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One of the main reasons glioblastoma has no curative options has been traced
to the existence of a subset of highly treatment-refractory cells, the glioma
stem cells (GSCs). Although more than 10 years have passed since the
discovery of GSCs, there is still no treatment able to completely eradicate them.
Recently, genetic and functional studies have shown that for GSCs, diversity,
heterogeneity, and plasticity are the main issues that need to be considered
when developing specific therapeutic strategies. This research aims to
elucidate the molecular basis of the metabolic profiles of GSCs, further our
understanding of the biology of malignant brain tumors, and develop a new
glioblastoma treatment based on metabolic targeting of its stem cells. This
year, analysis was performed as follows:

(1) Analysis and identification of the metabolic profiles and substrates used
by glioma stem cells: Using our model of induced murine glioma stem cells,




we first established several clonal populations of GSCs by single cell cloning.
We then analyzed the metabolic phenotypes of these populations. We found
that under homeostatic conditions glioma stem cells can assume a glycolytic
or an oxidative phosphorylation/ mitochondrial phenotype, but mostly a
combination of both. No other phenotypes have been confirmed at this time.
Next, we investigated the response of stem cells of each phenotype to
chemotherapeutic agents and metabolic inhibitors. We found that while
glycolysis inhibitors such as 2-deoxyglucose were effective for the glycolytic
GSCs, the mitochondrial populations could not be completely exterminated by
either cytotoxic drugs or existing inhibitors of oxidative phosphorylation. These
results suggested that the mitochondrial subpopulation is the more therapy-
resistant of the two types and the true target of future metabolic treatments.

(2) Analysis of metabolic plasticity and its main regulators: We focused on the
fact that mitochondrial-type GSCs exhibited a temporary upregulation of
glycolysis after treatment with metformin. We found that when oxygen use is
restricted, independent of the cause, mitochondrial-type GSCs show metabolic
plasticity, and that this plasticity occurs by different mechanisms during the
acute phase and the chronic phase. The metabolic plasticity was proven not
only for cultured GSCs, but also in organotypic brain explants and in GSCs
from serial transplantations. We also found that the metabolic adaptation to
hypoxia was reversible. By comparing the metabolic parameters of
mitochondrial-type GSCs during normoxia and hypoxia we showed that
glutamine is important in this type of plasticity. Furthermore, by combining
our data with the analysis of gene and protein expression in human glioma
samples from public databases, we identified targeting candidates among
glutamine-metabolism related enzymes. The above findings suggest that
overcoming metabolic plasticity is imperative when targeting GSCs and we are
therefore continuing the analysis of its determining factors.
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