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Abstract

T-lymphocyte activation triggers dramatic metabolic reprogramming from oxidative phosphorylation
toward aerobic glycolysis, supporting rapid proliferation and effector function. This research
characterized the glycolytic switch in human CD4+ and CD8+ T cells following activation.
Experiments at Accra Institute of Technology from February 2024 to June 2025 employed extracellular
flux analysis and metabolite profiling in primary human T cells stimulated through CD3/CD28. Results
showed glycolytic rate increased 8.4-fold within 24 hours of activation, with glucose uptake rising 5.2-
fold. GLUT1 surface expression increased 4.8-fold while hexokinase II protein levels rose 3.6-fold.
Inhibiting glycolysis with 2-deoxyglucose reduced IFN-y production by 67% and proliferation by 78%.
These findings demonstrate the essential role of metabolic reprogramming in T cell effector responses
with implications for immunotherapy and autoimmune disease treatment.
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Introduction

Why would activated immune cells adopt an apparently inefficient metabolic strategy,
producing lactate from glucose rather than fully oxidizing it? This question defines the
emerging field of immunometabolism. Like proliferating cancer cells, activated T
lymphocytes undergo a metabolic switch toward aerobic glycolysis despite adequate oxygen
availability—a phenomenon termed the Warburg effect ',

Naive T cells maintain a quiescent metabolic state relying primarily on oxidative
phosphorylation of glucose, fatty acids, and amino acids. Upon activation through the T cell
receptor and costimulatory signals, cells dramatically upregulate glucose uptake and
glycolytic enzyme expression within hours . This metabolic shift provides not only ATP
but also biosynthetic precursors for the macromolecular synthesis required for rapid
proliferation.

The mechanistic target of rapamycin (mTOR) and hypoxia-inducible factor la (HIF-1a)
orchestrate this metabolic transition, coupling activation signals to transcriptional programs
promoting glycolytic enzyme expression 31, Glucose transporter GLUT1 surface expression
increases rapidly, enhancing glucose import. Lactate dehydrogenase converts pyruvate to
lactate, regenerating NAD+ to sustain glycolytic flux.

This research quantified the kinetics and magnitude of metabolic reprogramming in human T
cells and assessed its functional consequences 41,

Materials and Methods

Materials

Research was conducted at the Department of Immunology, Accra Institute of Technology,
Ghana, from February 2024 to June 2025. The Institutional Ethics Committee approved
blood collection from healthy volunteers (Protocol AIT-2024-0034). Peripheral blood
mononuclear cells were isolated by density gradient centrifugation. CD4+ and CD8+ T cells
were purified by negative magnetic selection achieving greater than 95% purity B,
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Methods
T cell activation employed plate-bound anti-CD3 (5 pg/mL)
plus soluble anti-CD28 (2 pg/mL). Extracellular

acidification rate and oxygen consumption rate were
measured using a Seahorse XF analyzer. Glucose uptake
was quantified using fluorescent 2-NBDG. Metabolite

Table 1: Metabolic Parameters in
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profiles were determined by liquid chromatography-mass
spectrometry. Cytokine production was assessed by
intracellular staining and flow cytometry following
PMA/ionomycin restimulation ¢,

Results

Naive and Activated T Cells

Parameter Naive Activated (48h) Fold Change
Glycolytic rate (mpH/min) 12.4+1.8 104+14 8.4x
Glucose uptake (2-NBDG MFI) 245432 12744168 5.2x
GLUT1 expression (MFI) 186+24 892+115 4.8
Lactate production (mM) 1.2+0.2 8.7+1.1 7.3x
T cell activation induced rapid metabolic reprogramming 7.3-fold, confirming the shift toward fermentative

with glycolytic rate increasing 8.4-fold by 48 hours. Glucose
uptake rose in parallel, supported by 4.8-fold increased
GLUTI1 surface expression. Lactate production increased

metabolism. These changes occurred in both CD4+ and
CD8+ subsets 71,

Kinetics of Metabolic Reprogramming in T Cells
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Fig 1: Time course of metabolic changes following T cell activation showing coordinated upregulation of glycolytic machinery.
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Dose-dependent inhibition of T cell effector functions by the glycolysis inhibitor 2-deoxyglucose.
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Discussion

The 8.4-fold increase in glycolytic rate demonstrates the
magnitude of metabolic reprogramming accompanying T
cell activation. This shift occurs rapidly, with significant
changes detectable within 6 hours, preceding the onset of
proliferation ¥, The temporal sequence suggests metabolic
reprogramming represents an early activation program
rather than a consequence of proliferation.

The strong dependence of IFN-y production on glycolysis
reveals functional coupling between metabolism and
effector responses beyond simple energy provision.
Glycolytic intermediates provide substrates for nucleotide,
amino acid, and lipid biosynthesis required for both
proliferation and cytokine production !, Additionally, some
glycolytic enzymes moonlight as RNA-binding proteins
regulating cytokine mRNA stability.

These findings have therapeutic implications for both
enhancing immunity in cancer and suppressing it in
autoimmune disease. Metabolic interventions could
potentially modulate T cell responses when conventional
immunomodulation proves insufficient 1!,

Conclusion

This research demonstrates that human T cell activation
triggers rapid and extensive metabolic reprogramming
toward aerobic glycolysis. The glycolytic switch involves
coordinated increases in glucose transporter expression,
glycolytic enzyme levels, and lactate production. Functional
studies confirm that glycolysis is essential for optimal
cytokine production and proliferation. These findings
establish metabolic pathways as potential therapeutic targets
for modulating immune responses in cancer immunotherapy
and autoimmune disease treatment.
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