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Reverse latency  =  remove blocks in HIV-1 gene expression

Chromatin de-repression

TF-mediated activation

Transcription elongation
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Focus on chromatin de-repression, trxn initiation, elongation

Chromatin de-repression

TF-mediated activation

Transcription elongationPost-transcriptional regulation
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Induce cell killing

Induce cell death

Reverse latency

Regulation of vRNA processing to impact ratio of splice variants, protein expression

Trigger intrinsic 
innate pro-apoptotic 
pathways (US vRNA)

HIV-1 protein 
expression
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Tools to quantify and distinguish between vRNA transcripts

RT-PCR/RT-ddPCR    - US vRNA
   - MS vRNA 

TILDA    - MS vRNA

IVRA                         - Intact vRNA

Single cell level
FISH-Flow
HIV-Flow

- Viral RNA 
and proteins
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SQuHIVLa 

 Splice site (within forward loop)

Tat/Rev msRNA

Unstable  
loopn I

tr
o n

F3 F2 F1 B1c B2c B3c

Tat/Rev DNA / US RNA

I n t r o n
Stable loop

F3 F2 F1 B1c B2c B3c

1. Specific detection and amplification of HIV-1 msRNA by RT-LAMP

Isothermal exponential amplification

Specific Quantification of inducible HIV-1 by RT-LAMP

Tonmoy Hossain
PhD student

Hossain et al. Communications Medicine, 2024
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PWH-C, HPP cohort

Hossain et al. Communications Medicine, 2024

2. Quantitation of number of HIV-1 msRNA+ cell / million CD4+ T cells by limiting dilution Tonmoy Hossain
PhD student

SQuHIVLa Specific Quantification of inducible HIV-1 by RT-LAMP
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Catchet-MS (dCas9 targeted chromatin and histone enrichment coupled to mass Spec) 
Enrico Ne

PhD student
Raquel Crespo
PhD student

Ne, Crespo et al. Nucleic Acids Research  2022

What is bound to the latent HIV-1 LTR nuc-1?



#EUMS2024

PCID2 dysregulates HIV-1 transcription and viral RNA processing

Crespo et al. iScience 2024

Post-transcriptional 
Tat-Rev/UTR

Elongation 
(UTR/TAR)

Initiation 
(TAR/ReTh)

Raquel Crespo
PhD student
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PCID2 dysregulates transcription and viral RNA processing to promote HIV-1 latency

Post-transcriptional 
Tat-Rev/UTR

Elongation 
(UTR/TAR)

Initiation 
(TAR/ReTh)

Crespo et al. iScience 2024
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Inducing cell death (ICD) in HIV-1 infected cells, including transcription-competent 
         defective proviruses 

LRA

• Activated innate antiviral signalling pathways
• Pro-apoptotic

ICD

Survival Survival
Death

Death
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RK-33 FH1321

DDX3 implicated in HIV-1 RNA metabolism, transport, innate sensing, apoptosis

DDX3 inhibition: reverses latency, impairs vRNA nucleocytoplasmic export

 pharmacological DDX3 Inhibitors:
Shringar Rao

Post-doc

Rao et al. Nature Communications, 2021

FISH-Flow
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DDX3 implicated in HIV-1 RNA metabolism, transport, innate sensing, apoptosis

DDX3 inhibition: vRNA expressing cells are pro-apoptotic

 pharmacological DDX3 Inhibitors:

Rao et al. Nature Communications, 2021

vRNA RIG-I & MAVS P-IRF3 Interferon β ApoptosisBCL2/Bax
ratio

FISH-Flow
RK-33 FH1321
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DDX3 implicated in HIV-1 RNA metabolism, transport, innate sensing, apoptosis

DDX3 inhibition: BIRC5 (Survivin) is downregulated in primary CD4+ T cells 

 pharmacological DDX3 Inhibitors:

Rao et al. Nature Communications, 2021
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DDX3 inhibitors induce LRA-ICD activity ex vivo in CD4+ T cells  from PWH

Rao et al. Nature Communications, 2021

Apoptosis:

Latency reversal:
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DDX3 inhibitors: reduce the inducible reservoir in cells from PWH ex vivo 

Rao et al. Nature Communications, 2021
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DDX3 inhibitors: reduce the inducible reservoir in cells from PWH ex vivo 

Rao et al. Nature Communications, 2021
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Selective killing of HIV infected reservoir cells

•  US HIV-1 vRNA triggers innate pathways
• Anti-apoptotic gene downregulated

• Transcription–competent defective 
proviruses can also be targeted
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Modulating vRNA splicing to increase innate immune sensing 
and apoptosis of HIV-infected cells

Rao, de Vries et al. submitted

Liset de Vries
PhD student

Shringar Rao
PI

Multiplexed single cell technology (FISH-flow)
Simultaneous detection of:
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US (Gag-pol+) vRNA is immunogenic (increased IFN expression)

Rao, de Vries et al. submitted

US vRNA is more immunogenic
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Targeting splicing to trigger innate immune signalling and apoptosis

Rao et al. submitted

Filgotinib = vRNA splicing inhibitor
D13 = LRA (BAF inhibitor)
        Marian et al, Cell Chem Biol. 2018 

US vRNA (both defective and intact)
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Reduction in the size of the inducible transcriptionally competent viral reservoir
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Rao et al. submitted
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“Block and lock”

Reverse latency

Induce cell killing

Induce cell death

- gene editing
CRISPR-Cas9/

nucleases

- CCR5 editing
pool of 

“resistant” cells

 “Shock
and kill”

 - bNAbs, 
therapeutic

vaccines

HIV

U=U

ART

ART Naive Off ART

Viral 
rebound

Acute Treatment Interruption
(ATI) used to test effectiveness of cure intervention
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• How long should ART be interrupted?

