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AIDS 
Opportunistic 

Events 

0        0.3                8    10   0               1                  years 

HIV infection: a slow immune disease with 2 pathogenic 

effects: 

 1) a lethal immune deficiency causing AIDS  

2) a systemic inflammation with co-morbidities 

Co-morbidities: 

 

Cardiovascul. 

 

Cancer 



HIV: The Trojan Horse , its Kinetics of early infection and dissemination,  

its mechanisms of immune escape 

Retrotranscription 

Integration 

of provirus 

Silent 

Integrated 

state 

Sites Hidden to 

Neutral. Ab, 

Limits to T cell  

  recognition: 

of Replicating cells 

= HLA down-

modulation 

Limits to Immune  

Recognition of 

Latent cells: 

=Lack of Ag expression 

BA ACAD12 A Haase,  

NatRev Immunol 2010  
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Receptors for HIV : a 10 years long quest 

TARGET 

CD4 
TCR 

CXCR4 

CD4 

TARGET 

TCR 

CCR5 

HIV dual-tropism 

CD4 
 Klatzmann D, Barre-Sinoussi F, Nugeyre MT,et al.. 

Science. 1984 

Dalgleish AG, Beverley PC, Clapham PR, et al... Nature.  

1984 

 

 

 

Co-Receptors 
 Cocchi F, DeVico AL, Garzino-Demo A, Arya SK, Gallo 

RC, Lusso P.  

Science. 1995 

Oberlin E, Amara A, Bachelerie F, Bessia C, Virelizier JL et 

al 

Nature. 1996 

CD4 

CCR5, 
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Target cells for HIV 

From Siciliano, AIDS 1999, 13 Suppl A : S49-58 
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Very early kinetics of Constitution of durable HIV Reservoirs 
       

A Haase et al. 2008 

 

 

Early 

Establishment  

of the HIV 

Reservoirs 

in CD4 cells 

Immune Responses to HIV: 
 Too little, too late 

Huge level of infection in   
 short-and long-lived CD4+  cells 

Bacchus&Cheret et al 

Plos One 2013 

The Optiprim  

Study: 

at Fiebig III 

(D30)  

post-infection 



=> HIV replicates  

In lymphoïd tissues 

where 

Activation takes place 

BAutran/14 

Antigens 

and  

Cytokines 
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HIV was discovered and replicates in lymphoïd tissues  

      because HIV requires  

       immune activation  

       to replicate in  

          activated CD4 T cells  

HIV depends upon immune activation to replicate 

 

F Barré-Sinoussi et al. 

Science,  

May 1983,  



HIV reservoirs among highly 

heterogeneous CD4+ cells 

 

Targeted by  ARV 

       anti-HIV CTLs 

       Abs 

Immune activation: 
 

The Sleeping 
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&  
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Le lymphocyte CD4 : chef d’orchestre de la 

réponse immunitaire 

CD4 

champignons 

parasites 

bactéries virus 

cancers 

NK 

CD8 

LB 
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Mono/Mph 

Guislaine Carcelain / Brigitte Autran 

Anticorps 
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Mechanisms of the CD4   LYMPHOPENIA 

  

1- Destruction of CD4+ cells: 

 HIV-infected: 

 Infection + replication HIV = cytopathogenicity (syncitia : X4) 
 

 Destruction by anti-HIV  immune responses 
 

 Non-infected: 
 Apoptosis as a consequence of Chronic activation and AICD : 

 

2- Defaults of cell regeneration :  

 Central: Thymus : limiting production of naive CD4+ T cells 

 Peripheral : Anergy (loss of IL-2 production and proliferative capacity): 

       limiting central-memory T cells  

Mean losses = 50 CD4/mm3/j  109 /j 

1/2 life infected CD4  cells = 1,2 j (Perelson et al. 96) 

BAutran 



HIV Cytopathogenicity: Interactions between HIV proteins  

and the intra-cellular Apoptosis regulatory network 



  
Preferential infection and destruction of HIV-

specific CD4 Th  cells (Douek, Nature, 2001) 

