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Factors influencing HIV pathogenesis

Adaptive and
innate Immunity
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White blood cells are the most important
immune cells in the body...
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Cells Basophil Neutrophil
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White blood cells are divided in innate and
adaptive immune cells
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Evolution of the immune system
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HIV and the immune response

HIV infection is characterised by a progressive immune
dysfunction:

= Quantitative:
= severely reduced number of (mainly) CD4+ T cells

= Qualitative:
" Impaired cytokine production (monofunctional T cells)
" [Impairment in cytolytic function
= Lack of T-cell proliferation
= Enhanced T-cell apoptosis
= Reduced antigen presentation



Depletion and/or dysfunction of other

immune cells
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CD4+ Lymphocyte count (cells/mm?)

CD4* T cell-depletion during acute and
chronic HIV infection
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Wirus concentration in extracel lular fluid

or plasma (copies per ml)
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Correlates of protection, the holy grail for
HIV research...

* Most viral infections: individuals exist that cleared
the virus and are protected against reinfection (very
often Ab titers)

*NOT for HIV-1!

e Surrogate models:
* Highly exposed but uninfected individuals
* Long term non-progressors/elite controllers
* HIV-2 infected non-progressors
* Acute HIV-1 seroconvertors
* Non-human primates



Correlates of immune protection: what we
know

*Neutralizing Abs: protection from infection

*Cell mediated immunity (= CD8*T cells):
protection from disease




Can the reservoir be recognized and
eliminated by the immune system?

Virus=Specific Ab Virus=Specific CTL

CTL

Latently
infected cell

Virus-infected

Virus particle
cell

From: Pantaleo & Koup, Nat Med 2004



Inhibitory mechanisms limiting HIV-specific
immune responses

e Exhaustion: dysfunction and subsequent physical
deletion of antigen-specific T cells during chronic
HIV infection

*Senescence: progressive decrease in proliferative
capacity due to intrinsically limited division capacity
of T cells

Immune activation: aspecific activation of the
innate immune system driving overactivation of the
adaptive immune response




Hierarchical loss of function during T cell
exhaustion
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Active reservoir is associated with higher numbers
but less functional (more exhausted) CD8+T cells
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Active reservoir is associated with higher
numbers but less functional CD8+T cells
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Can we reverse T cell exhaustion?
Immune checkpoint inhibition against HIV infection
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ICl approved by FDA/EMA (Oncology)

Drug Target Approval Indications
Foiliimnal Melanoma, renal cell carcinoma, colorectal cancer,
];Y rvoy®) CTLA-4 2011 hepatocellular carcinoma, non-small cell lung cancer,
cEREY malignant pleural mesothelioma, esophageal cancer
Melanoma, non-small cell lung cancer, malignant
pleural mesothelioma, renal cell carcinoma, classical
Mkl Hodgkin lymphoma, squamous cell carcinoma of
(Opdivo®) PD-1 2014 the head and neck, urothelial carcinoma, colorectal
e cancer, hepatocellular carcinoma, esophageal cancer,
gastric cancer, gastroesophageal junction cancer,
esophageal adenocarcinoma
Melanoma, non-small cell lung cancer, head and
neck squamous cell carcinoma, classical Hodgkin
lymphoma, primary mediastinal large B-cell
lymphoma, urothelial carcinoma, non-muscle
Pembrolizumab PD-1 2014 invasive bladder cancer, colorectal cancer, gastric
(Keytruda“-‘") cancer, esophageal cancer, cervical cancer,
hepatocellular carcinoma, Merkel cell carcinoma,
renal cell carcinoma, endometrial carcinoma,
cutaneous squamous cell carcinoma, triple-negative
breast cancer
PP -, Non-small cell lung cancer, small cell lung cancer,
(Tecen t_n ®) PD-L1 2016 hepatocellular carcinoma, melanoma, alveolar soft
9 part sarcoma
Durvalumab PD-L1 2017 Non-small cell lung cancer, small cell lung cancer,
(Imfinzi®) biliary tract cancer, hepatocellular carcinoma
Avelumab PD-L1 2017 Merkel cell carcinoma, urothelial carcinoma, renal
(Bavencio®™) cell carcinoma
Cemiplimab PD-1 2019 Cutaneous squamous cell carcinoma, basal cell
(Ubtayo@') carcinoma, non-small cell lung cancer
?]‘:;ﬂfﬁg;’ PD-1 2021 Endometrial cancer
Relatlimab (Opdualag®, LAG-3 2022 Mislssams

combination with Nivolumab)



Few studies with mixed results when using immune
checkpoint inhibitors in PLWH...

