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Abstract: Cardiovascular disease seriously endangers human health, and its morbidity and mortality
increase year by year, and the incidence population is gradually younger. Myocardial fibrosis is a
common pathological outcome of many heart diseases, and it is of great clinical significance to prevent
and reverse cardiac fibrosis. Under the influence of various pathogenic factors, the heart eventually
leads to the formation of myocardial fibrosis, which in turn leads to heart failure. However, the specific
mechanism of myocardial fibrosis formation is unknown. The transient receptor potential channel is
closely related to the formation of myocardial fibrosis, and can be targeted to intervene in this channel
to play an antifibrotic role. This review elaborates the role of transient receptor potential channels in
the formation of myocardial fibrosis, which provides new ideas for clinical treatment and basic research.
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1. Introduction

Cardiovascular disease (CVD) seriously endangers human health, according to statistics, in 2019,
deaths due to cardiovascular diseases in China accounted for 46.74% and 44.26% of the total deaths in
rural and urban areas, respectively, and about two out of 5 people died of cardiovascular diseases ['], as
shown in Figure 1. Myocardial fibrosis is a pathological change common to various cardiovascular
diseases. Cardiac fibroblasts are the protagonists in the formation of myocardial fibrosis, and their main
role is to secrete collagen and other extracellular matrix (ECM). When the heart is damaged, cardiac
fibroblasts are stimulated by injury factors to activate into myofibroblasts, and repair the damage by
secreting a large amount of extracellular matrix, which if this repair persists, leads to extensive fibrosis
of the heart, eventually leading to cardiac structural remodeling, myocardial stiffness, reduced cardiac
compliance, heart failure and even death [?). Transient receptor potential channels (TRP channels) are
closely related to the activation of cardiac fibroblasts, and a large number of studies have shown that
transient receptor potential channels activate cardiac fibroblasts into myofibroblasts under the action of
various induction molecules and promote the process of fibrosis 3. Ca2+ and transforming growth factor-
B1 are key inducers of transient receptor potential channel activation B1.
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Figure 1: The changes in cardiovascular disease mortality rates among urban and rural residents in
China
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2. Structure and function of TRP channels

The TRP channel was originally discovered in the visual system of fruit flies and is named after the
transient peak potential produced by genetically mutated fruit flies for sustained light stimulation (4. The
TRP channel is composed of four subunits, each with six transmembrane fragments (S1-S6), forming a
pore for cation permeation between S5 and S6, and each subunit amino and carboxyl terminal sites in the
cytoplasm participates in the assembly of gated channels and has a variety of sites of interaction with
other proteins and molecules Pl The TRP family consists of 28 members, which are TRPC (Canonical
TRPCI-TRPC7), TRPV (Vanilloid TRPV1-TRPV6), TRPM (Melastatin TRPM1-TRPMS), TRPP
(Polycystin TRPP1-TRPP3), TRPA (Ankyrin TRPA1), and TRPML (Muco) based on their sequence
homology lipin TRPML1-TRPML3) six subfamilies ), as shown in Figure 2 and Figure 3. The TRP
channel is a non-selective cationic transmembrane channel protein located on the cell membrane that has
a penetrating effect on Ca2+ and other monovalent cations, except TRPM4 and TRPMS5 [°l. When
intracellular Ca2+ is depleted, TRP channels are involved in calcium influx [°l. This channel participates
in various physiological and pathological processes of the body under the action of various factors inside
and outside the cell, such as the formation of fibrosis, oxidative stress, osmotic pressure changes and the
metabolism of various substances in the cell "],
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Figure 2: The series of TRP channel
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Figure 3: The structure of the TRP channel

