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TRP channels play important roles in regulating various physiological and
pathological processes, including the progression of cancer. Several TRP
channels mediate tumour development. This review focuses on the role of
TRP channels in the development of breast cancer, including their involvement
in proliferation, apoptosis, autophagy, metastasis, and angiogenesis. TRP
channels are associated with breast carcinogenesis and their role as potential
therapeutic targets and prognostic biomarkers is under investigation. This
review summarizes the reported effects of inhibiting or agonizing various
TRP channel in breast cancer cells. Although there are relatively mature
protocols for the treatment of breast cancer, its treatment is not currently
a breakthrough, and therapies targeting TRP channels may be a developable
strategy for it.
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1 Introduction

Breast cancer ranks first in the global incidence of female malignant tumours
and is highly heterogeneous, metastatic and drug-resistant (Nolan et al, 2023).
The treatment approach currently employed is based on the principle of integrated
treatment. This approach combines multiple therapeutic methods based on the
biological behavior of the tumor and the physical condition of the patient. It
takes into account both local and systemic treatments and mainly involves surgical
resection, radiotherapy, chemotherapy, endocrine therapy, targeted therapy, and
traditional Chinese medicine treatment (Chen X. et al, 2022). Nevertheless, the
aforementioned conventional cancer treatment programs are associated with high
recurrence rates and can have serious side effects. The side effects associated with
endocrine therapies include irritability, vaginal dryness, irregular vaginal bleeding,
and other perimenopausal-like syndrome manifestations. Nausea, gastrointestinal
reactions, and dermal toxicity may ensue from targeted therapies. Myelosuppression
and cardiotoxicity are common adverse effects of anthracyclines. Such symptoms
frequently render it intolerable for patients to cease treatment, thereby jeopardizing
the overall outcome (Abid et al, 2024). It is thus imperative to develop innovative
molecular therapies that target a multitude of cancer-related cellular processes, thereby
offering cancer patients a plethora of treatment options and efficacious alternatives in
instances of suboptimal efficacy or intolerance.
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In recent years, the rapid development of therapeutic directions
such as biologic therapy and ion channel-targeted therapy has
marked a new stage in the development of cancer-related research,
and they may become potential targets for cancer treatment
(Santoni et al., 2019). Ion channels are important regulators of
cellular activity. Through pore-forming structures in the plasma
membrane, ion channels selectively conduct ions, and one of
its main regulation mechanisms is protein-protein interactions.
Numerous physiological and pathological processes, including
those involved in the development of cancer, are regulated
by ion channels. These mechanisms include tumor growth,
apoptosis, migration, invasion, and chemoresistance (Saldias et al.,
2021). A growing body of evidence indicates that aberrations
in various ion channels, which result in altered or defective
bioelectric signals, may be pivotal in the pathogenesis of cancer.
The development of a variety of tumors is associated with
mutations or loss of expression and aberrant expression of voltage-
gated ion channel genes (Sakellakis et al., 2024). Voltage-gated
sodium channels directly influence cell cycle regulation, tumor
cell metastasis, and intracellular calcium levels in breast, cervical,
ovarian, and prostate cancers (Fraser et al., 2005). Modifications
to voltage-gated potassium channels have been linked to apoptosis,
motility, and growth regulation in a range of neoplastic diseases,
including breast, melanoma, glioblastoma, and prostate cancer
(Cammann et al,, 2023; Payne et al, 2022). The TRP family of
ion channels has been recognized as a significant contributor
to the progression of breast cancer, distinguishing itself from
other families of ion channels. And among them, TRP channel-
mediated calcium changes play a prominent role in cancer, and
dysregulation of multiple downstream effectors dependent on Ca?*
homeostasis has been linked to breast cancer proliferation, survival
and invasion (Fraser et al., 2005).

Transient receptor potential (TRP) channels are permeable to
calcium and are expressed in a variety of cell and tissues types
in mammals. They play a crucial role in regulating the balance
of physiological processes involving calcium and magnesium ions.
Dysfunctions in ion channels can lead to various pathologies,
including cancer (Kirki et al., 2020). Drugs that affect ion channels
have significant potential for application. They can open or close
ion channels, act as ion channel receptor agonists, antagonists, or
alter enzyme activity. Over the past 2 decades, a growing body of
evidence has strongly supported an inextricable link between TRP
channels and cancer. Altered TRP channel expression can serve as a
diagnostic aid in identifying evidence of cancer-related processes,
including tumour progression, apoptosis inhibition, proliferation,
migration, invasion and angiogenesis, and may even be a potential
therapeutic target for tumours (Table 1) (Morelli and Amantini,
2022; Foster et al.,, 2023; Chen et al., 2023). This article reviews
the TRP channels involved in breast cancer development and
other physiological responses, and the related research on currently
available TRP channel drugs, with the aim of providing new ideas
for breast cancer treatment.

2 TRP channels

TRP channels constitute a non-selective superfamily of cation
channels, and mammalian TRPs can be divided into six subfamilies
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based on differences in amino acid sequence (homology):
TRPC (canonical; TRPC1-7), TRPV (vanilloid; TRPV1-6), TRPP
(polycystin; TRPP2, TRPP3, TRPP5), TRPA (an-kyrin, TRPA1),
TRPML (mucolipin; TRPML1-3) and TRPM (melastatin; TRPM1-
8). TRPN (NOMPC-like) is also included, but is only found in
invertebrates and fish. The TRP channel is composed of four
identical or similar subunits, each containing six transmembrane
structural domains. A cationic pore is located between structural
domains 5 and 6, which is mainly permeable to Ca®*, but also allows
the passage of cations such as Mg2+, K*, and Na*. TRP channels
are widely distributed in various tissues and cells. They regulate
changes in cation concentrations, which alter the strength of signals
from corresponding pathways in the cell, leading to changes in
cellular function.

