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HIV cure 

• Eradication  or remission ? 

 

+ 

ART 

Remission Eradication 



HIV cure: eradication of HIV= 
myth or reality?  

• The Berlin patient = cure with HIV eradication 

• A second patient in Great Britain? (Gupta et al. Nature 2019) 
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The challenge: stay alive after two bone marrow transplants… 
Risk of GVHD… 



HIV cure, remission: myth or reality ? 

HIV controllers: a functional cure / remission ?  

• « spontaneous » HIV Controllers   

• « Post treatment » HIV controllers (Etude Visconti) 

= extremely low HIV DNA level in PBMCs = small HIV reservoir in blood 
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HIV CONTROLLER  

 infection HIV > 10 years 

 > 90% RNA viral loads < 400 copies/ml 

 Never ART 

<1% of HIV infected patients  Lambotte et al. CID 2005 

HIV controllers 
A model of successful remission ? 

What do they learn? 

2019 ! 



1/ Unique characteristic of elite controllers CD8 T cells: without 
prior stimulation, they can block HIV replication, killing HIV-
infected cells 

Sáez-Cirión et al, PNAS. 2007 and JI 2009 
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Key role of HIV specific CD8 T cells in ECs 

7 

1. HIV-specific CD8 T cells kill HIV-infected CD4 T cells by strong and fast 

production of perforine and granzyme  (Saez-Cirion et al 2007, 2009, Migueles et al 2008, 

Hersperger et al 2010) 

2. Polyfunctionality (Betts 2006, Ndhlovu et al.  Blood 2012, Lecuroux et al J Virol 2014) 

3. CD8 Tcm cells are able to use both glucose and fatty acid oxydation (Angin et 

al. Nature Metabol. 2019 in press) 

4. HIV-specific CD8 are largely present in tissues (Ferre et al. 2010) 

5. Strong CD4 help is provided to CD8 T cells by polyfunctional HIV-

specific CD4 T cells with strong TCR avidity for HIV peptides (Potter et al.J 

Virol. 2007, Vingert et al.PLoS Pathog. 2010, Benati et al. JCI 2016) 

 
To get functional HIV-specific T cell responses is mandatory 



To get HIV remission is achievable 

A small HIV reservoir = A better knowledge of the 
mechanisms of HIV persistence  

 

Be able to counteract these mechanisms with a favorable 
risk-reward ratio 

 

In a large number of patients 

 

Acceptable cost for the countries 

What do we need? 



Latently infected resting CD4 T cells  

Infectious virus as a form of silent  
integrated HIV DNA 

Finzi et coll., Science 1997, Wong et coll., Science 1997, Chun et coll., PNAS 1997 

1997 : identification of the first HIV 
reservoir 



Latently infected resting CD4 T cells are the HIV 
reservoir the « best » characterized since 1997 

• Set up since the primary-infection (Chun et al. PNAS 1998, 

Whitney et al. Nature 2014) 

• Latent infection in the different subsets of CD4 T 
cells (TCM > TTM > TEM > Tnaive > Tscm)  

(Lambotte et al, AIDS 2002, Chomont et al. Nat Med 2009, Buzon et al Nat Med 2014) 

 

• Long half-life of some cell subsets and 
homeostatic proliferation are major mechanisms 
of persistance of these reservoir cells 

• To target that reservoir is mandatory  

 



Several strategies can target CD4 T cell reservoirs of HIV 
 

1/ Target 

post- 

integration 

latency = 

reactivation 

= shock 

and kill 

3/ Target 

CCR5 

(analogy with 

Berlin 

patient) 

2/ Keep 

« frozen » 

HIV latency: 

Silencing 
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The HIV reservoir CD4 T cells = target n°1 
for cure strategies  

• « shock and kill »: the most 
studied strategy 

 

- To know the mechanisms of HIV 
latency  

- To have an optimized ART 

- To have a functional immune 
system (Shan et al Immunity 2013) 

 



Do latency reversing agents (LRAs) 
work? 



6 patients on 
ART 
 
No AE >  
grade 1 
 
 

Sogaard et al. Plos Path 2015 

Numerous LRAs studied, an example, romidepsin (HDACi)… 

The HIV reservoir is 
mobilized… 



BUT NO REDUCTION of the size of HIV reservoir 

Sogaard et al. Plos Path 2015 



First conclusion 

• LRAs are able to act on HIV reservoir CD4 T cells but 
cannot decrease its size 

• Interest of LRAs: efficacy of these drugs in oncology 

– Parallel of HIV cure and cancer cure 

– Doses can be lower thus safer 

– Major interest to combine different molecules (Reuse et al. Plos One 

2009) 

The model is 
too simple…!! 



