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From pathogenesis 
to “clinical models” 
of disease 
progression 



Clinical “models “ of disease 
progression 
 • Rapid/slow progressors 

 

• Long-term non-progressors (LTNPs)/Elite 
controllers (ECs) 

 

• Exposed yet non-infected individuals 

 

• Animal models: natural hosts of SIV 



Clinical progression of HIV 

 



ELITE 
CONTROLLERS 



Elite Controllers 

 

•HIV seropositive 

 

•No detectable HIV RNA 

(< 50 copies/mL) for > 2 

years 

 

•Antiretroviral untreated 

The proportion of 
individuals who become 
elite controllers is not 
known, but is estimated to 
be ~ 1%. 



Viral 
factors 

Host 
factors 

HIV 
DISEASE 
COURSE 



Host factors 



Viral factors that interact with the host 
to codetermine outcome  



CTL response 



In vitro inhibition of HIV 
replication by CTL 

Yang et al. J Virol 1997 



Gag-specific CTL response 
correlates with HIV proviral 
DNA 

R=-.401, p=.005 
R=-.241, p=.120 

Greenough et al. JID 1997 



Gag-specific CTL response 
and CD4+ count 

Greenough et al. JID 1997 



T-cell responses in progressors vs 
non-progressors 

Klein et al J Exp Med 
1995 



Betts et al. J Virol 2001 



Betts et al. J Virol 2001 



Persistent HIV replication in the 
face of vigorous CTL response 



HIV viremia control by HAART reduces CTL 
response 

Casazza et al. J Virol 2001 



No correlation 
between CD8 T-cell 
response to HIV and 
pathogenesis/clinical 

progression 



T-cell function in HIV 
pathogenesis 



Functionally-distinct populations of HIV-specific 
CD4+ 

Harari A Blood 2004 



HIV-specific CD4+ are equally distributed within 
different phenotypes in LTNPs 

Harari A Blood 2004 



Correlation of functionally-distinct populations of 
HIV-specific CD4+ and HIV RNA 

Harari A Blood 2004 



Single IL-2 response = 
antigen clearance 

Single IFN-g response = 
antigen persistence, high 

antigen load 

Polyfunctional IL-2/ IFN-g 
response = protracted 
antigen exposure, low 

antigen load 



HIV-specific CD8+ functionality in HIV-infected 
progressors vs non-progressors 

Betts M Blood 2006 

T-cell quality 
measured by 5 

different 
function on 
cell-by-cell 

basis 

progressor 

Non-progressor 



The magnitude and proportion of 
HIV-spec CD8 negatively relate to 
HIV RNA 

Betts M Blood 2006 



Higher CD4+ T-cell 
polyfunctionality in HIV-2  

Duvall et al Eur J Immunol 2008 



Higher CD8+ T-cell 
polyfunctionality in HIV-2  

Duvall et al Eur J Immunol 2008 



Douek et a. Annu Rev Med 2009 



What is the cause and what is 
the effect? 

Higher T-cell 
polyfunctionality  

Better HIV 
outcome 



Evidence in favour of T-cell 
polyfunctionality as causative of 
better control over HIV 
• Each polyfunctional cell elicits a wider repertoire 

of functions 

 

• Each polyfunctional cell produces as much as 10-
fold the amount of cytokine produced by 
monofunctional cells 

 

• IL-2 production by polyfunctional cells makes 
them more prone to proliferation and 
effectiveness 

 

• Animal model: vaccine-elicited polyfunctional 
cell elicits higher protection  



Many controllers have HIV specific T cells that are low 
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Is the adaptive T cell response completely 

responsible for “elite” control? 



