Relationship between skeletal muscle atrophy and sphingolipids in a cancer cachexia model
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Introduction. Cancer cachexia is a complex metabolic disorder observed in approximately 80% of patients with advanced cancer. Its primary symptoms include weight loss, skeletal muscle atrophy, anorexia, and depletion of adipose tissue, which significantly reduce the patient's quality of life. Previous studies have reported changes in the expression of enzymes involved in sphingolipid metabolism in the skeletal muscle of cancer cachexia model mice. However, the relationship between skeletal muscle atrophy and altered sphingolipid metabolism remains unclear.
Aims. This study aims to elucidate the relationship between skeletal muscle atrophy and sphingolipids using a mouse model of cancer cachexia to identify novel therapeutic targets.
Methods. The model was established by subcutaneously transplanting the mouse renal cancer cell line RenCa into the right flank of 8-week-old male BALB/c mice on day 0. They were sacrificed, and the gastrocnemius muscle was collected on days 7, 14, 20, and 30. 
Results. Around day 20 post-transplantation of RenCa cells, a decrease in gastrocnemius muscle weight and increased muscle atrophy markers Atrogin-1 and MuRF-1 were confirmed. Subsequently, metabolome analysis of the gastrocnemius muscle on day 20 revealed decreased glycolytic metabolites. Furthermore, the expression levels of Akt/p-Akt, a key activator of glycolysis, and its downstream effector Glut4 changed between day 7 and day 30. Additionally, ceramide species, a central metabolite in sphingolipid metabolism, decreased in the gastrocnemius muscle of RenCa mice, accompanied by altered expression of six isoforms of ceramide synthase (CerS1-6), the enzymes responsible for their synthesis through the addition of various fatty acid chains to sphingoid bases.
Discussion. It is suggested that an alteration in the sphingolipid composition of the cellular membrane affects the membrane localization of Glut4, which mediates glucose uptake, thereby changing the energy metabolism of the glycolytic pathway. By analysing the detailed changes in sphingolipid metabolism and preventing the decline in energy production from glycolysis, there is a potential to ameliorate skeletal muscle atrophy caused by cancer cachexia.
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