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A B S T R A C T   

In the strongly polarized membranes of excitable cells, activation of T-type Ca2+ channels (TTCCs) by weak 
depolarizing stimuli allows the influx of Ca2+ which further amplifies membrane depolarization, thus “recruit-
ing” higher threshold voltage-gated channels to promote action potential firing. Nonetheless, TTCCs perform 
other functions in the plasma membrane of both excitable and non-excitable cells, in which they regulate a 
number of biochemical pathways relevant for cell cycle and cell fate. Furthermore, data obtained in the last 20 
years have shown the involvement of TTCCs in tumor biology, designating them as promising chemotherapeutic 
targets. However, their activity in the steadily-depolarized membranes of cancer cells, in which most voltage- 
gated channels are in the inactivated (nonconducting) state, is counter-intuitive. Here we discuss that in can-
cer cells weak hyperpolarizing stimuli increase the fraction of open TTCCs which, in association with Ca2+- 
dependent K+ channels, may critically boost membrane hyperpolarization and driving force for Ca2+ entry 
through different voltage-independent Ca2+ channels. Available evidence also shows that TTCCs participate in 
positive feedback circuits with signaling effectors, which may warrant a switch-like activation of pro- 
proliferative and pro-survival pathways in spite of their low availability. Unravelling TTCC modus operandi in 
the context of non-excitable membranes may facilitate the development of novel anticancer approaches.   

1. Introduction: TTCC gating and expression in cancer cells 

Ca2+ entry from the extracellular milieu is a pivotal trigger of cell 
signaling leading to cell fate and survival decisions. Unsurprisingly a 
common finding in cancer cells is the remodeling of Ca2+ signaling fa-
voring proliferation and survival, including the aberrant expression of 
multiple Ca2+ channels in the plasma membrane [1,2]. Among them, 
voltage-gated channels from the Cav3 subfamily have emerged unex-
pectedly as key regulators of G1-S phase transition and of stress-adaptive 
signaling, including exposure to hypoxic environments or chemothera-
peutic agents [3,4]. The role of these channels in proliferating cells is 
cryptic, because the function of voltage-dependent channels has been 
almost inherently associated to membrane excitability. Voltage-gated 
Ca2+ channels (i.e. Cav channels, including the Cav1, Cav2 and Cav3 
subfamilies) can adopt three major conformational states whose tran-
sitions are voltage- or state-dependent: (1) resting or deactivated (closed 
and sensitive to depolarizing stimuli), (2) activated (open) and (3) 
inactivated (nonconducting and refractory to depolarizing stimuli). The 
three members of the Cav3 subfamily (Cav3.1, Cav3.2 and Cav3.3) are 

distinguished from other Cav channels for displaying a smaller 
conductance, faster inactivation kinetics and activating at more negative 
voltages, wherefore they have been classified as low voltage-activated 
Ca2+ channels [5]. Cav3 channels are classically named as T-type Ca2+

channels (T for giving rise to tiny and transient currents, TTCCs), a term 
that will be used hereinafter. 

TTCCs function is well understood in the context of excitable mem-
branes, in which they promote action potential firing by amplifying 
weak depolarizing stimuli thus inducing the activation of other voltage- 
gated channels (Fig. 1, left). Based on their activation at membrane 
potentials (Vm) near the resting values, TTCCs facilitate a climbing ramp 
towards the excitability threshold and promote burst/rhythmic firing in 
peripheral and central neurons [6,7], and pacemaker action potentials 
in cardiac [8] and smooth muscle [9]. In addition to contributing to 
excitability, TTCCs transduce electrical stimuli into biochemical signals 
that initiate multiple physiological events [10]. However, their activity 
in non-excitable membranes and particularly in cancer cells, in which 
only a small fraction of TTCCs expressed in the plasma membrane is 
open at a given time, is counter-intuitive. The scheme depicted for 

* Corresponding author. 
E-mail address: carles.canti@udl.cat (C. Cantí).   

