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The aim of this review is to address the recent advances regarding the use of pharmacological agents to target transient
receptor potential (TRP) channels in cancer and their potential application in therapeutics. Physiologically, TRP channels are
responsible for cation entry (Ca2+, Na+, Mg2+) in many mammalian cells and regulate a large number of cellular functions.
However, dysfunction in channel expression and/or activity can be linked to human diseases like cancer. Indeed, there is
growing evidence that TRP channel expression is altered in cancer tissues in comparison with normal ones. Moreover, these
proteins are involved in many cancerous processes, including cell proliferation, apoptosis, migration and invasion, as well as
resistance to chemotherapy. Among the TRP superfamily, TRPC, TRPV, TRPM and TRPA1 have been shown to play a role in
many cancer types, including breast, digestive, gliomal, head and neck, lung and prostate cancers. Pharmacological
modulators are used to characterize the functional implications of TRP channels in whole-cell membrane currents, resting
membrane potential regulation and intracellular Ca2+ signalling. Moreover, pharmacological modulation of TRP activity in
cancer cells is systematically linked to the effect on cancerous processes (proliferation, survival, migration, invasion, sensitivity
to chemotherapeutic drugs). Here we describe the effects of such TRP modulators on TRP activity and cancer cell phenotype.
Furthermore, the potency and specificity of these agents will be discussed, as well as the development of new strategies for
targeting TRP channels in cancer.

LINKED ARTICLES
This article is part of a themed section on the pharmacology of TRP channels. To view the other articles in this section visit
http://dx.doi.org/10.1111/bph.2014.171.issue-10

Non-standard abbreviations
AMPK, AMP-activated protein kinase; 2-APB, 2-aminoethoxydiphenylborate; ATRA, all-trans retinoic acid; CAI,
carboxyamidotriazole; CBD, cannabidiol; CIPN, chemotherapy-induced peripheral neuropathy; GBM, glioblastoma
multiforme; 20-GPPD, 20-O-β-D-glucopyranosyl-20(S)-protopanaxadiol; NSCLC, non-small cell lung cancer; ROS,
reactive oxygen species; RQ, RQ-00203078 (TRPM8 antagonist); SOCE, store-operated calcium entry; TRP, transient
receptor potential; TRPA, transient receptor potential ankyrin; TRPC, transient receptor potential canonical; TRPM,
transient receptor potential melastatin; TRPML, transient receptor potential mucolipin; TRPP, transient receptor
potential polycystin; TRPV, transient receptor potential vanilloid

General context
Cancer is one of the leading causes of death in the world.
Despite developments in early detection and additions to the

therapeutic arsenal, there is still a lack of effective therapeutic
strategies. Therefore, there is a need to discover new biomark-
ers and therapeutic targets to improve clinical outcomes for
cancer patients.
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Tumour progression results from alterations of physi-
ological processes such as cell proliferation, apoptosis,
migration, invasion and angiogenesis. These processes are
under the control of calcium homeostasis, and the TRP
(transient receptor potential) cation channels (Alexander
et al., 2013) contribute to changes in intracellular calcium
concentration (Nilius et al., 2007). About thirty TRPs have
been identified to date, and they are classified in seven dif-
ferent families: TRPC (canonical), TRPV (vanilloid), TRPM
(melastatin), TRPML (mucolipin), TRPP (polycystin), TRPA
(ankyrin transmembrane protein) and TRPN (NompC-like)
(Venkatachalam and Montell, 2007). TRP channels play a
crucial role in a variety of physiological and pathological
processes (Nilius et al., 2007; Wu et al., 2010), and the TRPC,
TRPM and TRPV families have mainly been correlated with
malignant growth and progression. Indeed, recent findings
demonstrate that TRP channels are involved in the regulation
of proliferation, differentiation, apoptosis, angiogenesis,
migration and invasion during cancer progression, and that
the expression and/or activity of these channels is altered in
cancers (Prevarskaya et al., 2007; 2011; Wu et al., 2010). It has
been proposed that the expression pattern of TRP channels
may serve a tool for diagnostics and/or prognostics in cancer.
For example, TRPV6 and TRPM8 have been proposed as
tumour progression markers in the outcome of prostate
cancer (Gkika and Prevarskaya, 2011), TRPC6 may be a novel
therapeutic target in oesophageal carcinoma (Ding et al.,
2010a), and TRPV6 and TRPM7 may serve as markers
associated with poor outcome in metastatic breast cancer
(Ouadid-Ahidouch et al., 2013).

Novel molecules targeting TRP calcium channels (in par-
ticular, TRPA1, TRPV1, TRPM8, and TRPC6) are currently
being studied in clinical trials or are candidates for future
clinical evaluation in the management of respiratory diseases
(Preti et al., 2012). Moreover, thermo-TRP channels, includ-
ing TRPV1, TRPV2, TRPV3, TRPV4, TRPM8 and TRPA1, are
known to be regulated by extracellular modulators released
by damaged or inflamed tissues, and several antagonists of
the channels are in advanced-stage clinical trials as potential
analgesics (Vay et al., 2012). With regard to therapies target-
ing calcium homeostasis in cancer, carboxyamidotriazole
(CAI) was one of the first targeted therapies to reach clinical
trial (Kohn et al., 1997). CAI is a synthetic calcium influx
inhibitor with anti-angiogenic, anti-proliferative and anti-
metastatic properties in vitro, but published trials of CAI in
renal cells, glioblastoma multiforme and non-small cell lung
cancer did not show improvement in survival or quality of
life (Stadler et al., 2005; Mikkelsen et al., 2007; Johnson et al.,
2008). However, a combination of CAI and paclitaxel, a
standard chemotherapy agent, has enhanced anti-tumour
activity in solid tumours, particularly in ovarian cancer, since
CAI exposure potentiates the clinical activity of paclitaxel
(Azad et al., 2009). As TRP channels may be new promising
markers for diagnosis and chemotherapy in several cancers
(Santoni and Farfariello, 2011; Ouadid-Ahidouch et al., 2013),
targeting TRP channels may constitute a new pharmacologi-
cal approach for cancer therapy in the future.

