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Abstract
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Transient receptor potential (TRP) channels, particularly those involved in nociception (nociceptive TRP channels), are implicated in both

pain and cancer development. Activation of these channels by diverse stimuli triggers calcium influx, leading to mitochondrial oxidative

stress and reactive oxygen species (ROS) accumulation. This ROS production contributes to both nociceptive signaling (causing pain)

and aging processes, including genomic instability, a key driver of carcinogenesis. Although a direct causal link between pain and cancer

onset remains elusive, the shared involvement of nociceptive TRP channels strongly suggests a correlation. This opinion article proposes

targeting the crosstalk between nociceptive TRP channels and ROS as a promising therapeutic strategy to mitigate cancer and cancer-

associated pain simultaneously. While further research is needed to definitively establish a causal relationship between pain and cancer

risk, the available evidence suggests that inhibiting this pathway may offer significant benefits for both cancer prevention and treatment.
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1. Introduction

Transient receptor potential (TRP) channels are cen-
tral to both carcinogenesis and advanced tumor progres-
sion [1]. Targeting TRP channel-mediated Ca?* signaling
offers a novel therapeutic approach for cancer [2]. Noci-
ceptive signaling involves several TRP channels, includ-
ing TRPA1, TRPC1/C3/C5/C6/C7, TRPM2/M3/M8, and
TRPV1/V2/V3/V4, which contribute to pain perception.
Interestingly, these TRP channels are implicated in carcino-
genesis, where genomic instability—a crucial driver of can-
cer development—is linked to Ca®* signaling-regulated ag-
ing process [3]. While nociception may play a role in can-
cer development, the correlation between pain and cancer
progression remains largely unexplored.

2. Nociceptive TRP Channels-ROS Crosstalk
in Pain and Cancer

PubMed searches on “pain” and “cancer” show that
“cancer pain” is the most significant problem to address in
cancer patients. This pain arises from the complex interplay
of cellular, tissue, and systemic changes associated with
tumor growth, invasion, and metastasis. Cancer cells and
infiltrating immune cells release numerous mediators that
modulate primary afferent nociceptive signaling, contribut-
ing to the multifaceted nature of pain perception [4]. As
shown in Fig. 1, upregulation and activation of nociceptive
TRP channels in cancer promote tumor development and
result in pain by inducing the release of excitatory amino
acids (EAAs) and substance P (SP) [5]. Excessive Ca?™"
signals cause mitochondrial Ca?* overload, leading to re-

active oxygen species (ROS) accumulation and activation
of the Ca?*/calmodulin (Ca%*/CaM)-dependent protein ki-
nase II (CaMKII) signaling pathway [6]. This cascade pro-
motes nociceptive signaling and contributes to aging by
activating the DNA damage response (DDR), senescence-
associated inflammatory response (SIR), and senescence-
associated secretory phenotype (SASP) [7,8]. These pro-
cesses can drive cancer development through mechanisms
like genomic instability, telomere shortening, epigenetic
alterations, and metabolic dysregulation [9]. The DDR
is triggered by various DNA structural changes, includ-
ing single-strand breaks (SSBs) and double-strand breaks
(DSBs). These changes compromise genome stability
and contribute to epigenetic alterations [10,11]. Telomere
shortening contributes to persistent DDR during replicative
senescence [12]. SASP, a characteristic of senescent cells,
drives aging through the secretion of proinflammatory cy-
tokines, chemokines, growth factors, and proteases, lead-
ing to chronic inflammation and tissue damage [10]. Epi-
genetic mechanisms also promote the expression of noci-
ceptive TRP channels in cancer cells, thereby accelerating
cancer malignancy [3].

Nociceptive TRP channels respond to various stimuli,
including environmental factors such as microbes, chemi-
cals, and physical injury, as well as intrinsic factors like hor-
monal fluctuations, nutritional deficiencies, and immune
cell infiltration [3] (Fig. 1). Activation of these channels
leads to increased Ca®* influx, causing mitochondrial ox-
idative stress and activating Ca?*/CaMKII signaling path-
way. This initiates both aging processes and pain sig-
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Fig. 1. The complex interplay between nociceptive transient receptor potential (TRP) channels and reactive oxygen species (ROS)

significantly contributes to both pain and cancer development. Targeting this crosstalk may present a promising therapeutic strategy

for the simultaneous mitigation of cancer and cancer pain. EAAs, excitatory amino acids; SP, substance P; DDR, DNA damage response;

SIR, senescence-associated inflammatory response; SASP, senescence-associated secretory phenotype.

naling, which is transmitted from nerve terminals to the
spinal cord’s dorsal horn via the dorsal root ganglia (DRG)
[13,14]. Thus, chronic pain prevalence increases signifi-
cantly with age, becoming much higher in older adults [15].
While no clear evidence establishes a correlation between
pain and cancer onset, aging increases the risk of both.

