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Factors influencing HIV pathogenesis

From: Apay, Eur J Immunol 2009
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White blood cells are the most important 
immune cells in the body…



www.rhesusprik.nl
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White blood cells are divided in innate and 
adaptive immune cells



INNATE
immunity

Physical barriers:
Skin, mucosa

Cells:
Monocytes, 
Granulocytes,
NK cells,…

Chemical barriers:
pH, fats, enzymes

ACQUIRED
immunity

B cells T cells

Antibodies Cytokines
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Evolution of the immune system



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

Cells Immunopathological effect

CD8+ cytotoxic 

T-lymphocytes (CTL)

↑Abnormally high during acute phase

↓Decline at later stages

Natural killer (NK) 

cells

↓Impaired numbers

 Impaired function

Monocytes and 

macrophages

 Defects in chemotaxis

 Inability to promote T-cell proliferation

 Immune activation

 Defects in Fc receptor function

B-cells ↑Production of IgG and IgA but ↓antibody 

responses



. CD4+ T cell-depletion during acute and
chronic HIV infection



Natural immune responses against 
HIV

≈12 weeks≈ 3 weeks



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!

• 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?

From: Pantaleo & Koup, Nat Med 2004 



Inhibitory mechanisms limiting HIV-specific 
immune responses

• 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

From: Freeman et al., J Exp Med 2006



Active reservoir is associated with higher numbers
but less functional (more exhausted) CD8+T cells

From: Takata et al., Cell Host Microbe 2022



Active reservoir is associated with higher
numbers but less functional CD8+T cells

From: Takata et al., Cell Host Microbe 2022

“Good” functional T cells

“Bad” exhausted T cells



Can we reverse T cell exhaustion?
Immune checkpoint inhibition against HIV infection



ICI approved by FDA/EMA (Oncology)



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

Only 14 studies with ICI ongoing in PLWH,
5421 in cancer…
(clinicaltrials.gov)



Can the immune system be used to target the 
reservoir?
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(Almost) everywhere!

Where is the immune system?
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(Almost) everywhere!

Where is the HIV reservoir?



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

Strategies for targeting the HIV reservoir



Therapeutic vaccination to obtain functional cure



mRNA as a tool for therapeutic vaccination
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Going for the Kick and Kill by combining LRAs 
and the immune system



Boosting therapeutic vaccination by adding 
LRAs

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



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



Descours et al. Nature 2017

A seminal report identifying a reservoir-specific 
marker



The trough of disillusionement: nodody can 
reproduce these results…



From Darcis et al. Cell Rep 2020

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



From Adams et al. iScience 2021

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



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

CD32a



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



With some help from ChatGPT…



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 CD45RO: 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?



Chimeric antigen receptors
(CARs) to the rescue?



T cell receptorAntibody

Similarity between TCR and antibody structure



TCR signaling is mediated by the CD3 chain



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 egg of Columbus…



The evolution of CARs



TRUCKs = T cells redirected for antigen-unrestricted cytokine-initiated killing 

And TRUCKs…



TRUCKs = T cells redirected for antigen-unrestricted cytokine-initiated killing 

And more advances…



How do we bring this to the patient?



Name Company Type EMA
Market 
authorization

Indication

Kymriah GTMP
(CAR-T)

2018 B-ALL

Yescarta GTMP 
(CAR-T)

2018 B-cell
lymphoma

Tecartus GTMP 
(CAR-T)

2020 Mantle cell
lymphoma

Abecma GTMP 
(CAR-T)

2021 Multiple 
myeloma

Breyanzy GTMP 
(CAR-T)

2022 B-cell tumors

CAR T-cell products approved by EMA in 
(hemato)oncology
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Many promising reports show the potential of 
CAR-T cells to kill HIV-infected cells 



And even affect the reservoir…



Bispecific antibody modalities to overcome 
patient specificity 



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 immunotherapeutic 
approaches are now being tested in PLWH as well



Thank you!

-



From Li et al., Chin Med J 2022

Utilizing the immune system to target the 
reservoir


