Analysis of altered hypothalamic tryptophan metabolism in a cancer cachexia mouse model
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Introduction. Cancer cachexia is a systemic metabolic syndrome characterized by unintentional anorexia and a progressive loss of skeletal muscle mass, with or without accompanying fat mass loss. As the hypothalamus is a key region for regulating appetite and energy homeostasis, we focused on its dysfunction in the pathophysiology of this condition.

Aims. This study aimed to elucidate the hypothalamic metabolic alterations underlying hypothalamic dysfunction in the progression of cancer cachexia.
Methods. A murine model of cachexia (RenCa) was induced via the s.c. injection of renal cancer cells into mice. Plasma ghrelin concentrations were quantified using an enzyme-linked immunosorbent assay (ELISA). Protein expression levels of the mature neuronal marker NeuN, along with the tryptophan (Trp) metabolism rate-limiting enzymes IDO1 and TDO2, were determined by Western blot analysis. The profile of hypothalamic Trp metabolites was analyzed using capillary electrophoresis time-of-flight mass spectrometry (CE-TOF-MS).
Results. Although plasma ghrelin concentrations increased with cachexia progression, food intake continuously declined. Concurrently, the expression of the hypothalamic neuronal marker NeuN was reduced. To investigate the underlying cause of this NeuN downregulation, a comprehensive metabolomic analysis of water-soluble compounds was performed. This analysis revealed elevated levels of multiple Trp metabolites, including Trp, AA, and NAD. Consistent with this finding, the protein expression of TDO2 was also upregulated.
Discussion. The dissociation between elevated ghrelin levels and suppressed feeding behavior is indicative of hypothalamic dysfunction. Furthermore, the reduced NeuN expression in the RenCa model suggests that this dysfunction is a consequence of neuronal loss. Given the upregulation of Trp metabolism—a pathway known to generate neurotoxic metabolites—in the hypothalamus, these findings suggest that the aberrant activation of this pathway induces neuronal damage and subsequent hypothalamic dysfunction, ultimately contributing to the development of cachexia.