3. Targeting Nociceptive TRP Channels-ROS
Crosstalk for Treating Cancer and Cancer
Pain

While evidence is still inconclusive, targeting the
crosstalk between nociceptive TRP channels and ROS may
offer a novel approach to mitigating aging and its asso-
ciated pain and cancer. Previous study suggests a link:
TRPV1 blockade extends lifespan in animal models, poten-
tially through neuropeptide signaling [ 16], and TRPC7 defi-

ciency inhibits age-related tumor formation [7]. These find-
ings support a correlation between nociceptive pain, aging,
and cancer development. Therefore, manipulating nocicep-
tive TRP channels-ROS crosstalk could potentially increase
lifespan by inhibiting age-related cancer development.

Nociceptive TRP channels are implicated in reg-
ulating cancer malignancy [3]. Activated nociceptive
TRP channels generate Cat signals and moderate lev-
els of ROS, which can enhance cancer metabolism and
growth signaling while inhibiting antioxidants, ultimately
activating mitogenic signaling molecules [17-19]. Tar-
geting the crosstalk between nociceptive TRP channels
and ROS may therefore alleviate both cancer malignancy
and cancer pain (Fig. 1). Several inhibitors of nocicep-
tive TRP channels demonstrate both anticancer and anal-
gesic effects in animal models. For example, the TRPV1
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antagonists capsazepine and N-(4-tertiarybutylphenyl)-4-
(3-cholorphyridin-2-yl) tetrahydropyrazine-1(2H)-carbox-
amide (BCTC) exhibit analgesic and anti-inflammatory ef-
fects in neuropathic pain models [20] and also suppress can-
cer malignancy [21,22]. Capsazepine has demonstrated the
ability to inhibit Janus kinase/Signal transducer and acti-
vator of transcription 3 (JAK/STAT3) signaling, leading to
reduced tumor growth and cell survival in prostate cancer
in preclinical models [23]. BCTC, also an inhibitor of the
nociceptive TRPMS channel, shows potent anti-tumor ac-
tivity in prostate cancer through inhibited cell proliferation,
migration and invasion. This effect is achieved through the
modulation of Mitogen-activated protein kinase (MAPK)
signaling pathways [24].

4. Challenges and Future Directions

Despite advancements in targeting the interplay be-
tween nociceptive TRP channels and ROS, several chal-
lenges persist. Although multiple TRP channels are impli-
cated in nociceptive signaling, the specific links between
individual channels and particular cancer types remain un-
clear. Effective treatment of both pain and cancer necessi-
tates identifying cancers that overexpress specific nocicep-
tive TRP channels. Our previous studies have used clinical
data to illustrate the expression patterns of these channels
in various cancers; for example, TRPV1 and TRPMS8 are
overexpressed in breast cancer [3], suggesting that target-
ing these channels, such as with BCTC, might be benefi-
cial in breast cancer and related pain management. How-
ever, cancer cells may exhibit mutant forms of nocicep-
tive TRP channels due to epigenetic mechanisms. For in-
stance, pancreatic ductal adenocarcinoma (PDAC) with a
mutant TRPM?2 subtype might present unique challenges
in both malignancy and pain management. To efficiently
manage both pain and cancer, a comprehensive approach
is needed. This approach should move beyond a one-size-
fits-all perspective and involve characterizing cancer fea-
tures, particularly nociceptive TRP channels, using tech-
niques like DNA sequencing, transcriptomics, proteomics,
and metabolomics. This detailed characterization will be
crucial for effectively targeting nociceptive TRP channels
for both cancer and pain treatment.

5. Conclusion

The intricate crosstalk between nociceptive TRP chan-
nels and ROS plays a significant role in both pain and can-
cer development. Although the direct causal relationship
between pain and cancer onset remains elusive, the shared
involvement of nociceptive TRP channels in pain signal-
ing, the aging process, and carcinogenesis suggests a po-
tential link. Targeting the nociceptive TRP channels-ROS
axis represents a potential therapeutic strategy for cancer
pain management and may correlate with a reduced risk of
cancer development and malignancy.

&% IMR Press

Author Contributions

Conceptualization: TYC, TY, WLH; Funding: WLH;
Original Draft: TYC, WLH; Review & Editing: WLH. All
authors contributed to editorial changes, read and approved
the final manuscript, participated sufficiently in the work,
and agreed to be accountable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment

Thanks to all the peer reviewers for their opinions and
suggestions.

