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Abstract: Background: Several tumor entities including brain tumors aberrantly overexpress  
intermediate conductance Ca2+ activated KCa3.1 K+ channels. These channels contribute signifi-
cantly to the transformed phenotype of the tumor cells. 

Method: PubMed was searched in order to summarize our current knowledge on the molecular 
signaling upstream and downstream and the effector functions of KCa3.1 channel activity in tumor 
cells in general and in glioblastoma cells in particular. In addition, KCa3.1 expression and function 
for repair of DNA double strand breaks was determined experimentally in primary glioblastoma 
cultures in dependence on the abundance of proneural and mesenchymal stem cell markers. 

Results: By modulating membrane potential, cell volume, Ca2+ signals and the respiratory chain, 
KCa3.1 channels in both, plasma and inner mitochondrial membrane, have been demonstrated to 
regulate many cellular processes such as migration and tissue invasion, metastasis, cell cycle  
progression, oxygen consumption and metabolism, DNA damage response and cell death of cancer 
cells. Moreover, KCa3.1 channels have been shown to crucially contribute to resistance against  
radiotherapy. Futhermore, the original in vitro data on KCa3.1 channel expression in subtypes  
of glioblastoma stem(-like) cells propose KCa3.1 as marker for the mesenchymal subgroup of  
cancer stem cells and suggest that KCa3.1 contributes to the therapy resistance of mesenchymal 
glioblastoma stem cells. 

Conclusion: The data suggest KCa3.1 channel targeting in combination with radiotherapy as  
promising new tool to eradicate therapy-resistant mesenchymal glioblastoma stem cells. 
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1. INTRODUCTION 

 KCa3.1 (SK4, IKCa, KCNN4) is a Ca2+-activated K+ chan-
nel (for review on the biophysics of IKCa see [1] in this spe-
cial issue on KCa3.1 channels and glioblastoma) which was 
first described functionally more than half a century ago by 
the Hungarian physiologist György Gárdos [2] who identi-
fied KCa3.1 as the K+ conductance in human red blood cells 
that mediates the efflux of KCl and isoosmotically obliged 
H2O together with a Cl- permeability and aquaporines. The 
resulting red blood cell shrinkage is paralleled by the mor-
phological transition of the discoid cells into echinocytes. 
Meanwhile, several physiological and patho-physiological 
functions have been attributed to the erythrocytic KCa3.1 
channel. Among those are induction of red blood cell apop-
tosis (referred to as eryptosis) [3, 4] and irreversible sickling 
of homozygous HbS/HbS erythrocytes [5]. Therefore, KCa3.1 
channel inhibitors such as senicapoc have been tested in  
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clinical trials for their capability to prevent crises of sickle 
cell anemia patients. These and further trials showed that 
senicapoc accumulated in the plasma to effective plasma 
concentrations regarding KCa3.1 channel inhibition and that 
senicapoc was well tolerated indicating that KCa3.1 channels 
are druggable therapy targets [6] in this special issue on 
KCa3.1 channels and glioblastoma. 

 In addition to erythrocytes, a variety of cell types in dif-
ferent organs express KCa3.1 channels. For instance, in 
epithelial cells of the colon, KCa3.1 contributes to transepi-
thelial fluid secretion [7]. Other cell types include vascular 
smooth muscle and endothelial cells where KCa3.1 regulates 
vasodilatation [8] or Na+ transport across the blood brain 
barrier [9]. Beyond the classical physiological functions, K+ 
channels have been identified to act within biochemical sig-
naling cascades (for review see [10]). As an example, K+ 
channels transduce insulin-like growth factor (IGF) signals 
downstream from IGF receptor, phosphatidylinositide 3-
kinase (PI3) kinase, and serum- and glucocorticoid-dependent 
kinases (SGKs) [11, 12] via enhancing store-operated Ca2+ 
entry as prerequisite for the activation of downstream Ca2+ 

 
 
 
 

A R T I C L E  H I S T O R Y	  

Received: May 31, 2017 
Revised: June 29, 2017 
Accepted: July 12, 2017 
 
DOI: 
10.2174/1570159X15666170808115821	  

 