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

HIV

Pembrolizumab induces HIV latency reversal in people
living with HIV and cancer on antiretroviral therapy

Thomas S. Uldrick"??#, Scott V. Adams', Remi Fromentin®, Michael Roche®®, Steven P. Fling’,

Priscila H. Gongalves®, Kathryn Lurain®, Ramya Ramaswami?, Chia-ching Jackie Wang’,
Robert J. Gorelick®, Jorden L. Welker®, Liz 0'Donoghue’, Harleen Choudhary’,

Jeffrey D. Lifson®, Thomas A. Rasmussen®’, Ajantha Rhodes®, Carolin Tumpach®,

Robert Yarchoan?, Frank Maldarelli?, Martin A. Cheever't, Rafick Sékaly'®, Nicolas Chomont®,
Steven G. Deeks’, Sharon R. Lewin®1"12*

Open Forum Infectious Diseases

hivma
iety of America iy medicine 0ssociotion OXFORD

Safety and Immune Responses Following Anti-PD-1
Monoclonal Antibody Infusions in Healthy Persons With
Human Immunodeficiency Virus on Antiretroviral
Therapy

Cynthia L. Gay,“ Ronald J. annh,z' Ashley Mr:Khalm,? Raymond Cha,:' Gene D. Mnrse,s‘ Chanelle L. Wimhisll,‘ Danielle M. [hlmphcell,5

Kendall F. Mnseley,s‘ Steven Hendrickx,” Michael Messer,”” Constance A. Benson,” Edgar T. Overton,**" Anne ch[:alv,m' Viadimir Jankovie,™
Elizabeth Miller," Randall Tressler,"" Jonathan Z. Li,”” Daniel R. Kuritzkes,"” Bernard J. C. Macatangay,"” Joseph J. Eron," and W. David Hardy'"";
for the AS370 Team®

Only 14 studies with ICl ongoing in PLWH,

5421 in cancer...
(clinicaltrials.gov)



Can the immune system be used to target the
reservoir?



Where is the immune system?

(Almost) everywhere!
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Where is the HIV reservoir?

Brain

Anatomical
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Strategies for targeting the HIV reservoir

The NEW ENGLAND
JOURNAL of MEDICINE

SPECIALTIES v  TOPICS v MULTIMEDIA %  CURRENTISSUE %  LEARNING/CME %  AUTHOR CENTER PUBLICATIONS v

ORIGINAL ARTICLE | f X in E

CRISPR-Edited Stem Cells in a Patient with HIV and
Acute Lymphocytic Leukemia

Authors: Lei Xu, M.D., Ph.D., Jun Wang, M.D., Ph.D., Yulin Liu, B.S., Liangfu Xie, B.S., Bin Su, Ph.D., Danlei Mou, M.D.,
Ph.D., Longteng Wang, B.S., #s , and Hu Chen, M.D., Ph.D. Author Info & Affiliations

Published September 11, 2019 | N Engl | Med 2019;381:1240-1247 | DOI: 10.1056/NE)Moa1817426

VOL. 381 NO. 13

()

Block
Latency promoting agents (LPAs
- siPromA/143
«LTR362
- Nullbasic

Shock

JLatency reversing agents (LRAs
« HDAC inhibitors
- HMT inhibitors
« PKC inhibitors

ART not required

<immune checkpoin -dCA
inhibitors <« Kill - ASP RNA Lock
Latent HIV-1 - Induced super/deep latency
deat wm provirus - Maintain epigenetic silencing

- CDB+ T cell-mediated lysis - Resist reactivation stimuli

- Humoral immune respo

From Ahlenstiel et al., Front. Cell. Infect. Microbiol. 2020



Therapeutic vaccination to obtain functional cure

WHAT’S THE DIFFERENCE?

