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The role of immunotherapies in cure strategies
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Immunotherapies under investigation for HIV cure
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Immune checkpoints modify T cell function

• Multiple interactions 

between APCs and T cells 

following the initial 

MHC/antigen to TCR binding

• Co-stimulatory signals may 

be inhibitory or stimulatory 

• Modify the quality and 

duration of effector response

Wykes and Lewin, Nature Reviews Immunology 2018



Licensed immune checkpoints inhibitors include antibodies that 

block CTLA4 and the PD1/PD-L1 axis

Wykes and Lewin, Nature Reviews Immunology 2018

Anti-PD1

Nivolumab (Opdivo®)

Pembrolizumab (Keytruda®)

Cemiplimab (Libtayo®)

Retifanlimab (Zynyz)

Dostarlimab (Jemperli®)

Toripalimab (Loqtorzi®)

Anti-PDL1

Atezolizumab (Tecentriq®)

Avelumab (Bavencio®)

Durvalumab (Imfinzi®)

Anti-CTLA4

Ipilimumab (Yervoy®)

Tremelimumab (Imjudo®)



Dual role of immune checkpoints in HIV persistence

• Inhibitory signalling leads to exhaustion of HIV-specific T-cells

• CD4+ T cells expressing immune checkpoints enriched for HIV

Dual role of immune checkpoint inhibitors 

in targeting HIV persistence

• Augment HIV-specific T cell function

• Activate HIV from latency

Trautmann Nat Med 2006, Kaufman Nat Immun 2009, Chomont Nat Med 2009, 

Banga Nat Med 2015, Fromentin Plos Path 2016, Chew Plos Path 2016, 

Fromentin Nat Comm 2019, McGary Immunity 2017, Harper Nat Med 2020, 

Rasmussen CID 2020, Uldrick Science TM 2022, Rasmussen CRM 2022



The role of PD-1 and CTLA-4 for HIV Persistence in LN and blood 

• Leukapheresis (n=21) and LN biopsies (n=8) in PWH on ART

• Memory (CD45RA-) CD4+ T cells sorted based on expression 

of PD1 and/or CTLA4

• Within cell subsets we quantified measures of HIV persistence

• Cell-associated HIV-DNA

• Unspliced and multiply-spliced HIV RNA

• Tat/rev Induced Limiting Dilution Assay (TILDA)



Despite being enriched for HIV DNA, fewer double-positive cells 

produced MS RNA upon PMA/ionomycin stimulation
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1.8-fold higher HIV DNA in 

DP vs DN cells

Rasmussen, Cell Reports Medicine 2022

Inducible MS-RNA (TILDA)
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CD69+

• Cells co-expressing PD1 and 

CTLA4 are less inducible due to 

their negative signaling?

• Reduced rates of T cell activation 

and proliferation in PD1+CTLA4+ 

cells following PMA/ionomycin for 

72h



Single-cell RNA seq of double-positive versus double-negative cells

16 distinct cell clusters identified 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
-1.0

-0.5

0.0

0.5

1.0

Cell clusters

L
o

g
2
 F

C
 e

x
p

re
s
s
io

n

MAF

TIGIT

KLRB1

FOS

Top genes with differential expression involved in 

regulating T cell activation, exhaustion and apoptosis1-6 

Study conclusion:

In addition to being enriched for HIV-DNA, double-positive cells are characterised by 

reduced capacity to respond to stimulation, thereby favouring latent HIV infection

1) Yukawa JEM 2020; 2) Peng Eur J Immunol 2007; 3) Huen Int J Cancer 2013; 4) Truong Nat Comm 2019; 5) Chew Plos Path 2016; 6) Fromentin Plos Path 2016



Given the role of PD-1 and CTLA-4 for HIV 

persistence and T cell exhaustion, can 

therapeutic blockade of PD-1 and/or CTLA-4

1. Reverse HIV latency?

2. Enhance HIV-specific T cell function?



Immune checkpoint blockade in people with HIV and cancer
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Can immune checkpoint blockade enhance HIV-specific T cell function? 

