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Abstract

:

We are glad to introduce the ninth Journal Club. This edition is focused on several relevant studies published in the last few years in the field of Exercise-Induced Immune Response, chosen by our Editorial Board members and their colleagues. We hope to stimulate your curiosity in this field and to share with you the passion for sport seen also from the scientific point of view. The Editorial Board members wish you an inspiring lecture.











1. Introduction


In the last few years, exhaustive papers highlighted how regular physical exercise extends life expectancy and reduces the risk of chronic diseases. In particular, these papers have widened the ways in which we study physical exercise, not only for the aim of improving sports performance but also highlighting the importance of physical exercise in daily life. The skeletal muscle system represents approximately 40% of the body’s weight and it is composed of multinucleated fibres and satellite cells. The satellite cells have important roles in the regeneration of muscle, but to date there is still much we do not know about their function. The proper function of a tissue is also the result of communication among tissues. The proper function of muscle tissue is largely influenced by immune cells. In particular, immune cells are able to drive the proliferation or differentiation of satellite cells, thus playing a key role in the homeostasis of muscle tissue.




2. Recent Papers Regarding Exercise-Induced Immune Response


2.1. The Interplay between Satellite and Immune Cells in the Regeneration of Muscle


2.1.1. Highlight by F. Luchetti, M.G. Nasoni, E. Falcieri


There is a growing body of epidemiological evidence that regular physical exercise extends life expectancy and reduces the risk of chronic diseases. However, physical exercise, in particular, exercise consisting of highly strenuous bouts such as a marathon or ultramarathon, could cause a muscle damage and could transiently induce a perturbation of the immune system. The same is true for the sarcopenia in the elderly. The skeletal muscle system represents approximately 40% of an average individual’s body weight and it is composed of multinucleated fibres and satellite cells. Muscle satellite cells (mSCs) are examples of adult stem cells for skeletal muscles.



The capability of skeletal muscles of repairing themselves is due to the SCs [1,2]. These cells are located between the basal lamina and the sarcolemma. The primary function of these cells is to mediate muscle growth and repair in the postnatal life [3].



Several authors have tried to identify surface and intracellular markers in order to unequivocally identify this population. However, recent papers have demonstrated that the characteristics of SCs depend on muscle type. Ono et al. [4] reported that the gene expression as well as the abilities of stem cells are different when observed in the extensor digitorum longus or in the masseter muscle. However, most of the papers have identified Pax7 as a transcription factor whose expression is critical for identifying the SC population. Pax3 is also expressed by SC but only in a subset of SCs of some but not all muscles. In response to injury, SCs proliferate and their Pax7-positive daughter cells either differentiate, by migrating through the sarcolemma and fusing with existing muscle fibres during the growth and regeneration of muscle [5,6], or they commit to a program of self-renewal.




2.1.2. How Do the Immune Cells Drive the Fate of Satellite Cells?


Adult skeletal muscles contain different types of resident leukocytes, in particular, mast cells and macrophages. In the presence of a damaged muscle, the immune cells are able to release several cytokines, such as interleukin 6 (IL-6), TNF-α, and tryptase; at a low physiological concentration these cytokines promote activation and proliferation of SCs [7]. The initial burst of cytokines and chemokines produced by resident leukocytes leads to the rapid attraction of circulating granulocytes to the damaged area. The neutrophils are involved in the clearance of cellular debris, moreover the neutrophils release the chemokines such as MIP-1α and MCP-1 that favour the recruitment of monocytes. Arnold and coworkers [8] demonstrated that the population of monocytes divides itself into two categories: Ly6C+ and Ly6C−, where the Ly6C+ monocytes promote the release of proinflammatory cytokines whereas Ly6C− monocytes express high levels of anti-inflammatory molecules and growth factors. These two populations exert opposite effects on SCs; the Ly6C+ monocytes promote the proliferation of SCs, whereas the Ly6C− population has an opposite effect and stimulates the differentiation of SCs. However, these opposite effects are very important to maintain the balance between the proliferation and differentiation of myogenic cells. It is well known that when the monocytes invade tissues they begin to differentiate in macrophages. Also, macrophages can be divided into several subtypes during muscle regeneration. The macrophages are classified as M1 and M2. M1 macrophages have been found close to proliferating myogenic cells, whereas M2 macrophages interact with differentiating myocytes [9]. The ability of macrophages to induce myogenic effects is due to the physical contact and paracrine signalling. The direct contact with SCs is mediated by adhesion molecules such as VCAM-VLA4; this interaction allows macrophages to inhibit apoptosis and promote cell survival. Sonnet and coworkers [10] investigated this phenomenon in detail. In fact, they have demonstrated the ability of macrophages to reduce the number of TUNEL-positive apoptotic myogenic cells during post-injury muscle regeneration in mice. In addition, macrophages deliver anti-apoptotic signals through all four adhesion systems, i.e., VCAM-1-VLA-4, ICAM-1-LFA-1, PECAM-1-PECAM-1, and CX3CL1-CX3CR1. On the contrary, the paracrine signalling is mediated by IL-1β, IL-6, and TNF-α—these cytokines are released by M1 macrophages and are able to promote the proliferation of myogenic cells; on the other hand, IL-4 and IGF-1 secreted by M2 macrophages can induce the differentiation [11]. Recently, an excellent paper by Nie and coworkers [12] demonstrated that miRNA can affect muscle regeneration by modulating myeloid cells in injured muscle. They showed that miR-155-deficient mice exhibit delayed muscle regeneration and an aberrant macrophage activation leading to an unbalance between the expression of pro- and anti-inflammatory cytokines. In conclusion, the studies cited above demonstrated that the sum of interactions among systems is critical for maintaining the pool of SCs.