3. TRP channels are involved in molecules associated with myocardial fibrosis
3.1. TGF-p1

TGF-B1 is the most critical cytokine in the process of myocardial fibrosis ¥l TGF-B1 binds to
TGFBRII and TGFPRI, thereby activating activin receptor-like kinase 5 (ALKSY), recruiting and
phosphorylating its downstream signaling proteins Smad2 and Smad3, and then translocating into the
nucleus to induce gene transcription !, In addition, TGF-BI can also activate the MAPK non-classical
signaling pathway and regulate cell metabolism [1%]. Both the TGF-B1/Smad signaling pathway and the
MAPK signaling pathway are involved in myocardial fibrosis by activating cardiac fibroblasts [''l. TRP
channels are closely related to the activation of cardiac fibroblasts. TRPV4 has been found to be required
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for TGF-B1-induced differentiation of cardiac fibroblasts into myofibroblasts ['?]. Not only in the heart,
numerous studies have shown that the TRP channel is indispensable in TGF-f1's involvement in the
process of tissue fibrosis. TRPV4 is mediated by the TGF-B1 signaling pathway and ultimately leads to
pulmonary fibrosis '3l In the mouse corneal stroma, the TRPA1 channel is required for TGF-B1 signaling
to mediate inflammation and fibrosis after alkaline burns 'Y, TGF-B1-mediated excessive intestinal
fibrosis is inhibited by inhibition of TRPC6 channels ['). In conclusion, TRP channel is inseparable from
TGF-B1 pathway-mediated myocardial fibrosis, but its specific mechanism of action needs to be further
studied.

3.2. Ca2+

Ca2+ signaling regulates a variety of cellular functions and is known to be involved in the activation
and proliferation of fibroblasts. Intracellular Ca2+ signaling is mainly released through intracellular Ca2+
storage, and then enters the cell through Ca2+ ion osmosis channels on the cell membrane to participate
in important regulatory roles [, In recent years, a large number of studies have shown that the
physiological activity of cardiac fibroblasts is regulated by the Ca2+ signal within the cell. Ca2+
penetration of cardiac fibroblasts is mainly through non-receptor-activated Ca2+ channels as well as
receptor-activated non-selective Ca2+ channels. However, most TRP channels are Ca2+ permeable
nonselective cation channels, with the exception of TRPM4 and TRPMS5 ['7], In atrial fibrillation goats
and dog models, TRPC3 was found to increase its expression under the regulation of Ca2+ signaling,
and eventually led to myocardial fibrosis 18], The TRPC6-mediated Ca2+ signaling pathway has been
reported to be required for human cardiac fibroblast proliferation [!*), TRPM7-mediated Ca2+ signaling
was found in both cultured human cardiac fibroblasts and mouse cardiac fibroblasts to be crucial in TGF-
B1-induced fibroblast proliferation and differentiation 2%, In summary, TRP channel-mediated Ca2+
signaling in cardiac fibroblasts plays an important role in the formation of myocardial fibers.

4. TRP channel and myocardial fibrosis

Myocardial fibrosis is massive deposition of extracellular matrix, resulting to heart hardening,
reduced compliance and ultimately heart failure. The extracellular matrix is mainly derived from
myofibroblasts. Cardiac fibroblasts are activated to myofibroblasts upon stimulation by various factors.
The Ca2+ signaling pathway plays a key role in the proliferation and differentiation of cardiac fibroblasts.
TRP channels have been proposed as candidate molecules responsible for Ca2+influx in cardiac
fibroblasts. Several TRP channels, including TRPA1, TRPM7, TRPC3, TRPC6 and TRPV4, are
functionally expressed in cardiac fibroblasts. Different TRP channels are activated when fibroblasts are
stimulated by different stimuli, and mediate Ca2+ entry to support fibroblast proliferation, differentiation
to myofibroblasts, and synthesis of extracellular matrix proteins and cytokines. Eventually leads to
myocardial fibrosis formation. (Figure 4)
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Figure 4: TRP channels and cardiac fibrosis
4.1. TRPAI

TRPAL is a non-selective cation channel located on the cell membrane with significant channelability
to Ca2+ 2!, The TRPAI channel was first identified on lung fibroblasts 221, With the in-depth study of
this channel, it has been found that the TRPA1 channel is closely related to myocardial fibrosis. For
example, HC-030031, a selective antagonist of the TRPA1 channel, can reduce stress overload-induced
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myocardial hypertrophy and myocardial fibrosis in mice by regulating the polarization of macrophages
(231, The TRPAI channel is required for fibrous repair after myocardial injury 4, and after heart injury,
the TRPAI1 channel on the cardiac fibroblast membrane is activated, which in turn activates the TGF-
[/Ca2+/CaN-NFAT signaling pathway, so that cardiac fibroblasts are activated into myofibroblasts,
eventually leading to myocardial fibrosis 2. The TRPA1 channel was also found to enhance their
fibrotic phenotype primarily by mediating Ca2+ entry into fibroblasts. In addition, the TRPA1 channel
can also work with the TRPV1 channel to regulate the Ca2+ influx of cardiomyocytes, thereby regulating
cardiomyocyte function 21, In conclusion, the TRPA1 channel plays an important role in the formation
of myocardial fibrosis, and inhibiting the activation of this channel may become a new target for the
treatment of myocardial fibrosis.

