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Abstract

Aim: Mechanosensitive Piezol ion channels emerged recently as important contributors to
various vital functions including modulation of the blood supply to skeletal muscles. The specific
Piezol channel agonist Yodal was shown to regulate the tone of blood vessels similarly to
physical exercise. However, the direct role of Piezol channels in muscle function has been little
studied so far. We therefore investigated the action of Yodal on the functional state of skeletal
muscle precursors (satellite cells and myotubes) and on adult muscle fibres. Methods:
Immunostaining, electrophysiological intracellular recordings and Ca2+ imaging experiments
were performed to localize and assess the effect of the chemical activation of Piezol channels
with Yodal, on myogenic precursors, adult myofibres and at the adult neuromuscular junction.
Results: Piezol channels were detected by immunostaining in satellite cells (SCs) and myotubes
as well as in adult myofibres. In the skeletal muscle precursors, Yodal treatment stimulated the
differentiation and cell fusion rather than the proliferation of SCs. Moreover, in myotubes, Yodal
induced significant [Ca2+]i transients, without detectable [Ca2+]i response in adult myofibres.
Furthermore, although expression of Piezol channels was detected around the muscle endplate
region, Yodal application did not alter either the nerve-evoked or spontaneous synaptic activity
or muscle contractions in adult myofibres. Conclusion: Our data indicate that the chemical
activation of Piezol channels specifically enhances the differentiation of skeletal muscle
precursors, suggesting a possible new strategy to promote muscle regeneration.

http://dx.doi.org/10.1111/apha.13702

Keywords
myogenesis, myotubes, Piezol channels, satellite cells, skeletal muscle myofibres, Yodal
References

[1] Coste B, Mathur J, Schmidt M, et al. Piezol and Piezo2 are essential components of distinct mechanically
activated cation channels. Science. 2010;330(6000):55-60.

[2] Wang Y, Xiao B. The mechanosensitive Piezol channel: structural features and molecular bases underlying its
ion permeation and mechanotransduction. | Physiol. 2018;596(6):969-978.

[3] Pathak MM, Nourse JL, Tran T, et al. Stretch-activated ion channel Piezol directs lineage choice in human
neural stem cells. Proc Natl Acad Sci USA. 2014;111(45):16148-16153.

[4] Hung WC, Yang JR, Yankaskas CL, et al. Confinement sensing and signal optimization via Piezol/PKA and
myosin Il pathways. Cell Rep. 2016;15(7):1430-1441.


http://dx.doi.org/10.1111/apha.13702

(5]

(6]

(7]
(8]

[9]

[10]

(11]
[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Rode B, Shi ], Endesh N, et al. Piezol channels sense whole body physical activity to reset cardiovascular
homeostasis and enhance performance. Nat Commun. 2017;8(1):350. https://doi.org/10.1038/s41467-01-
-00429-3

Allison S). Hypertension: mechanosensation by PIEZO1 in blood pressure control. Nat Rev Nephrol.
2017;13(1):3.

Beech DJ. Endothelial Piezol channels as sensors of exercise. ] Physiol. 2018;596(6):979-984.

Syeda R, Xu J, Dubin AE. Chemical activation of the mechanotransduction channel Piezol. eLife. 2015;4
http://dx.doi.org/10.7554/elife.07369.

Tsuchiya M, Hara Y, Okuda M, et al. Cell surface flip-flop of phosphatidylserine is critical for PIEZO1-mediated
myotube formation. Nat Commun. 2018;9(1):2049. https://doi.org/10.1038/s41467-018-04436-w

Zammit PS, Heslop L, Hudon V, et al. Kinetics of myoblast proliferation show that resident satellite cells are
competent to fully regenerate skeletal muscle fibers. Exp Cell Res. 2002;281(1):39-49.

Mauro A. Satellite cell of skeletal muscle fibers. ] Biophys Biochem Cytol. 1961;9(2):493-495.

Chang NC, Rudnicki MA. Satellite cells: the architects of skeletal muscle. In: Rendl M, ed. Current Topics in
Developmental Biology (pp. 161-181). Amsterdam: Elsevier; 2014.

Tatsumi R, Hattori A, Ikeuchi Y, Anderson JE, Allen RE. Release of hepatocyte growth factor from mechanically
stretched skeletal muscle satellite cells and role of pH and nitric oxide. Mol Biol Cell. 2002;13(8):2909-2918.

Wozniak AC, Pilipowicz O, Yablonka-Reuveni Z, et al. C-met expression and mechanical activation of satellite
cells on cultured muscle fibers. | Histochem Cytochem. 2003;51(11):1437-1445.

