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Aging is a key risk factor in many chronic diseases and PWH 
have increased risk of many aging related comorbidities

Does HIV or its treatment with 
ART accelerate these pillars of 

aging in people with HIV?

If so, what are the mechanisms? 
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The 7 pillars of Aging 
Kennedy Cell 2014



PWH have increased coronary calcium scores and arterial ages 
compared to a demographically similar group of people without HIV
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McClelland et al Am J Cardiol 2009 

***

Inflammation



What are the underlying biological mechanisms that influence 
inflammation and promote age-related comorbidities in PWH? 
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Adapted from 
Caceres et al 2020
AHA Scientific Statement
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Stem cell hematopoiesis may be altered by Inflammation 

§ CHIP Figure
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Stem Cells 
and 

regeneration



Trained immunity regulates innate immune responses to repeat 
exposures to TLR ligands and may contribute to inflammatory conditions.

Differential Responsiveness to TLR ligands in PWH
Brenchley Nat Med 2006
Meier et al Nat Med 2009
Jalbert et al PLoS One 2013
Petrov et al Immunology 2013
Merlini et al Front Immunol 2016
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Antiretroviral Therapy may alter immune cell function by 
modulation of mitochondrial function, telomere length, 
and oxidative stress. 
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Mitochondrial Dysfunction
- Martin et al AAC 2004 –mitochondrial DNA synthesis
- Morse et al JID 2012 -mitochondrial dysfunction in adipose tissue
- Kirmse et al PIDJ 2013 abnormal mitochondrial function in ART exposed infants
- McComsey et al JID 2013 -fat mitochondrial DNA
- Willig et al Redox Biology 2017- monocyte bioenergetics and body composition
- Bowman et al AAC 2020 – PBMCs, monocytes, MDMs, Tcells, mt dysfunction and ROS
- van der Heijden et al Scientific Reports 2021- platelet mitochondrial dysfunction
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HIV and ART alter the concentration and composition 
of lipid profiles

• Traditional lipid measurements (TC, LDL) were not 
dramatically different among HIV- and HIV+ groups

• Red- lipids increased in PWH
Blue- lipids decreased in PWH

Lipid species have been associated with CVD and diabetes
Stegemann et al Circulation 2014
Meikle et al ATVB 2011
Fernandez et al PlosOne 2013
Wong et al PlosOne 2014
Haus et al Diabetes 2009
Toledo et al Am J Clin Nutr 2017
Razquin et al Diabetes Care 2018

Belury et al Pathogens and Immunity 2017

Metabolism
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Metabolism



Ceramides can contribute to inflammation, mitochondrial 
dysfunction, and insulin resistance. 
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Chaurasia et al Frontiers in Immunology 2020 
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SATURN HIV Study

Funderburg et al CID 2014 and JAIDS 2015, Eckard JID 2014,
Hileman et al AIDS 2016, Funderburg P&I 2016 

Statin treatment decreases monocyte activation and inflammation in PWH. 



SATURN HIV Study

Statin treatment decreases monocyte activation, inflammation, and 
ceramide levels in PWH. 



Day 0 Day 5 Day 6

-Adhere MDMs 
to plastic

- Isolate MDM 
RNA

- Stimulate with   
TLR ligands, etc.

Flow cytometry

Pooled Serum Experiments
PBMCs collected from HIV- individuals (n=7)

Pooled Serum (n=14)
1)SATURN statin users Baseline 
2)SATURN statin users Week 48 
3)SATURN placebo users Baseline 
4)SATURN placebo users Week 48 

Monocyte derived macrophage (MDM) are a model for tissue/plaque 
macrophages and are activated by their environment.



MDMs grown in Pooled Serum from statin users have alterations 
in gene expression.  

Expression of ~1,100 genes are differentially regulated by statin vs placebo
mTOR CD1D (presents lipid antigens)
INHBA  Lox-1 (oxidized LDL receptor)
KLF9 SLC2A5 (GLUT5)
Tissue Factor FFAR4 (omega 3 free fatty acid receptor, anti-inflammatory)
LRP4,5,8 (LDL receptors) TLR7
MMPs 1,10,12,14  Calcium signaling pathways
TLR2
Inflammatory cytokines/chemokines
TNFa signaling
Oxidative stress
Glycolysis
Pentose phosphate pathway
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Statin therapy may reduce CVD events in PWH and improve “biological age?”
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InflammationMetabolism

Hoffman et al JAMA Open Network 2021



Frailty and functional impairments are also associated with aging 
and inflammation 
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Inflammation



Muscle quality is related to inflammation in PWH
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Protein 
homeostasis

Inflammation

IL-6 may modulate protein homeostasis
- STAT3 and ubiquitin proteasome activation
-mTOR inhibition and decreased protein synthesis



IL-6 receptor blockade with Tocilizumab (TCZ) in people with HIV

End of
study

404 8 24 28 300

Study
entry
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Post-treatment
follow-up

4 mg/Kg dose

8 mg/Kg dose

CROI 2020 Abstract 113 Inflammation

§ Participants were HIV+, aged 18-60 with suppressed viremia on stable ART, CD4+ T 
cells between 350 and 1,000, and no active major comorbidities

§ Intervention: IV Tocilizumab, 4 mg/Kg X 1 then 8 mg/Kg x 2  every 4 weeks or 
matching placebo
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Tocilizumab (TCZ) treatment in PWH reduces markers of inflammation and 
immune activation that are associated with morbidity and mortality

IL-6 Levels CRP Levels 

Blue area= TCZ treatment

CROI 2020 Abstract 113
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IL-6 blockade with TCZ in PWH reduces markers of inflammation and immune 
activation, but also increases the concentration of multiple lipid species

CROI 2020 Abstract 113  

Inflammation

Metabolism



24

IL-6 blockade with TCZ in PWH reduces markers of inflammation and immune 
activation, but also increases the concentration of multiple lipids

CROI 2019 Abstract 647

InflammationMetabolism

Estimate (95% CI) Effect size p
CE 541.4 (361.9, 712.1) 0.73 <0.0001
CER 0.56 (0.086, 1.14) 0.43 0.0167
DAG 6.22 (2.32, 12.08) 0.55 0.0015
DCER 0.13 (0.036, 0.23) 0.47 0.0076
FFA 55.4 (-38.3, 158.8) 0.21 0.2474
HCER 0.52 (0.31, 0.73) 0.74 <0.0001
LCER 0.16 (-0.073, 0.39) 0.23 0.2023
LPC 56.5 (29.4, 83.1) 0.60 5.00E-04
LPE 1.24 (0.43, 2.30) 0.49 0.0051
PC 386.8 (249.2, 517.1) 0.76 <0.0001
PE 20.3 (7.9, 34.5) 0.54 0.0022
SM 61.8 (24.0, 107.2) 0.56 0.0012
TAG 365.0(164.7, 617.8) 0.59 5.00E-04



What are the underlying biological mechanisms that influence 
inflammation and promote age-related comorbidities in PWH? 
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