4.2. TRPM7

The TRPM?7 channel is not only a cation channel, but also has protein kinase activity due to its
serine/threonine protein kinase region at the C-terminus of its structure, so TRPM7 is called a
"channelase" 12°). TRPM7 channels are widely distributed in human heart, liver, bone tissue, and adipose
tissue. The TRPM7 channel is essential for the maintenance of intracellular Ca2+ and Mg2+ ion
homeostasis [?7l. TRPM7 was first tracked on cardiac fibroblasts, as the main ion channel for Ca2+ influx
on cardiac fibroblasts, which is very important for the expression of profibrosis-related genes in cardiac
fibroblasts and the formation of myocardial fibrosis ?*). TGF-B1 upregulated TRPM7 expression in in
cardiac fibroblasts cultured in vitro, while silence of TRPM7 significantly inhibited TGF-B1-induced
cardiac fibroblast proliferation, differentiation and collagen production *°!. In vivo studies, it was found
that inhibition of the expression of TRPM7 channels in the heart tissue of rats with isoprenaline-induced
myocardial fibrosis significantly improved myocardial fibrosis in rats 3%, The above evidence suggests
that TRPM?7 channels play a key role in regulating myocardial fibroblast proliferation, differentiation,
and collagen synthesis.

4.3. TRPC3

TRPC3 is a non-selective voltage-gated calcium channel located on the cell membrane that is closely
related to calcium depot manipulation calcium influx due to its highly conserved C-terminus of the
proline-rich and calmodulin/IP3 receptor-binding region, enabling the channel to function as a
multimodal signal B!, TRPC3, as the only TRPC isotype protein on the cell membrane of the sinus node,
is closely related to atrial fibrillation and atrial fibrosis 32!, In TRPC3-specific knockout mice, knockout
of this gene inhibits atrial arrhythmias caused by activation of G protein-coupled receptors (GPCRs)
Ca2+ signaling 1. Through clinical electrophysiological data analysis, it was found that in human atrial
fibrillation, the upregulation of TRPC3 in fibroblasts is likely to be the cause of atrial fibrillation, which
is closely related to myocardial fibrosis ['¥]. Studies have found that inhibiting the expression of TRPC3
in dog atrial fibrillation models can significantly reduce the proliferation of cardiac fibroblasts and the
production of extracellular matrix 4. In short, TRPC3-mediated Ca2+ overload affects the proliferation
and differentiation of atrial myofibroblasts, leading to atrial fibrillation and even atrial fibrotic changes.

4.4. TRPC6

TRPC6 channel is a non-selective cation channel widely present in the heart, mainly expressed in
cardiomyocytes, cardiac fibroblasts, vascular endothelial cells and vascular smooth muscle cells. Similar
to TRPC3, TRPC6 channels affect cell function mainly by mediating the transduction of Ca2+ signaling,
and participate in cardiovascular pathophysiological processes [*l. In vitro cultured cardiac fibroblasts
found that TRPC6 can promote cardiac fibrosis during cardiac insufficiency, genome-wide screening
determined that TRPC6 expression is required for cardiac fibroblast activation, rat cardiac fibroblasts
cultured with TGF-B or Ang II can induce TRPC6 expression with concentration-dependent increase,
and silencing or knocking out TRPC6 can inhibit cardiac fibroblast differentiation into myofibroblasts
(3¢, In in vivo experiments, it was found that BI 749327 could specifically inhibit the expression of
TRPC6, thereby inhibiting the expression of related fibrous genes such as collagen I. , collagen III. and
TGF-B1 B7, Thus, inhibition of TRPC6 expression can resist myocardial fibrosis formation.