628    Current Neuropharmacology, 2018, Vol. 16, No. 5 Klumpp et al. 

effector proteins that contribute to mitogenic signaling. 
Mechanistically, activated SGKs attenuate removal of K+ 
channels from the plasma membrane and, hence, increase 
their surface expression. Enhanced activity of plasmalemmal 
K+ channels in turn, is required to stabilize the membrane 
potential and to maintain the electrochemical driving force 
for Ca2+ [13]. Along those lines, proliferation of activated T 
lymphocytes has been demonstrated to depend critically on 
KCa3.1 activity suggesting that KCa3.1 electrosignaling is a 
regulatory element of the adaptive immune system [14]. No-
tably, KCa3.1 functions also in brain tumor-associated micro-
glia pointing to an immunomodulating effect of any KCa3.1-
targeting therapy [15] in this special issue on KCa3.1 chan-
nels and glioblastoma. 

 In addition to mitogenic signaling, KCa3.1 channels in the 
inner mitochondrial membrane have been proposed to modu-
late mitochondrial function in colon cancer cells [16, 17]. In 
pancreatic cancer cells, mitochondrial KCa3.1 channels have 
been suggested to regulate oxidative phosphorylation [18]. 
Likewise, an adapting function in metabolism has been at-
tributed to plasmalemmal KCa3.1 channels. In genotoxically 
stressed lung adenocarcinoma cells, KCa3.1 channel activa-
tion [19] parallels increase in glucose uptake by Na+-coupled 
cotransport [20, 21] suggesting that KCa3.1 increases/sustains 
the driving force for Na+-coupled glucose fueling. In addi-
tion, mitochondrial KCa3.1 channels have been proposed to 
contribute to apoptosis induction in melanoma cells [22, 23]. 
Plasmalemmal KCa3.1 channels have been identified in hu-
man D54 glioblastoma cells to contribute to apoptotic cell 
volume decrease triggered by the intrinsic but not extrinsic 
pathway [24]. In summary, these studies indicate the func-
tional significance of KCa3.1 in key cell biological and meta-
bolic processes. The present article aims to review the pub-
lished in vitro data on KCa3.1 function in tumors and in par-
ticular in glioblastoma cells. Beyond that, this article pro-
vides original data on the role of KCa3.1 in therapy resistance 
of glioblastoma stem cells. 

1.1. KCa3.1 Channels in Tumor Cells: Activation by Ion-
izing Radiation 

 Several tumor entities have been demonstrated to up-
regulate KCa3.1 channels. Among those are breast [25], lung 
[26, 27], pancreatic [28], prostate cancer [29, 30], T cell leu-
kemia [31] as well as glioblastoma [32, 33]. KCa3.1 channels 
reportedly exert oncogenic functions and contribute to neo-
plastic transformation [25], cell proliferation [28, 29], tumor 
spreading [34-36] and resistance to chemo- and radiotherapy 
[31, 37, 38]. In particular in glioblastoma cells, ionizing ra-
diation has been shown in vitro to induce KCa3.1 channel 
activity probably via radiation-stimulated stabilization of 
HIF-1α, upregulation of the HIF-1α target gene stromal-cell-
derived factor-1 (SDF1; CXCL12), auto-/paracrine SDF-1 
signaling via its chemokine receptor CXCR4 [39, 40], and 
consecutive Ca2+ store release and store-operated Ca2+ entry 
[40]. Radiogenic stabilization of HIF-1α has been suggested 
to occur either directly by S-nitrosylation [41] or indirectly 
via radiogenic phospholipid peroxidation-mediated activa-
tion of the EGF receptor [42] and subsequent translocation 
of the receptor to the nucleus. Nuclear EGF receptor, in turn, 
has been proposed to facilitate HIF-1α signaling [43]. 