In this review, we describe the TRP channels from the
point of view of pharmacological targets in cancer, and the
molecular mechanisms by which the inhibitors affect prolif-
eration, migration and invasion of cancer cells.

TRPC targeting in cancer

Seven mammalian TRPC proteins (TRPC1–7) have been iden-
tified. Based on their sequence homology, these channels can
be divided into three subgroups: C1/C4/C5, C3/C6/C7, and
C2, which is a pseudogene in humans (Wu et al., 2010). TRPC
channels allow Ca2+ and Na+ entry, and they are expressed in
many mammalian cell types and involved in many human
diseases including cancer (Bon and Beech, 2013). It has been
proposed in a number of cell models that TRPC channels may
be involved in store-operated Ca2+ entry (SOCE) by interact-
ing with Orai1 and STIM1 (Berna-Erro et al., 2012). In cancer
cells, the role of TRPC channels has been linked to cell
proliferation, survival and tumour growth (Santoni and
Farfariello, 2011; Shapovalov et al., 2011). Several studies
have shown that TRPC channels are also important for
chemotactic migration (Bomben et al., 2011). Pharmacologi-
cal strategies to target TRPC channels have been used in
several cancer cell models. These results are described below
and summarized in Table 1.

Pharmacological approaches to target TRPC
in cancer
Activation or blockade of TRPC channels generally induces
the same effect, cell growth arrest. Thus, modulation of
TRPC channels can have the opposite effect. For example,
activation of Ca2+ influx through TRPC channels by
20-O-β-D-glucopyranosil-20(S)-protopanaxadiol (20-GPPD), a
metabolite of ginseng saponin, induced apoptosis in colon
cancer cells (Hwang et al., 2013). Specifically, in CT-26
murine colon cancer cells, application of 20-GPPD (10 μM)
for 24 h induced apoptotic cell death, with an accumulation
of cells in the sub-G1 phase. Furthermore, 20-GPPD increased
AMP-activated protein kinase (AMPK) phosphorylation in a
time-dependent manner, leading to AMPK activation and cell
viability reduction. The increased AMPK activation induced
by 20-GPPD was triggered by an increase in cytosolic [Ca2+]
entry through TRPC channels. Indeed, Ca2+ influx induced by
20-GPPD is sensitive to the TRPC non-selective blockers Gd3+

(100 μM) and SKF96365 (10 μM), whereas the TRPV1 antago-
nist capsazepine (20 μM) has no effect. Whether the effect of
20-GPPD on TRPC channels is direct has not yet been clearly
established.

In non-small cell lung cancer (NSCLC), one study found
that TRPC1, C3, C4 and C6 expression was correlated with
tumour differentiation grade (Jiang et al., 2013). In this study,
all-trans retinoic acid (ATRA), a chemopreventive agent as
well as a potent cell differentiation inducer, was used. Treat-
ment of A549 cells with ATRA (1 μM) for 96 h increased
TRPC3, C4 and C6 expression and enhanced Ca2+ influx.
Moreover, A549 cell proliferation was more sensitive to the
TRPC non-specific blocker 2-APB (EC50 = 87.9 μM) following
chronic application of ATRA (Jiang et al., 2013). However,
ATRA showed no direct effect on TRPC channel function,
and the increased Ca2+ influx was probably due to the
up-regulation of the TRPC gene.

TRPC channels (TRPC1, 3, 4 and 5) are expressed in
glioma cell lines and acute patient-derived tissues, suggesting
the presence of heteromeric channels in gliomas (Bomben
and Sontheimer, 2008). In the glioma cell line D54MG (grade

BJPTRP pharmacology in cancer

British Journal of Pharmacology (2014) 171 2582–2592 2583



IV), small linear voltage-independent currents that were sen-
sitive to the non-specific TRPC inhibitors SKF96365 (25 μM)
and 2-APB (100 μM) were recorded. Inhibition of TRPC
channels further induced a membrane hyperpolarization,
indicating that TRPC channel currents contribute to resting
membrane potential in glioma cells. Moreover, chronic appli-
cation of the TRPC inhibitors SKF96365 and 2-APB dimin-
ished cell proliferation without inducing cell mortality
(Bomben and Sontheimer, 2008). This treatment also induced
glioma cell accumulation in the G2/M phase following TRPC
blockade, and led to an increase in mean cell volume and
size, indicating an impairment of cytokinesis (Bomben and
Sontheimer, 2008).

The further use of a shRNA strategy highlighted that the
TRPC1 channel is essential for cell proliferation in the most
frequent class of malignant primary brain tumour, glioblas-
toma multiforme (GBM) (Bomben and Sontheimer, 2010).
Use of shRNA against TRPC1 almost completely eliminated
the SKF-sensitive currents, SOCE and glioma proliferation,
indicating that TRPC1 is, at least, an essential subunit for the
function of TRPC in GBM. However, the ability of TRPC1
subunits to co-assemble in homotetramers is still debatable;
whereas TRPC1 can form heteromeric channels with TRPC4
and TRPC5. The I:V relationship recorded for heteromers
displays properties distinct from those for TRPC4 or TRPC5
monomers. Moreover, the unitary conductance of single het-
eromeric channels is also different from that for TRPC4 and
TRPC5 monomers. Until now, TRPC1 was considered a com-
ponent of different heteromeric TRP complexes.