The TRP channels, serving as pivotal cellular sensors,
facilitate the transmission of information both intracellularly and
extracellularly. Furthermore, they are also regulated by messenger
molecules and compounds from inside or outside the cell, as well
as by variations in temperature and osmotic pressure. Different
TRP channels are regulated by different mechanisms, and many
TRP channels can be regulated by multiple stimuli, including
activation and inactivation, which is, opening or closing of the
channel. Receptor activation can be via G protein-coupled receptors
or tyrosine kinase receptors, respectively, through activation of
phospholipase C, which leads secondary activation of TRP channels
(Owsianik et al, 2007). Additionally, endogenous substances,
exogenous small molecules, inorganic ions, and other compounds
have the potential to act as ligands, thereby activating TRP channels.
Some exogenous small molecules, compounds, inorganic ions,
and endogenous substances can also act as ligands to activate
TRP channels. The most extensively studied exogenous activator
is capsaicin, which has been shown to specifically activate TRPV1
channels (Li et al., 2018). Change in temperature can also directly
activate a variety of TRP channels, and different temperature-
sensitive TRP channels have different activation thresholds. The TRP
channel subtypes activated by thermal stimulation include TRPVI,
TRPV2, TRPV3 and TRPV4, whereas the TRP channel subtypes
activated by cold stimulation are TRPM8 and TRPAI (Landini et al.,
2022). Other mechanisms include osmotic stress reduction to
activate TRPV4 and TRPM3, pH < 59 to activate TRPVI,
mechanical stretch to activate TRPCI and TRPP], and a number of
TRP channels show some voltage-dependent activation properties,
such as TRPV], TRPM4, TRPM5, and TRPMS8 (Marini et al., 2023).
In contrast to the activation of TRP channels, little is known about
the mechanism of inactivation. Inactivation mechanisms include
temperature inactivation, ligand inactivation, and others such as
calmodulin, which can bind to ankyrin repeats, or intracellular
ATP-mediated inactivation (Koivisto et al., 2022).

2.1 lons mediated by the TRP channel

TRP channels are non-selective cation channels that transduce
ions such as Ca®*, Na*, and Mgz*. Different TRP channels exhibit
distinct permeabilit ratios (PCa/PNa) for Ca®* and Na*. The TRPV5
and TRPV6 isoforms demonstrated a high degree of selectivity for
Ca’", exhibiting PCa/PNa values exceeding 100. Conversely, some
isoforms exhibited PCa/PNa values below 10, while the TPRM4
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and TRPMS5 isoforms displayed minimal Ca** transduction. The
activation of TRP channels is initiated by a number of different
mechanisms, including changes in membrane potential, alterations
in membrane phospholipids, phosphorylation, and the binding of
specific ligands. This process results in an increase in cell membrane
depolarisation, which in turn activates voltage-dependent ion
channels, leading to a change in the concentration of intracellular
calcium ions (Nilius and Owsianik, 2011).

The role of calcium channels in TRP channels is increasingly
being studied and Ca** has been shown to play an important
role. While the role of calcium in regulating most TRP channels
is widely recognized, there are still numerous aspects regarding
the regulation mechanisms and mutant pathogenesis that require
further elucidation. However, there have been many studies that
have progressively explored it in depth. Taking the study of
TRPC3/6 channels as an example, Wenjun Guo et al. determined
that TRPC3/6 channels have an inhibitory Ca?*-binding site CBS1
in the cytoplasmic region through structural analyses and functional
validation (Guo et al., 2022). At elevated calcium concentrations,
this site binds calcium and facilitates the close alignment of
multiple cytoplasmic structural domains, thereby impeding the flux
of cations from the intracytoplasmic cavity of the TRPC channel
into the cytoplasm. When the concentration of calcium ions is
low, the calcium ions dissociate from this site, resulting in a more
relaxed structure of the cytoplasmic region. This allows for the
flow of ions from the intracytoplasmic cavity to the cytoplasmic
region. This inhibitory site provides negative feedback regulation
of TRPC channels by Ca?*. Additionally, TRPC channels possess
an activated Ca** binding site, designated as CBS3, within their
transmembrane region. The superimposed effects of inhibitory
and activating Ca?* binding sites result in a complex response of
TRPC channels to intracellular calcium ion concentrations. An
imbalance in the regulation of these two binding sites can lead
to the mediation of a variety of pathologies. To illustrate, the
TRPC6 GOF mutation identified in patients with focal segmental
glomerulosclerosis (FSGS) impairs the function of the inhibitory
CBS1 in the cytoplasmic region of TRPC6, yet does not affect the
function of the activating The sustained activation of the mutant
channel in the presence of Ca®*influx through positive feedback,
resulting from the activation of CBS3, leads to an overload of
Ca®* ions in renal pedunculated cells. This ultimately triggers
the development ofFSGS. The mechanisms by which other TRP
channels regulate Ca** are distinct. While calcium-dependent
regulation of TRP channels is essential, the exact mechanisms
remain to be elucidated.

2.2 Physiological and pathophysiological
functions of TRP channels

TRP channels are widely found in a variety of mammalian
tissues. They can sense temperature, mechanical pain, chemical
stimulation, hearing, smell, taste, and participate in the regulation
of muscle contraction, transmitter release, cell proliferation, cell
differentiation, gene transcription, apoptosis, cell death and many
other physiological functions (Qiao et al., 2024). TRP channels are
found not only in nervous tissues such as brain, spinal cord and
peripheral nervous system, but also in non-nervous tissues such

Frontiers in Molecular Biosciences

03

10.3389/fmolb.2025.1528663

as heart, kidney, testis, lung, liver, spleen, ovary, intestine, prostate,
placenta, uterus and bladder (Sanchez-Hernandez et al., 2024).

In recent years, TRP channels have been gradually investigated
in pain-mediated, cardiovascular diseases, neurodegenerative
diseases, and the relationship between TRP channels and various
types of cancer. For example, many inflammatory mediators can
interact with TRPVI channels and promote the sensitization of
sensory nerves in pain signaling, mediating inflammatory pain
and cancer pain (Chen W. et al.,, 2022). Two missense mutations
of TRPV4 (R616Q and V6201) lead to gain-of-function mutation
of TRPV4, which significantly increases the open probability of
TRPV4 channel, resulting in the development of bone metabolic
disorders like scoliosis (Das and Goswami, 2019). In addition,
The inhibition of neointimal hyperplasia by a TRPCI specific
antibody (T1E3) further supports the involvement of TRPC1 in the
pathogenesis of vascular obstructive diseases, such as atherosclerosis
(Kumar et al., 2006). Hypoxia can increase the expression of TRPC1
in pulmonary artery smooth muscle cells, while downregulation of
TRPCI can reduce the proliferation of pulmonary artery smooth
muscle cells (Wang et al., 2008).