Lau, AIDS 2021 Gay, JID 2017Gay, OFID 2024

Anti-PD-1/anti-CTLA-4 Anti-PD-1 (0.3 mg/kg) Anti-PD-L1 (0.3 mg/kg) 

Response in 1/3 Response in 1/4 Response in 2/6



The Peter Doherty Institute for Infection and Immunity 
A joint venture between The University of Melbourne and The Royal Melbourne Hospital

Immune predictors of a successful response to anti-PD-1

TPEX  display self-renewing capacity and give rise to 

expansion of granzymeB-expressing exhausted CD8 

T cells (TEX)  following PD-1 blockade

TCF-1 expressing precursor exhausted T 

cells (TPEX) are responsible for the 

reinvigorated CD8 T cell response in cancer

?
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Kallies A. et al. Nat Rev Immunol 2019, Huang A C. et al. Nature 2017, Huang A C. Nat Med. 2019. 



The Peter Doherty Institute for Infection and Immunity 
A joint venture between The University of Melbourne and The Royal Melbourne Hospital

Understanding the HIV-specific response to anti-PD-1

Celine Gubser

Gubser, submitted



The Peter Doherty Institute for Infection and Immunity 
A joint venture between The University of Melbourne and The Royal Melbourne Hospital

HIV tetramer+ CD8 subpopulations and cluster annotation

Hu et al., 2022; Tsui et al., 2022; Wang et al., 2020; Wang et al., 2022 

n=8 participants, all study timepoints represented

Celine Gubser,

submitted



The Peter Doherty Institute for Infection and Immunity 
A joint venture between The University of Melbourne and The Royal Melbourne Hospital

Rapid TEX expansion and concomitant TTM contraction in 
certain donors after the first infusion of anti-PD1

Celine Gubser,

submitted



The Peter Doherty Institute for Infection and Immunity 
A joint venture between The University of Melbourne and The Royal Melbourne Hospital

Interferon signaling gene transcriptional signature in 
TCM of responders after a single dose of anti-PD1

Celine Gubser,

submitted



The Peter Doherty Institute for Infection and Immunity 
A joint venture between The University of Melbourne and The Royal Melbourne Hospital

Study summary

Following a single dose of anti-PD-1, a subset of participants 

displayed:

• Rapid expansion of TEX cells

• Distinct transcriptomic signature in TCM related to type I interferon signalling, 

cytokine response and the HIV-1 viral cycle

• Range of ‘new’ TCR clonotypes in the HIV specific TEX cell compartment 

• Together this indicates a favourable effect of PD-1 blockade on HIV-specific CD8 

T-cells at the transcriptomic level consistent with reversal of T-cell exhaustion in 

some but not all recipients



The Peter Doherty Institute for Infection and Immunity 
A joint venture between The University of Melbourne and The Royal Melbourne Hospital

Enhanced effect in the setting of HIV expression?

VS

Immune checkpoints 

modulate T-cell activity 

in the setting of antigen 

recognition



Anti-PD-1 budigalimab in the setting of ART interruption (M19-939) 

Study design:

Routy, EACS 2023



Anti-PD-1 budigalimab in the setting of ART interruption (M19-939)  

Routy, EACS 2023

Budigalimab 10 mg Q2Wx4 (n=11)

Pooled placebo stage I+II (n=10)



Anti-PD-1 budigalimab in the setting of ART interruption (M19-939)  

Biomarker exploration: 

• Increases in gag-specific T cell responses 

seen only in a subset of samples and 

correlating with viral load rather than 

control

• Bulk RNAseq: 126/130 DEGs increased 

with high viral load and did not identify 

“controllers”

• A trend towards expansion of 

CXCR5+CD8+ T cells, T follicular helper-

like (TFH) cells and CCR6+CD4+ T cells in 

participants with enhanced control

Routy, EACS 2023 and Krishnan, CROI 2024



Conclusions 

• Latent HIV is enriched in cells expressing some immune checkpoints (PD-1, 

CTLA-4, TIGIT, LAG-3) and blocking these can activate HIV from latency, but the 

effect is modest

• Increased expression of immune checkpoints (PD-1, CTLA-4, TIGIT) mediate T-

cell exhaustion during chronic HIV infection and blocking these might reverse 

immune exhaustion

• Concern and occurrence of immune-related adverse events following PD-1 

blockade has limited clinical studies focused on cure/remission

• Emerging data indicate a potential effect on delaying rebound/inducing control 

when blocking PD-1 in the setting of ART interruption, but numbers are still small 

and virological control not clearly linked to enhanced T-cell function
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