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OVERVIEW 

Metabolic reprogramming during immune cell activation & 
inflammatory responses (canonical pathways) 

Consequences of CD4 T cell and monocyte metabolic  
reprogramming in HIV infection 

Immunometabolism: Bidirectional relationship  
adipocyte-immune cell interaction  

Immunometabolism: Auxiliary pathways in immune cell  
activation 



Sources of immune activation  and metabolic disorders in ART-
treated PLWH 

     

OBESITY 

Traditional risk factors 
Traditional risk factors 

Atripla* 
Efavirenz, Emtricidabine, TAF 

*P i  t l  M l M t b li  I            
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Activated T cells reprogram glucose metabolism from      
oxidative phosphorylation to glycolysis 

Palmer et al., Journal of Immunology 2016 
Palmer et al Ebiomedicine, 2016 
 

Michalek et al., Immunol Rev, 2010 
Pearce et al., 2013, Science 



Activated T cells reprogram glucose metabolism from      
oxidative phosphorylation to glycolysis 

Palmer et al. Front. Immunology 2015 
Palmer et al. Journal of Immunology 2016 

Maclver et al. Annu Rev Immunol., 2013 
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Glycolytic metabolism remains elevated in CD4+ T cells in virally  
suppressed patients receiving cART 



PI3K and mTOR regulate Glut1 expression on  T cells 

Ү anti-CD28 anti- CD3 

PI3K 

p-Ser473-
Akt/mTORC1 

T cell 

 
Glut1 

p-Ser473-Akt 

Total Akt 

β-actin  
   UT AS-60 

Western Blot  
(Activated CD4+ T cells) 

Macintyre et al., Cell Met. 2014 
Palmer et al., FEBS Letters, 2017 



Palmer et al, FEBS Letters, 2017 
Masson et al, Front. Immunol. 2018 

Palmer et al, AIDS 2014 

CD4 metabolic activation in HIV 

INCREASED: 
• Glucose uptake  
 
• Lactate production 
 
• Hexokinase  activity 
 
• PI3K-mTOR activity 
 
• HIV infectivity 
 
• PD1 levels 
 
• Exhaustion markers 

Hegedus et al, Retrovirol. 2014 
McKinney et al, Nat Immunol 2018 Palmer et al, EBiomedicine 2016 



Palmer  et al., EBiomedicine, 2016 

LPS 

PI3K 

mTOR 

Membrane 

 
      Glut1 

TLR4/CD14 

Glucose 

Pyruvate 

Lactate 

ATP 

Stimulators of  glucose uptake in monocyte and macrophage 
• LPS 
• Pro-inflammatory cytokines/adipokines 
• oxLDL 

TNF 

IL-1β 

IL-6 

PI3K/mTOR regulate  glycolysis in activated monocytes and  
inflammatory (M1) macrophages 

Lee et al.,  J Nucl Med, 2014 
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Frailty in Aging PLWH (Melbourne Silver Aging Cross Sectional Study) 

Palmer et al., Journal of Immunology, 2014 
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GLUT1-dependent glycolysis increases inflammatory  
cytokine production 

Freemerman et al., J Biol Chem, 2014 

Adipose tissue-derived macrophages 

Fat diet: 



AIDS 2017 

Women’s Interagency HIV Study 

Participants with more than 75th percentile and less than 25th 
percentile  
 
Age-adjusted intima-media thickness (IMT) at the right 
common carotid artery and bifurcation 



KEY POINTS 
 
• Mouse adipose tissue macrophages (ATM) have BOTH increased 

glycolysis and oxphos (Extracellular flux measurement) 
 

• Metabolic routes for cytokine release from ATM in lean adipose 
tissue: glycolysis, FAO and glutaminolysis 

 
• Pro-inflammatory ATM traits in obese adipose tissue: glycolysis 
 
• HIF-1α, a key regulator of glycolysis played no role in pro-

inflammatory activation of ATMs 
 



Dysfunctional AT promotes development  of metabolic  and vascular disease 

Mod: Guzik et al., Cardiovascular research, 20117 

Immune cell infiltration 
• Th1 Cells 
• M1 macrophages 
• TE & Tm 
• NK 

Leptin  

Adiponectin  

 
Vaso-protection 
 
 
Anti-inflammatory 

Vascular dysfunction 
Pro-inflammatory cytokines 
 

Inflammatory cells (M1, Th17) 

Presenter
Presentation Notes
Immune cell infiltration including Th1 T cell and M1 type macrophages is a prominent feature of adipose tissue in obesity. Infiltrating cells not only produce cytokines but also, chemokines, metalloproteinases and ROS. The presence of inflammatory cells in the adipose tissue affects adjacent  tissues and organs. In obesity enlarged adipocytes produce leptin.



Alwarawrah et al., Front Immunol 2018 



Bidirectional relationship: adipocyte-immune cell interaction  

Mod: Lee et al.,  Cell 2017 
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Auxiliary pathways in immune cellular activation 

Hesham et al., Front. Immunol., 2017 



Immunometabolism provides new  therapeutic  
opportunities for inflammation and  obesity 

Mod: Palmer et al., F1000 Reviews 2018 



CONCLUDING POINTS 
 
• Metabolic reprogramming of monocytes from 

oxidative phosphorlyation to glycolysis is associated 
with inflammatory responses 
 

• Metabolic reprogramming of immune cells is 
influenced by adipose tissue-derived molecules 
receptor engagement (e.g AdipoR1, LepR 

 
• Immunometabolic targetting offers new therapeutic 

opportunities for obesity 
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