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High expression of MKP1 counteracts glioma stem cell activity and mediates HDAC inhibitor response

Jaione Auzmendi Iriarte1 , Leire Moreno Cugnon1 , Olatz Arrizabalaga1 , Nicolas Sampron2 , Rosario Perona3 ,
Ander Matheu1

1) Cellular Oncology Laboratory, Instituto Biodonostia, Hospital Universitario Donostia, San Sebastian, 20014,
Spain 2) Donostia Hospital, San Sebastian, Spain 3) Instituto de Investigaciones Biomédicas "Alberto Sols" CSIC-
UAM, Madrid, 28029, Spain

Glioblastoma Multiforme (GBM) is the most common and malignant brain cancer in adults, characterized by its
intrinsic aggressiveness and dismal prognosis. Despite of the current therapy based on surgery, followed by
radiotherapy and chemotherapy with temozolomide, the overall patient survival is 15 months, due to tumor
recurrence. Thus, the elucidation of the mechanisms involved in therapy resistance is essential to improve the
survival of patients with malignant gliomas.

In this line, it has been described that the activation of Mitogen-activated protein kinases (MAPKs) is implicated in
the development and progression of GBM, together with the resistance to temozolomide. MAPK phosphatase
MKP1, also known as dual-specificity phosphatase 1 (DUSP1), is able to dephosphorylate MAPKs in both the
threonine and tyrosine residues, thereby inhibiting JNK, p38MAPK and ERK1/2 activity. Thus, our main objective
has been to characterize MKP1 function in the development of GBM.

Notably, we found that high levels of MKP1 correlate with a subset of GBM patients with better prognosis and
overall increased survival. Moreover, by RT-qPCR, we observed that GBM biopsies and also, GSCs express low
levels of MKP1, compared to healthy brain tissue. On the contrary, the differentiation of GSCs with 1% serum or by
BMP4 induction increased the expression of MKP1. The genetic knock-down of both stem cell markers SOX2 or
SOX9 also had the same effect, giving rise to the hypothesis that MKP1 could regulate the self-renewal and the
tumorigenic potential of GSCs in GBM, which have been described as major features of glioma cells to survive
therapy and reconstitute tumors. To confirm these results, we did retroviral infections for the overexpression of
MKP1 in both U87 and GNS166 cell lines, and we observed a reduced proliferative capacity and diminished self-
renewal, both in vitro and in vivo.

In addition, we demonstrated that MKP1 expression can be modulated epigenetically in GSCs and that MKP1
mediates the reduction of proliferative capacity and self-renewal of Histone deacetylase inhibitors (HDACis).
Indeed, this effect is notably elevated in the combination of temozolomide and HDACi, suggesting that MKP1
represents a candidate biomarker for treatment sensitivity in GBM.

Altogether, our results confirm that MKP1 could be a key modulator of the interplay between GSC self-renewal and
differentiation, and provides evidence that the activation of MKP1, through epigenetic regulation, might be a novel
therapeutic strategy to overcome therapy resistance in GBM.
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