Funding

This work was supported by the National Center for
Geriatrics and Welfare Research at National Health Re-
search Institutes (CG-112-GP-11 and CG-113-GP-11).

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Marini M, Titiz M, Souza Monteiro de Aratijo D, Geppetti
P, Nassini R, De Logu F. TRP Channels in Cancer: Signal-
ing Mechanisms and Translational Approaches. Biomolecules.
2023; 13: 1557. https://doi.org/10.3390/biom13101557.

[2] XulJ, Wang Z, Niu'Y, Tang Y, Wang Y, Huang J, et al. TRP chan-
nels in cancer: Therapeutic opportunities and research strate-
gies. Pharmacological Research. 2024; 209: 107412. https://do
i.0rg/10.1016/j.phrs.2024.107412.

[3] Hsu WL, Noda M, Yoshioka T, Ito E. A novel strategy for treat-
ing cancer: understanding the role of Ca2* signaling from no-
ciceptive TRP channels in regulating cancer progression. Ex-
ploration of Targeted Anti-tumor Therapy. 2021; 2: 401-415.
https://doi.org/10.37349/etat.2021.00053.

[4] Schmidt BL, Hamamoto DT, Simone DA, Wilcox GL. Mecha-
nism of cancer pain. Molecular Interventions. 2010; 10: 164—
178. https://doi.org/10.1124/mi.10.3.7.

[5] Naziroglu M, Braidy N. Thermo-Sensitive TRP Channels:
Novel Targets for Treating Chemotherapy-Induced Peripheral
Pain. Frontiers in Physiology. 2017; 8: 1040. https://doi.org/10.
3389/fphys.2017.01040.

[6] Maliszewska-Olejniczak K, Bednarczyk P. Novel insights into
the role of ion channels in cellular DNA damage response. Mu-
tation Research. Reviews in Mutation Research. 2024; 793:
108488. https://doi.org/10.1016/j.mrrev.2024.108488.

[7] Hsu WL, Tsai MH, Wu CY, Liang JL, Lu JH, Kahle JS, et al.
Nociceptive transient receptor potential canonical 7 (TRPC7)
mediates aging-associated tumorigenesis induced by ultraviolet
B. Aging Cell. 2020; 19: e13075. https://doi.org/10.1111/acel
.13075.

[8] Li T, Meng Y, Ding P, Wang H, Liu J, Xia C, et al. Pathological
implication of CaMKII in NF-«B pathway and SASP during car-
diomyocytes senescence. Mechanisms of Ageing and Develop-
ment. 2023; 209: 111758. https://doi.org/10.1016/j.mad.2022.
111758.

[9] Loépez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G.
Hallmarks of aging: An expanding universe. Cell. 2023; 186:
243-278. https://doi.org/10.1016/j.cell.2022.11.001.


https://doi.org/10.3390/biom13101557
https://doi.org/10.1016/j.phrs.2024.107412
https://doi.org/10.1016/j.phrs.2024.107412
https://doi.org/10.37349/etat.2021.00053
https://doi.org/10.1124/mi.10.3.7
https://doi.org/10.3389/fphys.2017.01040
https://doi.org/10.3389/fphys.2017.01040
https://doi.org/10.1016/j.mrrev.2024.108488
https://doi.org/10.1111/acel.13075
https://doi.org/10.1111/acel.13075
https://doi.org/10.1016/j.mad.2022.111758
https://doi.org/10.1016/j.mad.2022.111758
https://doi.org/10.1016/j.cell.2022.11.001
https://www.imrpress.com

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Dasgupta N, Arnold R, Equey A, Gandhi A, Adams PD. The
role of the dynamic epigenetic landscape in senescence: or-
chestrating SASP expression. Npj Aging. 2024; 10: 48. https:
//doi.org/10.1038/s41514-024-00172-2.

Soto-Palma C, Niedernhofer LJ, Faulk CD, Dong X. Epigenet-
ics, DNA damage, and aging. The Journal of Clinical Investiga-
tion. 2022; 132: ¢158446. https://doi.org/10.1172/JCI158446.
Hewitt G, Jurk D, Marques FDM, Correia-Melo C, Hardy T,
Gackowska A, et al. Telomeres are favoured targets of a persis-
tent DNA damage response in ageing and stress-induced senes-
cence. Nature Communications. 2012; 3: 708. https://doi.org/
10.1038/ncomms1708.

Basbaum AlI, Bautista DM, Scherrer G, Julius D. Cellular and
molecular mechanisms of pain. Cell. 2009; 139: 267-284. https:
//doi.org/10.1016/j.cell.2009.09.028.