B.Autran, At, 01 
IFN-, RANTES…. 
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HIV-related death in gut mucosal epithelia  

and systemic immune activation  

 JM. Brenchley, ….AT. Haase,and DC. Douek      Nat Med 2006 

HIV replication and CD4 cell death  

in lymphoid tissues 
HIV-related systemic T cell  

immune activation 

Giorgi et al. 1994 

²Hunt, JID 2008 



Inflammation and HIV     



HIV-related apoptosis of the gut mucosal epithelia 

induces microbial translocation  eliciting systemic 

immune activation  

Systemic LPS  

from translocated 

bacteria correlates  

with disease progression 

Systemic LPS binds Monocytic receptors (CD14)  

and elicits release of pro-inflammatory cytokines 



   Immune activation and HIV replication  

Appay et al, J Pathol 08 

HIV-1 infection and replication 
main target: CCR5+ activated CD4+ T-cells 

Bacterial 
translocation 
including TLR-ligands 

Viral 
reactivation 

in particular CMV 

Anti-HIV 
Immune response 

cellular and humoral 

Production of  
HIV proteins 

gp120, nef 

Massive CD4+ T-cell depletion 
in particular mucosal CD4+ T-cells 

Massive CD4+ T-cell depletion 
in particular mucosal CD4+ T-cells 

Systemic immune activation 
Adaptive and Innate 



Mechanisms of the CD4   LYMPHOPENIA 

  

  

                          
1- Destruction of HIV-infected CD4 : 

 Infection + replication HIV  

   = cytopathogenicity (syncitia : X4) 
 

 Destruction by CD8 Ly mediated  immune response) 
 

Apoptosis of non infected CD4 cells: Chronic activation and 

AICD 

 

•Defaults of cell regeneration :  

 Central: (thymus) 

 Peripheral : Anergy (loss of IL-2 production) 

Mean losses = 50 CD4/mm3/j  109 /j 

1/2 life infected CD4  cells = 1,2 j (Perelson et al. 96) 

BAutran 



MECHANISMS of CD4 LYMPHOPENIA 

Progressive loss of Immune ressources  

and memory to pathogens 

• Rapid loss in naive CD4 cells 

          => accelerated conversion towards memory cells 

• Infection/Anergy of Memory CD4 T cells  

 cell destruction  

 Loss of Memory to Opportunistic infections 
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HIV infection: a slow but lethal systemic immune disease:  

from immune deficiency and AIDS to inflammation and co-

morbidities 

Co-morbidities: 

 

Cardiovascul. 

 

Cancer 



Long term CD4 cell reconstitution  
with ART  

Garcia, J AIDS 2004 

As Observed As Predicted  

8 years 4 

600 

200 

1-2 2 - 3 

7 - 10 

> 10 

2          4          6           8            10 

6 - 8 

4 - 5 

HAART                                                                         

B Autran et al. 1998 



Silvestri, G. et al. J. Clin. Invest. 2003;112:821-824 

The Tap and Drain 
phenomenon 

reflecting the turnover of CD4+ T cell 
subsets  

(naive versus central memory  
versus effector memory)  
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CD4+DR+ 

CD4+45RO+DR+ 

CD3+8+DR+ 

HIV 

months 

2) Réduction de l’hyperactivation 

…. Li TS et al. Lancet, 1998; AIDS Res. Retrov. 1999, .  

1) Restoration of CD4 counts, Naive & Memory 

Immune restoration with antiretroviral therapy (HAART):  

Quantitative, qualitative and functional 



Cancers classants SIDA 

Kaposi 
RR (95%CI) 

LNH 
RR (95%CI) 

Dernier CD4 
(>500, ref) 

350-500 

200-350 

100-200 

50-100 

<50 

1.9 (1.3-2.7) 

3.3 (2.3-4.6) 

6.2 (4.2-9.0) 

14.1 (9.4-21.3) 

25.2 (17.1-37.0) 

1.3 (0.9-2.0) 

3.3 (2.3-4.6) 

4.9 (3.3-7.2) 

11.6 (7.7-17.6) 

14.8 (9.7-22.6) 

Dernière CV 
(<500, ref) 

500-4 log 

4-5 log 

>5log 

1.0 (0.7-1.4) 

1.4 (1.1-1.9) 

3.1 (2.3-4.2) 

1.6 (1.2-2.2) 

1.5 (1.1-2.0) 

2.9 (2.1-3.9) 

cART Oui (>6 mois) 0.3 (0.2-0.4) 0.8 (0.6-1.0) 



Immune activation  
1   persists desite antiretroviral therapy 
2   is  associated to residual viremia  
3   is associated to  comorbidities 

Photo JDD 

HIV  
A disease of immune activation  
and inflammation  



 87 HIV+patients on ART ,  

with VL < 50 c/ml since 

median 22 months 

 

 30 HIV- controls 

 

 Determination of 

activation of  CD4 et CD8 

T cells  

     (CD38, HLA DR and Ki67) 

Hunt P, 2010, 

HIV- 

ARV, CV < 75 c/ml 

30 

20 

10 

0,0 

CD38+DR+ Ki67+ 

p < 0,001 p < 0,001 

% CD4 lymphocytes 

Persistence of immune activation despite suppressed viremia  

associated with lack of immune restoration 



T-cell activation persists under ART despite 
apparently optimal viral suppression  

Hunt, JID 2008 



et al. 

