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Integrated analyses of GBM cell lines, in vivo xenograft models, and clinical

samples to examine the glutamine metabolism in response to mTOR-targeted
treatments
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i o The impact of mTOR inhibition on metabolic reprogramming in malignant
glioma is incompletely understood. Here, by integrating metabolic and functional studies iIn

glioblastoma multiforme (GBM) cell lines, in vivo models and clinical samples, we demonstrate that
the compensatory upregulation of glutamine metabolism promotes resistance to mTOR kinase inhibitors.
Metabolomic studies reveal elevated glutaminase (GLS) and glutamate levels following mTOR kinase
inhibitor treatment, which is confirmed in a xenograft model. GLS is shown to promote GBM survival
following mTOR inhibitor treatment. Genetic and pharmacologic studies demonstrate that combined
inhibition of mTOR kinase and GLS cause massive synergistic tumor cell death and growth inhibition

in vivo. These results highlight a critical role for compensatory glutamine metabolism in promoting
mTOR inhibitor resistance, and suggest a rational combination therapy to suppress it.
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