A brief overview of what a “functional” HIV cure and a “sterilizing” HIV cure is.

FUNCTIONAL CURE

When the level of HIV particles in an @ ‘
infected person’s body has been

reduced to such an extremely

low level that the person can stop

treatment and not worry about the

disease rebounding and damaging

his immune system or body.

before treatment after treatment

STERILIZING CURE

Eradication of HIV

When every last particle of HIV has

been destroyed or cleared out from -
an infected person’s body.

before treatment after treatment

For mere inSemation 250st BIV/AIDS and bepaticis B and (, chack oot sar coline Sealth Library: 2acarghealts

m AIDS Acvoa Commuttee | wwwaacorg | @/AIDSAconCommittee | ©/AIDS Action



MRNA as a tool for therapeutic vaccination

Select HIV antigens

/. K \ ® assemble
Generate and puls *-7 nanoparticles

dendritic cells

Collect mononuclear cells




Going for the Kick and Kill by combining LRAs
and the immune system

Reactivated cell

Latently producing ART
infected cell ; virions /
LRA Cytopathic
effect
— @ >
Elimination ) XY
by effector
cells

Cytotoxic
T cell



Boosting therapeutic vaccination by adding
LRAS

} frgptigrs - ORIGINAL RESEARCH
THE LANCET
HIV (-]
Combined effect of Vacc-4x, recombinant human granulocyte HIVconsv Vaccines and Romidepsin
macrophage colony-stimulating factor vaccination, and romidepsin on in Early-Treated HIV-1-Infected
L : ST . : . Individuals: Safety, Immunogenicity
the HIV-1 reservoir (REDUC): a single-arm, phase 1B/2A trial PeNACEES o i Effect on the Viral Reservoir

(Study BCNO02)

Dr Steffen Leth, MD 2 « Mariane H Schleimann, PhD « Sara K Nissen, MS « Jesper F Hgjen, MD «

Beatriz Mothe "**1, Miriam Roséas-Umbert "', Pep Coll’, Christian Manzardo®,

Maria C. Puertas’, Sara Morén-Lopez', Anuska Llano’, Cristina Miranda?,

Samandhy Cederio ', Miriam Lopez®, i Alarcén-Soto®, Goémez Melis®,
Klaus Langohr®, Ana M. Barriocanal*’, Jessica Toro?, Irene Ruiz®, Cristina Rovira®,
Antonio Carrillo’, Michael Meulbroek®, Alison Crook®, Edmund G. Wee®, Jose M. Mird°?,
Bonaventura Clotet'***, Marta Valle * ", Javier Martinez-Picado '*'", Tomas Hanke*?,
Christian Brander "', José Molt6>’! and the BCNO2 Study Investigators

Rikke Olesen, PhD « Mette E Graversen, MD « Sofie Jergensen, BSs « Anne Sofie Kjaer, MD « Paul W Denton, PhD «

Alejandra Mgrk, PhD « Maja A Sommerfelt, PhD « Kim Krogsgaard, DMSc e Prof Lars @stergaard, DMSc «

Thomas A Rasmussen, PhD « Martin Tolstrup, PhD « Dr Ole Schmeltz Segaard, PhD 2 o Show less

— Only very modest effects observed for active
immunization approaches combined with LRAs



Can the immune system directly recognize (and
eliminate) reservoir cells?




A seminal report identifying a reservoir-specific
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The trough of disillusionement: nodody can
reproduce these results...

