
HIV cure from bench to bedside…..and to community

37.9 million 

23.3 million 
on ART 



  
•  Latency is far 

more complex 

•  Combination 
approaches 
will be needed 

•  The why and 
who needs a 
cure for HIV is 
changing 

A short history of HIV cure research: from cure to 
remission to cure again
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Why and how does 
HIV persist on ART? 



Two major forms of HIV infected cells

Productive infection 
DNA positive 
RNA positive 

HIV protein positive 
DEATH 

Latent infection 
DNA positive 
RNA negative 

HIV protein negative 
SURVIVAL 



New concepts in HIV persistence and latency

 

 

 

 

 

2.  
Proliferation 

3.  
Position matters 

1.  
Reservoir ‘activity’ 

4.  
Defective and 

intact virus 



•  Tissues (lymph node, the GI and female genital tract) have more infected 
cells but also are more likely to be RNA+ ie transcriptionally active1-4 

•  Enriched for specific T-cells that are more permissive to infection and 
persistence: Tissue Resident Memory (TRM) cells5 

Reservoir ‘activity’: importance of place

1 Estes et al., Nat Med 2018; 2 Banga et al., Nature  Med 2018; 3 Khoury et al., J Infect Dis 2018; 4 Anderson et al., Infect Dis 2019; 5 Cantero 
Perez et al., Nature Comms 2019 



•  Proteins that control the circadian cycle (CLOCK and BMAL-1) can also 
activate HIV transcription by binding to the HIV-LTR1 

 
•  In people living with HIV (PLWH) on ART (n=17), HIV RNA expression varies 

with time of day consistent with a circadian cycle2 

Reservoir activity: importance of time

1 Chang et al., AIDS 2018; 2 Stern, Roche, Cockerham et al., IAS HIV Science Meeting, Mexico City 2019 

p<0.001 p=0.001 



Proliferation: latently infected cells clonally expand

1 Lorenzo, et al., Proc Natl Acad Sci USA 2016; 2 Huang et al., J Exp Med 2017; 3 Bui et al., Plos Path 2017; 4 Patro et al., Proc Natl Acad Sci 
USA 2019; 5 De Scheerder et al., Cell Host Microbe 2019 

•  Clonally expanded cells make 
up 50% of the reservoir1-4 

 
•  Clonally expanded cells can 

contain intact virus and 
contribute to plasma virus5 

 
•  Drivers for proliferation unknown 

 
•  Homeostatic proliferation 
•  Antigen specific expansion 
•  Site of integration 

Long lived cell T cell proliferation
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Proliferation: Differentiated T-cells have more clones

Bacchus-Souffan, Hunt, McCune, Deeks, Symons, Lewin et al (unpublished);  

PLWH on ART for > 2 years received deuterated water and cell sorting into T-cell subsets 

Simonetti et al., CROI 2020, abs 73 
Mendoza et al., CROI 2020, abs 370LB 



single 

clone 

Position matters: HIV integration sites in clones are 
different and are associated with cancer

Symons et al, unpublished 

Percentage of genes associated 
with cancer 

χ2=0.009 

13% 21% 

single clonal 

single clonal 

Gene Ontology biological function 



Position matters: HIV integration is important for virus 
transcription…..allowing it to stay silent or activate

•  Integration sites 
determines the likelihood 
of a virus being active or  
silent1,2 

 

•  Intact viruses are more 
likely than defective 
viruses to be integrated in 
sites which keep the virus 
silent3,4 

 
 

 

 

1 Jordan et al., EMBO J 2010; 2 Chen et al., Nat Struct Mol Biol 2017; 3 Einkauf et al., J Clin Inv 2019; 4 Lindqvist et al., Plos Path 2020 



Defective and intact virus: new assays can rapidly 
quantify intact virus….the virus that matters

1 Bruner et al., Nature 2019; 2 Gaebler et al., J Exp Med 2019 

•  PCR based assay with primers 
to separately detect and 
quantify intact and defective 
DNA1,2 

 

n=81, PLWH on ART followed for a median of 7 years 
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Peluso et al., JCI Insight 2020 



Loreen Willenberg: HIV diagnosed in 1992, no ART, undetectable plasma HIV RNA 24 years 

Test Cell number Cell type Intact virus

Sequencing >1.5 billion cells PBMC No

Viral 
outgrowth

340 million cells Resting CD4 No

Intact DNA 
(PCR)

14 million cells

4 million cells

Resting CD4

GI tract

No

No

Exceptional Elite Control (EEC): no ART and infrequent intact HIV DNA (n=7) 
Mendoza et al., Blood 2012; Casado et al Sci Rep 2020 

Elimination of intact virus: a new definition of cure?