Hara M, Tabata K, Suzuki T, et al. Calcium influx through a possible coupling of cation channels impacts
skeletal muscle satellite cell activation in response to mechanical stretch. Am ] Physiol Cell Physiol.
2012;302(12): C1741-C1750. https://doi.org/10.1152/ajpcell.00068.2012

Bazgir B, Fathi R, Valojerdi MR, Mozdziak P, Asgari A. Satellite cells contribution to exercise mediated muscle
hypertrophy and repair. Cell J. 2016;18(4):473-484.

Bosutti A, Bernareggi A, Massaria G, et al. A “noisy” electrical stimulation protocol favors muscle regeneration
in vitro through release of endogenous ATP. Exp Cell Res. 2019;381(1): 121-128.
https://doi.org/10.1016/j.yexcr.2019.05.012

Stiber JA, Seth M, Rosenberg PB. Mechanosensitive channels in striated muscle and the cardiovascular system:
not quite a stretch anymore. ] Cardiovasc Pharmacol. 2009;54(2):116-122.

Grohovaz F, Lorenzon P, Ruzzier F, Zorec R. Properties of acetylcholine receptors in adult rat skeletal muscle
fibers in culture. | Membr Biol. 1993;136(1):31-42.

Rosenblatt JD, Lunt Al, Parry DJ, Partridge TA. Culturing satellite cells from living single muscle fiber explants.
Vitr Cell Dev Biol Anim. 1995;31(10):773-779.

Cornelison DDW, Wold BJ. Single-cell analysis of regulatory gene expression in quiescent and activated mouse
skeletal muscle satellite cells. Dev Biol. 1997;191(2):270-283.

Dell'Orso S, Juan AH, Ko K-D, et al. Single-cell analysis of adult skeletal muscle stem cells in homeostatic and
regenerative conditions. Development. 2019;146(12):dev174177. https://doi.org/10.1242/dev.174177

Brun CE, Wang YX, Rudnicki MA. Single EDL myofiber isolation for analyses of quiescent and activated muscle
stem cells. In: Walker JM, ed. Methods in Molecular Biology (pp. 149-159). Switzerland: Humana Press Inc.;
2018.

Chubinskiy-Nadezhdin VI, Vasileva VY, Vassilieva 10, Sudarikova AV, Morachevskaya EA, Negulyaev YA.
Agonist-induced Piezol activation suppresses migration of transformed fibroblasts. Biochem Biophys Res
Commun. 2019;514(1):173-179.

Jetta D, Bahrani Fard MR, Sachs F, Munechika K, Hua SZ. Adherent cell remodeling on micropatterns is
modulated by Piezol channels. Sci Rep. 2021;11(1):5088. https://doi.org/10.1038/s41598-021-84427-y

Lorenzon P, Bandi E, De Guarrini F, et al. Ageing affects the differentiation potential of human myoblasts. Exp
Gerontol. 2004;39(10):1545-1554.

Cahalan SM, Lukacs V, Ranade SS, Chien S, Bandell M, Patapoutian A. Piezol links mechanical forces to red
blood cell volume. Elife. 2015;4(May):e07370. https://doi.org/10.7554/eLife.07370

Romac JMJ, Shahid RA, Swain SM, Vigna SR, Liddle RA. Piezol is a mechanically activated ion channel and
mediates pressure induced pancreatitis. Nat Commun. 2018;9(1):1715. https://doi.org/10.1038/s41467-01-
-04194-9

Della PA, Mikhailov N, Giniatullin R. The emerging role of mechanosensitive piezo channels in migraine pain. Int
J Mol Sci. 2020;21(3):696. https://doi.org/10.3390/ijms21030696

dela Paz NG, Frangos JA. Yodal-induced phosphorylation of Akt and ERK1/2 does not require Piezol activation.
Biochem Biophys Res Commun. 2018;497(1):220-225.

Yoneda M, Suzuki H, Hatano N, et al. PIEZO1 and TRPV4, which are distinct mechano-sensors in the
osteoblastic MC3T3-E1 cells, modify cell-proliferation. Int J Mol Sci. 2019;20(19):4960.
https://doi.org/10.3390/ijms20194960



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

[52]

Briolay A, Jaafar R, Nemoz G, Bessueille L. Myogenic differentiation and lipid-raft composition of L6 skeletal
muscle cells are modulated by PUFAs. Biochim Biophys Acta Biomembr. 2013;1828(2):602-613.