1 These authors contributed equally to this work. 

Contents lists available at ScienceDirect 

Cell Calcium 

journal homepage: www.elsevier.com/locate/ceca 

https://doi.org/10.1016/j.ceca.2022.102610 
Received 19 April 2022; Received in revised form 1 June 2022; Accepted 4 June 2022   

mailto:carles.canti@udl.cat
www.sciencedirect.com/science/journal/01434160
https://www.elsevier.com/locate/ceca
https://doi.org/10.1016/j.ceca.2022.102610
https://doi.org/10.1016/j.ceca.2022.102610
https://doi.org/10.1016/j.ceca.2022.102610
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ceca.2022.102610&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Cell Calcium 105 (2022) 102610

2

depolarization-mediated activation of TTCCs and ensuing further de-
polarization is not valid for cancer cells, based on their relatively 
depolarized resting Vm that renders most of the channels in the inacti-
vated state (Fig. 1, right). Although Vm fluctuates across the cell cycle in 
proliferating cells, mean Vm values are consistently depolarized in 
proliferating cells compared to differentiated-quiescent cells [11,12], 
and also depolarized in cancer cells compared to their untransformed 
counterparts [13]. As a matter of fact a depolarized Vm is not only a 
cancer cell hallmark, but it is also regarded as a driver of malignancy 
[14]. 

Thus, an outstanding question is why voltage-gated channels have a 
physiological role in the context of non-excitable membranes, in which 
several other Ca2+ channel types are also expressed [1,15]. 

2. The power of window currents 

Gating mechanisms endow distinctive traits to TTCCs that are 
essential to their role in Ca2+ signaling. Forward-backward transition 
rates between closed and open states are voltage-dependent, such that 
when a strongly polarized membrane is subject to depolarizing stimuli, 
TTCCs open probability increases exponentially at potentials less 
negative than approximately -60 mV [16,5]. Once activated, TTCCs may 
subsequently inactivate, but they can also inactivate at a lower rate from 
the closed states (Fig. 2, A). For this reason inactivation is not directly 

voltage-dependent, but state-dependent [16,5]. When the membrane is 
electrically silent, at the steady-state, the different gating states of 
voltage-gated channels are at equilibrium. Due to the overlap between 
steady-state inactivation and activation curves (Fig. 2, B), a fraction of 
TTCCs remains open with a bell-shaped probability function distributed 
around -60 mV, giving rise to permanent inward currents named as 
window currents [17–19]. By normalizing and multiplying steady-state 
curves, it can be calculated that, at the peak, < 1% of activatable 
TTCCs at the plasma membrane are open (Fig. 2, C). Thus, unlike 
voltage-independent channels, TTCCs generate sustained Ca2+ currents 
which rise exponentially as Vm hyperpolarizes from depolarized resting 
potentials, as in cancer cells (Fig. 2, D). Such exponential relationship 
enables a most efficient coupling between smooth membrane potential 
shifts induced by external cues (i.e. mitogenic or trophic factors) and 
Ca2+ signaling. 

3. TTCCs are upregulated in the G1 phase of the cell cycle: 
increasing the power to promote cell cycle progression and cell 
fate decisions 

During the G1 phase the cell integrates signals involving metabolic 
and cell fate decisions that may lead to proliferation, differentiation, 
apoptosis, quiescence or senescence [20]. G1 to S-phase transition re-
quires Ca2+ influx through multiple Ca2+ channels at the plasma 

