

IV
-1

 R
N

A
 c

o
p
ie

s
/m

L
)

SCOPE2153

SCOPE2919

SCOPE2929

SCOPE3713

SCOPE1498

SCOPE3662

SCOPE2056

SCOPE1184

SCOPE2512

A) B)

Synonymous

Non-synonymous

Synonymous

Non-synonymous

482



JMPicado 20240314 17

The fraction of HIV reservoir variants neutralized by 
autologous IgG correlates with time to rebound

Introduction 

• Latently-infected resting memory CD4+ T cells, known as the latent reservoir, represent the major barrier to cure.

• During untreated infection, HIV-1 continuously evolves to evade autologous neutralizing antibody (anAb) responses, 
which results in little to no contemporaneous neutralization.[3-4]

• Antiretroviral therapy (ART), however, reduces viremia to undetectable levels by most clinical assays and halts viral 

evolution, but is not curative. If ART is stopped, rapid and exponential viral rebound occurs.

• The principal goal of HIV-1 cure research is to prevent viral rebound. However, among people who stop ART, it is 

difficult to predict 1) which isolates may contribute to initial viral rebound and 2) when it might occur. 

• The ability to predict both features prior to ART interruption may be necessary towards efforts aiming for a functional 

HIV cure.

Hypothesis

We hypothesize that contemporaneous anAbs influence viral rebound dynamics. anAb-sensitive reservoir isolates 
detected prior to ART interruption may not rebound and the aNAb-resistant isolates may be genetically similar to virus 

that rebounds. 

Methods Modified quantitative viral outgrowth assays (QVOAs) were conducted using participant-derived resting 
CD4+ T cells and aNAbs collected prior to ART interruption. QVOAs were conducted in the presence of either: no IgG, 

HIV- donor IgG, or contemporaneous autologous IgG antibodies. See methods section for more details.

Results and Conclusions 

We have identified the percentage of inducible, replication-competent reservoir isolates sensitive to neutralization by 
contemporaneous aNAbs prior to the ATI has a statistically significant correlation with time to viral rebound. 

Furthermore, phylogenetic analyses revealed that aNAb-resistant reservoir variants were genetically similar to 

rebound virus in multiple participants, and in Tzm-bl direct neutralization assays were highly resistant.

Single Genome Env Sequencing  
HIV-1 Env from cDNA was amplified with a two-step, nested PCR protocol. The outer PCR was completed in a volume 

of 10 μL containing 10x PCR buffer, 50 mM MgCl2, 10 mM PCR dNTP mix (Promega), 5 U/μL of Platinum Taq DNA 
Polymerase High Fidelity with a 50 μM final concentration of primers envB5out 

(5′ TAGAGCCCTGGAAGCATCCAGGAAG 3′ ; nt 5853 to 5877 of the HXB2 sequence) and envB3out (5’ 

TTGCTACTTGTGATTGCTCCATGT 3’). PCR conditions were 94°C for 2 min (94°C for 30 s; 50°C for 30 s; 72°C for 
2.5 min) for 44 rounds, and 72°C for 3 min. The nested, inner PCR was completed in a total volume of 18 μL using 2 

μL of the first round PCR product diluted 1:1 with Tris: HCl, pH 8.0, and 50 μM of the primers envB5in 
(5′ TTAGGCATCTCCTATGGCAGGAAGAAG 3′ ; nt 5957 to5983 of the HXB2 sequence) and envB3in 

(5′GTCTCGAGATACTGCTCC-CACCC 3′ ; nt 8882 to 8904 of the HXB2 sequence). PCR conditions were conducted 

at 94°C for 2 min (94°C for 30 s; 55°C for 30 s; 72°C for 2.5 min) 41 times, and finally 72°C for 3 min. PCR products 
were subsequently run on a 1% agarose gel for analysis. Bands at 3 kb  were subjected to Sanger sequencing. 

Plasma viremia was sequenced by Oxford Nanopore and PacBio.

Phylogenetic Analyses

Full-length Env contigs from single genome sequencing were aligned to a consensus HXB2 sequence using the 
Geneious Prime Software and BioEdit. Maximum-likelihood phylogenetic trees were constructed using IQ Tree 

(LANL). Trees were visualized in MEGA11, and data annotations included using Adobe Illustrator.