Lewis AH, Grandl J. Mechanical sensitivity of Piezol ion channels can be tuned by cellular membrane tension.
Elife. 2015;4:€12088. https://doi.org/10.7554/eLife.12088

Cox CD, Bae C, Ziegler L, et al. Removal of the mechanoprotective influence of the cytoskeleton reveals
PIEZO1 is gated by bilayer tension. Nat Commun. 2016;7:10366. https://doi.org/10.1038/ncomms10366

Ridone P, Pandzic E, Vassalli M, et al. Disruption of membrane cholesterol organization impairs the activity of
PIEZO1 channel clusters. ] Gen Physiol. 2020;152(8):€201912515. https://doi.org/10.1085/jgp.201912515

Romero LO, Massey AE, Mata-Daboin AD, et al. Dietary fatty acids fine-tune Piezol mechanical response. Nat
Commun. 2019;10(1):1200. https://doi.org/10.1038/s41467-019-09055-7

Shi J, Hyman AJ, De Vecchis D, et al. Sphingomyelinase disables inactivation in endogenous PIEZO1 channels.
Cell Rep. 2020;33(1):108225. https://doi.org/10.1016/j.celrep.2020.108225

Buyan A, Cox CD, Barnoud |, et al. Piezol forms specific, functionally important interactions with
phosphoinositides and cholesterol. Biophys J. 2020;119(8):1683-1697.

Van den Eijnde SM, Van den Hoff MJB, Reutelingsperger CPM, et al. Transient expression of phosphatidylserine
at cell-cell contact areas is required for myotube formation. J Cell Sci. 2001;114(20):3631-3642.

Tao H, Zhu M, Lau K, et al. Oscillatory cortical forces promote three dimensional cell intercalations that shape
the murine mandibular arch. Nat Commun. 2019;10(1):1703. https://doi.org/10.1038/s41467-019-09540-z

Tassin AM, Maro B, Bornens M. Fate of microtubule-organizing centers during myogenesis in vitro. ] Cell Biol.
1985;100(1):35-46.

Swailes NT, Knight PJ, Peckham M. Actin filament organization in aligned prefusion myoblasts. ] Anat.
2004;205(5):381-391.

Cinar E, Zhou S, Decourcey J, Wang Y, Waugh RE, Wan J. Piezol regulates mechanotransductive release of ATP
from human RBCs. Proc Natl Acad Sci USA. 2015;112(38):11783-11788.

Mousawi F, Peng H, Li J, et al. Chemical activation of the Piezol channel drives mesenchymal stem cell
migration via inducing ATP release and activation of P2 receptor purinergic signaling. Stem Cells.
2020;38(3):410-421.

Virtanen P, Gommers R, Oliphant TE, et al. Author Correction: SciPy 1.0: fundamental algorithms for scientific
computing in Python. Nat Methods. 2020;352. https://doi.org/10.1038/s41592-020-0772-5

Morrill EE, Tulepbergenov AN, Stender CJ, Lamichhane R, Brown R}, Lujan TJ. A validated software application to
measure fiber organization in soft tissue. Biomech Model Mechanobiol. 2016;15(6):1467-1478.

Bandi E, Bernareggi A, Grandolfo M, et al. Autocrine activation of nicotinic acetylcholine receptors contributes
to Ca spikes in mouse myotubes during myogenesis. | Physiol. 2005;568(1):171-180.
https://doi.org/10.1113/jphysiol.2005.091439

Giniatullin A, Petrov A, Giniatullin R. Action of hydrogen peroxide on synaptic transmission at the mouse
neuromuscular junction. Neuroscience. 2019;399:135-145.

Bernareggi A, Ren E, Giniatullin A, et al. Adenosine promotes endplate nAChR channel activity in adult mouse
skeletal muscle fibers via low affinity Pl receptors. Neuroscience. 2018;383:1-11.
https://doi.org/10.1016/j.neuroscience.2018.04.044

Mukhutdinova KA, Kasimov MR, Giniatullin AR, Zakyrjanova GF, Petrov AM. 24S-hydroxycholesterol suppresses
neuromuscular transmission in SOD1(G93A) mice: a possible role of NO and lipid rafts. Mol Cell Neurosci.
2018;88:308-318.

Barstad JA, Lilleheil G. Transversaly cut diaphragm preparation from rat. An adjuvant tool in the study of the
physiology and pbarmacology of the myoneural junction. Arch Int Pharmacodyn Ther. 1968;175(2):373-390.

Sokolova E, Grishin S, Shakirzyanova A, Talantova M, Giniatullin R. Distinct receptors and different transduction
mechanisms for ATP and adenosine at the frog motor nerve endings. Eur ] Neurosci. 2003;18(5):1254-1264.