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

— I NO

HIV

CD32 is expressed on cells with transcriptionally active
HIV but does not enrich for HIV DNA in resting T cells

Mohamed Abdel-Mohsen,'* Leticia Kuri-Cervantes,?* Judith Grau-Exposito,** Adam M. Spivak,* ARTICLE
Racheal A. Nell,* Costin Tomescu,’ Surya Kumari Vadrevu,’ Leila B. Giron, Carla Serra-Peinado,?
Meritxell Genesca,? Josep Castellvi,” Guoxin Wu,® Perla M. Del Rio Estrada,” Mauricio Gonzélez-Navarro,’
Kenneth Lynn,"z'B ColinT. King,’ Sai Vemula,° Kara Cox,° Yanmin Wan,"’ Qingsheng Li,'"

Karam Mounzer,? Jay Kostman,® lan Frank,2 Mirko Paiardini,” Daria Hazuda,® Gustavo Reyes-Teran,”
Douglas Richman,"" Bonnie Howell,® Pablo Tebas,” Javier Martinez-Picado,'*'*"* Vicente Planelles,”
Maria J. Buzon,” Michael R. Betts,z* Luis J. Montaner' Roger Badia', Ester Ballana', Marc Castellvi', Edurne Garcia-Vidal', Maria Pujantell’, Bonaventura Clotet’,

Julia G. Prada’, Jordi Puig!, Miguel A. Martinez® ", Eva Riveira-Mufioz' & José A. Estém

CD32 expression is associated to T-cell activation
and is not a marker of the HIV-1 reservoir

:’fro{ntiers : ORIGINAL RESEARCH
N Immunology .

BRIEF COMMUNICATIONS ARISING

@

i

.. . . . CD32-Expressing CD4 T Cells
Conflicting evidence for HIV enrichment in Are Phenotypically Diverse and

CD32T CD4 T cells Can Contain Proviral HIV DNA

Genevieve E. Martin'", Matthew Pace', John P. Thornhill'#, Chansavath Phetsouphanh’,
ARISING FROM B. Descours et al. Nature 543, 564-567 (2017); https://doi.org/10.1038/nature21710 Jodi Meyerowitz', Morgane Gossez', Helen Brown', Natalia Olejniczak’,

Julianne Lwanga®, Gita Ramjee*, Pontiano Kaleebu®, Kholoud Porter®,
Christian B. Willberg'’, Paul Klenerman'’, Nneka Nwokolo®, Julie Fox™,
hn Frater’™* On Behalf of the CHERUB Investigators

RESEARCH

Induction of durable remission by dual immunotherapy
in SHIV-infected ART-suppressed macaques

So-Yon LimlT. Jina LeelT. Christa E. Osuna’, Pratik Vikhe!, Dane R. Schalk?, Elsa Chen’,

Emily Fray®, Mithra Kumar®, Nancy Schultz-Darken?, Eva Rakasz?, Saverio Capuano?, Ruby A Ladd?®t,
Hwi Min Gil?, David T. Evans?, Emily K. Jeng®, Michael Seaman’, Malcolm Martin®,

Christiaan Van Dorp®, Alan S. Perelson®”, Hing C. Wong?, Janet D. Siliciano®, Robert Siliciano®?,
Jeffrey T. Safrit?, Douglas F. Nixon'®, Patrick Soon-Shiongg,

Michel Nussenzweig™'2, James B. Whitney**



With some persistance, CD32 can indeed be
specifically linked to latent infection of CD4+ T cells...

Cell Reports

CD32'CD4"* T Cells Are Highly Enriched for HIV DNA
and Can Support Transcriptional Latency

Graphical Abstract Authors

Gilles Darcis, Neeltje A. Kootstra,
PBMCs Berend Hooibrink, ..., Carine van Lint,
j Ben Berkhout, Alexander O. Pasternak
3 3 CD4+ T cell T gdarcis@chuliege.be (G.D.),
Beells  selection : a.o.pasternak@amsterdamumc.nl
Monocytes (negative) e (A.O.P.)
“ In Brief

T°e"s T-B doublet @ é @ @ CD32a was recently proposed to mark
l} ‘T the HIV reservoir, but this finding was

Correspondence

CD32a CD32b CD4* T cells subsequently challenged. By using a
D3 Gl sequential cell-sorting protocol to purify
CD32+CD4+ T cells: selection ‘ bona fide CD32*CD4* cells, Darcis et al.
(positive) demonstrate HIV DNA enrichment and

High enrichment for HIV DNA

ex vivo reactivation-mediated virus
No enrichment for HIV RNA « production in these cells, reinforcing
Reduced HIV RNA/DNA ratios @ @ @ CD32 as an HIV reservoir marker.
Inducible HIV proviruses CD32*CDA4* T cells

From Darcis et al. Cell Rep 2020



With some persistance, CD32 can indeed be
specifically linked to latent infection of CD4+ T cells...