Figure 3. HIV-1 p24 ELISA results for three modified QVOA arms conducted for three representative participants: (A) SCOPE2919, (B) 

SCOPE3662, and (C) SCOPE2056. Neutralization by autologous IgG is reflected in the decreased p24 antigen levels in the QVOA arms 

with autologous IgG as compared to the two control arms with no IgG and control IgG.
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1. The percentage of reservoir variants neutralized by contemporaneous aNAbs at 50 ug/mL in the modified QVOA has 

a statistically significant correlation with time to viral rebound.

2. Autologous IgG-resistant outgrowth viruses were genetically similar to virus that rebounds following ART 

interruption.

3. People on ART for more than two decades had detectable viremia within 2-4 weeks following ART interruption.

4. ATI studies using time to rebound as an outcome measurement should consider the role of aNAbs.

Figure 1. Rebound is likely attributed to aNAb-resistant HIV-1 reactivated after ART interruption.

Figure 4. Rebound viremia detected in nine SCOPE ATI participants following ART interruption. (A) Variable time to >200 copies HIV-1 
RNA/mL (dashed line) following ART interruption; ranges from 10-38 days. (B) The percentage of inducible, replication-competent 

reservoir isolates neutralized by autologous IgG in the modified QVOA has a statistically significant  correlation with time to rebound.

Figure 5. Phylogenetic analysis of full-length Env sequences from each experimental arm of the modified QVOA for SCOPE2056. HIV-1 
outgrowth sequences indicated as dark purple, light purple and orange squares grew out in the presence of either no IgG, control IgG, or 

autologous IgG, respectively. There are mutations in the variable loops of Env consistent with escape from autologous neutralizing 

antibodies. Only isolates found in the lower part of the tree could replicate exponentially in the presence of 50 ug/mL of autologous IgG 

antibodies when included in the modified QVOA. These outgrowth isolates had similar escape mutations and were genetically similar to the 

virus that rebounds following ART interruption.

Study Participants 
Adults with HIV-1 on suppressive ART were enrolled at University of 

California – San Francisco (UCSF) for the Gates-SCOPE Analytical 
Treatment Interruption (ATI) trial. Selection criteria included viral 

suppression for > 6 months and undetectable plasma HIV-1 RNA 

levels (< 20 copies per mL) prior to the ATI. Participants underwent 
leukapheresis under a protocol approved by UCSF and SCOPE 

Institutional Review Board (IRB). All participants provided written 
informed consent. Coded, deidentified leukapheresis products were 

shipped by same-day courier to the Johns Hopkins School of 

Medicine for processing and analysis under a protocol approved by a 
Johns Hopkins University School of Medicine IRB. 

Modified Quantitative Viral Outgrowth Assay

Highly purified resting CD4+ T cells from each SCOPE ATI participant 

were seeded into three QVOA culture arms at 200,000 resting CD4+ T 
cells/well with up to 107 replicate wells per arm (typically 321 wells per 

study participant). Cultures were set up with either: no IgG, HIV- donor 
IgG (50 μg/mL), or with contemporaneous autologous IgG (50 μg/mL). 

Cell cultures were maintained as previously described.[5] On day 14, 

culture wells were assayed for p24 antigen by HIV-1 p24 ELISA 
(Perkin Elmer).

Future Work

1. Complete modified QVOAs for additional SCOPE ATI participants and compare outgrowth with rebound sequences.

2. Complete Tzm-bl direct neutralization assays testing baseline IgG against rebound and latent variants.

Figure 2. Modified QVOA with either no IgG, 

uninfected donor IgG, or contemporaneous 

autologous IgG.
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Figure 6. Phylogenetic analyses of full-length Env sequences from (A) SCOPE1498, (B) SCOPE2929, (C) 
SCOPE1184, and (D) SCOPE2153. Outgrowth isolates were genetically similar to rebound virus for most participants, 

except SCOPE1184, a known viremic controller with few outgrowth wells. In SCOPE2153, outgrowth isolates nearly 
identical to rebound virus were highly resistant as shown by Tzm-bl direct neutralization assays and had an IC50 

greater than 100 ug/mL autologous IgG antibodies from the baseline ATI timepoint.
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Quantitative Virus
Outgrowth Assay (qVOA)

Introduction 

• Latently-infected resting memory CD4+ T cells, known as the latent reservoir, represent the major barrier to cure.

