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HIV INFECTION RESULTS IN 

QUANTITATIVE AND 

QUALITATIVE DEFECTS  

THAT AFFECT  

BOTH CD4+ AND CD8+  

T CELLS 



THE ABILITY OF  

ANTIRETROVIRAL THERAPY  

(ART) TO RESTORE THE  

QUANTITATIVE AND QUALITATIVE  

DEFECTS OF CD4+ AND CD8+ T CELLS  

IS ONLY PARTIAL 



Losina et al CID 2009 

Even with optimal care, well treated HIV disease 

does not restore full life expectancy 

Risk-adjusted HIV 

negative 

Optimal care HIV 

positive 

Mean age 

seroconversion of 

33 years 



• Immune restoration, i.e a satisfactory CD4 T 

cell increase in cART-treated patients, is 

incomplete in up to 30% of cases. 

• Among persons with low CD4 cell counts, 

morbidities and mortality are increased. 

 

On top of this…  
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After > 5 yrs of HAART and VL < 400, up to 30% of patients have 

CD4 T cell counts below the normal range 

Normal range 

Rodriguez, Myerson, 2011 
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Increased morbidity in HIV infection is related to CD4 T cell 

count on therapy (DAD) 

Liver-related: Chronic viral hepatitis, liver failure (other); malignancy-related: 

malignancy, non-AIDS hepatitis; heart-related: MI, other CVD, other heart 

disease 
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Why is this happening ? 

Factors associated with lack of  CD4+ T cell recovery: 
 

• Age 

• Genetic background 

• Concurrent infections (e.g. viral hepatitis) 

• Adherence to antiretroviral therapy 

• CD4+ T cell nadir 

 



JC Gaardbo, HJ Hartling, J Gerstoft, SD Nielsen 



Failure in de novo CD4+ T cell production: 
 

• persistent bone marrow impairment (Isfro A, Clin Infect Dis, 2008; Badolato R, 

Clin Infect Dis, 2008) 

• smaller thymuses and lower thymopoietin levels (Marziali 

M, AIDS, 2006; Marchetti G, AIDS, 2006) 

• normal plasmatic IL-7 levels(Marziali M, AIDS, 2006; Marchetti G, AIDS, 2006) 

• defective IL-7R expression (Marziali M, AIDS, 2006; Marchetti G, AIDS, 2006) 

Excessive CD4+ T cell destruction: 
 

• ongoing viral replication (Ostrowski SR, JID, 2005; Chun TW, JID, 2002; Mavigner M PLOS One 2009) 

• increased CD4+ T cell apoptosis (Negredo E CID, 2010) 

• CD4+ T cell hyperactivation (Valdez H, AIDS, 2002; Hunt PW, JID, 2003; Pitrak DL, AIDS, 2001) 

• persistent antigenic stimulation (LPS) (Brenchley JM, Nat Med, 2006) 

• immunoregulatory mechaninsms (Treg) (Marziali M, AIDS, 2006) 

Background  







Failure in de novo CD4+ T cell production: (Benveniste O,  JID, 2005) 

 

• persistent bone marrow impairment (Isfro A, Clin Infect Dis, 2008; Badolato R, Clin 

Infect Dis, 2008) 

• smaller thymuses and lower thymopoietin levels (Marziali M, 

AIDS, 2006; Marchetti G, AIDS, 2006) 

• normal plasmatic IL-7 levels(Marziali M, AIDS, 2006; Marchetti G, AIDS, 2006) 

• defective IL-7R expression (Marziali M, AIDS, 2006; Marchetti G, AIDS, 2006) 

Excessive CD4+ T cell destruction:(Benveniste O,  JID, 2005) 

 

• ongoing viral replication (Ostrowski SR, JID, 2005; Chun TW, JID, 2002; Mavigner M PLOS One 2009) 

• increased CD4+ T cell apoptosis (Negredo E CID, 2010) 

• CD4+ T cell hyperactivation (Valdez H, AIDS, 2002; Hunt PW, JID, 2003; Pitrak DL, AIDS, 2001) 

• persistent antigenic stimulation (LPS) (Brenchley JM, Nat Med, 2006, Piconi S, AIDS 2010) 

• immunoregulatory mechanisms (Marziali M, AIDS, 2006, Piconi S, AIDS 2010) 

Background  









Predictive factors for 

unsatisfactory immune 

recovery 





Materials and Methods 

Inclusion criteria: 
 
67 HIV-infected HAART-treated patients (> 7 years) divided 
in two groups : 
 
 
CD4<500 cells/μl: 32 patients  
 
CD4>500 cells/μl: 35 patients 
 

 HIV RNA< 50 copies/ml 



Conclusions 

In patients with <500cell/µl after > 7 years of cART: 

 

• Treg cells as well as IL-10 and TGFb-secreting CD4+ T cells are 

increased 
 
• Viable CD4+ T cells are reduced whereas apoptotic and Caspase-

expressing CD4+ T cells are increased 

 

• Plasmatic LPS is increased and CD4+ T cells are hyperactivated 

 

• TLR2 and TLR4 expression is higher 

 

• IMMUNE ACTIVATION 
 



Can we increase circulating CD4 T cell 

counts in persons with HIV infection?  