Inflammation caused by HIV 

Inflammation markers 

Uni- and multi-variate analysis of soluble markers of inflammation:  

under ARV (CT)and during thérapeutic Interruption (STI) 



CID 2010 

Immune Non Responders to ART  



How can HIV induce atherosclerosis? 
Through Inflammation and activation of 

macrophages 

B Autran EACS 09 



The CHIC Study  

(Circulation, 2012) 

 

 

Metabolic and Pro- and anti-inflammatory markers 



Chronic Inflammation/activation plays a key role in 

immunopathology of HIV: 

Induction of Immune defects and Co-morbidities 

Secretion of Pro-inflammatory 

Cytokines 

IL-1b, IL-6, TNF-a,…. 

Chimiokines 
 

MCP-1, CX3CL1, RANTES,…. 

Inflammation-related Disorders 

Atherosclerosis 

Osteoporosis 

Neurocognitive  

Degeneration 

 

= inflamm-ageing ? 

Appay V et al, J Pathol 08 

• Cellular Markers of Immune Hyperactivation :  Ly CD4 and CD8 (Ki67,DR, CD38) 

      B  (hypergammaglobulinemie, CD23s…) 

     Monocytes: CD14s, CD163s…   

• Seric levels of Markers of Inflammation: pro-inflammatory Cytokines (IL-6, TNF, MCP-1, IP-10, IFN-alpha 

 



Immunodépression et risque de cancer 
non classant SIDA 

Hodgkin 
RR (IC à 95 %) 

Poumon 
RR (IC à 95 %) 

Foie 
RR (IC à 95 %) 

dernier CD4 

  >500 

  350-500 

  200-350 

  100-200 

  50 -100 

  <50 

 

1.0 

1.2 (0.7-2.2) 

2.2 (1.3-3.8) 

4.8 (2.8-8.3) 

7.7 (3.9-15.2) 

5.4 (2.4-12.1) 

 

1.0 

2.2 (1.3-3.6) 

3.4 (2.1-5.5) 

4.8 (2.8-8.0) 

4.9 (2.3-10.2) 

8.5 (4.3-16.7) 

 

1.0  

2.0 (0.9-4.5) 

4.1 (2.0-8.2) 

7.3 (3.5-15.3) 

6.6 (2.4-17.6) 

7.6 (2.7-20.8) 



Role of inflammation in tumor progression 

 Cytokines, Chimiokines, Facteurs de l’angiogénèse …   

Inflammation: Stimulation chronique de la voie de signalisation NF-KB 

Balkwill 2004 Clevers 2004 

 Croissance / progression tumorale 



• Antibodies against HIV? 

 No significant relationship between neutralizing Ab and viral control 

 BUT Control of SHIV/HIV after transfers of anti-Env Monoclonal Abs (Mascola, 98. Trkola 2000..). 

 

• CD8 T Lymphocytes (CTLs or killer cells)  specific for HIV: 

 Inverse relationship between viral load and HIV-specific CTL frequencies  

      during acute (Koup, 93…) or chronic infection (Ogg,98, Kiepela 2009…) and 

      in LTNP/Elite Controlers (Klein, 95, Kalams 99, Martinez 2005, Saez-Cirion 2008…) 

 

 Tissue infiltration of HIV-specific CTLs (Plata et al. Nature 1987,  

 Hadida et al. J.C.I. 1992, Cheynier et al. Cell 1994)…. 

 

 Loss of SIV control after CD8 cell depletion in 

 Macaques ( Schmitz, Zhang, 99) 

 

 

• CD4 Thelper-1 Lymphocytes specific for HIV : 

 Required for generation and maintenance of HIV-specific CTL and Ab  

 Inverse relationship between viral load and HIV-specific CD4 Th1cells during primary 

infection and in LTNP (Rosenberg, 97, 2000, Martinez 2005…)  

 

Poor Immune Correlates of protection against HIV  

BA utran 



A McMichael et al.  

NRI, 2010 

against HIV: 

early Kinetics  

of innate and adaptive  

responses 

 

D0 D20 D40 D60 D80 

Chemokines, 

IFNa, NK cells 

HIV 

Neutralizing Abs? 

