Metabolomic analysis of a brain metastasis cell line of lung cancer origin revealed differential adaptive responses to metabolic stresses
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Abstract 
Metastatic diseases in lung adenocarcinoma are often associated with poor prognosis. We have previously characterized a brain metastasis cell line of lung cancer origin, A1115, which possessed heightened glycolytic activity when compared with other lung adenocarcinoma cell lines such as, A549, derived from a primary site. A1115 has greater lactate production than A549. Conversely, A549 has a greater oxygen uptake rate that could be effectively blocked by oligomycin. Indeed, the proliferation of A549 was hypersensitive to oligomycin treatment while A1115 was greatly inhibited by glucose deprivation. Western blotting analysis revealed both hexokinase I (HK1) and phosphoenolpyruvate carboxykinase 1 (PCK1) were preferentially expressed in A1115. For energy sensing signaling, AMPKα, which senses cellular AMP level, was phosphorylated in A549 but not in A1115. Indeed, the proliferative capacity of A1115 was drastically reduced by an AMPK activator, AICAR, while A549 was not affected. Metabolite profiles under reduced (1 g/L) revealed a 5- to 24-fold increase in metabolites that are linked to purine metabolism (e.g. hypoxanthine, GMP, and adenosine). Treatment with a XOD inhibitor, allopurinol under reduced glucose condition increased cell viability in A1115 at low doses while toxic at high doses. This data suggests that heightened hypoxanthine may be a prosurvival adaptive response in A1115 under nutrient stress conditions. We further selected A1115 sublines that could survive at a low glucose concentration (0.15 g/L). Western blotting analysis revealed a drastic overexpression of PCK1 and PKC2 when compared to parental cells. Transcriptomic analysis was also performed to reveal genes that could play a role in the survival of brain metastatic lung cancer cells under nutrient stresses. Taken together, these results identified multiple vulnerable points in metabolic signaling that could be therapeutic targets for treating metastatic lung cancers.
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Schematics of biochemical
pathways related to the
symbiotic relationship
between normoxic and
hypoxic tumor cells with
A549 and A1115 as
representative cell modle,
respectively. Signaling
molecules involved in
adaptive responses under
hypoxic (in red) and low
glucose (in green) are
shown.
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