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Editorial on the Research Topic 
Inter-organ crosstalk during exercise in health and disease: Extracellular vesicles as new kids on the block


Within exercise physiology, the study of factors potentially mediating interorgan crosstalk during and after exercise is a fascinating field of research. As exercise activates a plethora of metabolic pathways in several tissues, organs and systems, examining the underlying biological mechanisms contributing to exercise related metabolic benefits is imperative. Since two decades, the skeletal muscle is known to secrete humoral factors into the circulation in response to exercise, originally described as “myokines” by Pedersen et al. (2003). These myokines are now well known and extensively studied in the field of exercise science (Pedersen and Febbraio, 2012). Interestingly, exercise also triggers other metabolic organs to release similar factors arising from the heart, liver, white and brown adipose tissue, and the nervous system (Chow et al., 2022). These “exerkines” (Safdar et al., 2016) have been recognized to comprise an extensive range of biologically active signalling molecules, including cytokines, lipids, metabolites and (noncoding) nucleic acids, as recently reviewed (Chow et al., 2022).
Extracellular vesicles (EVs) and their role as carrier particles for molecular signals became of specific interest in the exerkine field, as EVs are considered (co-)drivers of exercise-induced interorgan crosstalk (Whitham et al., 2018; Vechetti et al., 2021). Differentiated by both their size and nature of vesicular biogenesis, EVs can be primarily classified as exosomes, microvesicles and apoptotic bodies although some overlap does exist between these classifications. EVs may enclose plenty of material, including lipids, proteins and nucleic acids (Théry et al., 2018). Indeed, pioneering EV-related exercise studies have shown an increase in the circulating number of EVs after a single bout of exercise (Brahmer et al., 2019; Frühbeis et al., 2015; Oliveira et al., 2018; Whitham et al., 2018), with recent in vivo research estimating about 5% of circulating, tetraspanin-positive EVs to be muscle-derived (Estrada et al., 2022). However, the frequent lack of rigorous characterization, purification and/or quantification of EVs (which ideally requires a combination of multiple methodologies) makes the understanding of the role of EVs in exercise physiology rather hard (Darragh et al., 2021) and argues for standard approaches and reporting on EV-related exercise science. Nevertheless, many points need to be clarified, but as the interest in EVs research from an exercise and health perspective is still growing, many researchers are currently trying to understand the mechanisms involved in generation, cell-specific release and uptake of EVs in both health and disease. We therefore proposed a Frontiers Research Topic to present some novel research on the role of EVs in interorgan crosstalk during exercise in health and disease, which resulted in the current Research Topic of 3 original research papers and 1 review paper.
The review by Nederveen et al. discusses the current understanding of the effects of exercise on EVs. Based on existing literature, this review supports the ability of skeletal muscle tissue to secrete bioactive EVs, although tracking cell-specific origin of systemic EVs remains to be elucidated, as well as what population of EVs (either microvesicles or exosomes) are transporting these bioactive signalling molecules. Although the field of exercise EVs is still in its infancy, several factors potentially influencing EV dynamics during and following acute/chronic exercise have been summarized by Nederveen et al., including exercise intensity, training and health status, concomitantly taking into account methodological heterogeneity (with respect to sample Research Topic and handling, but also isolation, purification and quantification of EVs) among existing studies.
In relation to exercise intensity, Kobayashi et al. examined changes in circulating number and proteomic profile of high-intensity interval (HIIT) exercise-induced EVs in a small set of young healthy, physically active males. HIIT exercise rapidly augmented circulatory EVs in the post-exercise phase (i.e., 30 and 120 min after HIIT, respectively), originating from skeletal muscle, liver and adipose tissue, a finding which was suggested to be related to processing by their target cells or degradation. Proteomic analyses of these EVs indicated a prompt elevation of proteins implicated in coagulation cascades, acid-base homeostasis and antioxidative pathways.
Vann et al. used myobundles, a three-dimensional tissue-engineered model of human skeletal muscle, to investigate changes in sarcoplasmic and secretory microRNA expression (miRNA sequencing), the latter assessed in culture medium derived EVs, in response to exercise-mimetic contractile activity in vitro. Their findings showed a differential microRNA expression profile (n = 152 microRNAs) between myobundles and myobundle derived EVs, of which some were differentially responsive to chronic low frequency stimulation (miRNA-543, -487b-3p, and -6511-3p) or intermittent high frequency stimulation (miRNA-6511-3p, and -543) between myobundles and EVs. As such, Vann et al. provide novel microRNA targets to which the effects of exercise (training) could be explored in future (human) research.
As exercise is a potent modifier of skeletal muscle EV secretion and content in both health and disease, Vechetti et al. found circulating EVs showed similar morphology, but lower concentration, in individuals with cerebral palsy (CP) compared to typically developed individuals, both at rest and following acute aerobic exercise. Aside from congruent morphology, the skeletal muscle-specific microRNAs miRNA-486 was upregulated in CP, irrespective of the exercise stimulus. miRNA-486 might be an important regulator of satellite cells, thereby affecting extracellular matrix and sarcomerogenesis related genes (such as Pax-7) and thus contributing to the known CP-related skeletal muscle alterations.
By proposing this Research Topic, our initial goal was to attract manuscripts focusing on the role of the EVs and their responsiveness to the physiological and metabolic adaptations during exercise (training). Ultimately, despite the body of work collected, we only managed to scratch the surface of this rapidly evolving and interesting field in exercise science. Future studies will bring us closer to unravelling the function of the exercise induced EVs in health and diseases.
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