1.2. KCa3.1 Channels Confer Therapy Resistance to 
Glioblastoma Cells 

 Radiogenic KCa3.1 channel activity modifies the Ca2+ 
signaling in glioblastoma cell lines. This is evident from the 
observation that the KCa3.1 channel inhibitor TRAM-34 de-
creased steady state free cytosolic Ca2+ concentration or trig-
gered Ca2+ oscillations in irradiated glioblastoma cells [10]. 
The latter suggests that Ca2+ oscillations may be inhibited by 
KCa3.1 activity as has been predicted for highly hormone-
stimulated cells by a theoretical model on the role of Ca2+-
activated K+ channels in the regulation of hormone-induced 
Ca2+ oscillations [44]. Together, this hints to a reciprocal 
interaction between Ca2+- release and entry pathways on the 
one hand and KCa3.1 channels on the other. 

 Ca2+ signals reportedly regulate cell cycle progression via 
Ca2+ effector proteins such as Ca2+/calmodulin-dependent 
kinases-II (CaMKIIs) [45]. In glioblastoma cells, ionizing 
radiation has been demonstrated in vitro to induce Ca2+ sig-
nals [38] and to activate CaMKIIs in a K+ channel-dependent 
manner [10, 40, 46]. In other tumor entities, such radiogenic 
CaMKII activity has been demonstrated to contribute criti-
cally to G2/M cell cycle arrest by inactivation of the phos-
phatase cdc25B. Inactivation of cdc25B results in mainte-
nance of cdc2 (cyclin-dependent kinase-1, CDK1) in its 
phosphorylated, inactive form [31, 47, 48]. Arresting the cell 
cycle is crucial for repair of DNA damages, in particular of 
DNA double strand breaks. Entry into mitosis with residual 
DNA double strand breaks leads to chromosome aberrations 
eventually resulting in cell death (mitotic catastrophe). 

1.3. KCa3.1 Channels Control Cell Cycling in Glioblas-
toma Cells 

 In a previous study of our group, pharmacological inhibi-
tion or knockdown of KCa3.1 impaired cell cycle control and 
G2/M cell cycle arrest in irradiated but not in control T98G 
glioblastoma cells, suggesting a specific function of KCa3.1 
in DNA damage response [38]. Accordingly, targeting of 
KCa3.1 with TRAM-34 increased the number of residual 
γH2AX foci as a surrogate marker of unrepaired, residual 
DNA double strand breaks in that study [38]. In parallel, 
TRAM-34 attenuated clonogenic survival of irradiated  
parental and Mock-transduced T98G cells as well as of  
U-87MG glioblastoma cells. In contrast, a T98G clone stably 
expressing KCa3.1 shRNA was not radiosensitized by 
TRAM-34 and exhibited a lower radioresistance than the 
Mock-transduced T98G cells [38]. Vice versa, experimental 
up-regulation of KCa3.1 expression in U251 glioblastoma 
cells conferred radioresistance and rendered the cells sensi-
tive to TRAM-34 in colony formation assays [10]. Similarly, 
TRAM-34 has been shown to force G2/M cell cycle progres-
sion in GL261 glioma cells treated with the DNA-alkylating 
drug temozolomide probably through cdc2 de-
phosphorylation which facilitates apoptotic cell death and 
impairs clonogenic survival [37]. Combined, these data 
clearly indicate a radio- and chemotherapy-protecting func-
tion of KCa3.1 in glioblastoma cells. Moreover, these results 
demonstrate that KCa3.1 may act as integrated signaling 
module within biochemical signal transduction pathways. 
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1.4. KCa3.1 Channels Foster Brain Infiltration of 
Glioblastoma Cells 

 Beyond electrosignaling in cell cycle control, KCa3.1 
plays a pivotal role in the programming and/or mechanics of 
cell migration and invasion into the brain parenchyma [32, 
34, 36, 37, 49] (for review also see [15] in this special issue 
on KCa3.1 channels and glioblastoma). Cell migration is mo-
torized by volume decrease at the cell rear and volume ex-
pansion of the invadipodium that result in a directed move-
ment along the rear/invadipodium axis. Volume changes on 
both cell poles are generated by net uptake/efflux of electro-
lytes which is accompanied by concordant fluxes of isoos-
motically obliged H2O [50]. Glioblastoma cells, in particular, 
invade the brain parenchyma by migration along blood ves-
sels and neurofibres using them as tracks. By doing so, 
glioblastoma cells have to squeeze through narrow intersti-
tial spaces which requires highly efficient local cell volume 
control [51]. 