A more complex model of HIV persistence 

• 4 obstacles ! 

1.The intrinsic stability of the CD4 T lymphocyte 
reservoir 

2.Other reservoirs – tissues 

3.A residual viral replication on ART : insufficient 
ART tissue diffusion ?   

4.The lack of an effective HIV-specific immune 
response  

 



HIV reservoirs are not only blood CD4 T cells….  

1. The tissues ARE the main 
problem ! 

- HIV target cells are present in 
nearly all tissues 

– Tissular resident CD4 T cells 
(Tfh…) 

– Macrophages++ 

– Follicular dendritic cells in 
lymph nodes 

 

- Anatomic reservoirs (CNS, 
genital tract…) 

 
Chun et al JID 2008, Erikson Plos Path 2013, Yukl et al. JID 2013, Yukl et al. AIDS 2014  

Pitman et al. Lancet 2018 



Tissular reservoirs are a major problem… 

- Numerous 

- Hard to study 

- Associated with insufficient 
biodiffusion of some 
antiretroviral drugs  

(Fletcher C et al. PNAS 2014…) 

- Intrinsic properties favoring 
HIV persistence 

Pitman et al. Lancet 2018 

Avettand V et al. Clin Microbiol Rev. 2016 



Tissues data are rare in patients on 
HAART 

• HIV infection in 
GALT is more 
important than 
infection of PBMCs 
in patients on ART 

(Chun et al JID 2008) 

 



Tissues and HIV persistence 

• HIV persists on ART in CD4 T cells and  
macrophages in the GALT 

(Chun et al JID 2008, Yukl et al. JID 2013, Yukl et al. AIDS 2014, Zalar et al. Antivir Res 2010) 



Lymph nodes contain HIV-infected cells 
in patients on ART 

Zhang et al. NEJM 1999 

• Persistent viral 
replication in 
lymphoid 
tissues in 
patients on ART 

Parallel with the  
persistence of infected 
CD4Tfh in germinal 
centers with few 
contact with CD8 T 
cells 
 (Banga et al. Nat Med 2016) 



A neglected HIV reservoir: the adipose tissue  
it contains HIV target cells (CD4 T cells and macrophages) 

Ouchi et al. Nat Rev Immunol 2011 Ouchi et al. Nat Rev Immunol 2011 



Study of CD4 T cells and macrophages in 
adipose tissue (AT) 

• Use of the cynomolgus macaque model 
infected by SIV  

• Access to perioperative samples during 
surgical procedures in HIV-infected patients 
on ART 

 



Adipose tissue includes SIV infected cells 
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In 5 chronically SIV+ untreated macaques, 
 SIV RNA detected in SVF collected from 9/10 samples (5 animals) 
 SIV RNA detected in all CD3+ sorted fraction and CD14+ sorted fraction 

In situ SIV  
RNA hybridization 

9/10 7/7 6/6 

SIV RNA quantification in SVF and in sorted cells 
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Adipose tissue includes HIV infected cells 

HIV DNA quantification 

In ART-treated HIV-infected patients, HIV was detected in SVF and adipose tissue 
CD4 T cells (DNA and RNA by HIS) 

SVF PBMC 
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Presence of CD4 T 
cells infected with 
replication 
competent virus in 
adipose tissue in 
patients on ART  
 
Higher frequency 
than in PBMCs ? 
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Tissue intrinsic properties can help  HIV 
persistence in adipose tissue 
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Why does HIV persist easily in 
tissues? 

Tissues specificities 
favouring HIV persistence 
= access to the target cells 
… 

Tissues specificities favouring 
HIV persistence = limited drug 
biodiffusion 

The structure of the germinal 

center in lymph nodes 
Fibrosis : an underestimated 

question ? 



Insufficient drug diffusion could explain a limited impact on 
the tissular viral replication = under estimation of true viral 

reservoirs 

Estes et al. Nat Med 2017 Thompson al. Science Transl Med  2019 



Fletcher C et al. 

PNAS 2014 V 

Insufficient ART diffusion in lymph nodes and gut in 
humans 



The persistence of HIV replication leads to viral strains 
evolution inside the tissues 

High drug 
concentrations 
= no possible 
viral replication 

Low drug 
concentrations 

Equilibrium ? 



