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1. Summary 

 

Glioblastoma multiforme (GBM) is an incurable cancer, with a patient median survival 

below 14 months despite extensive surgery and standard radiotherapy and 

chemotherapy. In recent years, different plasma membrane calcium channels have 

been unveiled as key contributors of GBM proliferation and survival, thus becoming 

potential chemotherapeutic targets. Application of some pharmacological blockers of a 

particular class -the T-type channels (TTCC or Cav3 family)- reduces cancer cell 

viability, and clinical trials have been performed to determine the safety of these TTCC 

blockers in GBM patients. However, we have found that these compounds have limited 

selectivity for TTCC in cancer cells. 

 

Here we have studied the effects of targeting TTCC and other calcium channels in GBM. 

First, we have analyzed the expression panel of different voltage gated calcium 

channels, regulatory subunits and potassium calcium- dependent channels in GBM cell 

lines to test the effects of their pharmacological or gene targeting. GBM cells exposed 

to tetralin derivative NNC-55-0396 (NNC), display high levels of ER stress pathways 

and autophagy, adaptive cellular processes playing pivotal roles in tumor resistance. 

We have defined the mode of action of NNC, which causes massive cell death of 

tumoral cells through the mobilization of calcium from ER stores, activating the IRE1� 

branch of the unfolded protein response to ER stress and deregulating the autophagic 

cell process at different levels. On the other hand, in mouse GBM preclinical models we 

have observed improved survival of animals treated with NNC. 

 

We have also analyzed the effects of depleting GBM cells of this type of channels in a 

Drosophila GBM model. Fly gliomas silenced for the Cav3 gene ortholog Ca-α1T showed 

reduced glial cell proliferation and decreased activation of proliferation pathways. 

 

 

2. Results  

 

We found that GBM cells express calcium channels of the Cav1, Cav2, and Cav3 

families, as well as their auxiliary subunits, β and α2δ. Additionally, we found evidence 

that Cav3.1 forms functional tandems with two types of calcium-dependent potassium 

channels expressed in GBM cells: KCa1.1 and KCa3.1. 
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We have focused on the attack of Cav3 channels in the GBM. On the pharmacology 

front, we observed that a NNC-55-0396, a member of the tetralin family with the 

ability to block Cav3 channels, negatively affect GBM cells viability, and have described 

their mode of action: it acts off-target (that is, acting in tumor cells on molecular 

targets that are not the channels they were intended to block). However, we found that 

this compound induce massive death of GBM cells in culture, dependent on the IRE1α 

pathway of ER stress and disrupting the autophagic process (on which they play a dual 

role, inducing and blocking it at the same time). In vivo experiments, furthermore, 

indicate that NNC-55-0396 moderately increases the survival of mice with GBM, and 

that the tumors exhibit increased macrophage infiltration. 

 

On the other hand, on the gene silencing approach, in the GBM model of Drosophila 

melanogaster, we have showed that silencing Ca-α1T (ortholog of Cav3), Cacophony 

(ortholog of Cav2) or Slowpoke (ortholog of KCa1.1) reduce the proliferation of GBM 

cells. In addition, we have found that signaling by Ca-α1T involves the PI3K and ERK 

pathways and that Ca-α1T expression is increased in the Drosophila glioma, thus 

promoting higher intracellular calcium levels with a possible oncogenic implication. 

 

 

3. Relevance with future implications 

 

Our results demonstrate that T-type calcium channels (Cav3 family) play a relevant 

role in tumor physiology and confirm them as targets for gene or pharmacological 

action against GBM, together with other channels (calcium-dependent potassium 

channels) with whom they form functional tandems. Additionally, our data demonstrate 

that the cytotoxicity due to the application of pharmacological blockers of the 

aforementioned channels is through a non-specific mechanism involving endoplasmic 

reticulum stress and autophagy, thus dysregulating two key adaptive mechanisms that 

support tumor resistance. 

 

Although the clinical application of these findings is not immediate, our work 

contributes to establishing the foundations of new chemotherapies aimed at reducing 

the resistance of GBM to current treatments. It is important to highlight that the 

molecular targets of our study also play key physiological roles within the tumor 

environment, including neurons, microglia and astrocytes. Our results are framed in an 
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emerging field that aims to control tumor growth through the modulation of ion 

channels and associated proteins, using pharmacological tools developed in 

neurological research (particularly in the fields of epilepsy and the physiology of pain). 
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