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Tumor growth in situ or bone metastases in cancer patients all can induce bone
cancer pain. It is frequently occurred in patients with breast, prostate, and lung
cancer. Because of the lack of effective treatment, bone cancer pain causes
depression, anxiety, fatigue, and sleep disturbances in cancer patients, disrupts
the daily quality of life, and results in huge economic and psychological
burden. Over the past years, transient receptor potential channels (TRPs),
especially TRP vanilloid 1 (TRPV1) in dorsal root ganglion (DRG), have been
considered to be involved in bone cancer pain. The characteristic of TRPV1
had been well studied. The mechanisms under TRPV1 regulation in DRG with
bone cancer pain are complex, including inflammatory mediators,
endogenous formaldehyde, and other mechanisms. In the present review, we
summarize the role and potential mechanism of TRPV1 in DRG in bone
cancer pain. As the primary sensory neurons, targeting the TRPV1 channel in
DRG, might have fewer side effects than in central. We hope systematically
understand of TRPV1 modulation in DRG will bring more effective strategy.
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Literature selection

We searched on PubMed with the keyword [“Bone cancer pain” or “Cancer-
associated bone pain” and “transient receptor potential vanilloid subfamily member 1
or TRPV1”] or [“Bone cancer pain” or “Cancer-associated bone pain” and “transient
receptor potential vanilloid subfamily member 1 or TRPV1” and “dorsal root
ganglion or DRG”]. A total of 58 articles were retrieved, because of the absence of full
text, 6 articles were excluded. Next, we excluded 24 articles based on title or abstract,
including 4 reviews and 20 articles, that had very little to the subject. On the other
hand, we added one article that related to the definition of bone cancer pain, two
articles that related to the characteristics of TRPV1, two articles related to the
expression profile of TRPV1 in DRG, one article about the regulation of TRPV1 by
TNF, two articles, and one review about PD-L1. Finally, 37 articles were included,
containing 27 basic research articles and 10 reviews.

TRPV1 channel

In 1997, transient receptor potential vanilloid subfamily member 1 (TRPV1) was
first described as the receptor of capsaicin (1). Since then, more and more
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researchers gave their attention to the TRPV1 channel (2-4). In
addition to capsaicin, TRPV1 also can be activated by other
factors, including heat, protons, resiniferatoxin (RTX, found
in the latex of Eucalyptus resinifera), eugenol (a compound
present in cloves), allicin (found in garlic), piperine (an
irritant found in black pepper), gingerol and zingerone (from
ginger), camphor (found in the wood of camphor), and the
hot component of pepper (1, 5-8). In bone cancer pain, the
acidic microenvironment could activate the TRPV1 channel
although the expression of TRPV1 mRNA had no change
(9). TRPV1 is broadly expressed in peripheral nervous system
and the abnormal activity of TRPV1 is involved in a variety
of pathophysiological processes, such as pain and itch. In
DRG neurons, TRPV1 is predominantly located in small and
medium neurons (10-12), the distribution of TRPVI1 is
consistent with the heat sensitivity of TRPV1. The bone
cancer pain model led to an overall shift in the distribution
of TRPV1 from small to large neurons, validating that large
DRG neurons expressed TRPV1 (10, 11). In the bone cancer
the TRPV1 the
sensitization of DRG neurons (13, 14).

