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ABSTRACT 
T cells undergo extensive metabolic reprogramming during chronic viral 

infections, leading to exhaustion and impaired immune responses. The 

altered metabolic pathways in T cells, including glycolysis, oxidative 

phosphorylation (OXPHOS), and lipid metabolism, significantly impact 

their function and persistence in chronic infections such as HIV, HBV, and 

HCV. Targeting these metabolic shifts may provide new therapeutic 

avenues to reinvigorate exhausted T cells and restore antiviral immunity. 

This article explores the role of metabolic reprogramming in T cell 

exhaustion, discusses potential metabolic interventions, and assesses their 

implications for developing novel immunotherapeutic strategies against 

persistent viral infections. 
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1. INTRODUCTION 
T cell metabolism plays a critical role in immune 

response modulation, particularly in chronic viral 

infections. During prolonged exposure to antigens, 

T cells undergo metabolic exhaustion, reducing their 

ability to mount effective immune responses. 

Studies indicate that persistent infections such as 

HIV, HBV, and HCV induce metabolic alterations, 

affecting glycolysis, mitochondrial function, and 

lipid metabolism. Understanding these changes is 

crucial for developing therapeutic interventions 

aimed at enhancing T cell function. 

 

2. Metabolic Pathways in T Cell Activation and 

Exhaustion 

 
Fig.Metabolic Pathways in T Cell Activation and Exhaustion 

file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)
file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)


 Journal of Molecular Science 

Volume 34 Issue 1, Year of Publication 2024, Page 1-2    

   DoI-17.4687/1000-9035.2024.001 

 

 

2 

Naïve T cells rely primarily on oxidative 

phosphorylation (OXPHOS) for energy, whereas 

activated T cells shift to aerobic glycolysis for rapid 

ATP production. However, chronic infections force 

T cells into a state of metabolic dysfunction, 

characterized by defective glycolysis and impaired 

mitochondrial function. Studies show that exhausted 

T cells in chronic infections exhibit increased 

dependence on fatty acid oxidation (FAO) and 

reduced glucose uptake, limiting their ability to 

sustain antiviral responses (Wherry et al., 2018). 

 
Metabolic Pathway Role in T Cell Function Impact in Chronic Infections 

Glycolysis Provides rapid energy for activated T cells Reduced activity leads to exhaustion 

OXPHOS Maintains energy in naïve/memory T cells Dysfunction leads to mitochondrial damage 

Fatty Acid Oxidation (FAO) Supports memory T cell survival Increased reliance causes T cell dysfunction 

 

3. The Role of Hypoxia and mTOR Signaling in T 

Cell Exhaustion 

Hypoxia-inducible factors (HIFs) and mammalian 

target of rapamycin (mTOR) play pivotal roles in 

regulating T cell metabolism. Under chronic 

infections, mTOR signaling is dysregulated, leading 

to impaired glycolysis and increased reliance on 

FAO. Therapeutic targeting of the mTOR pathway 

using rapamycin or other inhibitors has shown 

potential in modulating T cell exhaustion (Bengsch 

et al., 2016). 

 

4. Metabolic Checkpoints as Therapeutic Targets 

Several metabolic regulators, including AMPK, PD-

1, and PGC-1α, influence T cell metabolism and 

exhaustion. 

• AMPK Activation: AMPK enhances 

mitochondrial biogenesis and supports memory 

T cell survival (Pearce et al., 2013). 

• PD-1 Inhibition: PD-1 blockade has been 

shown to restore glycolytic function in exhausted 

T cells (Patsoukis et al., 2020). 

• PGC-1α Overexpression: PGC-1α enhances 

mitochondrial function and prevents exhaustion 

in chronic infections (Schluns et al., 2017). 

 

5. Implications for Immunotherapy in Chronic 

Viral Infections 

Therapies targeting metabolic reprogramming have 

shown promise in preclinical and clinical settings. 

Strategies such as: 

• Glycolysis enhancement via 2-deoxyglucose (2-

DG) 

• Mitochondrial rejuvenation using NR/NAD+ 

supplementation 

• Lipid metabolism modulation through FAO 

inhibitors These approaches have demonstrated 

improved antiviral responses in murine models 

of chronic infection (Schurich et al., 2016). 

 

6. CONCLUSION AND FUTURE 

PERSPECTIVES 

Metabolic reprogramming plays a pivotal role in 

shaping T cell fate and function, particularly in the 

context of chronic viral infections where persistent 

antigen exposure drives T cell exhaustion. 

Exhausted T cells exhibit metabolic deficiencies, 

including impaired mitochondrial function, reduced 

glycolytic capacity, and dysregulated lipid 

metabolism, which collectively contribute to their 

diminished antiviral efficacy. Targeting key 

metabolic pathways—such as enhancing oxidative 

phosphorylation, restoring glycolysis, or modulating 

lipid metabolism—has shown promise in 

reinvigorating exhausted T cells and boosting 

antiviral immunity. However, balancing these 

metabolic interventions to ensure efficacy without 

inducing autoimmunity or excessive inflammation 

remains a critical challenge. Future research should 

focus on identifying precise metabolic checkpoints, 

developing targeted therapies that selectively restore 

T cell function, and integrating metabolic 

interventions with existing immunotherapies for 

optimized clinical outcomes. 
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