Fig. 1. Opposite TTCC-mediated membrane potential changes in excitable vs. cancer cells. 
Left: in excitable cells initial weak and brief plasma membrane depolarization (from heavily polarized values) activates a fraction of low voltage-activated TTCCs. 
Ensuing Ca2+ entry further depolarizes the membrane, setting up a positive feedback loop resulting in maximal activation of TTCCs present at the membrane. Upon 
reaching certain thresholds voltage-gated Na+ channels (and in some cases also high voltage-activated Ca2+ channels) activate and cations influx takes over the 
iteration of the depolarizing cycle, resulting in action potential firing. This part is a modification of Fig. 6 from [79]. 
Right: in cancer cells initial weak and sustained plasma membrane hyperpolarization (from relatively depolarized values) relieves inactivation of a small fraction of 
TTCCs, which can achieve the open state. Ensuing Ca2+ entry activates KCa channels, and increased K+ efflux further hyperpolarizes the membrane and sets up a 
positive feedback loop resulting in increased numbers of open TTCCs. In turn, membrane hyperpolarization increases the electrochemical gradient favourable to Ca2+

entry through any open Ca2+ channels present in the membrane. Note that apart from inducing Vm changes, Ca2+ influx may result in activation of Ca2+ signaling 
pathways in both excitable and non-excitable (including cancer) cells. 
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membrane, and the pro-proliferative role of TTCCs has been proved 
extensively [10,3]. Moreover, the expression of TTCCs is linked to the 
cell cycle, increasing during the G1-S phase transition in different cell 
models [21–27]. Yet, overexpression of Cav3.2 channels has also been 
related to neuroendocrine differentiation in neuroblastoma [28] and 
prostate cancer [29,30]. The increase of TTCC expression in G1, 
demonstrated both at the transcript and protein level for Cav3.1 and 
Cav3.2 isoforms, multiplies the channels available for opening at a 
period in which a more negative Vm already implies: (1) an exponential 
increase of open channels contributing window currents, and (2) a linear 
increase of the electrochemical driving force for Ca2+ entry, by virtue of 
an increased difference between Vm and the equilibrium potential for 
Ca2+ (+125 mV as described by the Nernst equation with 100 nM for 
intracellular and 1.8 mM for extracellular Ca2+ concentrations, at 23◦C). 

Noteworthily, during the G1-S transition different types of K+

channels also increase their expression, including voltage-gated K+

channels (Kv) and Ca2+-dependent K+ channels (KCa channels) [31]. On 

the one hand, a heightened K+ conductance contributes to Vm hyper-
polarization during this period. On the other, some of these K+ channels 
associate with TTCCs to set up signaling complexes essential for prolif-
eration [31,32]. The increase of K+ and Ca2+ conductances in G1, and 
the effects produced on Vm and cell signaling are summarized in Fig. 3. 

4. Association of TTCCs with KCa Kþ channels: a paradoxical 
drive towards membrane hyperpolarization 

The subsequent signaling must involve a high affinity Ca2+ sensing 
machinery, likely to be compartmentalized in membrane microdomains 
such as lipid rafts or caveolae. In support of this notion caveolin-3 has 
been shown to co-localize and co-immunoprecipitate with Cav3.1 and 
Cav3.2 channels in ventricular myocytes [33]. Furthermore, Cav3.2 form 
signaling complexes with big-conductance Ca2+-activated K+ channels 
(KCa3.1) in caveolae, from where they activate ryanodyne receptors 
(RyRs) to raise Ca2+ sparks in vascular smooth cells [34]. This 

Fig. 2. Window currents rise exponentially as membrane hyperpolarizes. 
A. Transitions between deactivated, activated and inactivated states are time and voltage- or state- dependent. Activation is a fast process compared with inacti-
vation. The inactivated state is thermodynamically stable and can be achieved from both open and closed states. Ion channel illustrations were obtained from the 
“Servier Medical Art” website, http://www.servier.fr/servier-medical-art. B. Voltage protocols for measuring steady-state inactivation and activation, and the 
respective curves. For activation, a range of increasingly depolarizing 50-100 ms test pulses (TPs) is applied from a fixed, negative HP (-70 to -120 mV), and the 
amplitude of deactivating tail currents is measured after TPs. For steady-state inactivation, long depolarizing prepulses (PP, >1 s) are applied prior to a depolarizing 
test pulse. Steady-state activation/inactivation curves for normalized currents are calculated by fitting data to first-order Boltzmann functions. Activation: I = Imax 

