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- We have tested this approach in the NHP animal model using SIV. 
- The levels of SIV-containing cells decreased when animals received venetoclax at ART initiation

- Blocking molecules helping infected CD4 T cells to survive. 
- We are using a drug (venetoclax) that promotes cell death and should be more effective in 
eliminating infected cells as compared to those without the virus. 

Because the elimination of the long-lived cells that harbor HIV is a key step toward HIV cure

Goals of our study

What we did and learn from this study?

Why is this important in the search for an HIV cure?

Plain Language Summary



Antiretroviral therapy (ART) does not eradicate HIV 

HIV hides in reservoirs that are not sensitive to current therapies
Deeks & Lewin et al., Nat Med 2021
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● What is the nature of the HIV reservoir?

● What are the mechanisms favoring its persistence?

● How to target/harness them with immune-based interventions to 
safely achieve sustained control of HIV? 

1. Immune-mediated clearance/control of HIV will require combined approaches that take
fully into account the remarkable complexity of the HIV reservoir

2. A better understanding of the mechanisms regulating HIV persistence is absolutely
needed to design the most effective and safe combined strategy

Immunotherapy-based cure interventions: the “ERASE HIV” approach
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Targeted 
immune 

interventions

Role of IL-10 
and PD-1

Blocking IL-10 and PD-1 to 
restore immune functions

HIV hides in reservoirs that are not sensitive to current therapies



Dual IL-10 and PD-1 blockade improves SIV control 
after ATI in RMs

2022

2024
Bonnie Howell

Rafick Sekaly Susan Ribeiro Zach Strongin

Bonnie Howell Jeff Lifson Justin Harper



ART during early 
infection

ART interruption

ART

Antiretroviral therapy (ART) does not eradicate HIV 

Define 
mechanisms 

of viral 
persistence

Targeted 
immune 

interventions

Role of IL-10 
and PD-1

Blocking IL-10 and PD-1 to 
restore immune functions

Role of stem-like
CD8 T cells

HIV hides in reservoirs that are not sensitive to current therapies



Long-term memory CD8 T cells with effector profile while 
maintaining stem-like features favor SIV control

• Early and significant expansion of TCF1+CD39+ 
CD8 T cells (GzmB-GzmK+) in the LN of SIV-
infected RMs and PLWH.

• These cells exhibit both effector and stem-like 
profiles and are associated with better SIV 
control (including intact SIV-DNA)

• TCF1+CD39+ CD8 T cells express more CXCR5 
than traditional effector CD8 T cells

• They are preferentially localized in BCF and in 
proximity of vRNA+ cells
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Long-term memory CD8 T cells with effector profile while 
maintaining stem-like features favor SIV control

Early treatment favors the development of long-term 
memory, TCF1+ CD8+ T cells with enhanced proliferative 
and SIV suppressive capacity that are able to mediate a 

robust secondary-like response upon viral rebound.
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BCL-2-inhibition via 
venotoclax to disrupts 

reservoir establishment

HIV hides in reservoirs that are not sensitive to current therapies



BCL-2 Family Proteins and Apoptosis

(Jason D. Huska et al., BCL-2 Family Proteins, Springer Protocols, 2019) 



(Natesampillai et al., J Virol, 2018; Ren et al., J  Clin Invest, 2020; 
Chandrasekar et al., Front Immunol., 2022; Kim et al., Nat Protoc, 2014) 

 In vitro experiments have shown that BCL-2
counteracts the proapoptotic effect of HIV and
increases the survival of HIV-infected cells,
contributing to the establishment of the
reservoir.

 BCL-2 antagonism sensitizes cytotoxic T cells-
resistant HIV reservoirs to elimination ex vivo.

 HIV is enriched in BCL-2hi CD4+ T cells.

BCL-2 protects infected cells from HIV or CD8 T cell-induced cell death, thereby 
contributing to the establishment and persistence of the HIV reservoir



Targeting BCL-2 at ART initiation

Hypotheses

 BCL-2 inhibition initiated with early ART will 
limit the establishment and maintenance of the 

latent reservoir.



Targeting BCL-2 at ART initiation

Hypotheses

 BCL-2 inhibition initiated with early ART will 
limit the establishment and maintenance of the 

latent reservoir.

 BCL-2 inhibition combined with a latency-
disrupting strategy (CD8α depletion) will expose

more infected CD4+ T-cells to apoptosis, thus 
synergizing in limiting the SIV reservoir.

CD8 depletion immediately prior early ART
initiation (day 14 post infection) resulted in
slower decline of viremia without changes in the
frequency of CD4+ T-cells harboring intact
provirus. (Statzu et al., Nat Micro,2023)



 Selective inhibitor of BCL-2

 Induces apoptosis by binding directly to BCL-
2(1), displacing proapoptotic proteins like BIM 
and BAX(2), triggering mitochondrial outer 
membrane permeabilization(3), and activating 
caspases.

