
 

Copyright©, Iran J Allergy Asthma Immunol. All rights reserved.        1 

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

REVIEW ARTICLE 

Iran J Allergy Asthma Immunol 

In press. 

 

 

The Role of Circulating Therapeutic MicroRNAs in Pulmonary and Muscular 

Function in Post-COVID-19 Athletes 
 

Zahra Eslami1, Seyed Javad Mirghani2, Abdorreza Eghbal Moghanlou3, and Mahbanou Ghaderi4 

 

1 Department of Clinical Biochemistry, Hamadan University of Medical Science, Hamadan, Iran 
2 Shahid Mirghani Research Institute, Gorgan, Golestan, Iran 

3 Department of Coaching Education, High School of Physical Education and Sports, Istanbul Esenyurt University, 

Istanbul, Turkey 
4 Department of Sport Science, Nahavand Higher Education Complex, BU-Ali Sina University, Hamedan, Iran 

 

Received: 20 August 2025; Received in revised form: 5 November 2025; Accepted: 14 November 2025 

 

 

ABSTRACT 

 

SARS-CoV-2 infection causes significant acute and long-term morbidity, including persistent 

pulmonary and muscular dysfunction in athletes. Physical exercise alters circulating microRNA 

(miR) profiles, and specific microRNAs have documented roles in inflammation, immune 

regulation, muscle metabolism, and regeneration. This study characterizes circulating microRNAs 

relevant to COVID-19 pathogenesis and post-viral recovery, including miR-155, miR-146a, the let-

7 family, miR-21, miR-424, miR-1, miR-133, miR-499, miR-208, miR-486, and miR-22, and 

examines how different exercise modalities may modulate these microRNAs to support pulmonary 

and muscular function in post-COVID-19 athletes. miR-155 and miR-146a are highlighted as 

modulators of innate and adaptive inflammatory signaling and as mediators of cytokine responses 

implicated in severe COVID-19. Moreover, several microRNAs, such as miR-21, miR-155, miR-

146a, and the let-7 family, converge on NF-κB and related pathways, linking altered miR expression 

to immune dysregulation and cytokine-driven tissue injury. Additionally, muscle-enriched and 

metabolism-associated microRNAs regulate myogenesis, mitochondrial biogenesis, and key 

metabolic pathways (PGC-1α, AMPK, mTOR)-processes essential for muscle repair, endurance 

recovery, and respiratory muscle support after SARS-CoV-2 infection. Different types of exercise 

produce distinct miR signatures; notably, moderate-intensity exercise consistently promotes anti-

inflammatory and pro-repair miR patterns. We emphasize the therapeutic potential of moderate-

intensity exercise as a non-pharmacological strategy to regulate miR expression, reduce cytokine-

mediated damage, and support functional recovery in post-COVID-19 athletes. To our knowledge, 

this is the first study to link exercise-driven miR changes with functional pulmonary and muscular 

recovery in athletic populations recovering from COVID-19, supporting moderate-intensity 

exercise as a promising strategy for rehabilitation and performance restoration. 
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INTRODUCTION 

 

The COVID-19 pandemic resulting from the SARS- 
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CoV-2 virus led to considerable investigation into the 

mechanisms of its pathophysiology.1 Patients 

experienced acute hyperinflammation leading to acute 

respiratory distress syndrome (ARDS) and subsequent 

musculoskeletal problems.2 Post-acute sequelae of 

SARS-CoV-2 infection (PASC), also referred to as long 

COVID, may have various signs and symptoms that 

include decreased pulmonary function, fatigue, and 

intolerance to exercise.3 Several microRNAs (miR) that 

are thought to modulate physiological responses 

associated with exercise, recovery, and lung health,4 

have been suggested to be important players in the 

rehabilitation of post-COVID-19 and therefore hold 

promise for further investigation. Recent literature has 

suggested that exercise positively affects the immune 

system and patterns of inflammation during viral 

infections.5 Several microRNAs are now thought to be 

important regulators of gene expression influenced by 

physical activity and involved in all biological processes 

mediated by viral diseases.6 It is thus important to 

establish the relationship between microRNAs, exercise 

capacity, and lung function for the purposes of 

developing the best possible recovery strategies for 

athletes suffering the effects of COVID-19. It is indeed 

possible that novel rehabilitation strategies directed 

towards selective modulation of specific microRNAs by 

personalized exercise programs may offer novel avenues 

for recovery. This present review will discuss the 

interplay between microRNAs, exercise, and COVID-19 

and highlight the possibility for the development of 

directed therapeutic modalities using exercise to 

alleviate disease severity and optimize recovery 

endpoints. 