One study has shown TRPC1 to regulate the glioma
chemotaxis induced by epidermal growth factor (EGF)
(Bomben et al., 2011). This study showed that pharmacologi-
cal blockade of TRPC1 using SKF96365 (25 μM), 2-APB
(100 μM) or MRS1845 (100 μM), or TRPC1 silencing using
shRNA inhibited EGF-induced chemotactic migration but not
basal migration in GBM. Moreover, the localization of TRPC1
in lipid rafts is essential for TRPC function (SKF-sensitive
current and SOCE) as well as for EGF-induced chemotaxis

(Bomben and Sontheimer, 2010). It was also demonstrated
that TRPC1 inhibition using 2-APB or siRNA resulted in sig-
nificantly attenuated adhesive and invasive abilities of naso-
pharyngeal cancer cells, suggesting that TRPC1 can modulate
metastasis in nasopharyngeal carcinoma (He et al., 2012).

TRPC6 channels are essential for the G2/M phase transi-
tion in gastric and oesophageal cancers (Cai et al., 2009; Shi
et al., 2009). In these studies, the non-specific pharmacologi-
cal agent SKF96365 (10 μM) was used to block TRPC6 chan-
nels, leading to cell growth arrest and accumulation in the
G2/M phase. The specific role of TRPC6 channels was con-
firmed by the heterologous expression of a dominant nega-
tive of TRPC6 (DNC6) in cancer cells. The regulation of
cancer cell proliferation by TRPC6 involved an elevation of
[Ca2+]i that is essential for G2/M phase transition in gastric
and oesophageal cancers.

Limitations in targeting TRPC channels
in cancers
The main difficulty in targeting TRPC channels is the lack of
pharmacological agents that specifically target a TRPC
subtype. Indeed, in most studies on cancer cells, non-specific
blockers such as SKF96365, 2-APB and MRS1845 were used to
inhibit TRPC functions, including membrane current and
SOCE, at a concentration in the micromolar range. SKF96365
belongs to the family of phenylethylimidazoles, which are
used as non-specific inhibitors of TRPC Ca2+ channels.
However, these compounds are also known to block voltage-
gated Ca2+ channels (Singh et al., 2010). The organoborane
2-APB is also widely used as a pharmacological modulator of
TRP channels. It blocks TRPC and TRPM channels while it
stimulates TRPV channels (Hu et al., 2004). Moreover, 2-APB
was initially identified as a membrane-penetrating inhibitor
of Ins(1,4,5)P3-induced Ca2+ release (Maruyama et al., 1997).
Dihydropyridines like N-propargylnifrendipine (MRS1845)
are known as a class of potent and selective blockers of
voltage-gated L-type Ca2+ channels. MRS1845 has also been

Table 1
Pharmacological modulation of TRPC channels in cancer cells

Pharmacological
agent TRP target Cancer type Effect Mechanism References

20-GPPD (10 μM) TRPC activation? Colon Cell apoptosis Ca2+ entry ↑ Hwang et al., 2013

ATRA (1 μM) TRPC3, C4, C6
up-regulation

NSCLC Cell proliferation more
sensitive to TRPC blockers

Ca2+ entry ↑ Jiang et al., 2013

SKF96365 (25 μM)
2-APB (100 μM)

TRPC1, C3, C4, C5
blockade

GBM Cell growth arrest and
multinucleation

Em
hyperpolarization

Bomben and Sontheimer,
2008

SKF96365 (25 μM)
2-APB (100 μM)
MRS1845 (25 μM)

TRPC1 blockade GBM Cell growth arrest and
multinucleation

Store-operated Ca2+

entry ↓
Bomben and Sontheimer,

2010

SKF96365 (25 μM)
2-APB (100 μM)
MRS1845 (25 μM)

TRPC1 blockade GBM Cell migration ↓ Store-operated Ca2+

entry ↓
Bomben et al., 2011

SKF96365 (10 μM) TRPC6 blockade Gastric,
oesophageal

Cell growth arrest Ca2+ entry ↓ Cai et al., 2009; Shi et al.,
2009
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described as a potent inhibitor of SOCE (Harper et al., 2003)
and has been used as a pharmacological tool to assess the role
of TRPC channels in GBM (Bomben and Sontheimer, 2010;
Bomben et al., 2011). Therefore, the use of this pharmaco-
logical approach to target TRPC in pathologies, and particu-
larly in cancer, is still far from ideal in preclinical studies
because none of the pharmacological agents used to target
TRPC in cancer seem to be highly potent and specific. The use
of cell transfection with shRNA or with a dominant negative
is required to specifically target the TRPC channel subunit
that is essential for cancer progression. Thus the development
of new pharmacological tools targeting TRPC channels is
under investigation, as already highlighted in the recent
review of Bon and Beech (Bon & Beech, 2013).

Moreover, TRPCs are known to form heteromers in a wide
range of cell types. The knockdown of one specific TRPC
subtype could be compensated for by other TRPCs or other
Ca2+ entry mechanisms such as Orai channels. Thus, the
complex structure of TRPC tetramers and the multiplicity of
Ca2+ transporters that could compensate for a TRPC defi-
ciency in the cells increase the difficulty of specifically target-
ing particular TRPC channels in malignant progression.