• During untreated infection, HIV-1 continuously evolves to evade autologous neutralizing antibody (anAb) responses, 
which results in little to no contemporaneous neutralization.[3-4]

• Antiretroviral therapy (ART), however, reduces viremia to undetectable levels by most clinical assays and halts viral 

evolution, but is not curative. If ART is stopped, rapid and exponential viral rebound occurs.

• The principal goal of HIV-1 cure research is to prevent viral rebound. However, among people who stop ART, it is 

difficult to predict 1) which isolates may contribute to initial viral rebound and 2) when it might occur. 

• The ability to predict both features prior to ART interruption may be necessary towards efforts aiming for a functional 

HIV cure.

Hypothesis

We hypothesize that contemporaneous anAbs influence viral rebound dynamics. anAb-sensitive reservoir isolates 
detected prior to ART interruption may not rebound and the aNAb-resistant isolates may be genetically similar to virus 

that rebounds. 

Methods Modified quantitative viral outgrowth assays (QVOAs) were conducted using participant-derived resting 
CD4+ T cells and aNAbs collected prior to ART interruption. QVOAs were conducted in the presence of either: no IgG, 

HIV- donor IgG, or contemporaneous autologous IgG antibodies. See methods section for more details.

Results and Conclusions 

We have identified the percentage of inducible, replication-competent reservoir isolates sensitive to neutralization by 

contemporaneous aNAbs prior to the ATI has a statistically significant correlation with time to viral rebound. 

Furthermore, phylogenetic analyses revealed that aNAb-resistant reservoir variants were genetically similar to 

rebound virus in multiple participants, and in Tzm-bl direct neutralization assays were highly resistant.

Single Genome Env Sequencing  
HIV-1 Env from cDNA was amplified with a two-step, nested PCR protocol. The outer PCR was completed in a volume 

of 10 μL containing 10x PCR buffer, 50 mM MgCl2, 10 mM PCR dNTP mix (Promega), 5 U/μL of Platinum Taq DNA 
Polymerase High Fidelity with a 50 μM final concentration of primers envB5out 

(5′ TAGAGCCCTGGAAGCATCCAGGAAG 3′ ; nt 5853 to 5877 of the HXB2 sequence) and envB3out (5’ 

TTGCTACTTGTGATTGCTCCATGT 3’). PCR conditions were 94°C for 2 min (94°C for 30 s; 50°C for 30 s; 72°C for 
2.5 min) for 44 rounds, and 72°C for 3 min. The nested, inner PCR was completed in a total volume of 18 μL using 2 

μL of the first round PCR product diluted 1:1 with Tris: HCl, pH 8.0, and 50 μM of the primers envB5in 
(5′ TTAGGCATCTCCTATGGCAGGAAGAAG 3′ ; nt 5957 to5983 of the HXB2 sequence) and envB3in 

(5′GTCTCGAGATACTGCTCC-CACCC 3′ ; nt 8882 to 8904 of the HXB2 sequence). PCR conditions were conducted 

at 94°C for 2 min (94°C for 30 s; 55°C for 30 s; 72°C for 2.5 min) 41 times, and finally 72°C for 3 min. PCR products 
were subsequently run on a 1% agarose gel for analysis. Bands at 3 kb  were subjected to Sanger sequencing. 

Plasma viremia was sequenced by Oxford Nanopore and PacBio.

Phylogenetic Analyses

Full-length Env contigs from single genome sequencing were aligned to a consensus HXB2 sequence using the 
Geneious Prime Software and BioEdit. Maximum-likelihood phylogenetic trees were constructed using IQ Tree 

(LANL). Trees were visualized in MEGA11, and data annotations included using Adobe Illustrator.

Figure 3. HIV-1 p24 ELISA results for three modified QVOA arms conducted for three representative participants: (A) SCOPE2919, (B) 

SCOPE3662, and (C) SCOPE2056. Neutralization by autologous IgG is reflected in the decreased p24 antigen levels in the QVOA arms 

with autologous IgG as compared to the two control arms with no IgG and control IgG.
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1. The percentage of reservoir variants neutralized by contemporaneous aNAbs at 50 ug/mL in the modified QVOA has 

a statistically significant correlation with time to viral rebound.

2. Autologous IgG-resistant outgrowth viruses were genetically similar to virus that rebounds following ART 

interruption.

3. People on ART for more than two decades had detectable viremia within 2-4 weeks following ART interruption.

4. ATI studies using time to rebound as an outcome measurement should consider the role of aNAbs.

Figure 1. Rebound is likely attributed to aNAb-resistant HIV-1 reactivated after ART interruption.