Dysfunctional TRP channels may generally lead to disease
through one or more of the following mechanisms: (1) As a second
messenger, Ca®* plays an important role in the body, and most
TRP channels are permeable to Ca*". The functional changes of
TRP channels will lead to Ca®* disorder and imbalance, which
will further have a strong impact on a variety of cell and system
functions. For example, gain-of-function mutations in TRPC6 lead
to massive influx of Ca®* and activation of T cytokines, which
ultimately lead to cardiac hypertrophy (Kuwahara et al., 2006). (2)
As a multi-gated channel, TRP channels can sense the changes of
various physical and chemical factors inside and outside the cell
and initiate the self-protection behavioral response of cells, tissues
and organs. Errors in these sensory inputs may lead to multiple
forms of cellular and somatic sensory dysregulation (Marini et al.,
2023). (3) Some TRP channels have different permeability to
different types of cations, such as Mg®* and Ca**. Dysfunctional
TRP channels lead to disturbances in the balance between Mg**
and Ca*' in the body (Saldias et al, 2021). (4) TRP channels
are found in the inner membrane of cells, and their dysfunction
may lead to organelle dysfunction, such as lysosomal dysfunction
caused by TRPML1 mutations (Thompson et al., 2007). (5) Some
TRP channels are involved in the process of cell proliferation and
growth and development. Therefore, channel dysfunction may lead
to growth disorders and carcinogenesis (Bhaskaran and Smith,
2010). (6) TRP channels regulate the electrical activity of excitable
cells such as the brain and heart. For example, TRPVI channels are
expressed in the hippocampus and dentate gyrus, regions of the
brain that readily activate periodic excitatory circuits that have been
shown to be critical in seizure formation (Wang X. et al., 2022).

2.3 TRP channels and cancer

TRPs have been identified as a key factor in the development
and progression of cancer. It affects the oxidative stress response
of cells, cell survival, etc., through the permeation of Ca**, Mg2+,
etc. Changes in the function and expression of TRPs have a
significant impact on cell proliferation as well as the susceptibility
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or resistance of cancer cells to apoptosis-induced cell death,
thereby influencing both pro-cancer effects and resistance towards
chemotherapy treatment (Wang X. et al., 2022; Zhang et al., 2022).
It is intricately associated with the proliferation, differentiation,
apoptosis, vasculogenesis, migration, and invasion of cancer cells
(Ciaglia et al., 2023). It has been shown that the use of agonists
and antagonists can modulate the TRP channel activity in diverse
cancer models, suggesting that they are good potential therapeutic
targets (Koivisto et al., 2022). However, The majority of these
agonists or antagonists lack specificity and only impact a limited
number of TRP channels (Ciaglia et al.,, 2023). TRP channels are
widely present in other tissues in the body, and these agonists
or antagonists can affect their involvement in various tissues,
leading to negative effects (Santoni et al., 2019; Saldias et al., 2021;
Sakellakis et al., 2024; Stoklosa et al., 2020). This is by far the biggest
limitation.

The expression levels of various TRP channels in different
types of cancers have been extensively studied, but there are
a limited number of studies investigating the changes in TRP
channel levels during cancer development and pathophysiological
processes (Abid et al., 2024; Santoni et al, 2019; Saldias et al,
2021). By exploring this pathway, the relationship between changes
in the expression of TRPs in patients and cancer can be further
clarified, as well as the precise treatment for the alterations in
the expression levels of various TRP channels and mutations in
TRPs, which is expected to improve the survival rate of cancer
patients as well as to reduce the adverse effects during the
treatment process (Fraser et al., 2005).

5 Role of TRPs in breast cancer
development and pathophysiological
processes

Mutations in genes encoding TRP channelslead to dysregulation
of TRP channels expression and disrupt the typical spatiotemporal
pattern of local intracellular Ca®* distribution (Hu et al,
2023). Dysregulation of multiple downstream Ca** homeostasis-
dependent effectors has been linked to characteristics of breast
cancer pathogenesis, including enhanced proliferation, increased
cell survival, and augmented invasive potential in breast cancer
cells. The involvement of TRP channels in promoting cellular
proliferation, aberrant differentiation, and apoptotic damage
contributes to uncontrolled expansion and invasive growth of
breast cancer (Table 2). TRP channels exert significant influence on
multiple cellular events governing cell fate determination and play
a pivotal role in the progression of breast cancer (Prevarskaya et al.,
2007; Gkika and Prevarskaya, 2009; Santoni et al., 2011).

3.1 Proliferation

The division and proliferation of normal cells is tightly regulated,
and when it is not, cancer develops (Qiao et al., 2024). Almost
all tumour cells have a characteristic in which genes involved in
cell proliferation are switched on or activated, allowing the tumour
to grow unchecked (Sanchez-Hernandez et al., 2024). Biologically,
drugs that induce tumour cell differentiation inhibit tumour cell
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proliferation or cause tumour cell death can exert anti-tumour
effects. Therefore, exploring the relationship between TRP channels
and breast cancer proliferation may provide a research basis for the
development of new therapeutic targets.

3.1.1 TRPC and proliferation
There are few studies on TRPC
cancer, but those that have been reported have targeted
TRPC1 and TRPC3 as channels associated with breast cancer
proliferation (Elzamzamy et al., 2020).
The role of TRPCI for the proliferative aspect of breast
cancer can be summarised as downregulation of TRPC1 expression

channels and breast

reduces the rate of cellular proliferation. Knockdown of TRPC1
in MDA-MB-468 breast cancer cells attenuates unstimulated Ca*"
influx via ORAIl in a Ca®* influx-dependent manner, reduces
cell proliferation rates and is associated with a decrease in
S-phase cells (Davis et al, 2012). MCF-7 breast cancer cells
proliferate when the Ca®*-sensing receptor (CaSR) is activated by
extracellular Ca** or its agonist spermine (El Hiani et al., 2006;
El Hiani et al,, 2009a). Ca**-mediated CaSR activation in MCF-
7 cells leads to PLC and PKC activation (El Hiani et al., 2009b),
while ERK1/2 is activated downstream of PLC and PKCMCEF-7.
Reduced TRPC1 expression inhibited CaSR activation-mediated
ERK1/2 phosphorylation, which is required for CaSR-induced
proliferation of MCF-7 cells. Therefore, reducing TRPC1 expression
may inhibit MCF-7 cell proliferation through the above mechanism.
Furthermore, in the study by Faouzi M et al. (2016), KCa3.1
regulates Ca** inward flow and cell proliferation in the MCE-7 cell
model by functionally synergising with TRPC1 channels. Expression
of both channels increased at the end of G1 phase, whereas silencing
either KCa3.1 or TRPC1 decreased the number of cells proliferating,
and inhibition of TRPC1 expression inhibited MCEF-7 proliferation
by halting cell cycle progression in G1 phase and thus inhibiting
MCEF-7 proliferation.

In a study on the mechanism of action of polyunsaturated
fatty acids (PUFAs) on breast cancer, it was found that TRPC3
channels were highly expressed in MCF-7 breast cancer cells, and
TRPC3 antagonists attenuated the proliferation of breast cancer
cells, and that PUFAs directly inhibited TRPC3 in MCEF-7 cells,
which could be a potential target for the development of new
anticancer drugs (Richle et al., 2018).