 Functional KCa3.1 channel expression has been demon-
strated by patch-clamp on-cell recording at the cell rear of 
T98G, U-87MG [38], and U251 cells [10]. In addition, im-
munohistochemistry data indicate KCa3.1 channel protein 
expression at the invadipodium of D54 human glioma cells 
[36]. The KCa3.1 channel blocker TRAM-34 reportedly in-
hibits both, fetal calf serum (FCS)-induced Ca2+ oscillation 
and FCS-stimulated chemotaxis in transwell migration as-
says in a subpopulation of U-87MG glioblastoma cells [32]. 
Similarly, TRAM-34 inhibits bradykinin-induced chemo-
taxis of human D54 glioma cells [36]. In addition to cell mi-
gration, conditional KCa3.1 knockdown and/or TRAM-34 
reportedly inhibit the in situ invasion of U251 cells and pri-
mary glioblastoma neurosphere cultures into brain slices 
[34]. Likewise, TRAM-34 has been documented to inhibit 
migration and invasion of GL261 glioma cells in wound 
healing and Matrigel invasion assays, respectively [37]. 
Taken together, these in vitro experiments clearly indicate 
the functional significance of KCa3.1 channels for glioblas-
toma cell migration and brain invasion. 

1.5. KCa3.1 Channels are Upregulated in Glioblastoma 
Stem Cells 

 Glioblastoma stem-like cells have been proposed to con-
stitute the most therapy-resistant and most invasive subpopu-
lation of glioblastoma cells responsible for brain infiltration 
and therapy failure [52-55]. Notably, KCa3.1 channels are 
overproportionally up-regulated in the CD133 stem cell 
marker-positive subpopulation of gliobastoma cells as dem-
onstrated in the U-87MG line grown in stem cell-enriched 
neurospheres and in the 2B5 subclone of FCN9 cells. In stem 
cell-enriched U-87MG and 2B5 cells, TRAM-34 strongly 
attenuated invasion as assessed by fibronectin-coated Boy-
den chamber assay [49] suggesting that migration of 
glioblastoma stem cells crucially depends on KCa3.1 func-
tion. Along those lines, in CD133+ stem cell-enriched pri-
mary neurosphere cultures of human glioblastoma speci-
mens, only temozolomide in combination with TRAM-34 
was capable to inhibit DNA synthesis as measured by [3H]-
thymidine incorporation [37]. In addition to KCa3.1 function 
in cancer stem cells, KCa3.1 activity has been reported in 

normal mesenchymal stem cells [56, 57] and neuronal pre-
cursor cells [58]. Combined, these data point to a specific 
KCa3.1 function in normal and glioblastoma stem cells. 

1.6. Stem Cells of Molecular Glioblastoma Subtypes 

 Human glioblastoma are classified in four molecular 
subgroups referred to as classical, mesenchymal, proneural 
and neural [59]. Mesenchymal and proneural types of 
glioblastoma stem cells have been identified which present 
gene signatures similar to the mesenchymal and the proneu-
ral molecular glioblastoma subgroup, respectively. Impor-
tantly, mesenchymal stem cells have been suggested in some 
studies to exhibit a more aggressive phenotype and higher 
radioresistance than proneural stem cells [60, 61]. Analysis 
of clinical data from glioblastoma patients, in contrast, sug-
gests, that tumors with mesenchymal expression profiles 
predict for longer survival than proneural expression profiles 
[59, 62]. 