Yu X et al., IAS Science Conference, Mexico City, Mexico July 2019 



Clinical strategies 
being tested 



Overarching goals of cure strategies

eradication 

remission 

reduce control 

Cytotoxic T-cells 

NK cells 

antibodies 



Targeting the virus and immune system

Latency reversal 

Gene 
editing 

Immunotoxins 

Latency silencing 

virus Immune 
system 

Broadly neutralising 
antibodies (bNAbs) 

immunomodulation 

T-cell vaccines 

CAR T-cells 

Very early ART 

Gene 
editing 

Pro-apoptotic drugs 



Targeting the virus and immune system

Latency reversal 

Gene 
editing 

Immunotoxins 

Latency silencing 
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system 

Broadly neutralising 
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Immunomodulation 

T-cell vaccines 

CAR T-cells 

Very early ART 

Gene 
editing 

Pro-apoptotic drugs 

No human clinical trials 



Latency reversing agents (LRA): can ‘shock’ but not ‘kill’

1 Kim, Anderson and Lewin, Cell Host Microbe 2018; 2 Zerbato et al., Curr Op Virol 2019  

•  Need for more potent and 
less toxic LRAs 

•  Need to get the ‘kill’ into 
shock and kill: pro-apoptotic 
drugs1 

 
•  Immune modulating latency 

reversing agents such as toll 
like receptor (TLR) agonists 
or anti-PD1 have dual activity 
of targeting the virus and 
immune system2 

 



SMAC mimetics 

AZD5582 

•  Developed for cancer to inhibit proteins 
that block apoptosis ie pro-apoptotic1 

•  Activates NFkB (non-canonical 
pathway) 2 

•  Activates latency in blood and tissue in 
animal models with minimal toxicity3 

 

More potent and less toxic latency reversing agents

1 Hennesey et al., J Med Chem 2013; 2 Pache et al., Cell Host Microbe 2015; 3 Nixon et al., Nature 2020 

lym
ph node 

blood 



Targeting the virus and immune system…… together

Latency reversal 

Gene 
editing 

Immunotoxins 

Latency silencing 

virus Immune 
system 

Broadly neutralising 
antibodies (bNAbs) 

immunomodulation 

T-cell vaccines 

CAR T-cells 

Very early ART 

Gene 
editing 

Pro-apoptotic drugs 



Immunomodulatory LRAs: immune checkpoint blockers

1 Chomont et al., Nat Med 2009; 2 Fromentin et al Plos Path 2016; 3 McGarry et al., Immunity 2017; 4 Fromentin et al., Nature Comms 2019; 5 
Uldrick CROI 2019, Seattle, WA; 6 Van der Sluis et al., J Immunol 2020; 7 Velu et al., Nature 2006; 8 Gay et al J Infect Dis 2017;  9 
https://actgnetwork.org/; Rasmussen et al CROI 2020 abs 37; Lau et al CROI 2020 abs 334 ; Okoye et al., CROI 2020 abs 117 

•  Latent virus is enriched in cells that express 
PD-1 and other immune checkpoint markers 
(CTLA-4, TIGIT)1-3 

 
•  In vitro and in vivo anti-PD-1 reverses HIV 

latency and greater effect with anti-CTLA-44,5,6 

•  Anti-PD-1 increases HIV/SIV-specific T-cell 
function and can lead to enhanced viral control 
in macaques7  

 
•  Significant challenges in using these agents in 

PLWH given immune related toxicity 8,9 

CTLA-4 

PD-1 

CTLA-4 

TIGIT 



Combination immunotherapy

Latency reversal 

Gene 
editing 

Immunotoxins 

Latency silencing 

Broadly neutralising 
antibodies (bNAbs) 

immunomodulation 

T-cell vaccines 

CAR T-cells 

Very early ART 

Gene 
editing 

Pro-apoptotic drugs 



Combination immunotherapy: promising results in 
monkey models

Slide courtesy of Steve Deeks 



name Reduce and control Reservoir ATI 

RIVER1 vorinostat Vaccine  
(ChAd) 

No change no 

ROADMAP2 romidepsin bNAb 
 (3BNC) 

CROI 2020 yes 

TITAN TLR9 agonist bNAb  
(3BNC+10-1074) 

enrolling yes 

JAWS TLR9 agonist bNAb  
(3BNC+10-1074) 