Elite controllers mount a broad and strong 
cytokine/chemokine response following HIV-
specific stimulation 

Owen et al. AIDS 2010  



Immune activation in 
HIV pathogenesis 



Shorter survival is associated with T-
lymphocyte activation 

Giorgi, J et al. JID 1999  



The SMART Study 

Analisi del rischio di morte in 
relazione a marcatori di 

infiammazione/coagulazione in 
pazienti in ART versus pazienti 

senza ART 

Kuller L PLOS Medicine 2008 



Rischio di morte associato a marcatori di 
infiammazione e coagulopatia 

Kuller L PLOS Medicine 2008 



Incremento di IL-6 e D-dimero 

 Braccio DC (drug 
conservation – ART 
CD4+-guidata) 

 

• IL-6= 30% 

• D-dimero=16% 

 Braccio VS (virologic 
suppression) 

 

 

• IL-6 =0% 

• D-dimero=5% 

 

 

 P<.0001 



Incremento di IL-6 e D-dimero nel 
braccio DC (drug conservation – ART 
CD4+-guidata)  

IL-6 D-DIMERO 

Kuller L PLOS Medicine 2008 



Rischio di morte associato a marcatori di 
infiammazione nei diversi bracci di 
trattamento 



Persistente attivazione T-linfocitaria in 
corso di HAART virologicamente 
soppressiva 
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Immune activation hampers immune 
reconstitution on HAART 



UARTO: alti livelli di attivazione CD8+ dopo 6 mesi di 
HAART predicono la mortalità in condizioni di HIV RNA 
<400 

Hunt et al, AIDS 2011 25:2123 

In Cox Proportional Hazards models, each 10% increase in the frequency of activated (%CD38+ 

HLA-DR+) CD8+ T cells was associated with an increased hazard of death even after adjustment for 
baseline CD4 count (HR: 1.62, P=0.048) or month 6 CD4 count (HR: 1.61, P=0.042).  



Dynamics of immune activation in the Natural Hosts 
of HIV-Related Viruses 

Paiardini, M. Annu Rev Med. 2009;60:485-95.  

Sooty 
mangabeys - SM 

Rhesus 
macaques - RM 

http://images.google.it/imgres?imgurl=http://sciencenow.sciencemag.org/content/vol2008/issue625/images/200862511.jpg&imgrefurl=http://goatmilkblog.com/2008/06/page/2/&usg=__0dqzT8K0G47HzCZd4PPEXNixBJ8=&h=339&w=450&sz=55&hl=it&start=2&um=1&itbs=1&tbnid=Ndi5JdTkx9OeyM:&tbnh=96&tbnw=127&prev=/images?q=sooty+mangabeys&um=1&hl=it&sa=N&rls=com.microsoft:en-US&tbs=isch:1
http://images.google.it/imgres?imgurl=http://i1.treknature.com/photos/349/bonnet_macaque.jpg&imgrefurl=http://www.treknature.com/gallery/Asia/India/photo2986.htm&usg=__z0sr70AH8vROBG0XM0ozhkT4tbI=&h=584&w=800&sz=175&hl=it&start=3&um=1&itbs=1&tbnid=ozwfuIvnWuBsgM:&tbnh=104&tbnw=143&prev=/images?q=rhesus+macaques&um=1&hl=it&rls=com.microsoft:en-US&tbs=isch:1


*p<0.01 

**p<0.05 

I LTNPs presentano livelli di attivazione T-

linfocitaria più contenuti rispetto a pazienti 

con progressione di infezione 

•Ridotti livelli di iperattivazione T-linfocitaria (in particolare CD4+CD38+ e CD8+CD38+) 
•Ridotti livelli di apoptosi periferica 

              Vicenzi E, 1997 Blood; Perfetto SP, 1998 Cytometry; Richardson MW, 2003 AIDS 
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Elite controllers 

Hunt et al. JID 2008 



Elite controllers display 
elevated T-cell activation 

Hunt et al. JID 2008 



Hunt et al. JID 2008 
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IMT By HIV and Tx Status
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Elite controllers have higher levels of 

atherosclerosis than HIV negatives, after 

controlling for all known risk factors 

 

P. Hsue 



HIV “ELITE” CONTROLERS 
Controlling virus comes at a cost? 