4.5. TRPV4

The TRPV4 channel is a mechanically sensitive non-selective cation channel that is mainly permeable
to Ca2+ ions. TRPV4 not only has a regulating effect on physiological functions such as
thermoregulation, osmolality and vasodilation, but also participates in pathological processes such as
myocardial fibrosis, myocardial hypertrophy and arrhythmia B%1. In heart failure mice 8 weeks after
TRPV4 knockout, it was found that fibrosis in the infarct region was significantly reduced, and more
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surprisingly, there was no fibrosis in the peri-infarct area, further indicating that inhibition of TRPV4
improved ventricular remodeling after myocardial infarction %!, In vitro studies have found that the
silencing of TRPV4 in cardiac fibroblasts by transfection can significantly inhibit the transformation of
TGF-B1-induced cardiac fibroblasts to myofibroblasts. These results suggest that TRPV4 regulates the
differentiation of cardiac fibroblasts to myoblasts by integrating signaling and mechanical factors from
TGF-B1. Similar studies have shown that TRPV4 mediates TGF-B-induced differentiation of human
ventricular fibroblasts into myofibroblasts through Ca2+-dependent ERK phosphorylation 121, A
growing body of research shows the important role of TRPV4 in the process of cardiac fibrosis. Suggest
TRPV4 as a potential molecular target to mitigate cardiac fibrosis.

5. Conclusion

There are many members of the TRP family, and this article describes a channel closely related to
the formation of myocardial fibrosis. In summary, TRP channels are closely related to Ca2+ signaling,
and Ca2+ influx is necessary for the proliferation and differentiation of cardiac fibroblasts. Therefore,
TRP channels play an important role in the process of myocardial fibrosis. The role of myocardial fibrosis
in heart disease is well known, but the treatment of anti-myocardial fibrosis lacks effective methods,
which requires new insights and ideas on the underlying mechanism of myocardial fibrosis, so as to
provide new therapeutic targets for anti-myocardial fibrosis therapy. This article aims to theoretically
provide targets for anti-myocardial fiber drugs by elaborating TRP channels closely related to the
formation of myocardial fibrosis and the mechanism of action of each channel participating in myocardial
fibrosis.

References

[1] In China The Writing Committee Of The Report On Cardiovascular Health And Diseases, Hu
ShengShou. Report on cardiovascular health and diseases in China 2021: an updated summary [J].
Journal of geriatric cardiology: JGC, 2023, 20(6):399-430.

[2] Michelle D. Tallquist. Cardiac Fibroblast Diversity [J]. Annual Review of Physiology, 2020,
82(1):63-78.

[3] Gwanyanya Asfree, Mubagwa Kanigula. Emerging role of transient receptor potential (TRP) ion
channels in cardiac fibroblast pathophysiology [J]. Frontiers in Physiology, 2022, 13:968393-968393.
[4] Cosens D J, Manning A. Abnormal electroretinogram from a Drosophila mutant [J]. Nature, 1969,
224(5216):285-287.

[5] Ryuji Inoue, Lin-Hai Kurahara, Keizo Hiraishi, et al. TRP channels in cardiac and intestinal fibrosis
[J]. Seminars in Cell and Developmental Biology, 2019, 94:40-49.

[6] Yue Zhichao, Xie Jia, Yu Albert S, et al. Role of TRP channels in the cardiovascular system [J].
American journal of physiology. Heart and circulatory physiology, 2015, 308(3):HI157-HI182.

[7] Alexander Dietrich. Transient Receptor Potential (TRP) Channels in Health and Disease [J]. Cells,
2019, 8(5):413-413.

[8] Monika Lodyga, Boris Hinz. TGF-p1 — A truly transforming growth factor in fibrosis and immunity
[J]. Seminars in Cell and Developmental Biology, 2020, 101:123-139.

[9] Meng Linlin, Lu Yue, Wang Xinlu, et al. NPRC deletion attenuates cardiac fibrosis in diabetic mice
by activating PKA/PKG and inhibiting TGF-f1/Smad pathways [J]. Science advances, 2023,
9(31):eadd4222-eadd4222.