pain  model, channel contributes to

TRPV1 contributed to bone
cancer pain

Bone cancer pain can be classified into primary cancer pain
or secondary cancer pain (15, 16). Due to the complexity and
not fully understand the mechanism (17), resulted in the
effective treatment of bone cancer pain was blocked. In 2005,
TRPV1 was first demonstrated to be involved in bone cancer
pain (18). In this study, bone cancer pain was induced by the
injection of 2,472 osteolytic sarcoma cells to the mouse
femur. Resulted in a large proportion of sensory neurons
innervating the tumor-bearing bone expressed TRPVI.
Subcutaneous injection of TRPV1 antagonist JNJ-17203212
alleviated pain behaviors at different stages of cancer
progression. Although the antagonist of TRPVI1 attenuated
the pain behavior, blockade TRPV1 not always reduced bone
cancer pain indicating that the regulation of TRPV1 was
multiple (19-21). Furthermore, the TRPV1** and TRPV1*'~
animals had normal development of pain behaviors, whereas
TRPV™'™ mice showed a reduction in the development of
behaviors. In another study, Walker 256 cells were injected
into the bone cavity of rat tibial to induce bone cancer pain.
The
hyperalgesia. Intrathecal injection of adeno-associated virus
(AAV) mediated siRNA against TRPV1 significantly
suppressed the expression of TRPVI mRNA in DRG and
alleviated the pain behavior of rats (7). Upregulation of

rats developed mechanical allodynia and thermal

membrane TRPV1 in DRG was also found in rats with bone
cancer pain. In the study, the animal model was induced by
injection of mammary rat metastasis tumor (MRMT-1) cells
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(carcinoma) into tibial bone cavity. Not only that, the current
density of TRPV1 was significantly increased in DRG
neurons (14). All the studies suggested that TRPV1 in DRG
was upregulated and involved in bone cancer pain. But we
in the
expression of TRPV1. A study showed that the expression of
TRPV1 in DRG was but
capsazepine, an another antagonist of TRPVI, significantly

also noted that there are some contradictions

decreased in bone cancer,
alleviated the pain behavior by subcutaneous injection (22).
In another research, the expression of TRPV1 mRNA had no
change in DRG (9). Different experimental conditions may
affect the expression of TRPVI. In addition to experimental
conditions, membrane TRPV1 plays more important role in
bone cancer pain. The activity of TRPV1 could increase
when the expression had no change and involved in cancer
pain. The decreased expression of TRPV1 did not necessitate
their decreased activity in neuron membrane (22).

Mechanisms of TRPV1 regulation in
DRG of bone cancer pain

Inflammatory mediators

TRPV1 receptor can be regulated by inflammatory
mediators, including interleukin-6 (IL-6), tumor necrosis
factor-o. (TNF-o), insulin-like growth factor-1 (IGF-1), and
so on. In cultured DRG neurons, IL-6 treatment significantly
upregulated the membrane protein level and current density
of TRPVI. Additionally, the
signaling by sgp130 reversed the phenomena and companied
with bone cancer pain behavior relief rats  (14).
Administration of TNF-o to cultured DRG neurons, the
protein level and current density of TRPV1 were all both
upregulated. Furthermore, the study found that TRPV1
protein level in DRG was increased in wild-type mice but
not in TNFR2™~ mice with tumor (23). In DRG neurons,
IGF-1 receptor co-expressed with TRPV1. Cultured DRG
neurons with IGF-1, increased the total and membrane
protein level of TRPVI. Inhibition of IGF-1 receptor with
picropodophyllotoxin alleviated the pain behavior (24, 25).

suppression of the IL-6

in

These results suggested that IGF-1 might regulate the
expression of TRPV1 and contribute to bone cancer pain.

In the bone cancer pain model, tumor growth disrupted the
balance between osteoclast and osteoblast in bone (26). On the
one hand, cancer cells not only promoted osteoclasts secretion
of proton, but also inflammatory mediators (27), on the other
hand, cancer cells also can secret inflammatory mediators and
(28).
upregulate TRPV1 and then contribute to the sensitization of

other substance These substances can activate or

sensory nervous in pain signaling transmission.
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Endogenous formaldehyde

The local microenvironment in the bone is complex. In the
development of cancer, tumor tissues can secrete formaldehyde.
In cultured cancer cell lines, such as MRMT-1 cells, H1299 cells,
SY5Y cells, and Walker 256 cells, the formaldehyde
concentration was significantly increased. The same results
could be observed in tumor tissues from cancer patients (29).
Formaldehyde treatment increased the expression and current
density of TRPV1 (29, 30). These results suggested in bone
cancer pain models, formaldehyde upregulated the expression
of TRPV1 and contributed to pain behavior. The fact
suggested that target the formaldehyde production might be a
potential treatment for bone cancer pain.