2.2. Acute Aerobic Exercise Induces a Preferential Mobilisation of Plasmacytoid Dendritic Cells into the Peripheral Blood in Humans


Highlight by Alexandrina Ferreira Mendes


Accumulating evidence indicates that cells of the immune system are sensitive to physical activity and exercise. The most well-established change occurs in response to acute aerobic exercise and involves increased recruitment of immune cells to the blood stream followed by a quick decline [13]. This redistribution of leukocytes to peripheral tissues seems to be especially significant for subsets with characteristics of effector cells, which has been interpreted as a conserved evolutionary response to enhance immune surveillance [14]. Cells of lymphoid origin, namely T lymphocytes and natural killer cells, have been most extensively studied because these are the cells most responsive to exercise [15,16,17,18,19]. Less attention has been devoted to the impact of exercise on myeloid lineage cells [19,20,21] and only a few studies have examined its role on dendritic cells (DCs), despite their critical role in antigen presentation and regulation of the immune responses. The study by Brown and collaborators [22] addresses this question by quantifying the number of DCs mobilized to the blood stream by acute aerobic exercise of moderate intensity and by phenotypically characterizing different DC subpopulations by flow cytometry. DCs were identified as lineage negative (that is, negative for markers of both lymphoid and myeloid cells, namely CD3, CD19, CD20, CD14, and CD56) HLA-DR positive CD303 negative cells (lineage− HLA-DR+ CD303−). The total number of DCs in peripheral blood increased by 150% relative to resting pre-exercise numbers, during the last minute of a 20-min duration cycling exercise. Both plasmacytoid (CD303+) and myeloid (CD303−) DCs contributed to the increase, but the mean increase in plasmacytoid DC number was greater than that observed for myeloid DCs. Thirty minutes after completion of the exercise, the numbers of both DC subsets in the peripheral blood decreased but remained above pre-exercise numbers. Since plasmacytoid DCs produce type 1 interferons and have a more inflammatory profile and migration capacity than myeloid DCs, their preferential increase in response to exercise may represent an adaptive response to increase the ability to fight infections, especially caused by viruses. On the other hand, myeloid DCs, which also increased in response to exercise, have a major role in promoting T cell activation and differentiation [23,24], suggesting that exercise can also improve effector T cell responses. Then, to differentiate myeloid DC subsets, the authors used antibodies against CD1c, which characterizes DCs capable of stimulating CD4+ T cells, and CD141, involved in the cross-presentation of antigens to CD8+ T cells, which are especially relevant in anti-tumour activity. The four subsets defined by these markers increased with exercise, with the largest increase occurring with the CD1c− CD141− subset and the smallest with the CD1c– CD141+ myeloid DCs. Furthermore, the numbers of DCs that were or were not expressing CD205, a cell surface receptor involved in the recognition of necrotic and apoptotic cells, and CD209, involved in adhesion, migration, and antigen presentation, were also evaluated. The results showed that although not very abundant, CD205− and CD209− DCs increased proportionately more in response to exercise than their positive counterparts, suggesting that exercise preferentially recruits immature DCs. In conclusion, this study shows that DCs are exercise-responsive and that distinct subsets are differentially mobilized by acute exercise. Besides considerations surrounding their physiological importance, these findings may be especially relevant to the optimization of protocols for harvesting DCs from the blood for use in DC-based immunotherapies, which are already in clinical use for cancer therapies. Although further studies are required to fully elucidate the kinetics of DC mobilization to peripheral blood and redistribution to tissues in response to exercise, namely by identifying the best exercise protocol in terms of intensity, type, and duration to increase the yield in total and specific DC populations, the present study contributes to strengthen the potential role of exercise as a simple inexpensive strategy to improve DC collection for immunotherapies. Moreover, other factors, like gender and age, also affect the number and functions of immune cells in response to exercise [19,25] and may, therefore, also modulate the effects of exercise on the mobilization of total DCs and subpopulations, which deserves further investigation.









Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mauro, A. Satellite cell of skeletal muscle fibers. J. Biophys. Biochem. Cytol. 1961, 9, 493–495. [Google Scholar] [CrossRef] [PubMed]

	



Schultz, E. Satellite cell proliferative compartments in growing skeletal muscles. Dev. Biol. 1996, 175, 84–94. [Google Scholar] [CrossRef] [PubMed]

	



Kuang, S.; Rudnicki, M.A. The emerging biology of satellite cells and their therapeutic potential. Trends Mol. Med. 2008, 14, 82–91. [Google Scholar] [CrossRef] [PubMed]

	



Ono, Y.; Boldrin, L.; Knopp, P.; Morgan, J.E.; Zammit, P.S. Muscle satellite cells are a functionally heterogeneous population in both somite-derived and branchiomeric muscles. Dev. Biol. 2010, 337, 29–41. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Moss, F.P.; Leblond, C.P. Nature of dividing nuclei in skeletal muscle of growing rats. J. Cell Biol. 1970, 44, 459–462. [Google Scholar] [CrossRef] [PubMed]

	



Von, M.J.; Jones, A.E.; Parks, R.J.; Rudnicki, M.A. Pax7 is critical for the normal function of satellite cells in adult skeletal muscle. Proc. Natl. Acad. Sci. USA 2013, 110, 16474–16479. [Google Scholar][Green Version]

	



Serrano, A.L.; Baeza-Raja, B.; Perdiguero, E.; Jardi, M.; Munoz-Canoves, P. Interleukin-6 is an essential regulator of satellite cell-mediated skeletal muscle hypertrophy. Cell Metab. 2008, 7, 33–44. [Google Scholar] [CrossRef] [PubMed]

	



Arnold, L.; Henry, A.; Poron, F.; Baba-Amer, Y.; van Rooijen, N.; Plonquet, A.; Gherardi, R.K.; Chazaud, B. Inflammatory monocytes recruited after skeletal muscle injury switch into antiinflammatory macrophages to support myogenesis. J. Exp. Med. 2007, 204, 1057–1069. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Saclier, M.; Yacoub-Youssef, H.; Mackey, A.L.; Arnold, L.; Ardjoune, H.; Magnan, M.; Sailhan, F.; Chelly, J.; Pavlath, G.K.; Mounier, R.; et al. Differentially activated macrophages orchestrate myogenic precursor cell fate during human skeletal muscle regeneration. Stem Cells 2013, 31, 384–396. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Sonnet, C.; Lafuste, P.; Arnold, L.; Brigitte, M.; Poron, F.; Authier, F.J.; Chretien, F.; Gherardi, R.K.; Chazaud, B. Human macrophages rescue myoblasts and myotubes from apoptosis through a set of adhesion molecular systems. J. Cell Sci. 2006, 119, 2497–2507. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Cantini, M.; Giurisato, E.; Radu, C.; Tiozzo, S.; Pampinella, F.; Senigaglia, D.; Zaniolo, G.; Mazzoleni, F.; Vitiello, L. Macrophage-secreted myogenic factors: A promising tool for greatly enhancing the proliferative capacity of myoblasts in vitro and in vivo. Neurol. Sci. 2002, 23, 189–194. [Google Scholar] [CrossRef] [PubMed]

	



Nie, M.; Liu, J.; Yang, Q.; Seok, H.Y.; Hu, X.; Deng, Z.-L.; Wang, D.Z. MicroRNA-155 facilitates skeletal muscle regeneration by balancing pro-and anti-inflammatory macrophages. Cell Death Dis. 2016, 7, e2261. [Google Scholar] [CrossRef] [PubMed]

	



Walsh, N.P.; Gleeson, M.; Shephard, R.J.; Gleeson, M.; Woods, J.A.; Bishop, N.; Fleshner, M.; Green, C.; Pedersen, B.K.; Hoffman-Goete, L.; et al. Position statement. Part one: Immune function and exercise. Exerc. Immunol. Rev. 2011, 17, 6–63. [Google Scholar] [PubMed]