TRPV targeting in cancer

The TRPV (vanilloid) family is composed of six members
(TRPV1–6) that have been identified in mammals. They have
been divided into two subgroups based on their sequence
homology and Ca2+ selectivity: V1/V2/V3/V4 and V5/V6 (Wu
et al., 2010). The TRPV1–4 subgroup is weakly Ca2+-selective
and highly sensitive to high temperatures. These channels are

able to initiate sensory nerve impulses following the detec-
tion of chemical and thermal stimuli, and they are called
‘thermo-TRP channels’. The role of these TRPV channels has
been well studied with regard to pain. Indeed, TRPV1 and
TRPV3 channels have been suggested as analgesic targets, and
some TRPV1 and TRPV3 antagonists have already advanced
to clinical trials (Moran et al., 2011; Brederson et al., 2013). In
cancer, TRPV1 channel has been proposed as a pharmacologi-
cal target in pain induced by cancer (Prevarskaya et al., 2007).
In contrast, TRPV5 and TRPV6 channels are highly Ca2+-
selective and not heat-sensitive. Physiologically, they allow
Ca2+ entry in non-excitable cells and prevent Ca2+ overload by
a Ca2+-dependent inactivation (Hoenderop et al., 2005). In
normal tissues, TRPV5 and TRPV6 channels are mainly
expressed in apical membranes of various epithelia, including
the kidney, intestine, stomach and pancreas as well as the
brain, bone and placenta (Vennekens et al., 2008). TRPV6
channels are overexpressed in prostate cancer, where they
have been suggested as oncogenic ion channels (Lehen’kyi
et al., 2012). The use of pharmacological agents to modulate
TRPV in cancer will be described in detail below and summa-
rized in Table 2.

TRPV1
TRPV1 expression can be decreased or increased, depending
on cancer type and tumour stage (Santoni and Farfariello,
2011). TRPV1 modulators more widely used in cancer are the
activator capsaicin and the antagonist capsazepine. In the
human androgen-independent prostate cancer cell line PC-3,
capsaicin (at 5 μM) induced a [Ca2+]i increase that was antago-
nized by 1 μM capsazepine (Sanchez et al., 2006). Moreover,
20 μM capsaicin inhibited DNA synthesis and increased the

Table 2
Pharmacological modulation of TRPV channels in cancer cells

Pharmacological agent TRP target Cancer type Effect Mechanism(s) References

Capsaicin (IC50 20 μM) TRPV1 activation? Prostate Cell growth arrest and
apoptosis

[Ca2+]i ↑,
ROS generation,
ΔΨm dissipation,
caspase-3 activation

Sanchez et al., 2006

Capsaicin (50 μM) TRPV1 activation GBM Cell apoptosis Ca2+ entry Amantini et al., 2007

Capsaicin (IC50 80 μM) TRPV1 activation Urothelial Cell growth arrest and
apoptosis

[Ca2+]i ↑,
ΔΨm dissipation,
caspase-9 and -3

activation

Amantini et al., 2009;
Caprodossi et al.,
2011

Arvanil (50 nM) TRPV1 activation Astrocytoma Cell apoptosis ER stress Stock et al., 2012

Cannabidiol (IC50

22.2 μM)
TRPV2 activation GBM Cell apoptosis (> 25 μM)

and sensitization to
cytotoxic chemotherapy
(<10 μM)

Ca2+-entry and drug
uptake

Nabissi et al., 2013

Soricidin derived peptides
(SOR-C13 IC50 14 nM,
SOR-C27 IC50 65 nM)

TRPV6 binding
and blockade

Ovarian or
prostate

Cell proliferation ↓;
TRPV6-rich tumour

labelling

[Ca2+]i ↓ Bowen et al., 2013

Capsaicin (50 μM) TRPV6 activation Gastric Cell apoptosis Ca2+-entry,
p53 stabilization,
JNK activation

Chow et al., 2007
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number of apoptotic bodies. However, addition of 20 μM
capsazepine was not able to reduce capsaicin-induced apop-
tosis but induced apoptosis in a similar manner. Both capsai-
cin and capsazepine increase the production of reactive
oxygen species (ROS) as well as ΔΨm dissipation, suggesting
that oxidant stress induced by vanilloids in PC-3 cells is
independent of an effect of TRPV1. Both capsaicin and cap-
sazepine further induced the activation of caspase-3 and the
reduced tumour growth in vivo. Collectively, these data sug-
gested that vanilloids could be used as promising pharmaco-
logical tools against hormone-refractory prostate cancer, but
the importance of TRPV1 channels as a potential target is still
unclear (Sanchez et al., 2006).

However, TRPV1 has been identified as the main target
of capsaicin-induced apoptosis in glioma (Amantini et al.,
2007). In the glioma cell line U373, capsaicin (50 μM)
increased [Ca2+]i and induced p38 MAPK activation, ΔΨm
dissipation and caspase-3 activation, leading to cell apopto-
sis. All of these capsaicin-induced apoptosis effects were
reversed following capsazepine treatment. Interestingly,
TRPV1 expression was inversely correlated with grade in GBM
suggesting that TRPV1 may negatively control cancer pro-
gression. Amantini et al. suggested that the loss of TRPV1 in
high-grade GBM may represent a mechanism by which
cancer cells can evade antiproliferative and pro-apoptotic
signals (Amantini et al., 2007). Additionally, capsaicin pro-
motes Fas/CD95-mediated apoptosis of urothelial cancer
cells (Amantini et al., 2009). Capsaicin reduced in a dose-
dependent manner (IC50 80 μM) the proliferation of the
human well-differentiated low-grade papillary RT4 urothelial
cancer cell line. Moreover, capsaicin induced the up-
regulation of pro-apoptotic genes as well as TRPV1-fas/CD95
receptor clustering and activation, which trigger both extrin-
sic and intrinsic mitochondrial-dependent pathways. Impor-
tantly, all of these effects were reversed by capsazepine
(10 μM). Amantini et al. found that, as for gliomas, TRPV1
expression decreased in invasive urothelial cancers, with a
complete loss of TRPV1 in high-grade cancers. Moreover,
capsaicin induced a more aggressive gene phenotype and
invasiveness in urothelial cancer cells lacking TRPV1
(Caprodossi et al., 2011).

