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Plain Language Summary




Antiretroviral therapy (ART) does not eradicate HIV
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HIV hides in reservoirs that are not sensitive to current therapies

Deeks & Lewin et al., Nat Med 2021
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7k EinsE
21V Immunotherapy-based cure interventions: the “ERASE HIV” approach

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 Dbetter understanding of the mechanisms regulating HIV persistence is absolutely
needed to design the most effective and safe combined strategy

e What is the nature of the HIV reservoir?
e What are the mechanisms favoring its persistence?

e How to target/harness them with immune-based interventions to
safely achieve sustained control of HIV?
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Dual IL-10 and PD-1 blockade improves SIV control

after-AHHh RMs

J[ Eﬂf‘ilci“f".a‘eg{i Interleukin-10 contributes to reservoir establishment

and persistence in SIV-infected macaques treated with
antiretroviral therapy
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maintaining stem-like features favor SIV control

nature immunology

Article

https://doi.org/10.1038/s41590-024-01875-0

Distinct SIV-specificCD8" T cellsin the lymph

node exhibit simultaneous effector and
stem-like profiles and are associated with
limited SIV persistence
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% Check for updates

Lymphoid
TCF1:CD39*
CDS*Tcells
maintain
stem-like
featuresand
contributeto
viral control

The question

Much of our understanding of CD8"* T cell
functionality, stemness and exhaustionin
chronic antigen settings comes from work
inlymphocytic choriomeningitis virus
(LCMV) and cancer. This work has identified
TCF1'CD8"* T cells as the stem-like popula-
tion that fuels the differentiated effector and
exhausted CD8* T cell populations, typically
identified by lack of TCF1 expressionand
high expression of inhibitory receptors and
markers of terminal differentiation, includ-
ing CD39'% To designbetter T cell therapeu-
tic approaches for HIV, we aimed to under-
stand the kinetics and relevance of these
same CD8" T cell subsets after HIV infection.
Inaddition, we wanted to explore this ques-
tion with a particular focus on lymph node
CD8*T cells, given the role of lymph nodes as
primary sites of viral replication and previ-
ous demonstrations of unique CD8* T cell
biology within lymphnodes®*.

were preferentially located within B cell fol-
licles, a site of high viral replication with the
potential to serve as animmune sanctuary,
and were found to be in closer proximity to
SIV*CD4* T cells than SIV-CD4"* T cells.

In addition to SIV-infected macaques, we
investigated these same CD8* T cell dynam-
icsinlymph nodes from antiretroviral ther-
apy (ART)-naive and ART-suppressed PLWH
and found that TOX"TCF1*CD39*CD8* T cells
with a highly similar phenotype are also ex-
panded in PLWH and associated with lower
intact reservoir sizein ART-suppressed
PLWH.

Theimplications

This study provides insight into the dynam-
ics of canonical stem-like and terminally
differentiated CD8* T cells in lymphoid
tissue, and identifies a previously unde-
scribed population of TCF1*CD39*CD8*

T cells that are associated with viral 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 vVRNA+ cells

Mike Betts Betina
Pampena Avilar

Santiago Gustavo Haydn

Reyes-Teran Kissick



maintaining stem-like features favor SIV control

nature immunology nature communications
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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.



Antiretroviral therapy (ART) does not eradicate HIV
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BCL-2 Family Proteins and Apoptosis
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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

O 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.

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

(J HIVis enriched in BCL-2hi CD4+ T cells.

CD4 T-cell
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(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)



Targeting BCL-2 at ART initiation

Hypotheses

O BCL-2 inhibition initiated with early ART will
limit the establishment and maintenance of the
latent reservoir.



Targeting BCL-2 at ART initiation

Hypotheses

O BCL-2 inhibition initiated with early ART will
limit the establishment and maintenance of the
latent reservoir.

O BCL-2 inhibition combined with a latency-
disrupting strategy (CD8a 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)
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BCL-2 inhibition: Venetoclax

[ 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 A
caspases. Cytochrome ¢
Apoptosis

FDA-approved for: = e

O Chronic Lymphocytic Leukemia Administration of Venetoclax to Promote Apoptosis of HIV-infected Cells and Reduce the Size of the

O Small Lymphocytic Lymphoma HIV Reservoir Among People Living With HIV on ART (AMBER)

4 Acute Myeloid Leukemia ClinicalTrials.gov ID @ NCT05668026

Sponsor @ University of Aarhus

Information provided by @ University of Aarhus (Responsible Party)



Targeting BCL-2 with venetoclax: hu-mice studies

VACCINES AND ANTIVIRAL AGENTS
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Targeting BCL-2 with venetoclax: hu-mice studies

Cell Reports

Medicine

Venetoclax, alone and in combination with the BH3
mimetic S63845, depletes HIV-1 latently infected
cells and delays rebound in humanized mice

Philip Arandjelovic,’2? Youry Kim,*° James P. Cooney,’? Simon P. Preston,’? Marcel Doerflinger,’ 2

James H. McMahon,* Sarah E. Garner,'-2 Jennifer M. Zerbato,® Michael Roche,?® Carolin Tumpach,® Jesslyn Ong,?
Dylan Sheerin,:2 Gordon K. Smyth,>% Jenny L. Anderson,®1? Cody C. Allison,":2? Sharon R. Lewin,3:4.7:10

and Marc Pellegrini?:2:10.11.*
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Targeting BCL-2 to limit the establishment and
maintenance of the SIV reservoir: Study Design

Tomas Wiche
Salinas
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Immunological Impact of BCL-2 Inhibition
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 Venetoclax-treated RMs showed an initial decrease in blood CD4+ T cell counts, with a long-term
reconstitution comparable to controls.