Other mechanisms

It is generally believed that cancer pain is complex, so the
regulation mechanisms of TRPV1 are also complex. In
addition to the above mentioned, there are other mechanisms.
In the early phase of cancer, patients feel no pain or minimal
pain may be due to the antinociceptive effects of programmed
death ligand 1 (PD-L1) (31-33). In a study, Liu and colleagues
found the expression of PD-1, receptor of PD-L1, was also
increased. PD-L1 activated Src homology 2 domain-containing
tyrosine phosphatase-1 (SHP-1) and inhibited the expression
of TRPV1 in DRG. Besides, PD-L1-induced analgesia on bone
cancer pain was only observed in wild-type but not in
TRPV1-KO mice (34). High mobility group box 1 (HMGBI)
is one of the damage-associated molecular patterns. There was
a report indicated that HMGBI contributed to bone cancer
pain by upregulation of TRPV1, but the behind mechanism
had not been fully illustrated (35). Lysophosphatidic acid
(LPA) is a lipid metabolite released after tissue injury, and
plays a key role in cancer development. In bone cancer pain
rats, LPA potentiated TRPV1 current via a protein kinase C
(PKC)-dependent pathway in DRG neurons (36).

Conclusion

In this mini review, we summarized the role and potential
mechanism of DRG TRPVI1 in bone cancer pain, including
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Although the TRPV1
regulation had been studied, target TRPV1 for bone cancer

mechanisms. mechanisms about
pain treatment is still limited because of the side effect. The
mechanisms of pain include the peripheral and center
nervous systems, when compared to the central, the structure
of the peripheral is simpler. In the future, target TRPV1 in
DRG might be a better choice for bone cancer pain treatment
(37). In order to find more specific drug that target TRPVI,
further research is still needed.

Author contributions

WC prepared the manuscript; HL, XH, and CL commented
on the previous manuscript. All authors contributed to the
article and approved the submitted version.

Funding

This work was supported by the Fundamental Research
Funds for the Central Universities (Grant No. 2022-JYB-
XJSJJ026 to WC).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

3. Kawamata T, Niiyama Y, Yamamoto J, Furuse S. Reduction of bone cancer
pain by CB1 activation and TRPV1 inhibition. J Anesth. (2010) 24:328-32.
doi: 10.1007/s00540-010-0919-0

4.Li ZW, Zhang J, Ren XS, Liu QY, Yang XY. The mechanism of quercetin
in regulating osteoclast activation and the PAR2/TRPV1 signaling pathway

frontiersin.org


https://doi.org/10.1038/39807
https://doi.org/10.1016/j.bbadis.2007.05.006
https://doi.org/10.1007/s00540-010-0919-0
https://doi.org/10.3389/fpain.2022.1022022
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Chen et al.

in the treatment of bone cancer pain. Int ] Clin Exp Pathol. (2018)
11:5149-56.

5. Aoki Y, Ohtori S, Takahashi K, Ino H, Douya H, Ozawa T, et al. Expression
and co-expression of VR1, CGRP, and IB4-binding glycoprotein in dorsal root
ganglion neurons in rats: differences between the disc afferents and the
cutaneous afferents. Spine (Phila Pa 1976). (2005) 30:1496-500. doi: 10.1097/01.
brs.0000167532.96540.31

6. Tominaga M, Caterina MJ, Malmberg AB, Rosen TA, Gilbert H, Skinner K,
et al. The cloned capsaicin receptor integrates multiple pain-producing stimuli.
Neuron. (1998) 21:531-43. doi: 10.1016/s0896-6273(00)80564-4

7. Zhang S, Zhao J, Meng Q. AAV-mediated siRNA against TRPV1 reduces
nociception in a rat model of bone cancer pain. Neurol Res. (2019) 41:972-9.
doi: 10.1080/01616412.2019.1639317

