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R Medzhitov Cell 2010 

Acute inflammation pathways components 

Infection 

 

Injury 
Inflammation 

Host defense 

 

Tissue repair 

Activation of innate immunity 



Acute vs chronic inflammation 

Acute inflammation 

Pathogen or wound 

Several days 

Eradication of the stimulus 

Repair 

Return to a quiescent 

state for immune cells 

Protective response 

Beneficial for the host 

 

Chronic inflammation 

Persistence of the stimulus: 

pathogen, cancer antigen, auto-

antigen 

As HIV infection, long-term 

infections, auto-immune or 

inflammatory diseases, cancers 

Deleterious for the host 

Long-term consequences: 

CVD, cancer 

From L Weiss 



Increased activation of the immune system 

 Long-term infections: HIV, CMV.. 

 Intestinal bacterial products: LPS… 

 Innate immunity: Tissue resident 

macrophages 

 Acquired cellular immunity: CD4 and CD8 

T lymphocytes 

 Acquired humoral immunity: B 

lymphocytes, hypergammaglobulinemia 

 

 



Most age-related comorbidities are associated 

with a chronic low-grade inflammation 

Chronic 
Inflammation 

Neurodegenerative 
diseases 

Metabolic 
diseases 
Diabetes, 
steatosis 

Cardiovascular 
diseases 

Bone and 
articular diseases 

Sarcopenia 

Cancers 

From A Freund Trends Molecular Med 2010 
CRP< 10mg/l 

Frailty 



Gut-derived inflammation  
and metabolic risk 



1013 bacterias 
Great diversity 

Gut microflora is involved in abdominal obesity 

and metabolic disorders 



NM Delzenne Microbial Cell Factories 2011 

Gut dysbiosis is involved in metabolic disorders 



Role of gut dysbiosis and adiposity in 

inflammation, comorbidities  and aging 
GUT 

LPS, sCD14 

From VD Dixit J Leukoc Biol 2008 



Role of personal and life-style factors 



 Role of chronic infection 

 Role of inflammation/immune activation 

 Role of immune deficiency/senescence  

 Role of treatment 

 Role des personal factors : age, tobacco, coinfections 

 

 Virus 

Immunity ART 

Pathogenesis of inflammation/immune activation 

 in HIV-infected patients 



13 
J Neuhaus CID 2010 

Increased levels of proinflammatory markers in HIV-

infected patients as compared to the general population 
 

Biomarkers Levels in SMART Study Participants Receiving Antiretroviral Therapy 

(ART) Who Had an HIV RNA Level ≤400 Copies/mL and Percentage Differences in 

Levels Versus CARDIA and MESA Study Participants 

 

Participants 33-44 years of age Participants 45-76 years of age 

Biomarker  No. 
Median level 

[IQR] 

% 
Difference 

(P) 
No. 

Median level 
[IQR] 

% 
Difference  

(P) 

hsCRP, g/mL 140 
2.13 (0.77-

5.20) 
40.2 (<.001) 293 

2.83 (1.07-
6.80) 

37.8 (<.001) 

IL-6, pg/mL 139 
1.89 (1.15-

3.42) 
39.0 (<.001) 291 

2.64 (1.55-
4.14) 

60.1 (<.001) 

D-dimer, g/mL 140 
0.21 (0.15-

0.46) 
NA 293 

0.29 (0.17-
0.57) 

49.1 (<.001) 

Cystatin C, mg/dL 86 
0.90 (0.78-

0.97) 
NA 130 

1.00 (0.86-
1.16) 

20.9 (<.001) 



Deeks Cur Opin Immunol 2012 

Mechanisms involved 



Role of resident tissue macrophages in 

tissue functions: HIV reservoirs? 

Insulin resistance 

Dyslipidemia 

Diabetes 

Resident macrophages with a M2 anti-inflammatory phenotype present in some 

tissues: change to a M1 pro-inflammatory phenotype when adversely stressed 

Adipose 

Tissue 

 

Brain 

 

Bone 

 

Liver 

Hotamisligil, Nature 2006 



E Martinez CROI 2012 #834 AIDS 2013 

Role of ART 
Changes in inflammatory biomarkers in subjects switching from 

Ritonavir-Boosted PIs to Raltegravir: The SPIRAL Study. 
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Mecanisms of aging 

In the general population 

2008- 2013 



 Complex and multifactorial physiological process 

 Functional impairment of several tissues 

 Decreased ability to face stress 

 Increased prevalence of age-related diseases 

 Naturally ending by death 

Aging 



From TB Kirkwood Science, 2008;451:644 

Genetics Environment 

Damages  
 

Somatic Mutations 

Germinal Mutations 

Telomere shortening 
 

Mitochondrial dysfunction 

leading to oxidative stress 

 

p53, p16, p21 

 