3.1.2 TRPV and proliferation

Vercelli et al. (2015) demonstrated inhibition of breast cancer
cell proliferation using the TRPV1 agonist capsazepin. Interestingly,
the TRPV1 inhibitor capsazepin showed the same results. In Lea V
Weber’s (Weber et al., 2016) experiments, they also demonstrated
a significant reduction in the growth rate of MCF-7 breast cancer
cells after stimulation with the TRPV1 agonist capsaicin, a finding
consistent with the results of Vercelli etal. Zheng et al. (2016)
further showed that capsaicin was able to potentiate the antitumour
effect of pirorubicin. Pirorubicin is an analogue of the antibiotic
Adriamycin (Dhingra et al., 1995). The inhibitory effect of the
TRPV1 signalling pathway on cell proliferation was also confirmed
in HCT116 cells. In addition, TRPV1 was overexpressed in the
triple-negative breast cancer (TNBC) and significantly inhibited cell
proliferation (TaiYK et al., 2022).
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TABLE 1 Regulatory mechanisms of TRP channels.
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Regulatory TRPC TRPV TRPP TRPA | TRPML Reference
mechanisms
Voltage TRPV1 TRPM2, TRPM4-5 Owsianik et al. (2007)
activation TRPMS8
Temperature TRPC5 TRPV1-4 TRPA1 Lietal. (2018)
activation
Mechanical activation TRPC1 TRPV4 TRPM4 Landini et al. (2022),
TRPC6 TRPM7 Marini et al. (2023)

Ligand TRPC1 TRPV1 TRPM2 Koivisto et al. (2022)
activation TRPM4

TRPM5

TABLE 2 Role of TRPs in breast cancer development and pathophysiological processes.

Regulatory

mechanisms

TRPP TRPA

TRPML

Reference

TRPC1
TRPC3

proliferation

TRPV1
TRPV2
TRPV6

TRPM2
TRPM7
TRPMS

Davis et al. (2012
Hiani et al. (2009a

, Hiani et al. (2006),
, Hiani et al. (2009b),
Faouzi et al. (2016), Riehle et al. (2018),
Verecelli et al. (2015), Weber et al. (2016),
Zheng et al. (2016), Dhingra et al. (1995),
TaiYK et al. (2022), Santoni et al. (2020),
Elbaz et al. (2016), Chakrabarti et al.
(2009), Peters et al. (2012), Xu et al.
(2021), Pan et al. (2013), Hopkins et al.
(2015), Koh et al., 2015; Miller (2019),
Dhennin-Duthille et al. (2011),
Guilbert et al. (2009), Song et al. (2017)

TRPC1
TRPC3

Apoptosis

TRPV1
TRPV4
TRPV6

Galluzzi et al. (2018), Zhang et al. (2020),
Wang et al. (2019), Kitazumi and
Tsukahara (2011), Chahl (2024),

Munjuluri et al. (2021), Nur et al. (2017),

Naziroglu et al. (2017), Kosar et al. (2016),

Ramirez-Barrantes et al. (2018), Wu et al.

(2014), Peters et al. (2017), Bolanz et al.
(2008), Zheng et al. (2007)

Autophagy

TRPM2
TRPMS

Miller, 2019; Wang et al. (2016),
Huang et al. (2020)

TRPC1
TRPC2

Metastasis

TRPV4
TRPV6

TRPM4
TRPM7
TRPMS8

Guilbert et al. (2013), Middelbeek et al.
(2012), Wang et al. (2022b), Kuipers et al.
(2018), Shu et al. (2021), Davis et al.
(2014), Rivas et al. (2020), Wong and
Hussain (2020), Coticchia et al. (2009),
Deb et al. (2004), Chodon et al. (2010),
Liu et al. (2014), Yapa et al. (2018),
Lee et al. (2016), Neuberger and
Sobolevsky (2023), Xu et al. (2018),
Nguyen et al. (2017), Yuan et al. (2009),
Derler et al. (2013)

TRPC1
TRPC3
TRPC4
TRPC6

Angiogenesis

TRPV1
TRPV4

TRPA1

Khalil et al. (2018), Lehen’kyi and
Prevarskaya (2011), Ching et al. (2011),
Fiorio Pla et al. (2012), Ma et al. (2011),

Ma et al. (2010)
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TRPV2 is aberrantly expressed in almost all breast cancers,
and TRPV2 also serves as a valuable biomarker and a promising
candidate target for therapeutic intervention. TRPV2 plays an
important regulatory role in breast cancer cells (Santoni et al,
2020). In invasive breast cancer cells, the TRPV2 agonist CBD
inhibits ERK-dependent breast cancer proliferation through
sustained upregulation of ERK activity (Santoni et al, 2020).
Greater inhibition of breast tumour growth when TRPV2 channel
activation is combined with chemotherapy (Elbaz et al.,, 2016). The
overexpression of TRPV2 with CBD enhanced the susceptibility
of triple-negative and estrogen beta-negative breast cancer cells to
apoptosis induced by doxorubicin chemotherapy regimens. This
serves as a positive prognostic factor (Chakrabarti et al., 2009;
Pan et al., 2013). The proliferation of multiple human breast cancer
cell lines is inhibited by trinilast (e.g., MDA-MB-231, BT-474, and
MCF-7). In breast cancer cell line MCF-7, Trinilast blocks IGF-1-
induced low TRPV2 expression by inhibiting voltage-independent
Ca®* channel-mediated calcium in-flow (Chakrabarti et al., 2009).

The dysregulation of TRPV6 levels, whether too low or too
high, can disrupt the homeostasis of the mammary epithelium
and potentially facilitate the progression of pathophysiological
conditions. The TRPV 6-mediated Ca?* internal circulation passes
through the targeted IGF-mediated AKT-TOR and ERK signaling
pathways to maintain the inactive state (Marini et al, 2023).
TRPV6 channels are significantly expressed in breast cancer cells
and are associated with malignancy and prognosis. Inhibiting
TRPV6 channels reduces the proliferative capacity of breast cancer
cells and enhances their sensitivity to chemotherapeutic agents
(Peters et al., 2012; Xu et al, 2021). This may be related to
the fact that TRPV6 promotes cell proliferation through the
Ca**-dependent calmodulin/calmodulin neurophosphatase/NFAT
pathway. The activation of this pathway exerts an influence on
genes implicated in cellular proliferation and matrix degradation
through the mediation of MMPs (Pan et al., 2013). Targeted
knockdown of TRPV6 in cells with elevated TRPV6 expression
inhibits growth and cell cycle arrest, suggesting that targeted
inhibition of TRPV6 channels might be a useful therapeutic
mechanism (Peters et al.,, 2012; Xu et al.,, 2021). However, other
intracellular pathways downstream of TRPV6 have been poorly
studied and their significance for cancer progression also awaits
further exploration (Kirki et al., 2020).

