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Rev-dependent selective targeting of HIV reservoirs (2002 – 2024)

HIV “Rev” as the trigger
1) Rev is expressed only in HIV+ cells
2) Rev is essential for HIV replication 
3) Rev interacts with RRE (Maliam, 1989)

4) Rev/RRE regulates HIV mRNA splicing and 
the nuclear export of unspliced mRNA 

Other functions of Rev/RRE  interaction:
- Genome dimerization and packaging 

(Anson, 2003)

- HIV structural protein translation (Arrigo, 
1991)

(Daugherty, Liu, and Frankel, 2010)
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Development of the HIV Rev-dependent lentiviral vector  
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- Delete all HIV genes
- Use REV/RRE to regulate Rev-dependent gene expression  

HIV genome

 Wu et al. 2007, Retrovirology 4:12

Young et al. 2008, Retrovirology 5:36 

Wang et al. 2010, Gene Therapy 17:1063 

Wu et al. 2007, Current HIV Research 5: 395

(Available from NIH AIDS Reagent Program – Cat# ARP-11466)

pNL-GFP-RRE(SA)
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293T cells

Assembly of the HIV Rev-dependent lentiviral particles 
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Wu et al. 2007, Retrovirology 4:12 

Rev-dependent, selective expression of GFP only in HIV+ cells
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Specific marking of HIV+ macrophages by the Rev-dependent particles
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Specific marking of HIV+ T cells by the Rev-dependent particles

Wu et al. 2007, Retrovirology 4:12 
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Specific marking of 90% HIV+ T cells by the Rev-dependent lentiviral particles

Young et al. 2008, Retrovirology 5:36 

Wu et al. 2007, Retrovirology 4:12 
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High Specificity of the HIV Rev-dependent indicator cells 

Wu et al. 2007, Retrovirology 4:12 

(available from NIH AIDS Reagent Program – Cat# ARP-11447)

Wu et al. 2007, Current HIV Research 5: 395

Rev-CEM GFP indicator cell
Uninfected + HIV

CEM-GFP
(Tat-dependent)

Untreated + PMA + TNF-a

Rev-CEM
(Rev-dependent)

GFP

pNL-GFP-RRE(SA)-based Rev-dependent cells by others: 
Sup-GGP (Salasc et al, 2019, Scientific Reports, 19325)
TZM-GFP (Gludish et al. 2020, Scientific Reports, 19900)
Rev-GGR (Benhur Lee et al. 2017, US Patent- US9,719,127 B2)
Rev-CEM-D4/-E7 (Alex Sigal, Jackson et al. 2018, eLife, 30134)
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Selective killing of HIV+ cells by the Rev-dependent particles in vitro

• Anthrolysin O
• Diphtheria toxin A chain

Therapeutic gene
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Proof-of-concept:  killing of HIV+ macrophages in vitro

Young et al. 2008, Retrovirology 5:36 
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Young et al. 2008, Retrovirology 5:36 

Proof-of-concept:  killing of HIV+ T cells in vitro
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In vivo validation of the Rev-dependent vector in SIV/rhesus macaque

- endogenous human gene
- low level expression is tolerated
- over-expression triggers apoptosis

Tumor necrosis factor-associated factor 6 
(TRAF6)

HSV-tk
Cellular 
Kinase

Cellular 
Kinase

- Superior safety profiles: over 30 years of research
- Capable of mobilization and amplification
- High titer particles can be assembled: > 1010

Ganciclovir (CGV)
- Competitive inhibitor of dGTP
- Inhibit DNA polymerase chain elogation

Herpes simplex virus-1 thymidine kinase (HSV1-tk)

H
elper vectors
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Assembly and concentration of the SIV Rev-dependent lentiviral particles 

Hetrick et al. Gene Therapy, 2024, DOI: 10.1038/s41434-024-00467-9

500-1000 folds concentration to 0.5 ml
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Schematic of in vivo proof-of-concept animal study design 
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Hetrick et al. Gene Therapy, 2024, DOI: 10.1038/s41434-024-00467-9

Partial inhibition of viral rebound by the Rev-HSV1-tk particles

Rev-TRAF6-RRE
adverse effects 

A single Rev-HSV1-tk injection
3-4 log reduction 
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Lessons learned: 

- It is very difficulty, if not impossible, to kill all reservoir 
cells.

- Can we use Rev-targeting to partially modulate reservoir 
cells to stimulate immunity for immune control ?  
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Hetrick et al. Gene Therapy, 2024, DOI: 10.1038/s41434-024-00467-9

Proof-of-Concept: diminishing viral rebound with the Rev-dependent particles  

KC50 self-controlled SIV to an 
undetectable level most of the time 

for 2 years after ART terminated
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KC50: undetectable viral load in cerebrospinal fluids & QVOA in peripheral CD4 T cells 

- Peripheral CD4 T cell reservoir undetectable
- Tissue reservoirs may still persist 

Proof-of-concept: 
  Rev-dependent vector may also target microglia 
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Hetrick et al. Gene Therapy, 2024, DOI: 10.1038/s41434-024-00467-9

- KC50  is negative for Mamu-A*01, B*08 and
B*17 expression.

- The presence of high titers of tier 2 
neutralizing antibodies was coincident with
the period when plasma viremia remained 
undetectable. 

Induction of tier 2 neutralizing antibodies (nAb) by the Rev-dependent particles   
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• Reduce viral reservoirs
• Inhibit viral rebound  
• Stimulate neutralizing antibodies (nAB)  

Summary of Proof-of-concept Rev-targeting SIV/HIV immunotherapy in vivo 

ART only

+ Rev-targeting HIV immunotherapy (RHIT)

+ ART

HIV+ cell reservoir 

HIV+ cell reservoir 

nAB

A. Direct killing (HSV1-tk/GCV)

B. Remodeling

Rev-dependent

Defective
Interfering

C. Anti-HIV immunity

- ART
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