8. de Almeida AS, Bernardes LB, Trevisan G. TRP channels in cancer pain. Eur
J Pharmacol. (2021) 904:174185. doi: 10.1016/j.ejphar.2021.174185

9. Nagae M, Hiraga T, Yoneda T. Acidic microenvironment created by
osteoclasts causes bone pain associated with tumor colonization. | Bone Miner
Metab. (2007) 25:99-104. doi: 10.1007/s00774-006-0734-8

10. Qian HY, Zhou F, Wu R, Cao XJ, Zhu T, Yuan HD, et al. Metformin
attenuates bone cancer pain by reducing TRPV1 and ASIC3 expression. Front
Pharmacol. (2021) 12:713944. doi: 10.3389/fphar.2021.713944

11. Niiyama Y, Kawamata T, Yamamoto ], Omote K, Namiki A. Bone cancer
increases transient receptor potential vanilloid subfamily 1 expression within
distinct subpopulations of dorsal root ganglion neurons. Neuroscience. (2007)
148:560-72. doi: 10.1016/j.neuroscience.2007.05.049

12. Zheng Q, Fang D, Cai J, Wan Y, Han JS, Xing GG. Enhanced excitability of
small dorsal root ganglion neurons in rats with bone cancer pain. Mol Pain. (2012)
8:24. doi: 10.1186/1744-8069-8-24

13. Xu Q, Zhang XM, Duan KZ, Gu XY, Han M, Liu BL, et al. Peripheral TGF-
betal signaling is a critical event in bone cancer-induced hyperalgesia in rodents.
J Neurosci. (2013) 33:19099-111. doi: 10.1523/J]NEUROSCI.4852-12.2013

14. Fang D, Kong LY, Cai J, Li S, Liu XD, Han JS, et al. Interleukin-6-mediated
functional upregulation of TRPV1 receptors in dorsal root ganglion neurons
through the activation of JAK/PI3K signaling pathway: roles in the development
of bone cancer pain in a rat model. Pain. (2015) 156:1124-44. doi: 10.1097/j.
pain.0000000000000158

15. Mantyh P. Bone cancer pain: causes, consequences, and therapeutic
opportunities. Pain. (2013) 154(Suppl 1):S54-62. doi: 10.1016/j.pain.2013.07.044

16. Gui Q, Xu C, Zhuang L, Xia S, Chen Y, Peng P, et al. A new rat model of
bone cancer pain produced by rat breast cancer cells implantation of the shaft
of femur at the third trochanter level. Cancer Biol Ther. (2013) 14:193-9.
doi: 10.4161/cbt.23291

17. Lozano-Ondoua AN, Symons-Liguori AM, Vanderah TW. Mechanisms of
cancer-induced bone pain. Neurosci Lett. (2013) 557(Pt A):52-9. doi: 10.1016/j.
neulet.2013.08.003

18. Ghilardi JR, Rohrich H, Lindsay TH, Sevcik MA, Schwei MJ, Kubota K, et al.
Selective blockade of the capsaicin receptor TRPV1 attenuates bone cancer pain.
J Neurosci. (2005) 25:3126-31. doi: 10.1523/]NEUROSCI.3815-04.2005

19. Honore P, Chandran P, Hernandez G, Gauvin DM, Mikusa JP, Zhong C, et al.
Repeated dosing of ABT-102, a potent and selective TRPV1 antagonist, enhances
TRPV1-mediated analgesic activity in rodents, but attenuates antagonist-induced
hyperthermia. Pain. (2009) 142:27-35. doi: 10.1016/j.pain.2008.11.004

20. Niiyama Y, Kawamata T, Yamamoto ], Furuse S, Namiki A. SB366791, a
TRPV1 antagonist, potentiates analgesic effects of systemic morphine in a murine
model of bone cancer pain. Br ] Anaesth. (2009) 102:251-8. doi: 10.1093/bja/aen347