 Mesenchymal cancer stem cells have been demonstrated 
to highly upregulate the mesenchymal aldehyde dehydro-
genase isoform 1A3 (ALDH1A3) [60, 63, 64]. Subjecting 
glioma cells to ionizing radiation induces up- and downregu-
lation of markers associated with mesenchymal and proneu-
ral properties, respectively. Most importantly, radiation-
induced upregulation of mesenchymal markers depend on 
ALDH1A3 function [60]. Moreover, in neuroblastoma, 
ALDH1A3 knock-out reduces clonogenicity and self-
renewal capacity [65]. In head and neck squamous cell car-
cinoma, knock-down of ALDH1A3 decreases radioresis-
tance [66]. In addition, ALDH1A3 downregulation reduces 
resistance to chemotherapy in malignant pleural mesothe-
lioma cells [67]. Finally, in glioma ALDH1A3 knockdown 
suppresses the ability of tumor invasion [64]. Together, these 
data clearly indicate that the aggressiveness of mesenchymal 
cancer stem cells strongly relies on ALDH1A3-mediated 
signaling. 

1.7. KCa3.1 Channels Contribute to the Malignancy of 
Mesenchymal Glioblastoma Stem Cells 

 In addition to reviewing the literature, the present article 
aims to compare KCa3.1 expression and function between 
mesenchymal and proneural glioblastoma stem cells. To this 
end, human resection specimen-derived glioblastoma cells 
were grown under cancer stem cell-enriching culture condi-
tions and KCa3.1 mRNA abundance was determined in de-
pendence on the expression of stem cell markers. In addition, 
the functional significance of KCa3.1 for radioresistance was 
defined by analyzing repair of DNA double strand breaks in 
dependence on KCa3.1 inhibition. 

 Cell suspension of individual glioblastoma resection 
specimens (n = 13) grew in stem cell medium either as float-
ing globular spheres, as attached spheres, as sphere-like at-
tached layer, or as adherent monolayer with spotted sphe-
roid-like uprisings (Fig. 1A). 

 Scoring these culture phenotypes from 1 (floating sphe-
roids) to 4 (monolayer) and plotting these scores against the 
mRNA abundances of the pluripotent stem cell marker 
Notch1 [68], the mesenchymal marker ALDH1A3, the neu-
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ral stem cell marker Nestin [69], the neuronal precursor 
marker CXCR4 [70] and KCa3.1 did not disclose any associa-
tion of the growth phenotype with the abundance of Notch1 
or Nestin (Fig. 1B). In contrast, ALDH1A3 and KCa3.1 
showed a weak positive correlation (Pearson correlation co-
efficient PC = 0.44 and 0.48, respectively) while CXCR4 
correlated moderately in a negative manner (PC = - 0.53) 
with the morphology score (Fig. 1B). This might hint to a 

more spheroid phenotype of CXCR4-positive proneural and 
a more adherent growth phenotype of mesenchymal glioblas-
toma stem cells and KCa3.1-expressing cells. 

 Next, we directly analyzed the KCa3.1 mRNA abundance 
in the primary glioblastoma cultures in dependence on stem 
cell marker expression. The data given in (Fig. 2) suggest a 
moderate negative correlation of KCa3.1 with CXCR4 (PC = 
-0.54) and Nestin (PC = -0.64) as well as a weak positive 

 

Fig. (1). Heterogeneity of primary glioblastoma cultures. A, B. Morphological phenotypes of primary glioblastoma cultures (A) and their 
association (B) with mRNA abundances of stem cell markers and of IKCa3.1 (PC: Pearson correlation coefficient). Resected glioblastoma 
tissue (patients gave informed consent and this study has been approved by the local ethic committee under project #579/2015BO2) was 
dissociated enzymatically and mechanically and plated in Complete NeuroCult™ NS-A Proliferation medium containing 20 ng/ml rhEGF, 
10 ng/ml rhbFGF and 0.0002% heparin (STEMCELL Technologies Germany GmbH, Cologne, Germany). Every second day 1/10 of the 
original medium volume was replenished (for RT-PCR, see Legend to Fig. 2). 