 

miRNAs: Key Regulators in COVID-19 

Circulating miRs are among the smallest non-coding 

RNA molecules and can be detected in body fluids  

such as blood. They serve as potential biomarkers for 

various physiological and pathological conditions.7 

These miRs are released from different tissues and 

participate in key cellular processes-including 

inflammation, apoptosis, and tissue repair-all of which 

are directly linked to the host response in COVID-19.8 

Given the respiratory complications associated with 

COVID-19, alterations in miRs related to pulmonary 

health are particularly important. Certain miRs can 

target genes involved in lung repair and inflammatory 

regulation. 

 

MicroRNAs Involved in Inflammatory Responses 

and Pulmonary Function 

miR-155 

miR-155 is typically known as a pro-inflammatory 

miR. Increased expression occurs upon stimulation with 

various inflammatory factors, including those of a 

microbial origin.9 miR-155 works on the NF-κB 

signaling pathway by inhibiting various negative 

controls of this pathway and thus enhances the 

expression of pro-inflammatory cytokines.10 It works by 

inhibiting SOCS1 (suppressor of cytokine signaling 1), 

and enhancing signaling through cytokines such as IL-6 

and TNF-α.11 It exerts its action also on the target gene 

PTEN (phosphatase and tensin homolog), as inhibitory 

control of PTEN exerts pro-survival and proliferative 

actions in inflammatory scenarios.12 Furthermore, the 

expression levels of miR-155 may be influenced by 

exercise, which may ultimately play a role in influencing 

respiratory function.13 In post-COVID-19 athletes, an 

assessment of the expression levels of miR-155 may be 

used to assess pulmonary recovery. 

 

miR-21 

miR-21 also plays the role of an oncomiR in some 

cancers and modulates the immune response.14 There are 

also cardioprotective properties associated with the 

expression of miR-21, and it also regulates pulmonary 

function through inflammation-mediated pathways.15 

Higher levels of miR-21 have been associated with 

improved pulmonary function and decreased fibrosis 

during various pulmonary disease states via modulation 

of the TGF-β (transforming growth factor β) signaling 

pathway.16 Because of this, a review study reported that 

miR-21 may prove to be beneficial in helping to 

decrease the inflammatory signaling in the post-

COVID-19 recovery phase while also helping the 

damaged lung tissue heal, which may help improve 

exercise tolerance.17 The down-regulation of PDCD4 

(programmed cell death 4) by miR-21 promotes 

tumorigenesis and inflammation in an animal study.18 

Also, mirroring miR-155, miR-21 down-regulates 

PTEN, which promotes the proliferative signaling of the 

cells associated with the immune and inflammation 

responses.19 

 

miR-146a 

Moreover, miR-146a is a negative regulator of 

inflammatory responses and is commonly upregulated in 

cytokine and microbe-stimulation, diminishing 
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excessive inflammation.20 In athletes recovering from 

COVID-19, miR-146a may assist in restoring 

pulmonary homeostasis by attenuating 

hyperinflammatory responses, thus supporting 

improved lung function and exercise capacity.21 It 

primarily modulates the TLR (toll-like receptor) and 

NF-κB pathways, responsible for providing the feedback 

in order to diminish the inflammatory response.22 The 

suppression of TRAF6 (tumor necrosis factor receptor-

associated factor 6) by miR-146a would thereby reduce 

the activation of NF-κB and consequently the production 

of pro-inflammatory cytokines in human umbilical vein 

endothelial cells.23 The second common target is IRAK1; 

its inhibition by miR-146a also would attenuate 

proinflammatory signaling.24 

 

miR-let-7 

miR-let-7 is associated with various cellular 

processes, including the regulation of epithelial integrity 

and inflammatory responses.25 A systematic review has 

indicated that miR-let-7 can modulate the expression of 

cytokines and enzymes that contribute to lung 

inflammation and injury.26 Enhanced levels of miR-let-

7 during recovery can positively influence exercise 

tolerance by promoting optimal pulmonary function.27 

 

miR-424 

Conversely, miR-424 has also been implicated in the 

regulation of immune responses and inflammation.28 

This miR has been shown to have effects in TNF-α 

signaling and to affect downstream inflammatory 

responses. Through targeting cyclin D1, miR-424 is 

capable of modulating immune cell proliferation.29 

 