IScience ¢? CellPress -

OPEN ACCESS

CD327CD4" memory T cells are enriched for total
HIV-1 DNA in tissues from humanized mice

Philipp Adams,'#*“ Virginie Fievez, " Rafaéla Schober,' Mathieu Amand,' Gilles Iserentant,’ Sofie Rutsaert,*
Géraldine Dessilly,> Guido Vanham,** Fanny Hedin,® Antonio Cosma,® Michel Moutschen,’
Linos Vandekerckhove,” and Carole Seguin-Devaux'”*

From Adams et al. iScience 2021



Can the immune system directly recognize (and
eliminate) reservoir cells?

Fc Receptor
CD32a



Can the immune system directly recognize (and
eliminate) reservoir cells?

O ITAM

 ITIM FcyRI FcyRlla  FeyRIlb FcyRllc FcyRllla FcyRIllb
Neutrophils # + - - +
Eosinophils # + - - #
Monocytes + + - +/— -
Macrophages +/- + — +/— -
Dendritic cells —/# + - —/# -
NK cells - - _ x N N
B cells — - + = - _
T cells - O - - _ _
Platelets - + - - - —_
Basophils u + + - - +/—




With some help from ChatGPT...

Are there other surface markers than CD32 for identifying the latent HIV reservoir?

&) Yes, there are several surface markers other than CD32 that have been explored for identifying the
latent HIV reservoir. [dentifying these markers is critical for targeting and potentially eliminating

latent HIV-infected cells. Some of these markers include:

It's important to note that no single marker is universally specific for the latent HIV reservoir. Often, a
combination of markers is used to better identify and characterize these cells. Additionally, research

is ongoing to validate and discover new markers that can more accurately pinpoint latent reservoirs

for effective HIV cure strategies.

SN Y



Are there other surface markers than CD32 for identifying the latent HIV reservoir?

1. PD-1 (Programmed Cell Death Protein 1): PD-1 is an inhibitory receptor commonly upregulated
on exhausted T cells, including those harboring latent HIV. It has been associated with a higher
frequency of HIV DNA and RNA in infected individuals.

2. LAG-3 (Lymphocyte-Activation Gene 3): Similar to PD-1, LAG-3 is another exhaustion marker
that has been found on T cells with latent HIV infection.

3. TIGIT (T cell Immunoreceptor with Ig and ITIM domains): TIGIT is another inhibitory receptor
associated with T cell exhaustion and has been linked to the presence of latent HIV.

4. CXCR5 (C-X-C Chemokine Receptor Type 5): CXCR5 is a chemokine receptor involved in the
homing of T cells to lymphoid follicles. It has been found on a subset of CD4+ T cells that may serve
as a reservoir for latent HIV.

5. CD30 (TNF Receptor Superfamily Member 8): CD30 is expressed on activated T cells and has
been associated with cells harboring latent HIV.

6. HLA-DR (Human Leukocyte Antigen — DR isotype): HLA-DR is a marker of immune activation,
and higher expression has been observed in cells with latent HIV.

7. CD20 (B cell marker): Some studies have identified CD20 on a subset of T cells with latent HIV,
although its role is less established compared to others.

8. CD2, CD69, and CD25: These activation markers are also associated with a subset of CD4+ T
cells that can harbor latent HIV.

9. CD27 and CD45R0O: Memory T cell markers that are used to identify central and effector memory
T cells, which are primary reservoirs for latent HIV.

10. CCR5 and CXCR4 (Chemokine Receptors): While these are primarily entry co-receptors for
HIV, their expression patterns on different T cell subsets can help identify potential reservoirs.



Can the immune system directly recognize (and
eliminate) reservoir cells?

Are there other surface markers than CD32 for identifying the latent HIV reservoir?

Yes, there are several surface markers other than CD32 that have been explored for identifying the
latent HIV reservoir. [dentifying these markers is critical for targeting and potentially eliminating

latent HIV-infected cells. Some of these markers include:



Chimeric antigen receptors
(CARs) to the rescue?