[10] Garlapati Venkata, Molitor Michael, Michna Thomas, et al. Targeting myeloid cell coagulation
signaling blocks MAP kinase/TGF-f1 driven fibrotic remodeling in ischemic heart failure [J]. The
Journal of clinical investigation, 2022, 133(4):1-21.

[11] Khalil Hadi, Kanisicak Onur, Prasad Vikram, et al. Fibroblast-specific TGF-f-Smad2/3 signaling
underlies cardiac fibrosis [J]. The Journal of clinical investigation, 2017, 127(10):3770-3783.

[12] Ahn Min-Soo, Eom Young Woo, Oh Ji-Eun, et al. Transient receptor potential channel TRPV4
mediates TGF-f1-induced differentiation of human ventricular fibroblasts [J]. Cardiology journal, 2020,
27(2):162-170.

[13] Rahaman Shaik O, Grove Lisa M, Paruchuri Sailaja, et al. TRPV4 mediates myofibroblast
differentiation and pulmonary fibrosis in mice [J]. The Journal of clinical investigation, 2014,
124(12):5225-5238.

[14] Okada Yuka, Shirai Kumi, Reinach Peter S, et al. TRPAI is required for TGF-f signaling and its
loss blocks inflammatory fibrosis in mouse corneal stroma [J]. Laboratory investigation, a journal of
technical methods and pathology, 2014, 94(9):1030-1041.

[15] Kurahara Lin Hai, Sumiyoshi Miho, Aoyagi Kunihiko, et al. Intestinal myofibroblast TRPC6
channel may contribute to stenotic fibrosis in Crohn's disease [J]. Inflammatory bowel diseases, 2015,
21(3):496-506.

Published by Francis Academic Press, UK
-53-



Frontiers in Medical Science Research
ISSN 2618-1584 Vol. 6, Issue 1: 49-54, DOI: 10.25236/FMSR.2024.060109

[16] Jianlin Feng, Maria K. Armillei, Albert S. Yu, et al. Ca2+ Signaling in Cardiac Fibroblasts and
Fibrosis-Associated Heart Diseases [J]. Journal of Cardiovascular Development and Disease, 2019,
6(4):34-34.

[17] Craig Montell, Lutz Birnbaumer, Veit Flockerzi, et al. The TRP Channels, a Remarkably Functional
Family [J]. Cell, 2002, 108(5):595-598.

[18] Harada Masahide, Luo Xiaobin, Qi Xiao Yan, et al. Transient receptor potential canonical-3
channel-dependent fibroblast regulation in atrial fibrillation [J]. Circulation, 2012, 126(17):2051-2064.
[19] Nishida Motohiro, Onohara Naoya, Sato Yoji, et al. Gol2/13-mediated Up-regulation of TRPC6
Negatively Regulates Endothelin-1-induced Cardiac Myofibroblast Formation and Collagen Synthesis
through Nuclear Factor of Activated T Cells Activation [J]. Journal of Biological Chemistry, 2007,
282(32):23117-23128.

[20] Du Jianyang, Xie Jia, Zhang Zheng, et al. TRPM7-mediated Ca2+ signals confer fibrogenesis in
human atrial fibrillation [J]. Circulation research, 2010, 106(5):992-1003.

[21] Earley Scott, Brayden Joseph E. Transient receptor potential channels in the vasculature [J].
Physiological reviews, 2015, 95(2):645-690.

[22] Talavera Karel, Startek Justyna B, Alvarez-Collazo Julio, et al. Mammalian Transient Receptor
Potential TRPAI Channels: From Structure to Disease [J]. Physiological reviews, 2020, 100(2):725-
803.

[23] Oguri Gaku, Nakajima Toshiaki, Yamamoto Yumiko, et al. Effects of methylglyoxal on human
cardiac fibroblast: roles of transient receptor potential ankyrin 1 (TRPAI) channels [J]. American
Journal of physiology. Heart and circulatory physiology, 2014, 307(9):HI1339-H1352.