MicroRNAs and Muscular Function 

Recent research determined that microRNAs, such 

as miR-1, miR-133,30 and miR-49931 are engaged in the 

processes of muscle hypertrophy and regeneration. Their 

expression appears to differ in infection states, possibly 

leading to impaired recovery and physical 

deconditioning in COVID-19 patients.32 These 

microRNAs are primarily produced in muscle tissue, 

and miR-1, for example, promotes muscle 

differentiation and hypertrophy via downregulation of 

HDAC4. The other target of miR-1 is MEF2C, an 

important factor in muscle cell developmental fate.33 

Also, at this phase of the insulin signaling pathway, the 

mTOR signaling activities may come into play and 

possibly modulate the mTOR signaling activities, which 

are critical to muscle hypertrophy.34 

Additionally, miR-133 interacts with the mTOR 

signaling pathway, stimulating muscle cell proliferation 

and protein synthesis.35 The inhibition of HDAC5 by 

miR-133 contributes to muscle hypertrophy and inhibits 

muscle cell apoptosis.36 miR-499 inhibits atrogin-1-the 

major gene contributing to muscle atrophy-inhibiting 

loss.37 

The results of cellular and animal study miR-208 is 

involved in the downstream signaling of skeletal 

muscles, regulating muscle fiber type determination and 

causing hypertrophy.38 It regulates signaling pathways 

in which cardiac and skeletal muscles grow through 

adaptation to the stress of exertion.39 A review study 

showed that the expression of miR-208 protects the 

muscles by the action of a signaling cascade involving 

the downregulation of MuRF1 (muscle RING finger 

1).40 GATA4, which affects cardiac muscle hypertrophy, 

is another target of miR-208.39 Also, miR-486 regulates 

glucose metabolism and facilitates the sensitivity to 

insulin in muscle cells, an important regulation in the 

growth and maintenance of muscle. Because it prevents 

PTEN expression, miR-486 promotes insulin signaling, 

facilitating the transport of glucose into the muscles.41 

Also, recent animal research showed that miR-486 

facilitates the growth and hypertrophy effects of muscle 

cells via the regulation of Akt (protein kinase B) 

signaling.42 

 

MyomicroRNAs and Exercise Response 

Exercise is known to induce the release of muscle-

specific microRNAs, often referred to as myomiRs.43 

After exercise, circulating levels of these myomiRs can 

change significantly. In athletes, post-COVID-19, 

increased levels of myomiRs may indicate muscle 

adaptation, repair, and the restoration of physical 

function.44 Improve circulation and oxygenation, 

enhancing the delivery of signaling molecules that 

regulate miR expression and contribute to tissue 

recovery.45 

 

Aerobic Exercise 

Aerobic exercise reduced oxidative stress and 

enhanced metabolic demands on muscle tissues, 

providing a stimulus for adaptive response.46 The PGC-

1α pathway is of importance and is known to regulate 

mitochondrial biogenesis and energy metabolism.47 
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miR-1 is activated during aerobic exercise and promotes 

muscle adaptation by down-regulating HDAC4 and 

promoting muscle differentiation in athletes.48 Exercise-

induced miR-133 upregulation assists in repression of 

HDAC5 as a key molecule in hypertrophy of muscle 

cells.49 Furthermore, PGC-1α is a positive influence on 

mitochondrial functionality and energy metabolism 

affected by miR-133.50 

 

Resistance Training 

On the other hand, based on the results of the review 

study, resistance training (RT) induces muscle tension 

and mechanical overload, which gives rise to an adaptive 

hypertrophic response.51 mTOR is the regulatory 

signaling pathway that is activated during RT and is 

involved in protein synthesis and muscle growth.34 RT 

can increase the levels of miR-486 in healthy male52 and 

enhance the process of insulin sensitivity-mediated 

glucose uptake and muscle metabolism in older 

hypertensive participants.53 This is thought to promote 

hypertrophy and cell survival.54 Promotion of increased 

Akt signaling in miR-486-inhibited PTEN is likely to 

facilitate muscle growth and repair functions.42 

 

High-intensity Interval Training (HIIT) 

HIIT integrates both aerobic and anaerobic forms of 

exercise, resulting in immediate metabolic and 

physiological responses. This involves the activation of 

various pathways, including those regulated by AMPK 

(AMP-activated protein kinase) and PGC-1α, which are 

associated with increased oxidative function.55 HIIT 

may elicit a regulation of miR-155 expression, favoring 

metabolic adaptation in overweight or obese middle-

aged women, although inflammation is most closely 

associated.56 In addition, Cox-2 is repressed when 

targeted by miR-155, which is associated with the 

regulation of inflammation in connection with HIIT. The 

biological effect of miR-155 is thought to be associated 

with increased mitochondrial biogenesis and 

conditioning adaptations. 

