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The function of immune system of mammals gradually declines with age. Many factors contribute to this
phenomenon including a decrease in the output and diversity of the antigenic repertoire of T cells caused by
thymus involution, changes in the cellular metabolism caused by inflammation, and defective proliferative,
differentiation or survival capacities of the immune cells. Spermidine (SPD), a biogenic polyamine is
reported to decrease with age, and SPD supplementation was shown to improve or delay several age-related
pathologies, including those of the immune system. SPD is proposed to function in the rejuvenation of
immune system, enhance autophagy, derive translational activity and mitochondrial metabolism. SPD
supplementation was previously shown to enhance the anti-tumor immunity in animal models. However, it
remains largely unknown how SPD deficiency relates to the T cell immune suppression induced by ageing.
As CD8+ T cells are key players in tumor immunity, it is of utmost importance to understand how aging
would impact the metabolic and functional characteristics of CD8+T cells. The aim was to characterize the
CD8+ T cell populations changes induced by SPD supplementation in aged mice and explore the molecular
mechanisms for the SPD action in CD8+ T cell.

Both the total and free intracellular concentrations of SPD were reduced in CD8+T cells from aged mice
compared to those in young mice. Bioenergetically, aged CD8+ T cells showed impaired mitochondrial
activity with lower oxygen consumption rate, ATP production and fatty acid oxidation (FAO) activity,
compared to young CD8+ T cells. SPD supplementation enhanced the anti-tumor activity of PD-1 blockade
immunotherapy in aged mice and young mice. In addition, SPD supplementation proved to also be effective
in young mice with tumors unresponsive to single anti-PD-L1 antibody therapy.

In vivo, SPD and anti-PD-L1 antibody combination treatment enhanced the effector function of CD8+ T
cells such as proliferation, cytokine production and mitochondrial ATP production.

In vitro, SPD effectively enhanced mitochondrial functions of CD8+ T cells within one hour of stimulation,
suggesting the possibility of direct SPD binding to mitochondria-related proteins. Biochemical analysis
identified SPD binding to mitochondrial tri-functional protein (MTP), which is the central enzyme of fatty
acid [J-oxidation. MTP subunits alpha and beta both could bind to SPD. MTP synthesized and purified from
E. coli bound to SPD with strong affinity (Kd = 0.1 [JM). Biochemical assays showed that SPD allosterically
enhanced the enzymatic activities of MTP. Also, T cell specific deletion of the MTP alpha subunit abolished
enhancement of PD-1 blockade immunotherapy by SPD, indicating MTP requirement for SPD-dependent T
cell activation.

The results of this study describe a novel mechanism of SPD by which FAO is enhanced directly through the
binding and activation of MTP. SPD supplementation enhances the FAO activity, boosts the mitochondrial
activities and cytotoxic functions of CD8+ T cells. These new insights into the properties of SPD could
facilitate development of strategies to prevent and improve outcomes of age-related immune pathologies and,

overcome unresponsiveness to PD-1 blockade therapy in cancers regardless of age.
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