Accumulation of prelamin A 

 

miRNA 
 

Inflammation 
 

From J Campisi 2009 

Aging 



Laboratory for Clinical Biochemistry Research 

University of Vermont 

Ferrucci et al., BLOOD. 2005;105: 2294-2299 

Inflammatory Cytokines Go Up with Age 

InChianti: Information on 

inflammatory markers, 

cardiovascular risk factors, and 

diseases was collected in 595 men 

and 748 women sampled from the 

general population (age, 20-102 

years) 

CRP and Fibrinogen go up with age 

But go up much less in models 

which assume a low risk 

profile and no major co-

morbidities, especially CVD 

R Tracy HIV & Aging 3rd International Workshop 



R Varadhan J Gerontol 2013 



HY Chung Aging Research Reviews 2008,9;8:18  

« Inflammaging » 
Proinflammatory cytokines 
produced by immune cells: 
monocytes/macrophages 
and T lymphocytes  
but also endothelial cells, 
adipocytes, epithelial cells 



 
Inflammation and aging 

 

General population 

Senescence 
SASP, numerous cells 

Immune activation, 
immunosenescence 

Low-grade inflammation 

Frailty, comorbidities, aging 



In HIV-infected patients 

Photos courtesy of New York Magazine, Nov 2009 

Norma Martinez.  
Age: 61  
HIV: 12 years  
lipodystrophy, 
fatigue 

Mike Weyand. Age: 58 
/ HIV: 20 years /  
osteoporosis, 
lipodystrophy, memory 
loss 

Doug Turkington 
Age: 52  
HIV: 20 years  
osteoporosis, two 
hip replacements. 

Mecanisms of aging 



HIV-infected patients are aging:  

B Hasse CID 2011 



Inflammation and aging 

HIV-infected patients 

Senescence 
SASP, numerous cells 

Immune activation, 
immunosenescence 

Low-grade inflammation 

Frailty, comorbidities, aging 

HIV ART HIV Microbial 
Translocation 

HCV 
CMV 
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 Neurocognitive dysfunction  

 Osteoporosis 

 Cardio-vascular risk and 

hypertension 

 Kidney failure 

 Frailty 

 Fat redistribution and 

lipodystrophy 

 Insulin resistance, diabetes et 

dyslipidemia 

 Non-AIDS related cancers 

Increased incidence of non AIDS-related comorbidities  

Age-defining comorbidities 



Biomarkers of inflammation and coagulation are 

associated to mortality in the SMART study 

Kuller PLOS Med 2008 

• Study entry and latest levels of six biomarkers for deaths and 
matched controls 



NG Sandler CID 2011 



Immune activation and inflammation predict 

mortality 

PW Hunt CROI 2012 #278 



Inflammation and mortality 

SMART/

ESPRIT 
FRAM 

SOCA/ 

SCOPE 
UARTO VACS 

FIRST 
(pre ART) 

Case 

control 
Cohort Cohort Cohort Cohort 

Case 

control 

T cell activation ✔ ✔ 

CRP ✔ ✔ ✔ ✔ 

IL-6 ✔ ✔ ✔ 

K/T IDO ✔ ✔ 

Cystatin C ✔ 

sCD14 ✔ ✔ ✔ 

LPS No 

D-dimer ✔ ✔ ✔ ✔ 

Fibrinogen ✔ 

S Lewin CROI2013 



Inflammation and serious non-AIDS events 

CV 

disease Cancer 
Bone 

disease 
HAND Liver disease 

1,2 3,4 5 6,7 HCV8,9 HBV9 

T cell activation ✔ ✔ ✔ 

CRP ✔ ✔ ✔ 

IL-6 ✔ ✔ ✔ ✔ ✔ 

sCD168 ✔ ✔ 

Cystatin C ✔ 

sCD14 ✔ ✔ ✔ ✔ ✔ 

LPS ✔ ✔ ✔ ✔ 

D-dimer ✔ ✔ 

1 Hsue et al Journal of American Heart Asso 2012; 2 Burdo et al., J Infect Dis 2011; 204:154;  3 Marks et al.,  

AIDS 2013, 27(3):469-74; 4Borges et al., AIDS 2013 (in press) 5 Morse CG et  al.,  AIDS.2013;27; 6 Ancuta P, et al. 

