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Abstract
Temozolomide (TMZ) is an alkylating agent used for treating gliomas. Chemoresistance is a severe limitation to TMZ

therapy; there is a critical need to understand the underlying mechanisms that determine tumor response to TMZ. We

recently reported that chemoresistance to TMZ is related to a remodeling of the entire electron transport chain, with

significant increases in the activity of complexes II/III and cytochrome c oxidase (CcO). Moreover, pharmacologic and

genetic manipulation of CcO reverses chemoresistance. Therefore, to test the hypothesis that TMZ-resistance arises from

tighter mitochondrial coupling and decreased production of reactive oxygen species (ROS), we have assessed

mitochondrial function in TMZ-sensitive and -resistant glioma cells, and in TMZ-resistant glioblastoma multiform (GBM)

xenograft lines (xenolines). Maximum ADP-stimulated (state 3) rates of mitochondrial oxygen consumption were greater in

TMZ-resistant cells and xenolines, and basal respiration (state 2), proton leak (state 4), and mitochondrial ROS production

were significantly lower in TMZ-resistant cells. Furthermore, TMZ-resistant cells consumed less glucose and produced

less lactic acid. Chemoresistant cells were insensitive to the oxidative stress induced by TMZ and hydrogen peroxide

challenges, but treatment with the oxidant L-buthionine-S,R-sulfoximine increased TMZ-dependent ROS generation and

reversed chemoresistance. Importantly, treatment with the antioxidant N-acetyl-cysteine inhibited TMZ-dependent ROS

generation in chemosensitive cells, preventing TMZ toxicity. Finally, we found that mitochondrial DNA-depleted cells (ρ°)

were resistant to TMZ and had lower intracellular ROS levels after TMZ exposure compared with parental cells.

Repopulation of ρ° cells with mitochondria restored ROS production and sensitivity to TMZ. Taken together, our results

indicate that chemoresistance to TMZ is linked to tighter mitochondrial coupling and low ROS production, and suggest a

novel mitochondrial ROS-dependent mechanism underlying TMZ-chemoresistance in glioma. Thus, perturbation of

mitochondrial functions and changes in redox status might constitute a novel strategy for sensitizing glioma cells to

therapeutic approaches.
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