Frontiers in Pain Research

04

10.3389/fpain.2022.1022022

21. Reilly RM, McDonald HA, Puttfarcken PS, Joshi SK, Lewis L, Pai M, et al.
Pharmacology of modality-specific transient receptor potential vanilloid-1
antagonists that do not alter body temperature. J Pharmacol Exp Ther. (2012)
342:416-28. doi: 10.1124/jpet.111.190314

22. Magboul A, Elsadek B. Expression profiles of TRPV1, TRPV4, TLR4 and
ERK1/2 in the dorsal root ganglionic neurons of a cancer-induced neuropathy
rat model. Peer J. (2018) 6:4622. doi: 10.7717/peerj.4622

23. Constantin CE, Mair N, Sailer CA, Andratsch M, Xu ZZ, Blumer MJ, et al.
Endogenous tumor necrosis factor alpha (TNFalpha) requires TNF receptor type 2
to generate heat hyperalgesia in a mouse cancer model. J Neurosci. (2008)
28:5072-81. doi: 10.1523/JNEUROSCI.4476-07.2008

24. Li Y, Cai J, Han Y, Xiao X, Meng XL, Su L, et al. Enhanced function of
TRPV1 via up-regulation by insulin-like growth factor-1 in a rat model of bone
cancer pain. Eur ] Pain. (2014) 18:774-84. doi: 10.1002/j.1532-2149.2013.00420.x

25. Wan Y. New mechanism of bone cancer pain: tumor tissue-derived
endogenous formaldehyde induced bone cancer pain via TRPV1 activation. Adv
Exp Med Biol. (2016) 904:41-58. doi: 10.1007/978-94-017-7537-3_4

26. Rossi F, Tortora C, Punzo F, Bellini G, Argenziano M, Di Paola A, et al. The
endocannabinoid/endovanilloid ~ system in bone: from osteoporosis to
osteosarcoma. Int ] Mol Sci. (2019) 20(8):1919. doi: 10.3390/ijms20081919

27. Yoneda T, Hiasa M, Okui T. Crosstalk between sensory nerves and cancer in
bone. Curr Osteoporos Rep. (2018) 16:648-56. doi: 10.1007/s11914-018-0489-x

28. Lautner MA, Ruparel SB, Patil MJ, Hargreaves KM. In vitro sarcoma cells
release a lipophilic substance that activates the pain transduction system via
TRPV1. Ann Surg Oncol. (2011) 18:866-71. doi: 10.1245/s10434-010-1328-1

29. Tong Z, Luo W, Wang Y, Yang F, Han Y, Li H, et al. Tumor tissue-derived
formaldehyde and acidic microenvironment synergistically induce bone cancer
pain. PLoS ONE. (2010) 5:¢10234. doi: 10.1371/journal.pone.0010234

30. Han Y, Li Y, Xiao X, Liu J, Meng XL, Liu FY, et al. Formaldehyde up-
regulates TRPV1 through MAPK and PI3K signaling pathways in a rat model
of bone cancer pain. Neurosci Bull. (2012) 28:165-72. doi: 10.1007/s12264-012-
1211-0

31. Chen G, Kim YH, Li H, Luo H, Liu DL, Zhang ZJ, et al. PD-L1 inhibits acute
and chronic pain by suppressing nociceptive neuron activity via PD-1. Nat
Neurosci. (2017) 20:917-26. doi: 10.1038/nn.4571

32. Xue S, Hu M, Iyer V, Yu J. Blocking the PD-1/PD-L1 pathway in glioma: a
potential new treatment strategy. ] Hematol Oncol. (2017) 10:81. doi: 10.1186/
$13045-017-0455-6

33. Brahmer JR, Tykodi SS, Chow LQM, Hwu W], Topalian SL, Hwu P, et al.
Safety and activity of anti-PD-L1 antibody in patients with advanced cancer.
N Engl ] Med. (2012) 366:2455-65. doi: 10.1056/NEJMoal200694