 

Exercise and Immune Function 

Review and systematic review studies showing 

differences in the levels of various microRNAs resulting 

from moderate-intensity exercise, which provided 

beneficial changes in the expression of microRNAs and 

suppression of inflammatory cytokines and stimulation 

of anti-inflammatory mediators.57,58 Because COVID-19 

patients are often hyper-inflammatory,59 this is relevant. 

miR-146a and miR-21 are always upregulated after 

moderate-intensity exercise and may lessen 

inflammation by targeting certain pro-inflammatory 

signaling pathways,57 while the microRNAs upregulate 

the anti-inflammatory mediators, adjusting the immune 

response.60 Patients with COVID-19, more than most 

others, have an elevated concentration of inflammatory 

cytokines, which include IL-6, IL-1β, or TNF-α. The 

configuration of hyperinflammation subsequently leads 

to increased lethality, causing damage to tissues and 

imminent dangers.61 Probably to obtain recovery or 

rehabilitation benefits, moderate-intensity exercise 

might modulate microRNA expression profiles, 

downregulating inflammatory cytokines and 

upregulating anti-inflammatory mediators while 

averting the hyperinflammatory responses pronounced 

among COVID-19 patients.62 Increased control of 

immune processes by exercise may bolster overall 

recuperation from COVID-19 and mitigate the long-

term complications associated with post-viral 

syndrome.63 

 

Exercise Prescription and Rehabilitation Strategies 

Incorporating exercise into the pandemic 

rehabilitation strategy can have a favorable effect on 

miR expression in patients recovering from COVID-

19.64 Regularly implemented exercise protocols not only 

improve physical performance but also improve the miR 

environment necessary for recovery and immune 

function.65 

 

CONCLUSION 

 

Regular aerobic exercise has evolved into a 

promising adjuvant strategy for the prevention of 

thrombotic and inflammatory complications in patients 

with COVID-19, partly by induction of the release of 

beneficial microRNAs. The association between 

exercise capacity, microRNAs, and pulmonary function 

in post-COVID-19 athletes represents an exciting area 

of inquiry for future investigations. MicroRNAs such as 

miR-21, miR-146a, and miR-let-7 play key roles in the 

regulation of inflammatory processes and lung health, 

which are critical for optimal recovery and performance. 

Future studies should be aimed at longitudinal 

assessments to better elucidate the dynamics of miR 

expression and their effects on exercise and pulmonary 

health in this unique patient. 

 

http://ijaai.tums.ac.ir/


Therapeutic Mirs in Pulmonary and Muscular Function in Post-COVID-19 Athletes 

                                                                                                 Iran J Allergy Asthma Immunol, / 5 

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

STATEMENT OF ETHICS 

 

Not applicable. 

 

FUNDING 

 

Not applicable. 

 

CONFLICT OF INTEREST 

 

The authors declare no conflicts of interest. 

 

ACKNOWLEDGMENTS 

 

Not applicable. 

 

DATA AVAILABILITY 

 

Data are available from the corresponding author 

upon reasonable request. 

 

AI ASSISTANCE DISCLOSURE 

 

 No AI tools were used in this study 

 

REFERENCES 

 

1. Vallamkondu J, John A, Wani WY, Ramadevi SP, Jella 

KK, Reddy PH, et al. SARS-CoV-2 pathophysiology and 

assessment of coronaviruses in CNS diseases with a focus 

on therapeutic targets. Biochim Biophys Acta Mol Basis 

Dis. 2020;1866(10):165889. 

2. Krynytska I, Marushchak M, Birchenko I, Dovgalyuk A, 

Tokarskyy O. COVID-19-associated acute respiratory 

distress syndrome versus classical acute respiratory 

distress syndrome: a narrative review. Iran J Microbiol. 

2021;13(6):737–47. 

3. Parums DV. Long COVID or post-acute sequelae of 

SARS-CoV-2 infection (PASC) and the urgent need to 

identify diagnostic biomarkers and risk factors. Med Sci 

Monit. 2024;30:e946512. 

4. Liu Y, He L, Wang W. Systematic assessment of 

microRNAs associated with lung cancer and physical 

exercise. Front Oncol. 2022;12:917667. 

5. Furtado GE, Letieri RV, Caldo-Silva A, Sardão VA, 

Teixeira AM, de Barros MP, et al. Sustaining efficient 

immune functions with regular physical exercise in the 

COVID-19 era and beyond. Eur J Clin Invest. 

2021;51(5):e13485. 

6. Han Y, Zhang G, Lv X, Ren L. Critical role of cellular 

microRNAs in virus infection: decades of progress. Anim 

Zoonoses. 2025;1:1–12. 