 

Fig. (2). Association of KCa3.1 mRNA abundance with stem cell markers in primary glioblastoma cultures (PC: Pearson correlation coeffi-
cient). Messenger RNAs were isolated and reversely transcribed as described [40]. Notch1-, ALDH1A3-, CXCR4-, Nestin-, KCNN4 
(KCa3.1) and housekeeper β-actin (ACTB)-, pyruvate dehydrogenase beta (PDHB)-, and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH)-specific fragments were amplified by the use of SYBR Green-based quantitative real-time PCR (QuantiTect Primer Assay 
QT01005109, QT00077588, QT00223188, QT00235781, QT00003780, QT01192646, QT00095431, and QT00031227, QIAGEN, Venlo, 
Netherlands, and 1Step RT qPCR Green ROX L Kit, highQu, Kraichtal, Germany) in a Roche LightCycler. Abundances of the individual 
mRNAs were normalized to the geometrical mean of the three housekeeper mRNAs. 
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Fig. (3). The KCa3.1 channel inhibitor TRAM-34 radiosensitizes mesenchymal stem cell-enriched glioblastoma cultures. A. Immunofluorescence 
micrographs of an ALDH1A3 high- (left) and an ALDH1A3 low-expressing (right) glioblastoma culture probed against KCa3.1 protein (white). 
B. Immunofluorescence staining of residual γH2AX foci (green) as measure of residual DNA double strand breaks in a high ALDH1A3-
expressing glioblastoma culture (same culture as in A, left) 24 h after irradiation with 0 (upper line) or 8 Gy (lower line). Cells were irradiated and 
24 h post-incubated in the presence of vehicle alone (left) or TRAM-34 (1 µM). Nuclei were counterstained with DAPI (blue). C, D. Mean (± SE, 
n = 42-100) number of residual γH2AX foci plotted against the radiation dose of high ALDH1A3- (C) and low ALDH1A3-expressing (D) 
glioblastoma cells 24 h after irradiation in the presence (closed triangles) or absence (open circles) of TRAM-34. E. Mean residual foci (data from 
C, D) 24 h after irradiation with 8 Gy in vehicle- (left) and TRAM-34-treated high (open bars) and low (closed bars) ALDH1A3-expressing 
glioblastoma (** indicates p ≤ 0.01, two-tailed t-test after Bonferroni correction for multiple comparisons). For immunofluorescence microscopy 
1500 cells/well were seeded on a Millicell EZ SLIDE 8-well glass (Merck Millipore, Tullagreen, Ireland) and grown for 7 days, irradiated in the 
presence or absence (DMSO vehicle) of TRAM-34 (1 µM, Sigma-Aldrich, Deisenhofen, Germany) with 0, 4 or 8 Gy with 6 MV photons using a 
linear accelerator at a dose rate of 4 Gy/min, further incubated for 24 h with TRAM-34 and vehicle alone, respectively, and fixed with 3.7% for-
maldehyde for 15 min at 21°C followed by three washing steps with PBS. Next, cells were permeabilized for 10 min at 21°C with 0.1% Triton-X 
100 in PBS followed again by three washing steps with PBS. Cells were probed against γH2AX and KCa3.1 protein using anti-γH2AX antibody 
(monoclonal mouse, Merck Millipore) and the anti-KCa3.1 antibody (polyclonal rabbit; Santa Cruz Biotechnology, Inc., Dallas, Texas, USA) in 
1:1000 and 1:50 dilution, respectively, and antibody binding was visualized with the Tyramide Signal Amplification Kits for mouse and rabbit 
primary antibodies (Molecular Probes, Eugene, Oregon, USA). Prior to mounting, nuclei were counterstained with DAPI (Sigma-Aldrich). (The 
color version of the figure is available in the electronic copy of the article). 
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correlation with Notch1 (PC = 0.48) and a highly positive 
correlation with ALDH1A3 (PC = 0.82) hinting to an 
upregulation of KCa3.1 in mesenchymal stem cell-enriched 
glioblastoma. 