3.1.3 TRPM and proliferation

TRPM2 is predominantly localized in the nuclear compartment
of breast cancer cells, with approximately 40%-45% of TRPM2
residing within the nucleus and the remainder distributed among
other subcellular portions such as the cytoplasm. The TRPM2
channel exhibited a pronounced protective effect in mitigating
DNA damage in a human breast adenocarcinoma cell line. The
pharmacological inhibition of TRPM2 through silencing its mRNA
reduces cell proliferation and significantly enhances DNA damage
(Hopkins et al, 2015). The inhibition of TRPM2 in triple-
negative and estrogen receptor-positive breast cancer results in
an augmentation of DNA damage and cytotoxicity (Koh et al,
2015). BarbaraA.Miller speculates that mechanisms associated with
cytosolic TRPM2 channels include cytosolic TRPM2 promoting
DNA repair or promoting nuclear calcium inward flow, but this
needs to be explored further. High levels of oxidative stress found in
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TRPM2 deficient neuroblastoma cells may be a potential mechanism
to explain the increased DNA damage found in breast cancer when
TRPM2 is inhibited (Miller, 2019). In contrast, the localization
of TRPM2 in non-cancerous MCF-10A mammary epithelial cells
was not limited to the nucleus, and no impact on proliferation
was observed upon inhibition of TRPM2 (Miller, 2019). Therefore,
targeted TRPM2 therapy may be a neoadjuvant treatment that
can improve the treatment of breast cancer patients, including
chemotherapy-resistant patients.

Dhennin-Duthille et al. (2011) showed that human breast
ductal adenocarcinoma (hBDA) tissues had higher expression
levels of TRPM7 and TRPM8 compared to neighbouring non-
tumour tissues. And the expression of TRPM7 and TRPMS8
exhibited significant associations with the tumour Ki67 proliferation
index, tumour size, and Scarff-Bloom-Richardson (SBR) grade.
Ki67 mitotic markers positively correlate with upregulated TRPM7
channels in breast cancer tissues, suggesting a role for this
channel in breast cancer cell proliferation. TRPM7 silencing also
inhibited the proliferation of breast cancer cell lines in vitro
(Guilbert et al., 2009). However, because the channel has the
ability to permeate both Ca?*/Mg®* and kinases, it is tentatively
undetermined whether this effect is mediated solely by the Ca**
signalling pathway. However, The TRPM?7 kinase inhibitor TG100-
115 exhibited little impact on the proliferation of MDA-MB-231
breast cancer cells, suggesting that the anti-proliferative effect of
TRPM7 silencing is not likely tod be related to the structural domain
of TRPM7 kinase (Song et al., 2017).

The respective manifestations of TRPM channels in breast
cancer have been partially elucidated, but further investigation is
needed to understand how their individual effects are modulated
and whether there is any overlap or integration between their
activities.

3.2 Apoptosis

Apoptosis is one of the main mechanisms of tumour
therapy, which is cellular suicide resulting from the activation
of energy-dependent death programmes within the cell, and is a
genetically controlled process of autonomous and ordered active
cell death (Galluzzi et al., 2018). Monitoring the apoptotic response
after tumour treatment is important for assessing efficacy and
optimising and managing treatment strategies. Many drugs inhibit
tumour growth by promoting apoptosis. For example, the anti-
tumour effects of EGFR inhibitors are mediated by remote control
of BCL-2 family member expression and apoptosis. p53 directly
regulates the transcription of death receptors such as Fas or DRS5,
and stabilisation of p53 by drugs can induce apoptosis by both
endogenous and exogenous pathways.

Within the TRP family, several TRP channels have been shown
to be inextricably linked to apoptosis in breast cancer cells.

3.2.1 TRPC and apoptosis

In a study by Zhang et al. (2020), MCEF-7 breast cancer cells
were found to have an elevated rate of apoptosis when co-cultured
with the TRPCI inhibitor SKF-96365. TRPC3 expression was
elevated in the triple-negative MDA-MB-231 cell line compared
to MCF-7 cells, and its inhibitory effect significantly reduced
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cell proliferation and increased apoptosis (Wang et al., 2019).
Caspase-3/7 cleaves DNA repair enzymes and inactivates their
DNA repair capacity during apoptosis (Kitazumi and Tsukahara,
2011). Yan Wang etal. (Wang et al, 2019)found that blocking
TRPC3 increased the amount of cleaved caspase-3/7, suggesting
that blocking TRPC3 induces caspase-dependent apoptosis. At
the same time they highlighted the critical functional role of the
TRPC3-RASA4-MAPK signalling cascade in maintaining TNBC
cell proliferation and apoptosis resistance.

3.2.2 TRPV and apoptosis

The TRPV1 channels serve as specific molecular targets for
vanilloid capsaicinoids, while they can also be activated by acids
(pH < 6.5), ethanol, and heat (Chahl, 2024). The TRPV1 receptor
is predominantly located in the plasma membrane, with additional
presence detected in the sarcoplasmic reticulum and sarcoplasmic
reticulum, thereby facilitating intracellular release of Ca** from
these compartments (Munjuluri et al., 2021). TRPV1 activation
has been linked by several studies to an anti-tumour effect in
breast cancer, where it promotes cell death and may reduce cell
proliferation, and TRPV1 channel agonists may have a therapeutic
effect (Nur et al, 2017; Naziroglu et al, 2017). TRPVI1, in
conjunction with agonists, modulators (such as MRS1477), and
chemotherapeutic agents like cisplatin, triggers apoptosis through
mitochondrial membrane depolarization, generation of reactive
oxygen species (ROS), and activation of caspases (Nur et al., 2017;
Naziroglu et al, 2017). Similarly, the combination of melatonin
and the chemotherapeutic drug DOX induces apoptosis in MCF-
7 cells by activating TRPV1 (Kosar et al, 2016). Furthermore,
it was observed that low doses of capsaicin triggered apoptosis
in tumor cells through TRPV1 activation, while high doses of
capsaicin resulted in necrosis (Ramirez-Barrantes et al., 2018).
A study by Wu et al. (2014) showed that necrosis of MCF-7 cells
after treatment with the TRPV1 agonist capsaicin was dependent
on TRPV1 induction. Therefore, the utilization of TRPV1 agonists
could be a complementary approach to current therapeutic agents
to promote apoptosis in drug-resistant tumour cells.