• How small should reservoir be?

• Can we predict and prevent rebound? Biomarkers?

• How do we measure the functional reservoir?
        At what level? DNA?  RNA? Protein? Replication?

How/ if/ when to do ATI’s? How do we measure the size of the functional reservoir?
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QVOA: quantitative viral outgrowth assay 
• Underestimation? – sub-optimal induction, propagation

How do we measure the size of the replication  competent reservoir?

RT-PCR/RT-ddPCR    - US vRNA
   - MS vRNA 

TILDA    - MS vRNA
SQuHIVLa 
IVRA                         - Intact vRNA
FISH-Flow
HIV-Flow

- Viral RNA 
and proteins
p24

IPDA: Intact proviral DNA assay
     multiplexed versions, quadruplex qPCR and next-gen seq

• Overestimation?
• not all intact proviruses are replication competent

VIPSPOT
SIMOA
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• What happens to the reservoir after viral rebound at the different molecular levels?

What is the long term impact of ATI’s?

• How do the quantitation tools compare?
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DC-TRN trial Erasmus MC 2006

PRE ATI

POST ATI
2021

ATI
Cynthia Lungu

Post-doc

Netherlands Clinical trial registry No. NTR2198
Allard, S.D., et al. Clin Immunol 142, 252-268 (2012).

Lungu C, Hossain T , Crespo R et al., (in preparation) 
Analytical treatment interruption after autologous dendritic cell vaccination reshapes the functional HIV-1 reservoir
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Failed intervention: rebound, then viral re-suppression with ART 
and immune reconstitution

infographic

Lungu C, Hossain T , Crespo R et al., (in preparation) 
Analytical treatment interruption after autologous dendritic cell vaccination reshapes the functional HIV-1 reservoir

ns

infograp
hic

ns

What is happening to the viral reservoir at the molecular level?
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Intact proviral DNA 
– no significant change in reservoir pre vs post ATI 

infographic

T0, T1, T2 = pre-ATI
T6 =    post ATI and   > 10 year after re-suppression
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US HIV RNA and Gag protein (FISH-Flow)
– no significant change in reservoir pre vs post ATI

infographic
Unspliced (gagpol) HIV RNA Unspliced (gagpol) HIV RNA/ p24

Pre ATI Post ATI Pre ATI Post ATI

T0, T1, T2 = pre-ATI
T6 =    post ATI and   > 10 year after re-suppression
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Significant increase in frequency of cells inducibly expressing tat/rev ms HIV RNA 
in all 9 participants post intervention-ATI

SQuHIVLa TILDA
(Hossain et al, Communications Medicine 2024)

Pre ATI Post ATI Pre ATI Post ATI

T0, T1, T2 = pre-ATI
T6 =    post ATI and   > 10 year after re-suppression

> 10 year after re-suppression
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*ns ns

T0, T1, T2 = pre-ATI
T6 =    post ATI and  
               > 10 year after re-suppression

Control cohort of PWH matched by age, sex, HIV-1 subtype, CD4 Nadir, years on ART 
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*ns ns

T0, T1, T2 = pre-ATI
T6 =    post ATI and  
               > 10 year after re-suppression

Comparable inducible reservoirs between control and ATI cohort before ATI 

SQuHIVLa
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*ns ns

T0, T1, T2 = pre-ATI
T6 =    post ATI and  
               > 10 year after re-suppression

Higher inducible reservoir in ATI cohort participants > 10 years after re-suppression 
               than in matched control cohort 

SQuHIVLa
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Considerations:

• On Reservoir – size (reseeding), integration site, functionality
- Vigilant sampling and monitoring using non-cell-intensive assays that reveal reservoir dynamics

• On Immune compartment – exhaustion, activation, immune capacity (function, proliferation)

What is the long term impact of ATI’s?

Richart, V., et al. High rate of long-term clinical events after antiretroviral therapy resumption in HIV-positive patients 
exposed to antiretroviral therapy interruption. AIDS 35, 2463-2468 (2021).

ART

HIV U=U

ART

• biomarkers of rebound: msRNA? Intact DNA? Immunological markers?
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Summary and perspective:

• Critical to target and eliminate the HIV-1 transcription-competent reservoir, including and 
especially of defective proviruses:

                   - continues to contribute to chronic inflammation and immune dysfunction!! 
- replication from intact proviruses efficiently targeted by ART 

 Concept of “treatment as cure” given success and promises of LA-ART:
     In the era of  LA-ART, treatment interruption can be considered an intervention  

• Need to invest in tools for deeper characterization of reservoir (also RNA compartment) in 
people with non-B HIV-1 subtypes 

                                                –  smaller, more silent reservoirs?
                                     -   block and lock, ICD approaches?

Role of RNA (in how we measure viral reservoirs):
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1. Silence the reservoir

“Block and lock”

- gene editing
CRISPR-Cas9/

nucleases

- CCR5 editing
pool of 

“resistant” cells

 - bNAbs, 
therapeutic

vaccines

Pharmacological strategies toward HIV-1 cure
3. reduce the reservoir

Reverse latency

 “Shock
and kill”

Induce cell killing

 “Shock
and kill”

Induce cell death

LA-ART

2. Control viral rebound
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