Importantly, Stock et al. showed that neural precursor
cells induced cell death in high-grade astrocytomas by releas-
ing endovanilloids that activate TRPV1 channels in cancer
cells (Stock et al., 2012). Cell death induced by TRPV1 acti-
vation in high-grade astrocytomas is dependent on endoplas-
mic reticulum (ER) stress due to the expression of TRPV1 in
the ER membrane. Moreover, cell death in TRPV1-dependent
high-grade astrocytomas can be reversed by capsazepine
treatment. The synthetic, blood-barrier-permeable vanilloid
arvanil (50 nM) has therapeutic effects on experimental
high-grade astrocytomas, as it strongly reduces the size of
astrocytomas and induces TRPV1-dependent cell death. Fur-
thermore, treatment with arvanil prolonged survival in a
cohort of immunodeficient mice implanted with a culture of
human high-grade astrocytomas (Stock et al., 2012).

The TRPV1 antagonist capsazepine has also been studied
as a potential pharmacological tool in cancer. Indeed, 50 nM
capsazepine sensitizes colorectal cancer cells to apoptosis
induced by the TNF-related apoptosis-induced ligand (TRAIL)
(Sung et al., 2012). Capsazepine induced TRAIL receptor

expression that could potentiate the use of cancer therapy
based on TRAIL. However, in this latter study, up-regulation
of TRAIL receptors by capsazepine seems to be TRPV1-
independent. Moreover, capsaicin and capsazepine were
used to highlight the importance of TRPV1 channels as Ca2+

channels, mediating migration of human hepatoblastoma
(HepG2) cells (Waning et al., 2007).

TRPV1 channels have also been shown to be sensitive to
endocannabinoids, which suppress cell invasion. Indeed,
Ramer et al. showed that low concentrations of R(+)-
methanandamide (0.1 μM) decreased the cell invasion
through Matrigel and this effect was reversed by a TRPV1
antagonist (capsazepin 1 μM) in human cervical cancer cells
(HeLa, C33A) as well as in human lung carcinoma cells
(A549) (Ramer and Hinz, 2008). This suggests that TRPV1
activity could contribute to the anti-invasive action of R(+)-
methanandamide. Interestingly, the anti-invasive properties
of cannabidiol were confirmed in vivo in a mouse model of
lung metastasis (Ramer et al., 2010). It is important to
mention here the controversy regarding the potential use of
capsaicin for cancer treatment. While capsaicin has been
shown to induce apoptosis and cell cycle arrest in some
cancer cell lines, other studies have highlighted its involve-
ment in mutagenesis and carcinogenesis. These ambiguous
results are extensively discussed elsewhere (Bode and Dong,
2011) and suggest that the cellular effects of capsaicin are far
from being fully understood. Thus, it is premature to propose
the use of capsaicin for cancer treatment. Moreover, another
inconvenience associated with TRPV1 targeting in disease
and particularly in cancer is the induction of undesirable
on-target side effects. Indeed, TRPV1 is involved in body
thermoregulation and the use of antagonists causes hyper-
thermia (Romanovsky et al., 2009).

TRPV2
Nabissi et al. showed that cannabidiol (CBD), a cannabinoid
compound that lacks the unwanted psychotropic effects
associated with Δ9-tetrahydrocannabinol, increased drug
uptake and potentiated cytotoxic activity in GBM when
co-administered with cytotoxic agents (Nabissi et al., 2013).
Thus, CBD acts as a TRPV2-selective activator by enhancing
Ca2+ influx in U87MG cells with an EC50 of 22.2 μM. It was
concluded that CBD could be used as a promising therapeutic
agent against GBM because it potentiates the cytotoxicity of
chemotherapeutic agents such as temozolomide, carmustine
and doxorubicin by increasing the drug uptake in a TRPV2-
dependent manner (Nabissi et al., 2013). Moreover, TRPV2
has been shown to promote both in vitro and in vivo
differentiation of glioblastoma stem-like cells, leading to a
decreased proliferation rate (Morelli et al., 2012).

In contrast, it has been shown that endogenous lysophos-
pholipids, including lysophosphatidylcholine and lysophos-
phatidylinositol (both at 10 μM), enhance the migration of
human prostate cancer (PC-3) cells via Ca2+ influx through
TRPV2 channels by promoting channel translocation to the
membrane (Monet et al., 2009). Similarly, adrenomedullin, at
a concentration of 200 nM, promotes migration and invasion
of prostate cancer (PC-3) and urothelial cancer (T24/83) cells
(Oulidi et al., 2013). Interestingly, TRPV2 modulates adre-
nomedullin stimulation of cell migration and invasion by
facilitating channel translocation to the membrane and
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increasing the basal [Ca2+]i. Finally, trpv2 transcripts were
up-regulated in advanced stages of bladder cancer.