In basal breast cancer TRPV4 is overexpressed, and MDA-MB-
468 breast cancer cells which expresses high levels of TRPV4 induce
death by both necrosis and apoptosis in response to activation
of TRPV4 by GSK1016790A (Peters et al, 2017). In contrast,
TRPV4 silencing reduced the above effect, which was not observed
in breast cancer cell lines exhibiting low or negligible levels of
TRPV4 expression (Peters et al., 2017), thereby suggesting that
the mechanism underlying GSK1016790A-induced cell death is
mediated through TRPV4.

The TRPV6 channel may also also represent a promising
therapeutic target, and its elevated expression in breast cancer is
associated with reduced survival rates (Peters et al., 2012). The
knockdown of TRPV6 resulted in a reduction in proliferation and
an increase in apoptosis in T47D cells (Bolanz et al., 2008). By
caspase-3/caspase-7 assay, KatrinA et al. (Bolanz et al., 2008)found
a slight increase in breast cancer cell apoptosis after treatment
with TRPV6-specific siRNAs. The activity of the oestrogen receptor
modulator tamoxifen works better in breast tumours expressing
oestrogen receptor and/or progesterone receptor by blocking
oestrogen signalling through the oestrogen receptor and reducing
growth signals to the cells. In a study by KatrinA et al. (Bolanz et al.,
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2008), the mRNA expression of TRPV6 was found to be upregulated
by 2-15-fold compared to the average level in normal breast
tissue. Additionally, the estrogen receptor antagonist tamoxifen
exhibited a reduction in TRPV6 expression and demonstrated
an enhancement of tamoxifen activity through inhibition of
TRPV6 expression. High-dose tamoxifen (>5 Amol/L) induces
apoptosis in T47D cells (Zheng et al., 2007). And they can affect
channel activity more effectively by designing chemical inhibitors
specific to TRPV6 (Bolanz et al., 2008). These studies suggest that
combination therapy involving tamoxifen and TRPV6 inhibitors
would be a promising approach for the treatment of breast
cancer cells.

3.3 Autophagy

Autophagy is one of the pathways used to eliminate the cause
of disease and phagocytosis of apoptotic cells (Miller, 2019). It
plays a complex role in cancer, both in preventing bioenergetic
failure due to metabolic stress, in controlling the quality and
quantityof proteins andorganelles, and in supporting tumour
development and maintaining the malignant state (Zhang et al,
2024). Autophagy inhibits tumourigenesis in the early stages
oftumours due to a combination of unilateral or multiple effects of
tumour microenvironment (TME) stress, pathogenic conditions and
the immune system; however, in the advanced stages of tumours
autophagy promotes tumourigenesis and increases tumour cell
growth and metastasis (Zhang et al., 2024). As a result, autophagy
has become a popular target for anti-cancer therapy.

TRPM2 has been shown to regulate autophagy in
neuroblastoma, gastric cancer, breast cancer and others
through several pathways (Miller, 2019). In HeLa cells,

oxidative stress-induced TRPM2-mediated Ca** in-flow leads
to phosphorylation and activation of calcium/calmodulin-
dependent protein kinase II (CAMKII), followed by CAMKII
phosphorylation of BECN1/BeclinBECN1 dissociates from PIK3C3
and binds Bcl-2 to inhibit autophagy, making the cells more
susceptible to death (Wang et al., 2016)

Yuan Huang et al. (2020) showed that TRPMS8 serves as
a universal master regulator of autophagy, maintaining and
regulating autophagy levels across various types of mammalian
cancer cells. Furthermore, TRPMS is dependent on proliferation
for autophagy and migration of breast cancer cells. Since the
upregulation of TRPMS8 channels has been linked to various
autophagy-related cancers, suggesting that targeting the regulation
of autophagy through TRPMS8 channels could be a potential
therapeutic strategy (Wang et al., 2016).

3.4 Metastasis

Some components within the TRP channel superfamily exhibit
functional associations with cellular events and structures that
undergo mechanical transduction during cell migration, including
the actin cytoskeleton and focal adhesion (Hu et al., 2023). Thus, the
involvement of these factors in mechanotransduction significantly
enhances metastasis, potentially through robustly promoting the
migration and invasion of cancer cells.
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3.4.1 TRPM and metastasis

The TRPM channels play a crucial role in modulating breast
cancer metastasis, and the role of TRPM7 in particular in
influencing metastasis in cancer has been explored in greater
depth. The de-adhesion and myosin II-based cell-substrate
interactions in MDA-MB-213 breast cancer cells are found to
be TRPM7-dependent. And in a mouse breast cancer model,
TRPM?7 is required for cell metastasis to the lungs (Guilbert et al.,
2013). A study utilizing a xenograft model of human breast
cancer in mice demonstrated the key role of TRPM7 in tumor
metastasis. Elevated mRNA expression of TRPM7 was found to
significantly shorten the recurrence-free survival period among
patients with primary breast cancer (Middelbeek et al, 2012).
Moreover, targeted silencing of TRPM7 in MDA-MB-435 or
MDA-MB-231 breast cancer cells through gene knockout resulted
in enhanced contractility and increased focal adhesions, which
were closely associated with diminished migratory and invasive
capabilities (Middelbeek et al., 2012).

Regarding the possible mechanism of TRPM 7 with metastasis,
direct phosphorylation of the structural domain myosin heavy chain
(MHC) of TRPM?7 kinase was found to be confirmed in MDA-
MB-231 cells. Also overexpression of TRPM7 increased migration
of MCF-7 and MDA-MB-213 cells, whereas a truncated version
lacking the structural domain of the kinase had no effect on cell
migration (Guilbert et al., 2013). The silencing of TRPM7 in MDA-
MB-231 cells leads to a reorganization of the actin cytoskeleton
and enhances cellular contraction (Middelbeek et al., 2012). These
results suggest that TRPM7 may regulate cell migration and promote
infiltration and metastasis in breast cancer by phosphorylating
MHC. Therefore, repressing the connection between TRPM7 and
MHGC, along with impeding its phosphorylation, may present a
promising therapeutic approach for diminishing the occurrence of
breast cancer metastases (Saldias et al., 2021). Furthermore, the
methylation of TRPM7 showed a negative correlation with lymph
node metastasis, disease recurrence and ultimately cancer-induced
mortality (Wang X. et al., 2022). Moreover, the TRPM7 channels
exert a cytoskeletal stress-reducing effect by inhibiting the activity
of myosin II, which mechanistically triggers the activation of SOX4
expression and thus contributes to the metastatic process in breast
cancer cells (Kuipers et al., 2018). These results suggest that TRPM?7
channels are involved in altered mechanical adhesion dynamics and
reduced cytoskeletal tension in breast cancer, which ultimately leads
to increased cell migration (Kuipers et al., 2018).