 To determine the functional significance of KCa3.1 for the 
radioresistance of mesenchymal stem cell-enriched glioblas-
toma cultures, residual γH2AX foci were counted as a surro-
gate of unrepaired DNA double strand breaks 24 h after irra-
diation with 0, 4 or 8 Gy. A primary culture with high 
ALDH1A3 and KCa3.1 expression (Fig. 3A, left) and – for 
reference – a culture with low ALDH1A3 and KCa3.1 ex-
pression (Fig. 3A, right) were treated during irradiation and 
the following 24 h-incubation period with either vehicle 
alone or TRAM-34 (1 µM). Residual nuclear γH2AX foci 
were visualized by enhanced immunofluorescence micros-
copy (Fig. 3B) and foci number was plotted against the ra-
diation dose (Fig. 3C and 3D). The slope of the foci num-
ber/radiation dose curve has been suggested to reflect the 
intrinsic radiosensitivity of the tumor cells [71] and was sig-
nificantly steeper in cells with low as compared to those with 
high ALDH1A3 expression (compare open circles between 
Fig. 3C and 3D). Importantly, TRAM-34 radiosensitized only 
the culture with high ALDH1A3 expression (Fig. 3C, closed 
triangles) while having no effect in the low ALDH1A3-
expressing cells (Fig. 3D, closed triangles). Accordingly, 
TRAM-34 significantly increased the number of residual 
γH2AX foci 24 h after irradiation with 8 Gy in the high 
ALDH1A3-expressing but not in the low ALDH1A3-expressing 
culture (Fig. 3E). Combined, these experiments confirm our 
previous data acquired in cell lines on the KCa3.1-mediated 
radioresistance in glioblastoma. Moreover, the present ex-
periments suggest that KCa3.1-mediated radioresistance is 
largely confined to mesenchymal glioblastoma stem cells. 

CONCLUDING REMARKS 

 The in vitro data on KCa3.1 Ca2+-activated K+ channels 
suggest multiple biological functions of these channels for 
tumor cells. In particular in glioblastoma, KCa3.1 has been 
identified as a key regulator of glioblastoma cell migration 
and DNA damage response suggesting that KCa3.1 promotes 
brain infiltration and intrinsic radioresistance in vivo. The 
original data set of the present article suggests an upregula-
tion of KCa3.1 especially in the mesenchymal subtype of 
glioblastoma stem cells. In vivo, induction and maintenance 
of the highly malignant “stemness” phenotype have been 
proposed to depend on the reciprocal interaction of glioblas-
toma cells with endothelial cells in perivascular stem cell 
niches [72-74]. In this context, CD133+ glioblastoma stem 
cells have been shown to exhibit higher radioresistance than 
CD133- cells after xenografting into mouse brain pointing to 
an induction of radioresistance by the tumor microenviron-
ment [75]. Chemotaxis [32, 36] including SDF1-induced 
chemotaxis [39] reportedly depends on KCa3.1. Moreover, 
formation of the perivascular stem cell niche requires 
SDF1/CXCR4 signaling [76]. Therefore, one might specu-
late that beyond conferring intrinsic radioresistance, KCa3.1 
also contributes to SDF1/CXCR4-guided homing of 
glioblastoma cells to perivascular stem cell niches and to the 
acquisition/maintenance of the radioresistant glioblastoma 
stem cell phenotype. 

 Hence, KCa3.1 might be a promising pharmacological 
target to prevent the induction and/or maintenance and to 
attenuate the radioresistance of in particular mesenchymal 
glioblastoma stem cells as suggested by the present article. 
As pointed out in the INTRODUCTION section, KCa3.1 is 
druggable and patients especially with the mesenchymal 
molecular subtype of glioblastoma might benefit from 
KCa3.1 targeting in combination with fractionated radiother-
apy. For such a therapy strategy, the immune-modulating 
action of systemic KCa3.1 targeting must be taken into ac-
count. As a matter of fact, KCa3.1 targeting has been demon-
strated to induce a switch of glioblastoma infiltrating micro-
glia/macrophages towards a pro-inflammatory, anti-tumor 
phenotype [77] which is thought to improve the therapy out-
come. 
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