Therefore, the role of TRPV2 in cancer is still debatable.
While it has been described as a regulator of stem-like
cell differentiation and chemotherapeutics uptake in GBM,
TRPV2 is also associated with the metastatic status of prostate
and bladder cancers, where it stimulates cell migration and
invasion. This limits the potential of using TRPV2 channels as
pharmacological targets.

TRPV6
TRPV6 channels are overexpressed in a wide range of malig-
nant cancers (Lehen’kyi et al., 2012). Soricidin and its deriva-
tives (SOR-C13 and SOR-C27) have been reported to inhibit
TRPV6-dependent Ca2+ uptake and to bind TRPV6 in ovarian
cancer cells with high affinity (Bowen et al., 2013). Soricidin
is a 54-amino acid peptide found in the paralytic venom of
the northern short-tailed shrew Blarina brevicauda. Recently,
Bowen et al. described the use of the TRPV6-binding proper-
ties of SOR-C13 and SOR-C27 to target human ovarian
tumours in a xenograft mouse model (Bowen et al., 2013).
The TRPV6 specificity of soricidin derivatives may provide a
way of delivering diagnostic and therapeutic reagents directly
to TRPV6-rich tumours. Moreover, TRPV6 has been shown to
mediate capsaicin-induced apoptosis in gastric cancer cells
(Chow et al., 2007). Indeed, capsaicin at 50 μM induced apo-
ptosis in the human gastric cancer AGS cells without causing
necrosis. Interestingly, AGS cells were more sensitive to
capsaicin-induced apoptosis than normal gastric cells. Fur-
thermore, capsaicin increased TRPV6 expression in a time-
dependent manner. The capsaicin-induced TRPV6 expression
and AGS apoptosis were prevented by pretreatment with the
capsaicin antagonist capsazepine. The mechanism involved
in the capsaicin-induced AGS apoptosis was an increase in
Ca2+ influx via TRPV6 channels. Moreover, capsaicin induced
apoptosis by stabilization of p53 through JNK activation.

TRPM targeting in cancer

The TRPM family is composed of eight members (TRPM1–8)
and is divided into three subgroups based on their amino-
acid homology: M1/M3, M4/M5, and M6/M7; TRPM2 and
TRPM8 have low sequence homology and are not included
in a subgroup (Wu et al., 2010). TRPM1 has been discovered
to be a tumour gene suppressor in melanoma (Duncan
et al., 1998), and TRPM1 and TRPM3 form a constitutively
active Ca2+-permeable non-selective cation channel. TRPM2
channels contain an ADP pyrophosphatase domain in their
C-terminus, that binds to ADP ribose and hydrolyses it.
Moreover, TRPM2 channels are also activated by oxidative
stress, and thus are considered metabolic as well as
intracellular oxidation sensors. TRPM4 and TRPM5 are
monovalent-selective ion channels that are activated by
intracellular Ca2+. TRPM5 channels are expressed in taste
receptor cells, while TRPM4 channels are ubiquitous.
TRPM6 and TRPM7 channels are fused with a functional
serine/threonine kinase located in their C-terminus. These
channels have both ion channel and kinase activities. They
allow the entries of Mg2+ and Ca2+ and the outflow of K+.
TRPM6 channels are expressed in kidney and intestine epi-
thelia, where they are implicated in Mg2+ re-absorption.
TRPM7 channels are ubiquitous but expressed at a low level
in most tissues. However, TRPM7 is overexpressed in many
cancers, including breast (Guilbert et al., 2009; 2013;
Middelbeek et al., 2012) and pancreas (Rybarczyk et al.,
2012). TRPM8 channels are Ca2+-permeable channels that
are activated by cold (8–28°C) and cooling compounds like
menthol and icilin. TRPM8 channels are widely expressed,
but they have been proposed as a potential prognostic
and diagnostic biomarker in androgen-dependent prostate
cancer (Zhang and Barritt, 2006). The pharmacological
agents that modulate TRPM in cancer are summarized in
Table 3.

Table 3
Pharmacological modulation of TRPM channels in cancer cells

Pharmacological
agent TRP target Cancer type Effect Mechanism References

Waixenicin A (10 μM) TRPM7 blockade Leukaemia Cell proliferation ↓ Mg2+-dependent block
of TRPM7

Zierler et al., 2011

Waixenicin A (50 μM) TRPM7 blockade Breast and gastric Cell proliferation ↓ TRPM7 current ↓ Kim et al., 2013

Ginseroside Rd (500 μM) TRPM7 blockade Gastric Cell growth and survival ↓ TRPM7 current ↓ Kim et al., 2013

BCTC (10 μM) TRPM8 blockade Prostate Cell proliferation ↓ Cold-activated [Ca2+]i ↓ Valero et al., 2011

Clotrimazole (10 μM) TRPM8 blockade Prostate Cell proliferation ↓ Cold-activated [Ca2+]i ↓ Valero et al., 2011

DD01050 (10 μM) TRPM8 blockade Prostate Cell proliferation ↓ Cold-activated [Ca2+]i ↓ Valero et al., 2011

AMTB (10 μM) TRPM8 blockade Prostate Cell proliferation ↓ Not tested Valero et al., 2012

JNJ41876666 (10 μM) TRPM8 blockade Prostate Cell proliferation ↓ Not tested Valero et al., 2012