The tumor microenvironment can induce cancer cells to
(EMT), thereby
promoting the acquisition of an aggressive phenotype (Shu et al,

undergo epithelial-mesenchymal transition
2021). Davis FM et al. demonstrated that the stimulus employed to
induce epithelial-mesenchymal transition (EMT) elicits a transient
elevation in cytosolic calcium levels within human breast cancer
cells. Their findings revealed that the expression of the transient
receptor potential-melastatin like 7 (TRPM?7) channel regulates
EGF-induced phosphorylation of STAT3 and expression of the
EMT-associated marker vimentin (Davis et al., 2014). The findings
suggest that TRPM7 plays a partial role in regulating EMT in
breast cancer cells, while other calcium-permeable ion channels
are also implicated in the induction of calcium-dependent EMT.
The intracellular calcium signaling plays a crucial role in inducing
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EMT in human breast cancer cells. Therefore, targeting the EMT-
induced calcium signaling pathway could be a promising therapeutic
approach to prevent metastasis.

“The upregulation of TRPM4 was observed in ER+/pr+ and
the specimens of triple-negative breast cancer, as compared to
normal breast tissue” (Rivas et al., 2020; Wong and Hussain, 2020).
In addition, according to TNM classification, The expression of
TRPM4 was elevated in stage IIB, IIIA, and IV, also in breast
cancers with lymph node spread (N1-N2) (Rivas et al., 2020; Wong
and Hussain, 2020). The identification of TRPM4 interactions in
mechanistic studies may provide valuable insights into the biological
role of TRPM4 in breast cancer and facilitate the exploration
of molecular targets for the treatment of breast cancer. The
potassium channel tetramerization domain-containing protein 5
(KCTD5) interacts with TRPM4, acting as a positive regulator of
TRPM4 activity and playing a regulatory role in cell migration and
contraction. The expression of KCTD5 mRNA was significantly
increased in breast cancer tumors (Rivas et al., 2020) . To sum up,
increased KCTD5 expression may be a key factor in the metastasis
of these types of tumours, which promotes TRPM4-dependent cell
migration through its interaction with TRPM4 and enhancement
of channel activity. In addition, The presence of CaM serves as
another interacting factor that positively regulates channel activity.
(Coticchia et al., 2009; Deb et al., 2004). TRPM4-CaM interactions
in breast cancer can promote migration and shrinkage of tumour
cells by increasing activity levels and channel sensitivity.

The expression of TRPMS8 is upregulated in grade I
adenocarcinomas of ER + breast cancer (Dhennin-Duthille et al,,
2011; Chodon et al, 2010). The mRNA expression of TRPM8
was relatively high in the MDA-MB-231 cell line, renowned for
its high aggressiveness. TRPMS8 silencing reduces migration and
invasion in MDA-MB-231 breast cancer cells. Enhanced invasion
and migration when TRPMS is overexpressed in a low invasive
MCEF-7 cell line (Dhennin-Duthille et al., 2011). In these cells, the
activity of TRPM8 may be hormone-dependent, as its expression
is regulated by estrogen receptor alpha (ERa) and estrogen, and is
associated with the status of tumor estrogen receptors (Dhennin-
Duthille et al., 2011; Chodon et al., 2010; Liu et al., 2014). TRPMS8
regulates the process of epithelial-mesenchymal transition (EMT) by
activating the AKT/GSK-3p pathway, thereby promoting metastasis
in MCEF-7 cells or MDA-MB-231 (Saldiasetal.,2021; Liu et al., 2014).
However, it has also been demonstrated that TRPM8 is not expressed
in MDA-MB-231 cells, and the absence of TRPMS8 transcripts was
observed in half of the breast cancer cell lines examined. Thus the
therapeutic potential of TRPMS is very constrained (Yapa et al.,
2018), but its elevated correlates can suggest a high risk of tumour
metastasis.

3.4.2 TRPV and metastasis

The expression of TRPV4 in human clinical samples, as observed
in public databases, demonstrates an upregulation specifically in the
underlying subtype of breast cancer. This increased expression is
closely linked to a more aggressive phenotype and poorer survival
outcomes. The novel role of TRPV4 in breast cancer metastasis was
illustrated in a study by Lee et al. (2016). Both TRPV4 silencing
and pharmacological inhibition of TRPV4 inhibited migration and
invasion of the 4T07 breast cancer cell line expressing TRPV4, and
4a-PDD (a TRPV4 agonist) downregulated adherence-associated
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tumour suppressor genes in the 4T07 cells, further suggesting that
TRPV4 increased the metastatic potential of the tumour (Lee et al.,
2016). Although research on the potential role of TRPV4 in cancer
metastasis is still in its early stages, the current research foundation
could pave the way for further investigations into the involvement
of TRPV4 in cancer pathogenesis. Additionally, there exists a
significant possibility that targeting TRPV4 channels may hold
therapeutic promise for treating metastatic cancers.

In addition, the stimulation of TRPV3 has the potential to
trigger the expression of genes linked to the progression and
metastasis of cancer, such as matrix metalloproteinases (MMPs)
and vascular endothelial growth factor (VEGF) (Neuberger and
Sobolevsky, 2023).

The function of TRPV6 overexpression in breast cancer
proliferation has been described above, and it may also affect
breast cancer prognosis by promoting breast cancer invasion
and metastasis. Overexpression of TRPV6 in breast cancer is a
common event, with 93.3% of biopsies showing higher levels
of the protein than non-invasive tumour areas, particularly in
invasive areas (Xu et al., 2018).

Enhanced expression of the TRPV6 calcium channel is
associated with unfavorable outcomes in breast cancer due to its
promotion of invasion and metastasis, indicating that targeting
TRPV6 could be a promising strategy for breast cancer treatment.
However, the mechanism by which TRPV6 promotes breast
metastasis is unknown. Xu et al. (2021) reported that TRPV6
expression was upregulated in metastatic breast cancer and that
overexpression or upregulation of TRPV6 accelerated the migration
of primary breast cancer cells. Consistent with these findings,
inhibition of TRPV6 reduced cell migration. Mechanistically,
TRPV6 can activate NFATc2 by increasing the phosphorylation
of nuclear factors in the nuclear factor of activated T cells two
interacting protein (NFATc2IP), suggesting CDK5 as a potential
candidate gene responsible for this phosphorylation. Thus, the
activation of NFATc2 promotes breast cancer metastasis by
upregulation of ADAM metalopeptidase with thrombospondin
type 1 motif 6 (ADAMTS6) expression. The findings suggest that
TRPV6 activation enhances NFATc2’s transcriptional activity by
modulating the phosphorylation of NFATc2IP, thereby promoting
ADAMTS6 expression and facilitating metastasis in breast cancer.