Emergency to study tissues! 
 



Nat Rev Immunol. 2012 Jul 20;12(8):607-14.  
Towards an HIV cure: a global scientific strategy. 
International AIDS Society Scientific Working Group on HIV Cure, Deeks SG, et al. 

How to get HIV remission ?  

Viral replication 

in tissues 

1/ ART 

2/ Action on 

integrated 

HIV 

3/ Improve 

immunity 
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Improve HIV-specific immune response… a 
challenge 

• How to make a patient, elite controller 

 

Ex vivo manipulations of the 
immune system … 
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In vivo modulation of the 
immune system 

CRISPR Xu L et al. NEJM 2019 



Improve HIV-specific immune response… a 
challenge 

• How to make a patient, elite controller = 
immunotherapy 

 IL-15 

Therapeutic vaccination 

 broadly 
neutralizing  Abs 
with ADCC 

Modulation of chronic 
inflammation 

Target and block 
regulatory 
immune check 
points (anti PD-1 
…) 



Conclusion 
• ART have to be optimized  

• We have to focus on tissues (Human and NHP 
models) 

– Technical tools like imagery 

– Take into account tissues in clinical trials 

• Importance of immunotherapy which can act 
into the tissues (like in cancer) 

• Cure “eradication”….   

• Cure “remission”……(a long time)………… ?  



A long way to HIV remission… 

• We know many things 

• Some are more important than others… which ones ? 

• We still lack some important information to win… tissues… 

 

 

 

 

 

 

 

 

 

 

We have to work together within the HIV community and with 

other fields of interest (oncology, metabolism…)  
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The end… 



Presence of saturable HIV 
restriction factors  

2006 : EC CD4 T cells can be infected by HIV  

CD4 T cells 

Viremic HIC Control 

p
2

4
 (

n
g

/m
l)

 

10 -1 

10 0 

10 1 

10 2 

10 3 

10 4 

HIC HD VIR

p
2
4
 i
n

 c
u

lt
u

re
 s

u
p

e
rn

a
ta

n
ts

 (
n

g
/m

l)

10-1

100

101

102

103

104

p<0.00001

p=0.018

2011 : in suboptimal 
conditions of infection:  

•CD4+ T cells from HICs 
have low susceptibility to 
HIV-1 infection but the 
restriction mechanism is 
saturable 
(Saez-Cirion et al Blood 2011) 



Proposal for a “remission” model 
 
 
 
 

Strong and early ART (post treatment controllers) 

Small HIV reservoir  Control of HIV 

1/ Restriction factors involved in primary 
infection to limit the dissemination of HIV and 
the size of the reservoirs  
 
2/ Help the development of a strong HIV-
specific CD8 and CD4 T cell immunity = long-
term HIV control  
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Role of NK cells  



CD4 T cells and CAR-T 

Transmission of the properties of CD4 T cells EC TCR to allogenic CD8 
T cells …  CAR-T cells ? 



Persistence of a residual viral replication on HAART 

• Extremely low levels of plasma HIV RNA detectable 
on HAART (Dornadula et al. JAMA 1999, Palmer et al. PNAS 2008, Hatano et al. AIDS 2010) 

• Persistance of HIV mRNA in PBMCs and tissues (Furtado et 

al NEJM 1999, Hockett et al. J Exp Med 1999) 

• No relevant? Because no evidence of viral evolution 
neither development of drug resistance… 

• But intensification with raltegravir decreased the us 
Viral load [usVL] (Buzon et al. Nat Med 2010) 

• Large debate on the origins of the usVL: question of 
possible de novo cell infection despite HAART 

– Passive release of HIV RNA (Bailey 2006, Kieffer 2004, Nettles 2005, Persaud 

2004) 

– Active cryptic viral replication in tissues (Bailey 2006, Sahu 2009) 



Tissues and HIV persistence 

• HIV could be present in 
neglected reservoirs 

= the SIV model 

– Colon and small bowel 

– select lymph nodes 

– the genital tract 

– nasal turbinates 

– lungs 

Santangelo P & Villinger F., Nat Meth. 2015 



Tissues and HIV persistence in patients 

on ART 
• HIV is present in patients on ART   

– In the brain, in macrophages 

HIV p24 stain of meninges: localization of perivascular and parenchyma 
macrophages (Lamers et al. Infect Genet Evol 2011) 