/

[

1 +
exp(V50− V)

K

]

. Inactivation: I = Imax /

[

1 +
exp(V− V50)

K

]

, where I is current amplitude, Imax is maximal current amplitude (can be substituted by Gmax or maximal 

conductance), V is membrane potential, V50 is mid-potential for activation/inactivation (at which half of the channels are open/inactivated) and K is slope factor 
(mV/e-fold change). Window currents are defined by the voltage range of overlap between the inactivation (red colored) and activation (green colored) curves. 
Normalized steady-state inactivation/activation curves were generated using the GraphPad Prism 5 software from Boltzmann parameters calculated for human 
Cav3.1 channels expressed in HEK293 cells and recorded in 2 mM external Ca2+ concentration, as published in [78]. C. The fraction of open channels can be 
calculated by multiplying normalized steady-state inactivation and activation curves shown in B, defining a bell-shaped function distributed around -60 mV. D. 
During the G1 phase of the cell cycle proliferating cells experience plasma membrane hyperpolarization, mainly due to an increase of K+ conductance. In cancer cells, 
with depolarized mean values, hyperpolarization in G1 entails an increase of open TTCCs which is best fit by a Boltzmann sigmoidal function, whose initial phase is 
approximately exponential. 
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interaction appears critical to understand how TTCC window currents 
are able to modulate Vm, and what are the consequences on cell func-
tion. Block of Cav3.2 channels with 50 μM Ni2+ promoted cerebral 
arterial constriction, demonstrating an inhibitory role of this TTCC 
isoform on vascular smooth muscle contractility [35]. This action, 
mediated by downstream activation of KCa3.1 channels, was found to 
imply the activation of RyRs using Cav3.2 knockout mice [36]. In 
addition, TTCCs have been found to form functional tandems with 
different types of KCa channels in the dendrites of Purkinje cerebellar 
neurons, in which they oppose excitatory inputs by producing a net 
hyperpolarization of the membrane [37,38], and of thalamic neurons, in 
which they promote rhythmic oscillatory firing by contributing to the 
afterhyperpolarization period [39,40]. 

Members of the three different KCa channels subfamilies (classified 
as small, intermediate and big-conductance) have been shown to 
interact with TTCCs [38]. In all cases the single-channel conductance of 
the former is higher so that the net effect of co-activation is cations efflux 
[38,41]. In muscle fibers and neurons the partnership between TTCCs 
and KCa channels exerts a negative feedback on Vm changes, inhibiting 
excitability, but what are the effects of such functional association on 
cancer cells? In contrast with the former, in cancer cells the trigger for 
TTCC opening would be membrane hyperpolarization (from a depolar-
ized resting Vm), as a result for example of receptor-mediated activation 
of G-protein coupled K+ channels, Kv channels or KCa channels. An 
initial hyperpolarization relieves inactivation of a fraction of TTCCs, 
which can subsequently transition to the open state with a higher 
probability via the resting state. Subsequently, TTCC window currents 
would rise and induce (or further induce) the activation of KCa channels, 
fostering the opening of more TTCCs. Hence TTCC activity in cancer 

cells, although limited to a small percentage of the channels expressed in 
the membrane, would induce a positive feedback loop on the initial 
change that is membrane hyperpolarization. In accordance with this 
rationale, it has been recently reported that the expression of TTCCs 
(Cav3.1 and Cav3.2 isoforms) is enhanced in giant multinucleated 
compared to small Y79 human retinoblastoma cells. Because the former 
also display a more negative resting Vm (-54 vs -26 mV), the authors 
concluded that the activity of TTCCs is only possible in giant cells (as 
they would be mostly inactivated in small cells), implying that Vm reg-
ulates TTCC expression [42]. This reasoning makes sense from the 
viewpoint of membrane excitability, an intrinsic ability of this multi-
potent cell line [43]. Nonetheless, although data regarding the expres-
sion of KCa channels in retinoblastoma cells is lacking, it is tempting to 
speculate that the expression level of TTCCs exerts a reciprocal effect on 
Vm in the different Y79 cell populations. 