 PLoS One 2008;3:e2516; 7 Lyons et al., J Acquir Immune Defic Syndr. 2011 Aug 15;57(5):371-9(4):591-5;  
8 Balagopal A, et al. Gastroenterology 2008;135:226–233 9 Sereti et al., J Infect Dis 2013 (epub) 

S Lewin CROI2013 



Grund #60 CROI 2013 

Results from 3 large randomized trials of controlled  

patients: ESPRIT, SILCAAT, SMART 



Time to SNAE/death associated with IL-6 and D-dimer 

Grund et al., 20th CROI, Atlanta, GA, Abstract 60 

N= 3766, control arms of the SMART, ESPRIT and SILCAAT trials, all on ART 

Mean CD4=500cells/ul; mean follow up for 5 years 

S Lewin CROI2013 



IL-6 and D-dimers and non-AIDS defining morbidity/mortality 

Grund #60 CROI 2013 



Subramanian S, 

JAMA 2012 

115 

Arterial inflammation as 

measured by PET-scan is 

increased in HIV-infected 

patients as compared to 

VIH- subjects with the 

same FRS   



Subramanian S, JAMA 2012 

115 

Arterial inflammation is related to the level of the 

macrophage activation marker sCD163   



In HIV-infected patients, most age-related 

comorbidities are associated with a chronic low-grade 

inflammation/immune activation 

Chronic 
Inflammation

/immune 
activation 

Neurodegenerative 
diseases 

Lipodystrophy 
Diabetes,  

HCV and HBV -
related liver 

disease 

Cardiovascular 
diseases 

Osteopenia 

Cancers 

From A Freund Trends Molecular Med 2010 

Hs-CRP< 10mg/l 
Hs-IL6 

Frailty 
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Lipodystrophy is related in priority to ART 

« First generation lipodystrophy » 

Lipoatrophy mainly linked to tNRTI: stavudine and zidovudine  

Role of PI in lipohypertrophy 



Lipodystrophy worsen inflammatory state and 
metabolic disorders 

« Second generation lipodystrophy » 



ART-induced metabolic alterations and lipodystrophy 

in the clinics 

• Table de TMM 

M Caron-Debarle TMM 2010 

Mild or no dysmetabolic effect of the newer NNRTI : etravirine and rilpivirine 



 

FJ Lee CO-HIVAIDS 2012 



Lipodystrophy and ART predicts diabetes in HIV-

infected patients 

J Capeau AIDS 2012 

HR 

Age  40-50 vs <40 y 2.1 

>50 vs <40 y 3.6 

BMI 25-30 vs <25 kg/m2 1.9 

>30 vs <25 kg/m2 2.8 

WHR 3.9 

Lipoatrophy 2.1 

stavudine 2.6 

indinavir 2.5 

didanosine 3.2 



Lipodystrophy and ART predict atherosclerosis lesions 

in HIV-infected patients 

G Guaraldi Atherosclerosis 2010  

OR Confidence interval P-value 

Male sex 2.8 1.3-6.1 0.009 

Age per 1 year 1.12 1.07-1.17 <0.001 

BMI 1.09 0.98-1.21 NS 

Chol T 0.99 0.99-1.01 NS 

HDL C 1.00 0.98-1.03 NS 

Hypertension 2.09 1.13-3.88 0.018 

Exposure to ART, per 1 y 1.21 1.07-1.37 0.002 

No lipodystrophy 1 ref 

Lipoatrophy 3.82 1.11-13.1 0.033 

Lipohypertrophy 7.65 1.71-37.17 0.008 

Mixed form 4.36 1.26-15.01 0.02 

Multivariable logistic analysis for independent predictors of coronary artery calcium 



Lifestyle 

Etiology of non-AIDS-related events 

Non-AIDS-related events are more common in HIV disease, even after 

adjustment for age, cART exposure and traditional risk factors 

 

Deeks SG, Phillips AN. Br Med J 2009;338:a3172 

cART 

toxicity 

Persistent 

inflammation 
(immune activation) 

Non-AIDS  

events 

(e.g. smoking) 

S Lewin CROI 2013 



Hot topics in September 2013 

Interventions for “inflammation”?? 

 

 

Number of  

trials 

Statins aspirin 
COX-2 

inh 

Leflun-

amide 

Mino-

cycline 
IVIG 

12 1* 2 1 1 1 

T cell 

activation 
↓/↑ ↓ ↓ ↔ ↔ 

CRP ↓/↔ ↔ ↔ 

IL-6 

sCD14 ↓ ↔ 

Platelet func ↓ agg ↔ 

D-dimer ↔ 

Clinical 

endpoint 

↓malig 

↓mortality 
ND ND ND ND ND 

Adapted from Rajasuriar, Lewin et al., AIDS 2013 Jan 16 
*O’Brian et al., J Acquir Immune Defic Syndr. 2013 Feb 12 

S Lewin CROI 2013 



Hot topics in September 2013 

: HIV-related dysbiosis 

I Vujkovic-Cvijin Science Translational Medicine 2013 





A Bigoloni AIDS 2012 



JH Han AIDS 2012 