RQ-00203078 (10 μM) TRPM8 blockade Oral squamous
cell

Cell migration and
invasion suppression

SOCE ↓, MMP-9
activity ↓

Okamoto et al.,
2012
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TRPM7
Waixenicin A is an extract from Sarcothelia edmondsoni (syn.
Anthelia edmondsoni), a soft coral from Hawaii, that inhibits
TRPM7-mediated Mn2+ quenching of fura-2 fluorescence in a
dose-dependent manner with an EC50 of 12 μM (Zierler et al.,
2011). Moreover, waixenicin A inhibits the TRPM7 whole-
cell currents with an EC50 of 7 μM. The inhibitory effects of
waixenicin A on TRPM7 are strongly dependent on [Mg2+]i,
indicating that this compound enhances Mg2+ block of the
channels or that Mg2+ enhances binding affinity of waix-
enicin A. Importantly, waixenicin A was without effect on
TRPM6 channels, the closest homologues of TRPM7 chan-
nels. Then, Zierler et al. showed that waixenicin A is a
promising candidate as a specific and potent blocker of
TRPM7 in a wide range of diseases including cancers
(Zierler et al., 2011). Recently, Kim et al. showed that waix-
enicin A (from 30 to 50 μM) is a potent inhibitor of gastric
and breast cancer proliferation in a TRPM7-dependent
manner (Kim et al., 2013). Indeed, waixenicin A was able to
inhibit gastric cancer AGS cell and breast cancer MCF-7 cell
proliferation as well as reducing the TRPM7 currents in these
cell lines.

Moreover, ginsenoside Rd, one of the more active ginseng
saponin components, has been shown to block TRPM7 chan-
nels and to induce cell death in gastric and breast cancer cells
(Kim, 2013). Indeed, ginsenoside Rd decreased cell viability in
MCF-7 and AGS in a concentration-dependent manner with
an EC50 of 154.3 μM for MCF-7 cells and 131.2 μM for AGS
cells, while it increased cell viability in normal HEK293 cells.
Ginsenoside Rd-induced cell death was due to intrinsic apo-
ptosis signalling via mitochondrial membrane depolariza-
tion. Moreover, ginsenoside Rd increased caspase-3 activity in
both MCF-7 and AGS cancer cells. Importantly, ginsenoside
Rd inhibited TRPM7 currents in MCF-7 and AGS, with
median inhibitory concentrations of 178 μM and 170 μM,
respectively.

TRPM8
TRPM8 is a promising target in prostate cancer (Zhang
and Barritt, 2006). TRPM8 blockers such as 4-(3-chloro-
pyridin-2-yl) -piperazine-1-carboxylic acid (4-tertbutyl -
phenyl) -amide (BCTC), clotrimazole, and [L -arginyl] - [N -
[2,4-dichlorophenethyl]glycyl] -N - (2,4-dichlorophenethyl)
glycinamide (DD01050), as well as more specific blockers
like N - (3-aminopropyl) -2- [(3-methylphenyl)methoxy] -N -
(2- thienylmethyl) -benzamidehydrochloride (1:1) hyclate
(AMTB) and 3-[7- trifluoromethyl -5- (2- trifluoromethyl -
phenyl) -1H-benzimidazol -2-yl]-1-oxa-2-aza-spiro[4.5]dec-2-
ene hydrochloride (JNJ41876666) have been used in different
human prostate cancer cell lines (Valero et al., 2011; 2012).
BCTC, clotrimazole, AMTB and JNJ41876666 at a concentra-
tion of 10 μM all inhibited cell proliferation in all prostate
cancer cell lines, but not in normal prostate cells. Moreover,
RQ-00203078 (RQ), another TRPM8 antagonist, was used in
HSC3 and HSC4 oral squamous cell carcinoma cell lines
(Okamoto et al., 2012). RQ at 10 μM completely abolished the
menthol-induced TRPM8 whole-cell currents and SOCE
in both cell lines. Moreover, RQ inhibited both menthol-
induced and basal cell proliferation as well as menthol-

induced and basal migration and invasion of cells. Finally,
menthol-induced MMP-9 activity was also suppressed by RQ
(Okamoto et al., 2012).

TRPA1 targeting in cancer

TRPA1 is the only member of the TRPA group and is mainly
expressed in sensory neurons as well as in hair and skin cells
(Wu et al., 2010). TRPA1 is considered to be a chemosensor
and is implicated in pain-associated TRP channelopathy
(Kremeyer et al., 2010). TRPA1 is also expressed in the vascu-
lature (Zholos, 2010; Earley, 2012; Fernandes et al., 2012) and
in the gut (Izzo et al., 2012). Although TRPA1 has not been
shown to be involved in cancer directly, it is implicated in
the intestinal inflammation that is a well-known condition
associated with colon cancer. Indeed, TRPA1 antagonism
ameliorates experimental colitis (Engel et al., 2011), and
TRPA1 mRNA is up-regulated in inflamed gut (Izzo et al.,
2012). Moreover, blockade of the TRPA1 channel by its
antagonist HC-030031 is used to prevent chemotherapy-
induced peripheral neuropathy (CIPN) (Trevisan et al., 2013).
In contrast, inhaled activators of TRPA1 like allyl isothiocy-
anate (AITC) promote cell survival and proliferation in
human small-cell lung cancer (Schaefer et al., 2013). AITC
(30 μM) increased [Ca2+]i in a TRPA1-dependent manner and
this effect was antagonized by camphor (2 mM) and by a
more specific blocker of TRPA1, AP18 (10 μM). An increase in
[Ca2+]i induced by TRPA1 activation led to Ca2+- and Src-
dependent phosphorylation of ERK1/2 in human small-cell
lung cancer cells, leading to cell survival and enhanced pro-
liferation. Therefore, these results should be interpreted cau-
tiously, because AITC may also have pharmacological effects
that are independent of TRPA1 activation, as reported by
Capasso et al. in mouse gastrointestinal tract (Capasso et al.,
2012).