Different mitogenic/growth factors have been reported to acutely 
modulate Vm by mechanisms other than gene transcription. Application 
of Epidermal Growth Factor (EGF) on 3T3 fibroblasts and human car-
cinoma cell lines induced a rapid hyperpolarization of Vm alongside an 
increase of cytosolic Ca2+, with the involvement of KCa channels [44]. 
Perfusion of EGF or brain-derived neurotrophic factor hyperpolarized 
the membrane of pheochromocytoma PC12 cells, an effect which was 
prevented by inhibitors of KCa channels [45]. More recently, canonical 
and non-canonical Wnt factors were shown to hyperpolarize the mem-
brane of prostate and breast cancer cells after an initial short depola-
rizing period, in parallel to elevate Ca2+ levels [46]. Vm changes are 
inevitably associated to alterations of Ca2+ signaling. Plasma membrane 
depolarization stimuli will favor Ca2+ entry through voltage-activated 
channels, but only if these are in the resting/deactivated state (which 

Fig. 3. Plasma membrane hyperpolarizes during the G1 phase, in parallel to experience increases of K+ and Ca2+ conductances. Left cell: cancer cells display 
relatively depolarized mean Vm values. At the beginning of G1 and upon stimulation of ionotropic, metabotropic or tyrosine kinase receptors, K+ channels expression 
and conductance increase causing membrane hyperpolarization. As a consequence, the fraction of open TTCCs increases rising Ca2+ window currents which stimulate 
KCa channels. During G1, TTCC expression also increases. Right cell: increased K+ efflux further hyperpolarizes the membrane, in turn increasing the electro-
chemical gradient for Ca2+ entry through different types of Ca2+ channels open in the plasma membrane. TTCC window currents reach a peak, due to increased 
channel expression and maximally hyperpolarized Vm values. Together, Ca2+ influx from different channels would suffice to trigger activation of relevant Ca2+- 
dependent pathways such as AKT-mTORC1, MAPKs or CaN-NFAT, resulting in regulation of proliferative/differentiation and survival gene programs. Some illus-
trations used to make this figure were obtained from the “Servier Medical Art” website, http://www.servier.fr/servier-medical-art. 
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will occur when Vm is highly polarized, particularly in differentiated 
cells). Ca2+ entry occurs additionally through several types of Ca2+

channels which are activated by the most diverse stimuli: ligand-gated 
channels, store-operated channels, multimodally-gated Transient Re-
ceptor Potential (TRP) channels and second messenger-operated chan-
nels, can all play key roles in signal transduction of excitable and 
non-excitable cells [1,16,2]. Irrespective of gating mechanisms, the 
driving force for Ca2+ entry through any open Ca2+ channels will in-
crease linearly as Vm drifts further away from the equilibrium potential 
for Ca2+. The interplay between different channel types and the effects 
of their activity on Vm and vice versa, comparing excitable to cancer 
cells membranes, are summarized in the Graphical abstract. 

5. TTCCs at the cusp of Ca2þ signaling? Common pathways with 
other ion channels 

Intriguingly, voltage-gated Ca2+ channels from the Cav1 and Cav2 
subfamilies are often downregulated in cancer cells or tissues to the 
point of being regarded as tumor suppressors [47]. One possible reason 
is that window currents through these channels are close to their peaks 
at depolarized resting potentials [48,49], allowing a constitutive Ca2+

entry which could act as a shield for temporally-coded Ca2+ signaling. 
Nevertheless, channels from the Cav1 family are upregulated in colo-
rectal [50], prostate [51], endometrial [52] and breast cancer [53]. 
There is also evidence for a variable expression of TTCC isoforms in 
different cancer types, including up- and downregulation when 
compared with normal tissues [47,3]. A pivotal role for TTCCs in cancer 
physiology is nonetheless unquestionable, as TTCC gene silencing or 
pharmacological block cause a striking reduction of cancer cells viability 
in vitro and delay tumor growth in vivo [3,4]. 