	



Dhabhar, F.S.; Malarkey, W.B.; Neri, E.; McEwen, B.S. Stress-induced redistribution of immune cells—From barracks to boulevards to battlefields: A tale of three hormones—Curt Richter Award winner. Psychoneuroendocrinology 2012, 37, 1345–1368. [Google Scholar] [CrossRef] [PubMed]

	



Campbell, J.P.; Riddell, N.E.; Burns, V.E.; Turner, M.; van Zanten, J.J.C.S.V.; Drayson, M.T.; Bosch, J.A. Acute exercise mobilises CD8+ T lymphocytes exhibiting an effector-memory phenotype. Brain Behav. Immun. 2009, 23, 767–775. [Google Scholar] [CrossRef] [PubMed]

	



Krüger, K.; Lechtermann, A.; Fobker, M.; Völker, K.; Mooren, F.C. Exercise-induced redistribution of T lymphocytes is regulated by adrenergic mechanisms. Brain Behav. Immun. 2008, 22, 324–338. [Google Scholar] [CrossRef] [PubMed]

	



Bigley, A.B.; Rezvani, K.; Chew, C.; Sekine, T.; Pistillo, M.; Crucian, B.; Bollard, C.M.; Simpson, R.J. Acute exercise preferentially redeploys NK-cells with a highly differentiated phenotype and augments cytotoxicity against lymphoma and multiple myeloma target cells. Brain Behav. Immun. 2014, 39, 160–171. [Google Scholar] [CrossRef] [PubMed]

	



Kunz, H.E.; Spielmann, G.; Agha, N.H.; O’Connor, D.P.; Bollard, C.M.; Simpson, R.J. A single exercise bout augments adenovirus-specific T-cell mobilization and function. Physiol. Behav. 2018, 194, 56–65. [Google Scholar] [CrossRef] [PubMed]

	



Van der Geest, K.S.M.; Wang, Q.; Eijsvogels, T.M.H.; Koenen, H.J.P.; Joosten, I.; Brouwer, E.; Hopman, M.T.E.; Jacobs, J.F.M.; Boots, A.M.H. Changes in peripheral immune cell numbers and functions in octogenarian walkers—An acute exercise study. Immun. Ageing 2017, 14, 5. [Google Scholar] [CrossRef] [PubMed]

	



Booth, S.; Florida-James, G.D.; McFarlin, B.K.; Spielmann, G.; O’Connor, D.P.; Simpson, R.J. The impact of acute strenuous exercise on TLR2, TLR4 and HLA.DR expression on human blood monocytes induced by autologous serum. Eur. J. Appl. Physiol. 2010, 110, 1259–1268. [Google Scholar] [CrossRef] [PubMed]

	



Hong, S.; Mills, P.J. Effects of an exercise challenge on mobilization and surface marker expression of monocyte subsets in individuals with normal vs. elevated blood pressure. Brain Behav. Immun. 2008, 22, 590–599. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Brown, F.F.; Campbell, J.P.; Wadley, A.J.; Fisher, J.P.; Aldred, S.; Turner, J.E. Acute aerobic exercise induces a preferential mobilisation of plasmacytoid dendritic cells into the peripheral blood in man. Physiol. Behav. 2018, 194, 191–198. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Y.-J. IPC: Professional type 1 interferon-producing cells and plasmacytoid dendritic cell precursors. Annu. Rev. Immunol. 2005, 23, 275–306. [Google Scholar] [CrossRef] [PubMed]

	



Heufler, C.; Koch, F.; Stanzl, U.; Topar, G.; Wysocka, M.; Trinchieri, G.; Enk, A.; Steinman, R.M.; Romani, N.; Schuler, G. Interleukin-12 is produced by dendritic cells and mediates T helper 1 development as well as interferon-gamma production by T helper 1 cells. Eur. J. Immunol. 1996, 26, 659–668. [Google Scholar] [CrossRef] [PubMed]

	



Abbasi, A.; Vieira, R.d.P.; Bischof, F.; Walter, M.; Movassaghi, M.; Berchtold, N.C.; Niess, A.M.; Cotman, C.W.; Northoff, H. Sex-specific variation in signaling pathways and gene expression patterns in human leukocytes in response to endotoxin and exercise. J. Neuroinflamm. 2016, 13, 289. [Google Scholar] [CrossRef] [PubMed]







© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  jfmk-03-00042


  
    		
      jfmk-03-00042
    


  




  





media/file0.png