1 2
3

BCL-2 inhibition: Venetoclax

D

D

FDA-approved for:

 Chronic Lymphocytic Leukemia
 Small Lymphocytic  Lymphoma  
 Acute Myeloid Leukemia



(Chandrasekar et al., J Virol., 2020) 

 Venetoclax treatment reduced plasma viremia and 
resulted in more mice with undetectable intact HIV

Targeting BCL-2 with venetoclax: hu-mice studies



 Venetoclax delays viral rebound in a humanized mouse model of HIV infection

Targeting BCL-2 with venetoclax: hu-mice studies



Targeting BCL-2 to limit the establishment and 
maintenance of the SIV reservoir: Study Design

Anti-CD8⍺: Subcutaneous at ART initiation

Venetoclax: Subcutaneous (20mg/kg) or oral (venclexta 300mg +CYP3A inhibitor) during early ART

Virologic Impact:
Plasma Viral Load

SIV Reservoir (IPDA)
PBMCs

LNs

Immunologic 
Impact/Efficacy: 
Cellular Dynamics 

PBMCs
LNs
RBs

Tomas Wiche
Salinas



Immunological Impact of BCL-2 Inhibition

 Venetoclax-treated RMs showed an initial decrease in blood CD4+ T cell counts, with a long-term
reconstitution comparable to controls.
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Bulk RNA-seq: Sorted CD4+T cells
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Immunological Impact of BCL-2 Inhibition

NOD signaling pathway Inflammasome/ Pyroptosis

NLR signaling pathways

T cell receptor regulation of apoptosis

Interleukin-2 signaling pathway

Toll receptor cascades
TGF-beta regulation of extracellular matrix

NOD signaling pathway

Endogenous Toll-like receptor signaling

Cross-presentation of exogenous antigens

Leptin influence on immune response

Cytokine-cytokine receptor interaction
Phagosome

Inflammasomes

TNF-alpha effects on cytokine activity

Senescence and autophagy

VenetoclaxVehicle GSVA Day 25

Log2 GSVA enrichment scores



Immunological Impact of BCL-2 Inhibition (Day 25)
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 Some anti-apoptotic genes are also upregulated in CD4+ T cells after VTX treatment
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BCL-2 Inhibition, particularly with CD8 depletion, slowed plasma viral 
load decay, suggesting disruption of latency 

 This slower decline can be interpreted as prolonged lifespan of productively SIV-infected 
cells and/or higher per-cell virus production from these cells



CD4+ T cells 
enrichment

Intact Proviral DNA assay 
(IPDA)PBMC

Inhibition of BCL-2 via venotoclax leads to a rapid and lasting 
reduction of the SIV- Reservoir

Vehicle Venetoclax Venetoclax+anti-CD8

Rapid and sustained decrease in the frequency of blood CD4+ T cells with intact proviral genomes
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CD4+ T cells 
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Intact Proviral DNA assay 
(IPDA)PBMC

Inhibition of BCL-2 via venotoclax leads to a rapid and lasting 
reduction of the SIV- Reservoir

Vehicle Venetoclax Venetoclax+anti-CD8

The net reduction of the reservoir is higher when considering the absolute levels of CD4+ T cells
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BCL-2 inhibition at ART initiation:

 Is associated with a slower decline of viremia (prolonged lifespan of productively 
infected cells and/or higher per-cell virus production)

 Significantly perturbs the establishment and maintenance of the intact SIV reservoir 
in blood 

 Appears to preferentially impact circulating CD4+ T cells harboring intact SIV
 
BCL-2 inhibition during long-term ART (2 years), combined with a latency-reversal 
strategy, reduces the size of the SIV reservoir (Sydney Bergstresser) 

Bcl-2 inhibition, either at ART initiation or during long-term ART, warrants further 
studies as a novel approach to disrupt HIV and SIV persistence.

Conclusions
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�SIV-env mAb
ITS102.01-LS
ITS103.01-LS
ITS109-LS
ITS113.01-LS

MT807R1 Ab 
CD8� Depletion
50 mg/kg

Rh-heterodimeric 
IL-15
10-40 ug/kg

Venetoclax
300 mg/dose

BCL-2 antagonism in long-term ART suppressed SIV-infected Rhesus 
macaques to decrease the intact proviral reservoir

BCL-2 inhibition via Venetoclax in CD8a depleted, ART suppressed, 
SIV infected rhesus macaques

• 2 years of ART before interventionsSydney 
Bergresser

Guido 
Silvestri

Deanna 
Kulpa



Decrease of intact SIV proviral DNA observed in peripheral CD4+ T cells 
is observed following Venetoclax treatment

Bergstresser et al in preparation

CD8� depletion + hetIL-15 induces on ART viremia +/- 
Venetoclax

BCL-2 inhibition perturbs the viral reservoir in CD8a depleted, ART 
suppressed, SIV infected rhesus macaques