Similarity between TCR and antibody structure
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TCR signaling is mediated by the CD3 chain
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The egg of Columbus...

Heavy Chain
scFv

\ Chimeric Antigen Receptor

(CAR)

scFv

Antibody

|| Transmembrane Domain

Intracellular Domain

CD3t

T cell Receptor

How do we use the potency of cytotoxic T
cells to kill virallly infected cells, and
expand the recognition capacity without
losing too much specificity?



The evolution of CARs

First Second Third
Generation Generation Generation
CAR CAR CAR

scFv

hinge

One Costimulation Domain Two costimulation domains
(4-1BB or CD28) CD27
CD28
=
CD3¢ 0OX40

CD3¢



And TRUCKs...

CARs TRUCKs
1% Generation 2™ Generation 3 Generation 4" Generation
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And more advances...

r\: Linker

W T or NK cell with —» Hinge domain
CAR
CD4 or broadly neutralizing

Gene for CAR HIV-1 scFv antibody
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D37 4-1BB ¢ CD3-Z M CD3-Z
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cytokine or Dual-CAR
L chemokine

1st Generation 2nd Generation 3rd Generation 4th Generation



How do we bring this to the patient?
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T cells

In the clinic, the patient's
T cells are separated
from the rest of their
blood and sent to the lab
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CAR T cells are multiplied and
put back into the patient's
bloodstream
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A viral vector delivers CAR-
encoding gene into the T
cells

CART cell

The T cells now express
CAR on their surfaces
and are known as CAR
T cells
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Many promising reports show the potential of
CAR-T cells to kill HIV-infected cells
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target SIV-infected CD4* T cells in germinal centers

Karsten Eichholz,’ inori ? Christopher W. Peterson,’* Francoise 4% Manuel Medina,?

Shelby Hoffmeister,? Derick M. Duell,? Benjamin D. Varco-Merth,? Sandra Dross,*” Haesun Park,? Caralyn S. Labriola,?
Michael K. Axthelm,’ Robert D. Murnane,® Jeremy V. Smedley,” Lei Jin,’ Jiaxin Gong,’ Blake ). Rust,’ Deborah H. Fuller,*”
Hans-Peter Kiem,"** Louis J. Picker,? Afam A. Okoye,’ and Lawrence Corey™**

Naccine and Infectious Disease Division, Fred Hutchinson Cancer Center, Seattle, Washington, USA. *Vaccine and Gene Thesapy Institute and Oregon National Primate Research Center (ONPRC),

Oregon Health & Science University, Beaverton, Oregon, USA. Stem Cell and Gene Therapy Program, Fred Hutchinson Cancer Center, Seattle, Washington, USA. ‘Department of Laboratory Medicine and
‘Department of Medicine, University of Washington, Seattle, Washington, USA. “Washington National Primate Research Center (WaNPRC), Seattle, Washington, USA. Department of Microbiology,
University of Washington, Seattle, Washington, USA.

ARTICLES ﬁim.éedicine

https:/dol.org/10.1038/541591-020-1039-5

) Cneck for upates

Dual CD4-based CAR T cells with distinct
costimulatory domains mitigate HIV
pathogenesis invivo
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Efficacy and safety of novel multifunctional M10
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And even affect the reservoir...

Attacking Latent HIV with convertibleCAR-T Cells,
a Highly Adaptable Killing Platform
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Bispecific antibody modalities to overcome
patient specificity
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Take home messages

* HIV infection presents unique challenges for the immune
system

* The immune system plays a crucial role in controlling HIV
infection, as well as the size and of the type of reservoir

* The reservoir in turn influences the quality of the immune
system

* Many efforts have been made to boost the immune system
against HIV (and the reservoir) through immunotherapy

* Many dysfunctions observed in HIV infection are remeniscent of
those observed in cancer

* Thanks to breakthroughs in cancer immunotherapy and
COVID-19 vaccine development, novel immmunotherapeutic
approaches are now being tested in PLWH as well



Thank you!




Utilizing the immune system to target the
reservoir

Innate immunity
based interventions
for HIV cure
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