[24] Li Shuang, Sun Xiongshan, Wu Hao, et al. TRPAI Promotes Cardiac Myofibroblast
Transdifferentiation after Myocardial Infarction Injury via the Calcineurin-NFAT-DYRKIA Signaling
Pathway [J]. Oxidative Medicine and Cellular Longevity, 2019, 2019:6408352.

[25] Andrei Spencer R, Sinharoy Pritam, Bratz lan N, et al. TRPAI is functionally co-expressed with
TRPV1 in cardiac muscle: Co-localization at z-discs, costameres and intercalated discs [J]. Channels
(Austin, Tex.), 2016, 10(5):395-409.

[26] Nadezhdin Kirill D., Correia Leonor, Narangoda Chamali, et al. Structural mechanisms of TRPM7
activation and inhibition [J]. Nature Communications, 2023, 14(1):2639-2639.

[27] Zhiguo Zou, Francisco J. Rios, Augusto C. Montezano, et al. TRPM7, Magnesium, and Signaling
[J]. International Journal of Molecular Sciences, 2019, 20(8):1877-1877.

[28] Rios Francisco J, Zou Zhi-Guo, Harvey Adam P, et al. Chanzyme TRPM7 protects against
cardiovascular inflammation and fibrosis [J]. Cardiovascular research, 2020, 116(3):721-735.

[29] Li Sha, Li Mingjiang, Yi Xin, et al. TRPM7 channels mediate the functional changes in cardiac
fibroblasts induced by angiotensin I [J]. International journal of molecular medicine, 2017, 39(5):1291-
1298.

[30] Wei Yanchun, Wu Yan, Feng Kai, et al. Astragaloside IV inhibits cardiac fibrosis via miR-135a-
TRPM7-TGF-f/Smads pathway [J]. Journal of Ethnopharmacology, 2020, 249:112404.

[31] Tiapko Oleksandra, Groschner Klaus. TRPC3, an underestimated, universal pacemaker channel?
[J]. Cell Calcium, 2021, 100:102484-102484.

[32] Yue-Kun eJu, Bon Hyang Lee, Sofie eTrajanovska, et al. The Involvement of TRPC3 channels in
Sinoatrial Arrhythmias [J]. Frontiers in Physiology, 2015, 6:86.

[33] Hiroyuki Watanabe, Manabu Murakami, Takayoshi Ohba, et al. TRP channel and cardiovascular
disease [J]. Pharmacology and Therapeutics, 2008, 118(3):337-351.

[34] Kiyonaka Shigeki, Kato Kenta, Nishida Motohiro, et al. Selective and direct inhibition of TRPC3
channels underlies biological activities of a pyrazole compound [J]. Proceedings of the National
Academy of Sciences of the United States of America, 2009, 106(13):5400-5405.

[35] Chen Xingjuan, Sooch Gagandeep, Demaree Isaac S., et al. Transient Receptor Potential Canonical
(TRPC) Channels: Then and Now [J]. Cells, 2020, 9(9):1983-1983.

[36] Jennifer Davis, Adam R. Burr, Gregory F. Davis, et al. A TRPC6-Dependent Pathway for
Myofibroblast Transdifferentiation and Wound Healing In Vivo [J]. Developmental Cell, 2012,
23(4):705-715.

[37] Lin Brian Leei, Matera Damian, Doerner Julia F, et al. In vivo selective inhibition of TRPC6 by
antagonist BI 749327 ameliorates fibrosis and dysfunction in cardiac and renal disease [J]. Proceedings
of the National Academy of Sciences of the United States of America, 2019, 116(20):10156-10161.

[38] Chaigne Sébastien, Barbeau Soléne, Ducret Thomas, et al. Pathophysiological Roles of the TRPV4
Channel in the Heart [J]. Cells, 2023, 12(12).

[39] Adapala Ravi K, Kanugula Anantha K, Paruchuri Sailaja, et al. TRPV4 deletion protects heart from
myocardial infarction-induced adverse remodeling via modulation of cardiac fibroblast differentiation
[J]. Basic research in cardiology, 2020, 115(2):14.

Published by Francis Academic Press, UK
-54-



	3.1. TGF-β1
	3.2. Ca2+
	4.1. TRPA1
	4.2. TRPM7
	4.3. TRPC3
	4.4. TRPC6
	4.5. TRPV4