The Good 

Strong HIV-specific CD8+ 
and CD4+ T cell responses 

High NK Cell activation 

 

The Bad 

Persistent inflammation 

Progressive CD4 loss 

Higher risk of 
cardiovascular disease 



Most (but not all) studies have shown that HIV infection results in 
mucosal damage, microbial translocation and inflammation; this 
effect persists during HAART 
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Brenchley JM Nature Medicine 2006 



Microbial translocation is associated to 
immune activation  

Brenchley Nat Med 2006 

 



Microbial translocation causes 
immune activation (?): colocalization 
of E.coli and IFN-a in colon 

Estes J et al. PLoS Pathogens 2010 



LPS independently predicts HIV 

disease progression 

*All models (a separate one for each biomarker) adjusted for age, CD4+, HIV RNA, HCV/HBV, year of test, duration of 

HIV infection at the date of the test; **Further mutually adjusted for all biomarkers 

   Marchetti et al. AIDS 2011 

 



CD4 reconstitution during HAART is negatively 

associated with microbial translocation 

Jiang W, et al. J Infect Dis 2009;199:1177-1185          Marchetti G, et al; AIDS 2008; 22:2035-3028 



Microbial translocation and systemic immune 
activation: what the cause what the effect 

Douek et al. Annu. Rev. Med. 2009. 
60:471–84 



Gut CD4+ T-cell depletion in all stages of HIV infection 
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Brenchley J et al.J Exp Med 2004 

Mehandru et al.J Exp Med 2004 

Acute and early HIV 
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Preferential depletion of CCR5-expressing 
CD4+ in the GI mucosa 

PBMCs 

MMCs 

56.2 vs 21.1 % 

73.5 vs 42.5 % 

Mehandru et al.J Exp Med 2004; also: 
Brenchley J et al.J Exp Med 2004 
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HIV- 
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Th17 cells are preferentially lost from the GI of 
HIV-infected patients 

Brenchley J, Paiardini M et al. Blood 2008 

GUT 

Chege D et al. AIDS 2011  



Early HIV infection: greater immune activation in the 
gut compared to peripheral blood 

Mehandru S  et al.J Virol 2007 

HIV - HIV + 

CD4+ in 

brown; Ki67+ 

in blue 



 
 
 
 
 
Lessons Learned from the Natural Hosts of HIV-Related Viruses: the experiment 
of “Mother Nature”. 
NATURAL HOSTS EXPRESS LOW LEVELS OF CCR5 ON CD4+ T CELLS 
 
 

Pandrea I Blood 2007 



CCR5 and HIV: the less, the better 
 
• Through natural selection, some species of primates 

exhibit lower levels of CCR5 cells in the gut, thereby 
escaping the massive immunopathogenesis and 
associated sequelae, allowing the host to maintain long-
term nonprogression even in the face of relatively high 
plasma viremia. 

 

• Should HIV infection persist uncontrolled in humans, we 
might find our own subspecies undergoing a selection for 
low CCR5 expression. 

 

 



Viral RNA is not detected in 
mucosa of LTNPs Sankaran S  et al.PNAS 2005; also 

Avettand-Fenoel et al. AIDS 2008 

HIV- HVL LTNP HIV- HVL LTNP 



Hatano et al. AIDS 2013 



Colon CD4 are maintained in 
LTNPs 

Ciccone et al. J Virol 2011 



Lower T-cell activation in the gut of 
LTNPs 

Ciccone et al. J Virol 2011 



Higher colon Th17 in LTNPs 

Ciccone et al. J Virol 2011 



Lower immune activation due to 
microbial translocation in LTNPs 

Ciccone et al. J Virol 2011 



Ciccone et al. J Virol 2011 



Elite controllers display 
elevated microbial 
translocation 

Hunt et al. JID 2008 



T-cell homeostasis in 
HIV pathogenesis 



T-cell homeostasis in the 
healthy 



T-cell homeostasis in HIV 



IL-7/IL-7R pathway in LTNPs 

Marchetti et al. HIV Med  



Naïve/memory T-cells in LTNPs 



Thymic output in LTNPs 



Open questions 

• HIV infects apparently a small proportion of CD4 (1 in 100 to 1 
in 100)- how can it still overwhelm T-cell renewal capacity of 
the host? 

 

• Drivers of chronic immune activation? 

 

• Persistent HIV replication in the face of vigorous CTL 
response? 



 



 