Zhou YQ, Liu DQ, Chen SP, Sun J, Zhou XR, Luo F, et al.
Cellular and Molecular Mechanisms of Calcium/Calmodulin-
Dependent Protein Kinase II in Chronic Pain. The Journal of
Pharmacology and Experimental Therapeutics. 2017; 363: 176—
183. https://doi.org/10.1124/jpet.117.243048.

Dagnino APA, Campos MM. Chronic Pain in the Elderly: Mech-
anisms and Perspectives. Frontiers in Human Neuroscience.
2022; 16: 736688. https://doi.org/10.3389/fnhum.2022.736688.
Riera CE, Huising MO, Follett P, Leblanc M, Halloran J, Van
Andel R, ef al. TRPV1 pain receptors regulate longevity and
metabolism by neuropeptide signaling. Cell. 2014; 157: 1023—
1036. https://doi.org/10.1016/j.cell.2014.03.051.

Najar MA, Aravind A, Dagamajalu S, Sidransky D, Ashktorab
H, Smoot DT, et al. Hyperactivation of MEK/ERK pathway
by Ca?* /calmodulin-dependent protein kinase kinase 2 pro-

[18]

[19]

[20]

[21]

[22]

(23]

[24]

motes cellular proliferation by activating cyclin-dependent ki-
nases and minichromosome maintenance protein in gastric can-
cer cells. Molecular Carcinogenesis. 2021; 60: 769-783. https:
//doi.org/10.1002/mc.23343.

Ogrunc M, Di Micco R, Liontos M, Bombardelli L, Mione M,
Fumagalli M, ef al. Oncogene-induced reactive oxygen species
fuel hyperproliferation and DNA damage response activation.
Cell Death and Differentiation. 2014; 21: 998—1012. https://do
1.org/10.1038/cdd.2014.16.

Nakamura H, Takada K. Reactive oxygen species in cancer:
Current findings and future directions. Cancer Science. 2021;
112: 3945-3952. https://doi.org/10.1111/cas.15068.

Rahman MM, Jo YY, Kim YH, Park CK. Current insights and
therapeutic strategies for targeting TRPV1 in neuropathic pain
management. Life Sciences. 2024; 355: 122954 https://doi.org/
10.1016/j.1£5.2024.122954.

Clark R, Lee SH. Anticancer Properties of Capsaicin Against
Human Cancer. Anticancer Research. 2016; 36: 837-843.

Li L, Chen C, Chiang C, Xiao T, Chen Y, Zhao Y, ef al. The Im-
pact of TRPV1 on Cancer Pathogenesis and Therapy: A System-
atic Review. International Journal of Biological Sciences. 2021;
17: 2034-2049. https://doi.org/10.7150/ijbs.59918.

Lee JH, Kim C, Baek SH, Ko JH, Lee SG, Yang WM, et al.
Capsazepine inhibits JAK/STAT3 signaling, tumor growth, and
cell survival in prostate cancer. Oncotarget. 2017; 8: 17700—
17711. https://doi.org/10.18632/oncotarget.10775.

Liu T, Fang Z, Wang G, Shi M, Wang X, Jiang K, et al. Anti-
tumor activity of the TRPMS inhibitor BCTC in prostate cancer
DU145 cells. Oncology Letters. 2016; 11: 182—188. https://doi.
org/10.3892/01.2015.3854.

&% IMR Press


https://doi.org/10.1038/s41514-024-00172-2
https://doi.org/10.1038/s41514-024-00172-2
https://doi.org/10.1172/JCI158446
https://doi.org/10.1038/ncomms1708
https://doi.org/10.1038/ncomms1708
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1124/jpet.117.243048
https://doi.org/10.3389/fnhum.2022.736688
https://doi.org/10.1016/j.cell.2014.03.051
https://doi.org/10.1002/mc.23343
https://doi.org/10.1002/mc.23343
https://doi.org/10.1038/cdd.2014.16
https://doi.org/10.1038/cdd.2014.16
https://doi.org/10.1111/cas.15068
https://doi.org/10.1016/j.lfs.2024.122954
https://doi.org/10.1016/j.lfs.2024.122954
https://doi.org/10.7150/ijbs.59918
https://doi.org/10.18632/oncotarget.10775
https://doi.org/10.3892/ol.2015.3854
https://doi.org/10.3892/ol.2015.3854
https://www.imrpress.com

	1. Introduction
	2. Nociceptive TRP Channels-ROS Crosstalk in Pain and Cancer
	3. Targeting Nociceptive TRP Channels-ROS Crosstalk for Treating Cancer and Cancer Pain
	4. Challenges and Future Directions
	5. Conclusion
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

