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Figure 2. Hallmark pathway enrichment analysis for bulk (A) RNA-sequencing and (B)
protein-mass spectrometry of T-cells cultured in iron replete (0.625 mg/mL holotransferrin)
and iron deficient (0.001 mg/mL holotransferrin) conditions for 48h. (C) Principal components
analysis of all proteins and selecting for mitochondrial proteins. (D) Expression heatmap of
proteins involved in selected metabolic processes with p-values < 0.05. Red = electron
transport chain proteins, orange = beta-oxidation proteins, blue = ribosomal proteins, green =
amino acid import proteins. (E) q-PCR for Cdkn1a expression. (F) P53 suppresses cell cycle
progression via CDKN1A. (G) mTORC1 activity measured via pS6 MFI. (H) mTORC1 and
MYC signalling is induced downstream of the T-cell receptor to induce biosynthesis.

Introduction

• Iron is an essential nutrient used for cellular
processes including1:

• Iron deficiency has widespread global impact,
affecting >1.2 billion people2

• Reduced iron availability impairs adaptive immune
responses in vitro and in vivo3,4

Question: How does iron deficiency affect T-cell
biochemistry?
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Figure 1. T-cells were cultured for 48h on plates coated with 5
μg/mL α-CD3 in iron free media (RPMI 1640, 10% panexin iron
free serum substitute, 1% penicillin/streptomycin, 1% glutamine)
with 1 μg/mL α-CD28, 50 U/mL IL-2, 50 μM β-mercaptoethanol
and a titration of holotransferrin as the iron source.
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Iron starved T-cells have expression profiles indicative of cell cycle arrest and of metabolic rewiring

Iron deprivation alters metabolic routing
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Figure 3. T-cells were activated for 48h in a titration of iron conditions. (A) Metabolite-MS for
labelled metabolites following 24h pulse with 13C5-glutamine. (B) Metabolite isotopomer
distribution for labelled metabolites characteristic of pyruvate carboxylase (PC) activity following
24h pulse with 13C6-glucose. (C) PC protein expression, (D) NAD+/NADH ratio and (E) aspartate
relative abundance. (F) TCA cycle produced aspartate is used in nucleotide, asparagine and
protein synthesis. (G) ASNS and (H) PPAT protein expression. (I) AICAR relative expression.
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Summary
Iron deficiency in T-cells results in:
• Induction of the p53 cell cycle arrest program
• Metabolic remodelling featuring reduced MYC and mTORC1 signalling pathways and

depletion of amino acid import and ribosomal proteins
• Accumulation of OXPHOS and beta-oxidation proteins
• Suppressed generation of α-ketoglutarate, fumarate and malate which lie downstream

of the iron-dependent enzymes aconitase and succinate dehydrogenase
• Increased aspartate production potentially via PC but reduced downstream usage
• Accumulation of the repressive histone mark, H3K27me3
Aspartate or SAMHD1-KO rescues proliferation of iron deficient T-cells implying iron
starvation may limit aspartate and nucleotide availability due to the iron dependency of
these pathways
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Aspartate supplementation or nucleotide accumulation via 
SAMHD1-KO partly rescues iron deficient T-cells
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aspartate Figure 5. (A) Division measured using

cell trace violet (CTV) of T-cells
cultured in a range of iron conditions
with or without aspartate (40 mM). (B)
SAMHD1 catabolises dNTPs
downstream of aspartate to maintain
nucleotide balance. Knockout cells
accumulate dNTPs. (C) Proliferation
measured using CTV of T-cells derived
from wildtype or SAMHD1-KO mice.
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Iron scarcity impairs histone demethylation of H3K27me3
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Figure 4. (A) Removal of H3K27me3 requires
iron and α-KG dependent KDM6 enzymes.
(B) α-KG relative abundance and H3K27me3
MFI at (C) 48h and (D) 72h.
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