Figure 4. Rebound viremia detected in nine SCOPE ATI participants following ART interruption. (A) Variable time to >200 copies HIV-1 

RNA/mL (dashed line) following ART interruption; ranges from 10-38 days. (B) The percentage of inducible, replication-competent 

reservoir isolates neutralized by autologous IgG in the modified QVOA has a statistically significant  correlation with time to rebound.

Figure 5. Phylogenetic analysis of full-length Env sequences from each experimental arm of the modified QVOA for SCOPE2056. HIV-1 

outgrowth sequences indicated as dark purple, light purple and orange squares grew out in the presence of either no IgG, control IgG, or 

autologous IgG, respectively. There are mutations in the variable loops of Env consistent with escape from autologous neutralizing 

antibodies. Only isolates found in the lower part of the tree could replicate exponentially in the presence of 50 ug/mL of autologous IgG 

antibodies when included in the modified QVOA. These outgrowth isolates had similar escape mutations and were genetically similar to the 

virus that rebounds following ART interruption.

Study Participants 
Adults with HIV-1 on suppressive ART were enrolled at University of 

California – San Francisco (UCSF) for the Gates-SCOPE Analytical 

Treatment Interruption (ATI) trial. Selection criteria included viral 

suppression for > 6 months and undetectable plasma HIV-1 RNA 

levels (< 20 copies per mL) prior to the ATI. Participants underwent 
leukapheresis under a protocol approved by UCSF and SCOPE 

Institutional Review Board (IRB). All participants provided written 

informed consent. Coded, deidentified leukapheresis products were 

shipped by same-day courier to the Johns Hopkins School of 

Medicine for processing and analysis under a protocol approved by a 
Johns Hopkins University School of Medicine IRB. 

Modified Quantitative Viral Outgrowth Assay

Highly purified resting CD4+ T cells from each SCOPE ATI participant 

were seeded into three QVOA culture arms at 200,000 resting CD4+ T 
cells/well with up to 107 replicate wells per arm (typically 321 wells per 

study participant). Cultures were set up with either: no IgG, HIV- donor 

IgG (50 μg/mL), or with contemporaneous autologous IgG (50 μg/mL). 

Cell cultures were maintained as previously described.[5] On day 14, 

culture wells were assayed for p24 antigen by HIV-1 p24 ELISA 
(Perkin Elmer).

Future Work

1. Complete modified QVOAs for additional SCOPE ATI participants and compare outgrowth with rebound sequences.

2. Complete Tzm-bl direct neutralization assays testing baseline IgG against rebound and latent variants.

Figure 2. Modified QVOA with either no IgG, 
uninfected donor IgG, or contemporaneous 

autologous IgG.

 HXB2

0.02

QVOA w/o IgG
QVOA w/ control IgG
QVOA w/ autologous IgG
Historical plasma virus

SCOPE2056

Rebound plasma virus

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Alignment position

V1 V2 V3 V4 V5

 HXB2

0.02

QVOA w/o IgG
QVOA w/ control IgG
QVOA w/ autologous IgG

SCOPE2929

Rebound plasma virus

 HXB2

0.050

QVOA w/o IgG
QVOA w/ control IgG
QVOA w/ autologous IgG
Historical plasma virus

SCOPE1498

Rebound plasma virus

 HXB2

0.050

QVOA w/o IgG
QVOA w/ control IgG
QVOA w/ autologous IgG
Historical plasma virus

SCOPE1184

Rebound plasma virus

Silent and Non-silent Mutations compared to master

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Alignment position

 HXB2

0.02

QVOA w/o IgG
QVOA w/ control IgG
QVOA w/ autologous IgG
Historic plasma virus

SCOPE2153

Rebound plasma virus

Viremic controller

Figure 6. Phylogenetic analyses of full-length Env sequences from (A) SCOPE1498, (B) SCOPE2929, (C) 
SCOPE1184, and (D) SCOPE2153. Outgrowth isolates were genetically similar to rebound virus for most participants, 

except SCOPE1184, a known viremic controller with few outgrowth wells. In SCOPE2153, outgrowth isolates nearly 
identical to rebound virus were highly resistant as shown by Tzm-bl direct neutralization assays and had an IC50 

greater than 100 ug/mL autologous IgG antibodies from the baseline ATI timepoint.
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▪ Autologous IgG-resistant outgrowth viruses in qVOA (in vitro) were 

genetically similar to virus that rebounds following ATI

▪ Inducing a potent immune response against autologous IgG-resistant 

variants prior to an ATI may represent a functional HIV cure
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Does the intact reservoir remain stable after ATI ?
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• Chronic-treated participants had higher reservoir levels at all time points compared to 

early-treated participants.