In contrast to voltage-gated channels, multiple types of voltage- 
independent Ca2+ channels are consistently upregulated in many can-
cer cells/tissues, in which they promote the activation of biochemical 
cascades emanating from Ca2+-calmodulin (CaM). For instance aberrant 
expression of TrpC, TrpM, TrpV and store-operated ORAi channels has 
been shown to positively regulate small GTPase Ras-mitogen-activated 
protein kinases (MAPKs), serine/threonine protein kinase B/AKT or 
calcineurin phosphatase [1,15], all pathways common to TTCCs activity 
[54]. Akin to TTCCs, some of the above-mentioned channels have also 
been reported to interact with KCa channels, thus feeding back on their 
own activity [55]. Furthermore, KCa channels activity also contribute to 
the Ca2+ signaling pathways favoring cancer cells proliferation and 
survival mentioned above [56–58]. Of note, application of TTCC or KCa 
pharmacological blockers induced the same cellular processes (i.e. the 
unfolded protein response and the aminoacid response) to promote the 
death of glioblastoma initiating cells [59]. We hypothesize that rather 
than simply reflecting redundancy, the overlapping actions of different 
ion channels on Ca2+ signaling point to a pyramidal relationship be-
tween them, with TTCCs at the cusp. Among the reasons behind TTCC 
relevance in cancer cells, it could be precisely their power relationship 
with Vm. An initial weak hyperpolarizing stimulus would trigger the 
opening of enough TTCCs contributing window currents to -upon 
interaction with KCa channels- amplify hyperpolarization in an iterative 
cycle. In turn, a more negative Vm would increase Ca2+ entry through 
any open Ca2+ channels expressed in the plasma membrane, achieving a 
cytosolic Ca2+ concentration liable for activation of pro-proliferative 
and pro-survival signaling. On this wise, TTCCs would be necessary 
catalyzers of hyperpolarization-dependent Ca2+ influx (Fig. 3). 

6. TTCCs engage in positive feedback circuits with Ca2þ

signaling effectors 

TTCCs are also caught in feedback circuits in the Ca2+ signaling 
scenario that magnify their influence on cancer cells physiology. TTCCs 
and CaMKII engage in a reciprocal regulation, such that Cav3.2-medi-
ated Ca2+ entry activates CaMKII, which successively phosphorylates 