CTL 

D7 

CD4 help 



Poor efficacy of Neutralizing Abs against HIV: 
 Poor accessibility of the conserved Antigenic targets  

favors immune escape    

BA ACAD13 

Neut. Ab binding sites : 

1- Hidden CD4 binding 

site with 

conformational changes  

post CD4 binding, 

2- CD4-induced epitopes 

3- surface 2G12 bs 

CD4  

binding  

site conserved  

Chemokine-R 

2G12 

site Variable,  

Glycosylated  regions 

DC-
SIGN 

VIH 
gp4

1 gp12

0 
CD4 

V2/Glycan region: Quaternary  

Neutralization Epitope 

CD4 bs: 

Neutralization Epitope 

gp41: 

Neutralization Epitope 

V3/V4 glycan regions: 

Neutralization Epitope 

V3/CD4 : 

Neutralization Epitope 

Rare Broadly  

Neutralizing Antibodies  
(from D Burton) 



Molecular signature of an Immunogenetics control of the HIV Reservoirs: 
Genome-wide analysis in Elite Controllers and LTNP 

38 

  The MHC locus: the strongest genetic marker : 

• HIV controlers (Dalmasso et al.: 2009) 

• Elite  Controlers (Pereyra et al. 2010) 

• LTNP (GISHEAL: French & Italian) (Guergnon et al:2011) 

Lower Reservoir  

(HIV-DNA)  

in B27+/57+  

vs negatives 
B Descours  et al.  

Clin. Inf. Dis 2011 

3  MHC regions linked  to NP: 

- MHC class I,  

- C4 Complement locus 

- MIC region. 

        (Dalmasso, Guergnon) 

 MHC class I: 
     HLA-B 57 : 66% vs 3% 

     HLA-B 27 : 25% vs 3% 

       HLA-B14, B51…. 

       HLA Cw8 

Antoni et al. 2013 



Immune Correlates of protection against HIV disease progression ? 
HIV-Gag specific CD8 responses 

Differentiation 

2. Quality: 
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B57+ donors 

Functional avidity 

B27+ donors 

/Gag epitopes 

Anti-viral activity 

Almeida et al. Blood 2009; X Jie et al. AIDS 2010;      Saez-Cirion et al., 2009 PNAS  

1.  Magnitude 

 Against plasma VL 

     in large cohorts of 

     Standard infection 

 Against Reservoirs 

      in cohort of LTNPs 

….. 
2006 

Martinez  V et al. J.I.D. 2005;   
Almeida et al. J Exp Med 2007,  



HIV sequence Variability  

at the pandemic and individual levels 

HIV Variability: Immune escape and Obstacle to HIV Vaccines 

B Korber et al. Los Alamos data bank 

Worldwide Distribution of HIV Clades 

Immune 

Escape 

to T cells 

 

 

 
 

T.Allen et al. 

Nature 2000 

HIV 
variant-specificAb/CTL 

Global anti-HIV Ab/ CTL responses 

A permanent predator/prey chase 



« Towards an HIV CURE » 

Connecting  researchers together   

WHAT ELSE?   

A global scientific strategy 
defining research priorities 

INTERNATIONAL 
ADVISORY BOARD 

INTERNATIONAL SCIENTIFIC 
WORKING GROUP 

Clinical Trials 
Basic Science 

INTERNATIONAL 
CONSULTATIONS 

Development Implementation 

Launch 

Workshop on towards a cure   

F Barré-Sinoussi 



NO AIDS 

Persistence of  

HIV 

Reservoirs 

Current 

AntiRetroVirals 

Can we  

decrease the HIV 

Reservoirs? 

and  

stop ART? 

Remission ? 

or 

eradicate HIV 

Sterilizing Cure ? 

 

A Therapeutic vaccine for a Cure for HIV ? 

Current 

Models of HIV Cure ? 

LTNPs 

HIV/Elite Controlers 

Post- 

Treatment 

Controlers 

Berlin 

Patient… 



Gene therapy 

Anti-inflammatory drugs 

 

Lessons from Controlers for strategies to reduce HIV reservoirs 

Residual 
Replication 

Immune 
Activation 

HIV Reservoirs  
Latency 

 

ARV 

- Acute vs Chronic ???  
- Intensification 
- Nevirapine 
 

Systemic Inflammation 

Viral Co-
Infections 

Anti-co-stimulatory molecules 

CD4 
DC 

Quiescent T cells : 
activation 

Pre/post-transcriptional 
factors mofulation 

Immune Intervention 
 

- Anti-HIV vaccine 

Cellular Immunity 

CD8 

CD4 

 from C Katlama et al. Lancet 2013 