Vaccine (MVA/DNA) 

enrolling yes 

And many other trials that combine bNAbs with another immunomodulatory agent (interferon a 2b, IL15 
super agonist (N-803), TLR7 agonist and others) 

Combination immunotherapy: larger and/or randomised 
clinical trials currently underway

 

 ATI = antiretroviral treatment interruption 1 Fidler et al., Lancet 2020; 2 Gruell CROI 2020 abs 38; Sengupta et al., CROI 2020 abs 40 



Gene therapy: targets and strategies

Attack: enhance anti-HIV immune 
responses 
 
Protect: engineer uninfected cells to 
be resistant to HIV 

   
Purge: directly eliminate the virus itself 
 
 
 

 
Slide courtesy of Paula Cannon 

Delivery of gene therapy a major challenge : 
ex vivo (gene editing of cells outside the body) or in vivo (gene editing in the body) 



Chimeric antigen receptor (CAR)-T cells
•  Autologous T-cells or NK cells 

undergo gene editing to express a 
CAR to bind and kill cells that 
express HIV envelope 1-4 

 

•  CAR T-cells for HIV tested in mice, 
macaque models and in clinical trials 
in China (x3) and the US (x1)5 

•  Major challenges include toxicity 
(potentially preventable), delivery to 
tissue sites and low expression of 
HIV envelope on ART 

1 Deeks et al., Mol Ther 2002; 2 Sung et al., Mol Ther 2018; 3 Herzig et al., Cell 2019; 4 Anthony-Gonda Sci Transl Med 2019; 5 clinical trials.gov 

HIV bNAb 
or  

CD4 ligand 
binding 
domain 

signalling 
domain 

T-cell or NK cell 



Leukapheresis 

Re-infuse 

Gene therapy: ex vivo gene modification

1 clinical trials.gov; 2 Treatment Action Group; 3 Xu et al., N Engl J Med 2019; Priddy et al., Lancet HIV 2019; Casazza et al., CROI2020 abs 
41LB  

ZFN cut  
CCR5 
gene 
 

CCR5 
negative 

CCR5 positive 

Ex vivo gene therapy Multiple phase I/II clinical trials  
 

•  Target populations1,2 

•  PLWH with cancer (n=3) 
•  PLWH without cancer (n=6) 

•  Gene targets 
•  CCR5 (ZFN, CRISPR/Cas9 3, 

lentiviral mediated shRNA) 
•  HIV (fusion and tat) 

•  Cellular targets 
•  CD4+ T-cells 
•  CD34+ stem cells 

 PLWH on ART 

nanoparticle 

AAV 

In vivo gene therapy 

AAV1-PG9 
AAV8 – VRC07 



Endpoints for clinical trials: treatment interruption

Julg et al., Lancet HIV 2019; Mitchell et al J Clin Inv 2020 

time 

V
ira

l l
oa

d ART 

No biomarker available that can predict time to rebound or post treatment control 
and therefore treatment interruption is needed as a clinical endpoint.  

Activated dendritic cells 



To the community: 
implementation of an 
HIV cure 



Current and future landscape for HIV treatment
cART 

2020 

HIV remission with combination immunotherapy  

Ex vivo cure (gene or cellular therapy) 

In vivo cure (gene therapy) 

Single shot cure (all)  

We are 
here 

Long-acting ART 
Broadly neutralizing antibodies 

20?? 20?? 
Long acting 

treatment modalities Cure modalities 

20?? 20?? 
Daily treatment 

modalities 



Developing a target product profile (TPP) for an HIV cure

•  A TPP will align all stakeholders by 
defining a cure product that PLWH 
want delivered to the field 

 
•  Define the minimally-acceptable 

and optimistic characteristics of a 
cure in relation to efficacy, toxicity, 
cost etc 

 
•  Will evolve based on breakthrough 

scientific developments and 
changing patient needs 

 

useful 
TPP 

possible 



Summary and implications

•  Many new concepts in understanding HIV latency: active reservoir, 
proliferation and site of integration - may provide novel approaches 

•  Combination immunotherapy interventions have achieved SHIV/SIV 
remission in monkey models. Whether similar results will be seen in HIV 
clinical trials remain to be determined. Many trials underway 

•  More invasive and complex interventions such as CAR T-cells and gene 
therapy have the potential for eradication and are therefore of high interest 

•  Approaches to an HIV cure will need to adapt to the treatment landscape, 
the needs of the individual and to have maximal public health impact. 
Early engagement of community, regulators and all funders will be needed 
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