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Cell-Associated Viral Antigen Can Supplement 
and Augment Virus-Specific CAR T Cells
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Assessing HIV Cure Approaches 
in People Living with HIV and Cancer
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Abstract

Despite many advances in AIDS research, a cure for HIV infection remains elusive. Here, we performed autologous
hematopoietic stem cell transplantation (HSCT) in three Simian/Human Immunodeficiency Virus (SHIV)-infected,
antiretroviral therapy (ART)-treated rhesus macaques (RMs) using HSCs collected prior to infection and compared them
to three SHIV-infected, ART-treated, untransplanted control animals to assess the effect of conditioning and autologous
HSCT on viral persistence. As expected, ART drastically reduced virus replication, below 100 SHIV-RNA copies per ml of
plasma in all animals. After several weeks on ART, experimental RMs received myeloablative total body irradiation
(1080 cGy), which resulted in the depletion of 94–99% of circulating CD4+ T-cells, and low to undetectable SHIV-DNA levels
in peripheral blood mononuclear cells. Following HSC infusion and successful engraftment, ART was interrupted (40–75
days post-transplant). Despite the observed dramatic reduction of the peripheral blood viral reservoir, rapid rebound of
plasma viremia was observed in two out of three transplanted RMs. In the third transplanted animal, plasma SHIV-RNA and
SHIV DNA in bulk PBMCs remained undetectable at week two post-ART interruption. No further time-points could be
assessed as this animal was euthanized for clinical reasons; however, SHIV-DNA could be detected in this animal at necropsy
in sorted circulating CD4+ T-cells, spleen and lymph nodes but not in the gastro-intestinal tract or tonsils. Furthermore, SIV
DNA levels post-ART interruption were equivalent in several tissues in transplanted and control animals. While persistence
of virus reservoir was observed despite myeloablation and HSCT in the setting of short term ART, this experiment
demonstrates that autologous HSCT can be successfully performed in SIV-infected ART-treated RMs offering a new
experimental in vivo platform to test innovative interventions aimed at curing HIV infection in humans.
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Introduction

The introduction of antiretroviral therapy (ART) has dramat-
ically reduced the morbidity and mortality associated with HIV
infection and AIDS. However, currently available ART requires
life long treatment with significant potential side effects and a cost
that places an inordinate burden on public health systems. While
reduction of HIV viral loads below detectable limits is often
achieved in ART-treated individuals, a treatment that can
eradicate or functionally cure HIV infection remains elusive.
Many studies indicate that the key obstacle to cure HIV infection
is the presence of a persistent reservoir of latently infected cells that
are not eliminated by ART [1,2]. Thus, interruption of ART

consistently results in a rebound of viremia to pre-treatment levels
[3,4]. Several biological aspects of this virus reservoir, including its
exact cellular and anatomic origin as well as the mechanisms
responsible for its establishment and persistence under ART
remain poorly understood. This limited knowledge represents a
fundamental barrier to a cure for HIV infection, and novel
therapeutic strategies aimed at eliminating the reservoir will likely
not be developed until we overcome this barrier.

In 2009 it was reported that an HIV-infected individual with
acute myelogenous leukemia treated with myeloablative chemo-
therapy and allogeneic hematopoietic stem cell transplant (HSCT)
from a D32ccr5 homozygous donor had remained without
detectable HIV replication in the absence of ART for 1.8 years
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How Does B Cell Depletion
(e.g. for B Cell Leukemia) Impact HIV Persistence?

B Cell-Targeted CAR T Cells 

Nonhuman Primate Model 
of HIV Persistence



B Cell Follicles are a Sanctuary 
for the Persisting HIV Reservoir

Louis 
Picker

Afam 
Okoye

Elizabeth 
Connick

Pamela 
Skinner

B Cell HIV-Infected 
T Cell

Uninfected 
T Cell

Extrafollicular 
Zone

B Cell 
Follicle



Hypothesis: B Cell Depletion Disrupts B Cell Follicles 
and Facilitates Immune Clearance of HIV+ Targets
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Quantifying CD20 CAR T Cell Function and Trafficking in 
Naïve and SHIV-Infected, ART-Suppressed Macaques
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CD20 CAR T Cells Maintain Function of While Recovery of 
CD20+ Targets is Impaired in SHIV-Infected, ART-Suppressed NHP  
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ART Suppression is Maintained Following 
Infusion of CD20 CAR T Cells 

1.00E+00

1.00E+01

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E+06

0 10 20 30 40 50 60

SH
IV

 R
N

A 
C

op
ie

s 
pe

r m
L 

Pl
as

m
a

Weeks Post SHIV Infection

1.00E+00

1.00E+01

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E+06

0 10 20 30 40 50 60

SH
IV

 R
N

A 
C

op
ie

s 
pe

r m
L 

Pl
as

m
a

Weeks Post SHIV Infection

1.00E+00

1.00E+01

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E+06

0 10 20 30 40 50 60

SH
IV

 R
N

A 
C

op
ie

s 
pe

r m
L 

Pl
as

m
a

Weeks Post SHIV Infection

1.00E+00

1.00E+01

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E+06

0 10 20 30 40 50 60

SH
IV

 R
N

A 
C

op
ie

s 
pe

r m
L 

Pl
as

m
a

Weeks Post SHIV Infection

† †

† †

†Plasma Viral Load 
Limit of Quantification Daily ART CD20 CAR 

T Cell Infusion Necropsy
CONFIDENTIAL



CD20 CAR T Cells 
Induce Transient 
Ablation of B Cell 
Follicles in Lymph 
Nodes and Spleen
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CD20 CAR T Cell Therapy Does Not 
Systemically Impact SHIV Reservoir Size
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Conclusions
• CD20 CAR T cells function comparably in uninfected and SHIV-infected, 

ART-suppressed hosts, consistent with clinical data

• SHIV remains well suppressed during CD20 CAR T cell expansion

• Suppressed SHIV infection is associated with impaired B cell recovery 
following CAR T cell treatment

• No substantial impact of B cell follicle disruption on SHIV persistence 
within diverse tissue compartments



Next Steps
• Combine B cell depletion with more potent strategies to recognize and kill 

persistently-infected target cells

• Continued development and optimization of virus-specific effectors
• HIV/SIV/SHIV-specific CAR T cells
• bNAb-engineered B cells
• Cell based antigen boosting strategies

• How do B cell depletion approaches impact the HIV reservoir in people 
living with HIV and undergoing treatment for B cell leukemia?



Community Summary
• What was the key question of this research?
How can we reveal HIV-infected cells to be killed by the immune system?
• Key finding(s) and take home message?
We can temporarily break down structures within tissues that hide HIV-
infected cells, but this is not enough to eliminate those cells.
• How is this related to cure?
For HIV cure/remission, we will likely need both enhanced anti-HIV 
immunity and strategies to reveal infected cells to the immune system.
• Why should we be excited?
We can use CAR T cells not only to find and clear HIV-infected cells, but also 
as a tool to understand how the persisting virus co-opts other cell types. 