Will an increase in circulating CD4 T cell 

counts confer a clinical benefit? 



How to increase circulating CD4  T cell 

counts in HIV infection 

• Make more of them 

• Redistribute them 

• Disrupt the pathogenic mechanisms that drive 

their  depletion (i.e. immune activation) 



How to make more T cells 

• Apply strategies that increase thymic 

production 

• Castration 

• Growth Hormone 

• Interleukin-7 

• Apply strategies that promote extrathymic T 

cell expansion and/or survival 

• Interleukin-2 

• Interleukin-7  



Making more CD4 T cells: a controlled IL-2 trial 

Open IL-2 Randomized IL-2 
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SILCAAT and ESPRIT: randomized controlled 

trials to evaluate clinical benefit of IL-2 in HIV 

infection 

 SILCAAT (n=1.971) 

 CD4: 50-299 

 Avg CD4 = 202 at entry 

 FU = 7.6 yrs 

 Group CD4Δ =57  

 

 

 

 ESPRIT (n = 4.117) 

 CD4 >300 

 Avg: CD4 – 454 at entry 

 FU = 6.9 yrs 

 Group CD4Δ = 153 

 

Neither study could demonstrate a clinical benefit 

of IL-2 in terms of mortality or AIDS defining 

events 



How to increase circulating CD4  T cell 

counts in HIV infection 

• Make more of them 

• Redistribute them 

• Disrupt the pathogenic mechanisms that drive 

their  depletion (i.e. immune activation) 



 

1. Reduce TLR-mediated immune 

activation 

2. Work on the gut mucosa/flora 

(microbiota) 

 





 

• Defective CD4 recovery in ART is associated 

with TLR-mediated immune activation driven 

by alterations of gut permeability Piconi et al, AIDS 24:1991-

2000, 2010  

 

• Hydroxychloroquine (HCQ) reduces 

(endosomal) TLR signalling. 

Background 



Materials and Methods 

 20 ART-treated HIV-infected patients:  

 

• CD4+ count <200 cells/µl  

• Undetectable viremia  

 

 All patients received 400 mg/die of HCQ daily for 6 months. 

 

 Immunologic parameters were evaluated at: 

 

• baseline 

• after 6 months of HCQ treatment 

• 2 months after HCQ suspension 

 



Expression of TLRs on CD14+ cells 

HCQ treatment reduced TLR 

expression on CD14+ cells 

Baseline 

6 months of  HCQ 

2 months after HCQ 

interruption 

Overlay TLR2 expression TLR2: MFI 



ssRNA-stimulated TLR signaling pathway 



HCQ reduces microbial traslocation 



p= 0.005 

p= 0.024 

p= 0.013 

p= 0.050 

HCQ reduces CD4+, CD8+, and CD14+ activation 



p< 0.001 

HCQ induces a (partial) increase in CD4+ T cells 



39 

1. Reduction in LPS and TLR-mediated immune activation 

2. Diminished quantities of cells bearing activation- 

associated markers 

3. Reduced production of proinflammatory cytokines 

 

Despite all this, CD4 counts are not totally restored 

Not enough follow-up  

Other mechanisms (immune, hematologic) 

prevent optimal immune reconstitution in INR  

Immune activation is only partially 

responsible for  

CD4 counts  



 

 

LONG TIME FOLLOW-UP: A STEADY INCREASE  

IN CD4+ T CELLS (8 mos. AFTER STOPPING HCQ) 



LONG TERM FOLLOW-UP: 

CONTROL OVER IMMUNE 

ACTIVATION IS LOST  

(8 mos AFTER STOPPING HCQ) 

CD4 increase despite uncontrolled 

immune activation: is activation 

really responsible for incomplete 

CD4 reconstitution?? 



Act on the gut 

 

WILL RESTORATION OF A PHYOLOGICAL 

GUT FLORA (MICROBIOTA) RESULT IN 

BENEFICIAL MODIFICATIONS OF IMMUNE 

PARAMETERS? 

 



Prebiotics reduces CD4+ decline and chronic immune 

activation but not viral load 

Prebiotics 

significantly slows the 

decline in CD4+ T-cell 

count in HIV-infected 

patients not on ART 
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Abstract 95 



Probiotic Supplementation of ARV Treatment during SIV Infection of Pigtail Macaques 

Results in Enhanced GI Tract CD4+ T Cell Frequency and Immunological Function 
 

Nichole Klatt*1, L Canary1, X Sun2, C Vinton1, M Perkins1, D Hazuda3, J Lifson4, E Haddad2, J Estes4,  

J Brenchley1  
 



• Even with optimal ART, life expectancy in HIV 
infection is shorter than normal; this is predicted 
by lower CD4 and higher inflammation 

• Mechanisms of failed immune recovery are many 
and still partially unclear 

• Approaches aimed at reducing TLR activity 
and/or targeting the microbiota could be 
beneficial in supplementing ART 

 

FULLY SATISFYING IMMUNE RECONSTUTION IS 

STILL AN UNREACHEABLE GOAL 

Conclusions 
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