• Intact, total and defective proviral levels increased during ATI (median 4 weeks).

• ~ 24 weeks after viral re-suppression on ART, levels of intact, total and 5’ defective proviruses 

returned to their pre-ATI baseline levels for both early and chronic-treated groups.
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• Analytical treatment interruption (ATI) studies remain vital 

for testing strategies towards an ART-free HIV control.

• The impact of short-term ATI on the HIV reservoir remains 

unclear. 

• We performed longitudinal assessment of the HIV reservoir 

in A5345, a prospective treatment interruption study 

(Li, J.Z. et al., CID, 2022 & Li, J.Z. et al., JCI Insight, 2024).

Figure 1. Levels of CA-RNA at pre-ATI, early ATI and ~24 weeks after viral 

re-suppression upon ART restart. 

p*<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 
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Figure 2. Intact, Total and Defective proviral size at pre-ATI, end of ATI and ~24 weeks after viral re-

suppression upon ART restart. 

p*<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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• CA-RNA levels were relatively stable before and after the ATI.

RESULTS
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Conclusion: Short-term ATI does not 
irreversibly change the reservoir size as 
reflected by stable levels of CA-RNA and 
intact HIV DNA after ~24 weeks of viral re-
suppression on ART.
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Figure 3. Defective and Total proviral size at pre-ATI, end of ATI and 

~24 weeks after viral re-suppression upon ART restart. 

p*<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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re-suppression on ART

▪ Short-term ATI does not irreversibly change the reservoir size as reflected by stable levels of 

intact HIV DNA and cell-associated RNA after ~24 weeks of viral re-suppression on ART
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• Chronic-treated participants had higher reservoir levels at all time points compared to 

early-treated participants.

• Intact, total and defective proviral levels increased during ATI (median 4 weeks).

• ~ 24 weeks after viral re-suppression on ART, levels of intact, total and 5’ defective proviruses 

returned to their pre-ATI baseline levels for both early and chronic-treated groups.
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• Analytical treatment interruption (ATI) studies remain vital 

for testing strategies towards an ART-free HIV control.

• The impact of short-term ATI on the HIV reservoir remains 

unclear. 

• We performed longitudinal assessment of the HIV reservoir 

in A5345, a prospective treatment interruption study 

(Li, J.Z. et al., CID, 2022 & Li, J.Z. et al., JCI Insight, 2024).

Figure 1. Levels of CA-RNA at pre-ATI, early ATI and ~24 weeks after viral 

re-suppression upon ART restart. 
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Figure 2. Intact, Total and Defective proviral size at pre-ATI, end of ATI and ~24 weeks after viral re-

suppression upon ART restart. 

p*<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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Conclusion: Short-term ATI does not 
irreversibly change the reservoir size as 
reflected by stable levels of CA-RNA and 
intact HIV DNA after ~24 weeks of viral re-
suppression on ART.
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Figure 3. Defective and Total proviral size at pre-ATI, end of ATI and 

~24 weeks after viral re-suppression upon ART restart. 

p*<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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• ART: 4 years in the early-Tx; 10 years in the chronic-Tx
• Day of rebound: first viral load ≥ 1,000 copies/mL
• Median time to viral rebound: 22 days (13–230)

INTACT PROVIRUSES
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Does the intact reservoir remain stable after ATI ?

▪ Intact provirus return to the BL levels Post-ATI 

in the A/E group but not in the Chronic group.

▪ Biomarkers of immune activation and residual 

pVL remained elevated at Post-ATI compared 

to the baseline only in the Chronic group.

▪ It is plausible that the A/E group had a 

stronger innate immune response to HIV 

leading to a faster decay of the intact HIV DNA 

reservoir following the re-initiation of ART.

A/E: acute/early
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Immune responses and HIV reservoir evolution from 
pre-ART to 5 years into post-treatment control

eCLEAR study Gunst et al. 2022. Nat Med

▪ High proportion of intact proviruses 

integrated in regions of heterochromatin

▪ Effector CD4 T-cell activation

▪ Strong HIV-1 specific CD8 T-cell response

ART
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