34. Liu BL, Cao QL, Zhao X, Liu HZ, Zhang YQ. Inhibition of TRPV1 by SHP-1
in nociceptive primary sensory neurons is critical in PD-L1 analgesia. JCI Insight.
(2020) 5(20):e137386. doi: 10.1172/jci.insight.137386

35. Nakamura T, Okui T, Hasegawa K, Ryumon §, Ibaragi S, Ono K, et al. High
mobility group box 1 induces bone pain associated with bone invasion in a mouse
model of advanced head and neck cancer. Oncol Rep. (2020) 44:2547-58. doi: 10.
3892/0r.2020.7788

36. Pan HL, Zhang YQ, Zhao ZQ. Involvement of lysophosphatidic acid in
bone cancer pain by potentiation of TRPV1 via PKCepsilon pathway in
dorsal root ganglion neurons. Mol Pain. (2010) 6:85. doi: 10.1186/1744-
8069-6-85

37. Berta T, Qadri Y, Tan PH, Ji RR. Targeting dorsal root ganglia and primary
sensory neurons for the treatment of chronic pain. Expert Opin Ther Targets.
(2017) 21:695-703. doi: 10.1080/14728222.2017.1328057

frontiersin.org


https://doi.org/10.1097/01.brs.0000167532.96540.31
https://doi.org/10.1097/01.brs.0000167532.96540.31
https://doi.org/10.1016/s0896-6273(00)80564-4
https://doi.org/10.1080/01616412.2019.1639317
https://doi.org/10.1016/j.ejphar.2021.174185
https://doi.org/10.1007/s00774-006-0734-8
https://doi.org/10.3389/fphar.2021.713944
https://doi.org/10.1016/j.neuroscience.2007.05.049
https://doi.org/10.1186/1744-8069-8-24
https://doi.org/10.1523/JNEUROSCI.4852-12.2013
https://doi.org/10.1097/j.pain.0000000000000158
https://doi.org/10.1097/j.pain.0000000000000158
https://doi.org/10.1016/j.pain.2013.07.044
https://doi.org/10.4161/cbt.23291
https://doi.org/10.1016/j.neulet.2013.08.003
https://doi.org/10.1016/j.neulet.2013.08.003
https://doi.org/10.1523/JNEUROSCI.3815-04.2005
https://doi.org/10.1016/j.pain.2008.11.004
https://doi.org/10.1093/bja/aen347
https://doi.org/10.1124/jpet.111.190314
https://doi.org/10.7717/peerj.4622
https://doi.org/10.1523/JNEUROSCI.4476-07.2008
https://doi.org/10.1002/j.1532-2149.2013.00420.x
https://doi.org/10.1007/978-94-017-7537-3_4
https://doi.org/10.3390/ijms20081919
https://doi.org/10.1007/s11914-018-0489-x
https://doi.org/10.1245/s10434-010-1328-1
https://doi.org/10.1371/journal.pone.0010234
https://doi.org/10.1007/s12264-012-1211-0
https://doi.org/10.1007/s12264-012-1211-0
https://doi.org/10.1038/nn.4571
https://doi.org/10.1186/s13045-017-0455-6
https://doi.org/10.1186/s13045-017-0455-6
https://doi.org/10.1056/NEJMoa1200694
https://doi.org/10.1172/jci.insight.137386
https://doi.org/10.3892/or.2020.7788
https://doi.org/10.3892/or.2020.7788
https://doi.org/10.1186/1744-8069-6-85
https://doi.org/10.1186/1744-8069-6-85
https://doi.org/10.1080/14728222.2017.1328057
https://doi.org/10.3389/fpain.2022.1022022
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	TRPV1 in dorsal root ganglion contributed to bone cancer pain
	Literature selection
	TRPV1 channel
	TRPV1 contributed to bone cancer pain
	Mechanisms of TRPV1 regulation in DRG of bone cancer pain
	Inflammatory mediators
	Endogenous formaldehyde
	Other mechanisms

	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


