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Editorial on the Research Topic 
Mechanical and genetic signaling in striated muscle development, aging and disease


Human striated muscles are made of multiple cell types, forming highly structured and dynamic tissues that provide specific critical tasks in our daily lives—from pumping blood throughout our bodies with each heartbeat to enabling movement and communication. As striated muscles contract, sarcomeric forces produced in the myocytes necessarily pass throughout and between cells, as well as scale up from the single-cell level to the whole organ level. Passive mechanical properties of both the intracellular and extracellular environments also contribute to the myriad of mechanical signals that are constantly being transmitted throughout striated muscles. Moreover, mechanical signals that reach the cell nucleus can also cause changes in the nucleus at the level of the epigenome, affecting chromatin organization and accessibility, mediating a mechano-sensitive regulation of gene expression (Alisafaei et al., 2023). Thus, the proper regulation of mechanical signals in muscles is likely fundamental to healthy muscle structure and function.
It is well established that changes at the level of chromatin is altered in the context of cardiovascular and skeletomuscular disorders including heart failure and muscular dystrophies (Kim et al., 2016; Rugowska et al., 2021). Understanding the role of mechanosignaling pathways in regulating healthy muscle function and development, and to what extent abnormalities in these pathways leads to age- and disease-related muscle dysfunction, is currently a major focus of biomedical research. Recent technological advances in biomedical imaging modalities, next-generation sequencing, and computational modeling have enabled unprecedented insights into the intricate world of mechanical and genetic signaling within striated muscles. The goal of this Research Topic was to collect current research and ideas that advance our understanding of mechanical, genetic, and epigenetic signaling in cardiac and skeletal muscle development, aging, and disease, as well as the in vitro, in vivo, and in silico models that can be used to study these mechanisms.
In one study published in this Research Topic, Mazzaro et al. developed new methodology for analyzing murine and human muscle sympathetic innervation. The authors compared the structure of the sympathetic neuronal network in healthy muscles and muscles with amyotrophic lateral sclerosis (ALS), a deadly neuromuscular disease. Through their new quantitative imaging approach, they show that sympathetic neurons are compromised in a mouse model of ALS, and that the sympathetic neuron denervation occurs early in disease progression.
In another study, Pan et al. investigated the role of RNA networks in skeletal muscle development by performing RNA sequencing with leg muscles from embryonic chickens. The authors identified thousands of differentially expressed RNA transcripts between muscles from E10 and E18 chickens, including mRNA, miRNA, long non-coding RNA (lncRNA), and circular RNA (circRNA). They used this information to construct a predictive regulatory network of competing endogenous RNA interactions in developing muscle, which can shed light on key RNA interactions that regulate gene expression during healthy skeletal muscle development.
One study investigated the impact of a hypertrophic cardiomyopathy (HCM) mutation on cardiac troponin T (cTnT-R92Q) at early postnatal days with the goal to identify mechanisms involved in the early progression of the disease Langa et al. Already at 7 ays after birth, mice showed diastolic dysfunction with altered coronary flow, likely due to changes in endothelial YAP signaling, and increased fibrosis. This work emphasizes the important crosstalk between cardiac myocytes carrying the HCM mutation and other cellular populations and compartments of the heart the disease progression.
Since mutations in ribosomal protein L3-like (RPL3L) are associated with childhood cardiomyopathy, Grimes et al. investigated the effects of RPL3L deletion in mouse hearts. The authors identified a compensatory mechanism by the paralogue RPL3 but a role for RP3L in reducing cardiac growth with aging. This work suggests that mutations in RPL3L associated with childhood cardiomyopathy may not act as loss of function but may involve alternative mechanisms.
Additionally, this Research Topic encompasses various reviews addressing mechanosignaling in cardiomyopathy and skeletal myopathy, as well as the epigenetic relationships with metabolism in muscle and mechanical performance of peripheral muscles after COVID-19 infection. These works collectively synthesize recent research, providing valuable perspectives and contributing to the evolving understanding of muscle biology.
AUTHOR CONTRIBUTIONS
CC: Conceptualization, Project administration, Supervision, Writing–original draft. ER: Conceptualization, Project administration, Supervision, Writing–review and editing. JP: Conceptualization, Project administration, Supervision, Writing–original draft.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
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.
REFERENCES
 Alisafaei F., Moheimani H., Elson E. L., Genin G. M. (2023). A nuclear basis for mechanointelligence in cells. Proc. Natl. Acad. Sci. 120, e2303569120. doi:10.1073/pnas.2303569120
 Kim S. Y., Morales C., Gillette T. G., Hill J. A. (2016). Epigenetic regulation in heart failure. Curr. Opin. Cardiol. 31, 255–265. doi:10.1097/HCO.0000000000000276
 Rugowska A., Starosta A., Konieczny P. (2021). Epigenetic modifications in muscle regeneration and progression of Duchenne muscular dystrophy. Clin. Epigenetics 13, 13. doi:10.1186/s13148-021-01001-z
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.
Copyright © 2024 Crocini, Robinson and Powers. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Mechanical and genetic signaling in striated muscle development, aging and disease		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Physiology






OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