Limitations of pharmacological
approaches used to target TRP
channels in cancer

In this review, we aimed to provide an update of recent
knowledge regarding pharmacological strategies used to
target TRP channels in cancer. Most of these studies
employed channel regulators to study their role in cancer cell
responses. While the use of such cancer cell models provides
interesting conceptual information on cellular and molecular
mechanisms that can drive the malignant progression, the
development of new therapeutic strategies based on TRP
channel blockers is still in its infancy. We and others have
demonstrated that TRP channel expression is altered in
malignant tissues in correlation with clinical parameters,
allowing us to propose these proteins as potential biomarkers
in cancer (Zhang and Barritt, 2006; Prevarskaya et al., 2007;
Ouadid-Ahidouch et al., 2013). These findings support the
relevance of studying TRP’s role in cancer for development of
new therapeutic strategies. However, these molecular targets
are far from ready to be used in preclinical trials, and future

BJP M Gautier et al.

2588 British Journal of Pharmacology (2014) 171 2582–2592



studies that aim to compare TRP channel expression with
established biomarkers in cancer are urgently needed. To our
knowledge, only the TRPM8 agonist D-3263-hydrochloride
(Dendreon Corporation, Seattle, WA, USA), which increases
cell death in TRPM8-expressing tumour cells, has been tested
clinically. Indeed, preclinical data on 15 patients (phase 1
clinical trials) show disease stabilization in men with
advanced prostate cancer. Moreover, the radiohalogen form
of the TRPM8 agonist SW-12-18F could subsequently be used
for radiotherapeutic treatments (Beck et al., 2007).

In parallel with these clinical studies, there is also an
urgent need to develop more specific pharmacological agents,
which should be potent in the nanomolar range, as all the
blockers used in the studies presented here are only potent at
best in the micromolar range.

New TRP channel targeting tools
in development

It has now been widely established that TRP channels play a
role in oncology. Nevertheless, there is still a lack of knowl-
edge regarding the use of TRP channels as therapeutic targets.
Several strategies have been used to specifically block TRP
channels in cancer cells.

For example, pore-blocking antibodies targeting TRPC1
and TRPC3/6 have been used to inhibit proliferation in the
human lung adenocarcinoma epithelial cell line A549 (Jiang
et al., 2013). Moreover, pore-blocking antibodies used against
TRPM3 (Naylor et al., 2008) are also effective on TRPC chan-
nels (Xu, 2011), suggesting a potential therapeutic use of
these molecules in TRPC-expressing tumours. Another strat-
egy was the use of dominant-negative forms of TRP that are
expressed in cancer cells via infection with adenovirus. In
fact, dominant-negative forms of TRPC6 have been used to
induce cell cycle arrest in glioma and oesophageal cancer
(Ding et al., 2010a; 2010b).

Besides their specific role in cancer, TRP channels are
emerging targets that have attracted pharmaceutical interest,
particularly TRPA1, TRPV1, TRPV2 and TRPM8. The side
effects and limited efficacy of TRPV1 agonists have thus far
prevented any compounds from progressing beyond phase II
clinical trials, but resiniferatoxin, a natural analogue of cap-
saicin, has recently been proposed as an attractive alternative
to capsaicin in treating pain (Kissin and Szallasi, 2011). As
analgesic treatment with resiniferatoxin does not exhibit the
side effects associated with capsaicin, the authors suggested
further testing of this molecule in the case of cancer-
associated pain. Nevertheless, the effect of resiniferatoxin on
thermoregulation needs to be assessed and controlled. In
addition, De Petrocellis et al. (2011) recently showed that
phytocannabinoids, including all pure plant cannabinoids
and all Cannabis botanical substances, can activate TRPV1,
TRPV2 and TRPA1 and antagonize TRPM8 channels. Indeed,
these four latter TRP channels could be considered as iono-
tropic cannabinoid receptors, reinforcing the potential of
these TRP channels as possible therapeutic targets as well as
the use of cannabinoids as pharmacological tools. Neverthe-
less, the modulation of native TRP by cannabinoids in cancer
cells still needs further investigation.

Conclusion and perspectives

Recent findings have proposed that TRP channels represent
promising targets in cancer management, as their expression
and activity regulate specific stages of cancer development
and progression. Use of TRP channels in cancer treatment
modalities may turn out to be particularly important due to
tumour heterogeneity and development of chemoresistance,
with the focus being placed on personalized therapy in
patients with known levels of channel expression. As such,
the TRPV6 (soricidin derivatives) and TRPM7 (waixenicin and
ginsenoside Rd) inhibitors may offer attractive therapeutic
opportunities in future treatment of hormone-dependent
and -independent cancers, respectively, and the TRPM8
agonist (D-3263-hydrochloride) may offer the same for the
treatment of prostate cancer. This justifies further exploration
of these molecules for validation in cancer therapy, particu-
larly of chemoresistant tumours and for a combinational
approach. In addition, they can be beneficial for controlling
accompanying processes like angiogenesis. However, the
characterization of their involvement in tumour angiogenesis
is still preliminary (Munaron et al., 2013). In summary, due to
lack of early diagnostic markers and effective therapeutics,
cancer remains one of the leading causes of mortality and
morbidity worldwide. Therefore, the emergence of new
molecular tools is required to improve patient survival and
quality of life. It is necessary to overcome limitations by
developing specific and highly potent blockers targeting TRP
channels to fulfil the potential of this developing and prom-
ising research area. Further studies are crucial for the devel-
opment of future clinical tools with a focus on a personalized
therapeutic approach in patients with altered TRP channel
status.
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