3.4.3 TRPC and metastasis

TRPC channels have not been well studied in breast cancer
metastasis, and TRPC2 silencing reduced detectable breast cancer
lung metastases in a 4T1 mouse model of homozygous metastatic
breast cancer (Nguyen et al., 2017). In contrast, the role of TRPC1
in breast cancer metastasis is inconsistent with TRPC2. TRPC1 is
also highly expressed in breast cancer, and TRPC1 overexpression
inhibits the proliferation and migration of ER-positive breast
cancers. Interestingly, TRPCI expression levels were completely
different in different breast cancer cell lines (Yuan et al., 2009;
Derler etal., 2013). A study by Zhang et al. (2020) found that TRPC1
overexpression in MCEF-7 breast cancer cells reduced migration
capacity by 64.8% (P = 0.002) and invasion capacity by 54.3% (P
= 0.003). And SKF-96365, a TRPC1 inhibitor that inhibits TRPC1
expression, reversed MCF-7 migration and invasion caused by
TRPC1 overexpression.
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3.5 Angiogenesis

The internal environment in which tumour cells arise and
live is the tumour microenvironment (TME), which includes
tumour cells and their surrounding fibroblasts, immune and
inflammatory cells, and glial cells, as well as the intercellular
stroma, microvasculature, and biomolecules infiltrating them.
The three features of hypoxia, chronic inflammation and
immunosuppression form a complex network of mechanisms that
play an important role in the development of tumours. Some
TRP channels are expressed in immune cells, smooth muscle
cells, vascular endothelial cells, stromal cells near the tumour,
and sensory nerve endings (Khalil et al, 2018; Lehen’kyi and
Prevarskaya, 2011). The modulation of sensory-vascular-immune-
tumour interactions by these channels can exert influence on the
tumour microenvironment (Nilius and Owsianik, 2011). Thus,
the tumour microenvironment is one of the more promising
therapeutic targets.

The process of neoangiogenesis is crucial for the growth of
tumors, and TRP channels such as TRPC3, TRPC6, TRPV1,
TRPV4, and TRPM4 play a regulatory role in vascular permeability
and cancer vascular angiogenesis (IChalil et al, 2018). The
tumour’s need for oxygen and nutrients allows the formation
of tumour blood vessels, which through angiogenesis are key
events in tumour progression (Lehen'kyi and Prevarskaya,
2011). The initiation of neovascularization in tumor-associated
angiogenesis occurs within a hypoxic microenvironment,
primarily attributed to the secretion of growth factors that can
sensitize various TRP channels through tyrosine kinase-linked
receptors.

There are fewer referable studies on TRP channels and tumour
angiogenesis, and current relevant studies focus more on the
relationship between TRP channel expression and endothelial cell
biological behaviour in tumour angiogenesis. In an in vivo matrix
plugging angiogenesis assay, a highly selective TRPV1 receptor
agonist induced induced angiogenesis in wild-type mice, whereas
TRPV1 knockout mice did not (Ching et al., 2011). Endothelial cells
derived from breast cancer vessels contain high levels of TRPV4, and
inhibition of TRPV4 inhibits the stimulated migration of endothelial
cells derived from breast cancer, suggesting that pharmacological
inhibition of TRPV4 can inhibit angiogenesis (Fiorio Pla et al.,
2012). Furthermore, functional interactions between TRPCI and
TRPV4 are involved in endothelial cell Ca?>* homeostasis (Ma et al.,
2011; Ma et al., 2010). The co-regulation of TRPC1 and TRPV4
plays a crucial role in tumor angiogenesis, involving Caveolin-1 and
IP3R3. Further investigation is required to explore the functional
analyses of these interactions and their cellular outcomes, aiming
to utilize them as potential therapeutic targets (Saldias et al., 2021).
The involvement of TRPA1 is also likely in this context, and its
activation in prostate tumor endothelial cells serves as a regulatory
factor for angiogenesis. Specifically, TRPA1 activation promotes
neovascularization, migration of endothelial cells, and tubulogenesis
within an in vitro model of human prostate cancer. It is therefore
hypothesised that it may also be able to play a similar role in breast
cancer. Angiogenesis plays a key role in tumour progression, so it
is crucial to explore the relationship between TRP channels and
angiogenesis.
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4 Discussion

This paper reviews the important role played by TRP channels in
various events of tumour development. Currently, more studies have
focused on the TRPV, TRPC and TRPM families, which are closely
related to tumour proliferation, apoptosis, metastasis, autophagy
and angiogenesis. While some families of TRP channels and breast
cancer have been poorly studied, others such as the TRPA family
have studies on cancer pain and could also be a target for cancer
pain relief. The present study will explore the link between TRP
channels and breast cancer development, clarify their expression in
breast cancer and summarise the regulation of these interactions as
therapeutic targets. The resulting knowledge will provide new ideas
for designing more specific anti-cancer drugs. As discussed herein,
the role of TRPC, TRPV, and TRPM in breast cancer proliferation
and metastasis, the role of TRPC and TRPV in breast cancer
apoptosis, and the role of TRPM in breast cancer cell autophagy.
As demonstrated in the aforementioned summary, the experiment
demonstrated that the growth rate of MCF-7 breast cancer cells
stimulated by the TRPV1 agonist capsaicin was significantly
reduced. Consequently, it can be deduced that ‘activation of TRPV1
can inhibit breast cancer cell proliferation, and the conclusion that
‘turther development and application of TRPV1 agonists can be
anti-tumour in terms of inhibiting proliferation. Consequently, the
hypothesis that ‘further development and application of TRPV1
agonists can be anti-tumour in terms of inhibiting proliferation’ can
be formulated. This is predicated on the premise of developing drugs
and applying the existing TRP channels, as well as conducting more
in-depth research into the relationship between TRP channels and
their upstream and downstream signalling pathways, in order to
explore their specific mechanisms. In addition, altered expression of
TRPs can be used as a predictive and diagnostic indicator of tumour
development and prognosis.

However, particular attention needs to be paid during their
drug discovery and development because inhibition of TRPs may
lead to systemic toxicity due to their wide tissue distribution and
multiple functions in the same types of cancers and healthy tissues.
Thus, despite deriving a relationship between each TRP channel
and tumours, this is still only the first step in the fight against
tumours. The precise identification of distinct TRP channels and
their accurate cellular localization in relation to specific cancer-
promoting functions are crucial for the development of safer and
more effective anti-cancer therapeutics. Further dedicated research
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