-increasing the opening probability- Cav3.2 channels heterologously 
expressed in HEK293 cells [60]. Furthermore, activation of CaMKII 
hyperpolarized the half voltage for activation of Cav3.2 channels in 
HEK293 cells, resulting in an estimated 4-fold increase in steady-state 
peak window currents at -55 mV [61]. Downstream of CaMKII, the 
bidirectional positive regulation continues: on the one hand activation 
of Cav3.1 transiently expressed in HEK293 cells triggered the 
MAPK-extracellular signal-regulated kinase (ERK) pathway [62]. On the 
other, activation of ERK was shown to increase transcription [63] and 
surface expression [64] of Cav3.1 channels in different cell settings. The 
crosstalk between TTCCs and the RAS-RAF-MAPK pathway appears to 
be relevant for melanoma resistance to MAPK inhibitors: two recent 
reports indicate that the expression of TTCC transcripts is increased in 
B-RAF and N-RAS mutant melanoma cells adapted to MAPK inhibitors, 
and that gene silencing or pharmacological targeting of TTCCs might 
reverse resistance to MAPK inhibitors [65,66]. TTCCs also establish 
positive feedbacks with the cancer-relevant AKT pathway. Cav3.1 gene 
silencing or application of pharmacological blockers reduced the phos-
phorylation of AKT in glioblastoma [67] and ovarian cancer [68] cell 
lines. In addition, Cav3.1 silencing induced G1-S cell cycle arrest and 
reduced the migration and invasion capabilities of prostate cell lines, 
effects that were both mediated by AKT dephosphorylation [69]. In 
converse, AKT hyperactivation by deficiency of negative regulator 
Phosphatase and Tensin homologue was associated to increased tran-
scripts for Cav3.1 channels in melanoma cells [66]. It has been long 
known that TTCCs participate in CaN-NFAT dependent cardiac hyper-
trophy [70–72]. In addition, recent work showed that acute exposure of 
pulmonary vein cardiomyocytes (PVCs) to ethanol activated the 
CaN-NFAT-cardiac transcription factor Csx pathway by PKC-mediated 
inhibition of Glycogen Synthase Kinase 3β. In turn, Csx/Nkx2.5 upre-
gulated Cav3.1 and Cav3.2 channels and enhanced PVC automaticity 
[73]. Together, evidence collected from different fields indicate that 
TTCCs are prone to engage in positive feedback circuits with 
pro-proliferative/survival pathways. Coupling of positive intra-pathway 
feedback loops endows robustness to cell signaling, whereas 
inter-pathway loops favor adaptability to a changing environment [74, 
75]. Although both positive and negative feedback circuits are essential 
in the cell signaling architecture of healthy cells, magnification of pos-
itive feedback loops in biochemical cascades favoring proliferation and 
survival is a cancer cell hallmark [76]. Thus, TTCCs can be envisaged as 
key components of biochemical regulatory networks that produce 
prompt and bistable adaptive responses, but that may also lead to irre-
versible states such as in cancer cells. Feedback circuits between TTCCs 
and downstream signaling effectors are depicted in Fig. 4. 

7. Conclusions 

Aside from their role in pacemaking and regulation of neuronal 
output, voltage-dependent TTCCs contribute to the activation of Ca2+- 
dependent pathways determinant for metabolism and cell fate decisions, 
in which a plethora of voltage-independent Ca2+ channels also partici-
pate. The opening of TTCCs in excitable membranes, prompted by de-
polarization from a strongly polarized potential, contrasts with their 
activity in non-excitable membranes. In the steadily-depolarized mem-
branes of cancer cells, a small fraction of open TTCCs arises during the 
G1-S period by initial first messenger-induced membrane hyperpolar-
ization. Resulting TTCC window currents activate KCa channels, which 
further hyperpolarize the membrane thus increasing (1) TTCC window 
currents and (2) the electrochemical gradient for Ca2+ influx through 
multiple channel types. Ensuing activation of signaling pathways such as 
MAPKs, AKT-mTORC1 and CaN-NFAT, in turn, feeds back on TTCC 
expression or open probability reinforcing the whole signaling mecha-
nism. Such a sparking role of core pathways for cells thriving provides an 
explanation as to why TTCC gene silencing dramatically reduces cancer 
cells viability, in spite of their low conductance and availability. A 
number of TTCC pharmacological blockers have been tested as 
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prospective chemotherapeutics. However, cytotoxic effects of these 
compounds on cancer cells have only been reported at concentrations 
largely in excess to half-inhibitory values, casting doubts over their af-
finity for TTCCs in steadily-depolarized membranes. In this respect our 
group has recently shown that the cytotoxicity of NNC-55-0396, a tet-
ralol derivative regarded as a highly potent TTCC blocker, is caused by 
an off-target effect [77]. Given the functional partnership between 
TTCCs and KCa channels, we propose the investigation of pharmaco-
logical co-targeting of both channel types in the search for more specific 
inhibition of TTCC-dependent signaling events. 
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References 
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