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



Immunological Impact of BCL-2 Inhibition
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Immunological Impact of BCL-2 Inhibition

Venetoclax GSVA Day 25

Bulk RNA-seq: Sorted CD4+T cells Vehicle
Day 25
10 B
. 230y 1032

NOD signaling pathway
+5

-5 Gene

ccLs
ccL2
CARD9

8- 3¢ To NLRC4
PSTPIP2

6 MEFV
NAIP

NOD2

IL1B

PYCARD

2 IL18
MAPK11

0 . . CASP1
CASP4
MAP2K6
TNFAIP3

-log10(p-adj)

NLR signaling pathways

I T cell receptor regulation of apoptosis I

Interleukin-2 signaling pathway
Toll receptor cascades
TGF-beta regulation of extracellular matrix

INOD 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

| Log2 GSVA enrichment scores

Inflammasome/ Pyroptosis
4\ ‘\ NLRPI2
9 NAIP
—

[Muramsy1 Pipeptide &
induce @ligomerization

\RDS

CASPS



Immunological Impact of BCL-2 Inhibition (Day 25)
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Clusterin inhibits apoptosis by interacting with
activated Bax
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Inhibition of Both the Extrinsic and Intrinsic
Death Pathways through Nonhomotypic
Death-Fold Interactions

0

Young-Jae Nam,"?>*® Kartik Mani,">*¢
Anthony W. Ashton,"*® Chang-Fu Peng,"*®
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 Some anti-apoptotic genes are also upregulated in CD4+ T cells after VTX treatment



BCL-2 Inhibition, particularly with CD8 depletion, slowed plasma viral
load decay, suggesting disruption of latency

Viral Load (copies/ml)

&
o
o Q
'
(3] . .
. 1 Vehicle Venetoclax [ Venetoclax+anti-CD8
= | SIV Plasma Viral Load
109-JL ; : Decay Model
3 : ART Phase 1 Phase 2 Phase 3
1.5= * | |
o S |
1 | |
g'tg | |
| |
| |
o 1.0- i i
&“ o o : :
g* | |
3 I * I
2 05- L i
*[l —— :
1 N = R L N = | |
10 i ||LOD: 15 copies/ml : -- - : :
..... e e, ! !
10°-9— T 1 I T 1 I I | | H:
0 1425 70 84 112 142 179 204 231 259 294 0.0 I I 1 I ———— , —-—.—_

Day p.i.

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



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

CD4+ T cells Intact Proviral DNA assay

PBMC enrichment (IPDA)
[ Vehicle Venetoclax [ Venetoclax+anti-CD8
—
2 & AUC
: £ Blood CD4+T cells i Blood CD4+ T cells sk
5 3 (i 20000004 [
1ooooo-¢ - ART 1000005 ™ Iﬁl
<3 % @ P - 1500000 -
= < =
EI 8 10000 = T |i||_I kk E- 8 10000 A T
3 |: ? [exe | > I: ' 1000000 i
0 g 1 * N o T
88 M 1 88 | T
£+ 10004 — ..g o 1000
£o m £o 500000
e 1I4 2I5 7Io 1;9 2;)4 e 1425 70 179 204 0 | | I
Time (days from SIV infection) Time (days from SIV infection)

Rapid and sustained decrease in the frequency of blood CD4* T cells with intact proviral genomes



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

CD4+ T cells Intact Proviral DNA assay

PBMC

enrichment (IPDA)
———
1 Vehicle Venetoclax [ Venetoclax+anti-CD8
—
5 AUC

% § _ Blood w8 Blood

g =  SlV-infected CD4+ T cells/ml ¥ & SIV-infected CD4+ T cells/ml Fkk

P | o

- ‘ 400000  ¥¥*k*
100000-‘ ART 1000003 o ART [ |
_ skokok —_
= e £ 100004 300000 - T
~ % =~
< 10000 E L1 = 1 < l
Z ? — 2 1000- 200000 T
> >
7 «» l
¥ 1000 © 100 100000 —
£ £
E E :
10 i I 1 0 1 T T
100 I I I 14 25 70
14 25 70 ] . .
Time (days from SIV infection) Time (days from SIV infection)

The net reduction of the reservoir is higher when considering the absolute levels of CD4* T cells



SIV-Reservoir Quantification in LNs
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Conclusions

BCL-2 inhibition at ART initiation:

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

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

L 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.
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BCL-2 inhibition via Venetoclax in CD8a depleted, ART suppressed,

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