7. Kosaka N, Iguchi H, Ochiya T. Circulating microRNA in 

body fluid: a new potential biomarker for cancer diagnosis 

and prognosis. Cancer Sci. 2010;101(10):2087–2092. 

8. Hardin LT, Xiao N. miRNAs: the key regulator of COVID-

19 disease. Int J Cell Biol. 2022;2022:1645366. 

9. Aloi MS, Prater KE, Sopher B, Davidson S, Jayadev S, 

Garden GA. The pro-inflammatory microRNA miR-155 

influences fibrillar β-amyloid catabolism by microglia. 

Glia. 2021;69(7):1736–48. 

10. Mahesh G, Biswas R. MicroRNA-155: a master regulator 

of inflammation. J Interferon Cytokine Res. 

2019;39(6):321–30. 

11. Wang D, Tang M, Zong P, Liu H, Zhang T, Liu Y, et al. 

miRNA-155 regulates the Th17/Treg ratio by targeting 

SOCS1 in severe acute pancreatitis. Front Physiol. 

2018;9:686. 

12. Xu L, Leng H, Shi X, Ji J, Fu J, Leng H. miR-155 promotes 

cell proliferation and inhibits apoptosis via PTEN 

signaling in psoriasis. Biomed Pharmacother. 

2017;90:524–30. 

13. Li D, Wang P, Wei W, Wang C, Zhong Y, Lv L, et al. 

Serum microRNA expression patterns after 5-km exercise 

are associated with cardiovascular adaptation. Front 

Physiol. 2021;12:642470. 

14. Rhim J, Baek W, Seo Y, Kim JH. Understanding 

microRNA-21 in cancer. Cells. 2022;11(18):2853. 

15. Khalaji A, Mehrtabar S, Jabraeilipour A, Doustar N, 

Rahmani Youshanlouei H, Tahavvori A, et al. Inhibitory 

effect of microRNA-21 on cardiac fibrosis pathways. Ther 

Adv Cardiovasc Dis. 2024;18:17539447241253134. 

16. Kang H. Role of microRNAs in TGF-β signaling pathway-

mediated pulmonary fibrosis. Int J Mol Sci. 

2017;18(12):2527. 

17. Cojocaru E, Cojocaru T, Pînzariu GM, Vasiliu I, Armașu 

I, Cojocaru C. Perspectives on post-COVID-19 pulmonary 

fibrosis treatment. J Pers Med. 2023;14(1):32. 

18. Yuan H, Xin S, Huang Y, Bao Y, Jiang H, Zhou L, et al. 

Downregulation of PDCD4 by miR-21 suppresses tumor 

transformation. Oncol Lett. 2017;14(3):3371–8. 

19. Chawra HS, Agarwal M, Mishra A, Chandel SS, Singh RP, 

Dubey G, et al. MicroRNA-21 in PTEN suppression and 

PI3K/AKT activation. Pathol Res Pract. 2024;254:155091. 

20. Bannazadeh Baghi H, Bayat M, Mehrasa P, Alavi SMA, 

Lotfalizadeh MH, Memar MY, et al. Regulatory role of 

microRNAs in virus-mediated inflammation. J Inflamm 

(Lond). 2024;21(1):43. 

http://ijaai.tums.ac.ir/


Z. Eslami, et al. 

6/ Iran J Allergy Asthma Immunol,                                                                        

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

21. Gaytán-Pacheco N, Ibáñez-Salazar A, Herrera-Van 

Oostdam AS, Oropeza-Valdez JJ, Magaña-Aquino M, 

López JA, et al. miR-146a, miR-221, and miR-155 in 

severe COVID-19. Diagnostics (Basel). 2023;13(1):89. 

22. Saba R, Sorensen DL, Booth SA. MicroRNA-146a: a 

dominant negative regulator of innate immunity. Front 

Immunol. 2014;5:578. 

23. Hou J, Deng Q, Deng X, Zhong W, Liu S, Zhong Z. miR-

146a-5p alleviates LPS-induced inflammasome injury. 

Ann Transl Med. 2021;9(18):1433. 

24. Zhou C, Zhao L, Wang K, Qi Q, Wang M, Yang L, et al. 

MicroRNA-146a inhibits NF-κB activation. Exp Ther 

Med. 2019;18(4):3078–84. 

25. Lin Z, Ge J, Wang Z, Ren J, Wang X, Xiong H, et al. Let-

7e modulates inflammatory response via ceRNA crosstalk. 

Sci Rep. 2017;7(1):42498. 

26. Pessôa RL, da Rosa Abreu G, de Oliveira RB. MicroRNA 

let-7 in COVID-19 immunopathology. Immunol. 

2023;3(1):112–121. 

27. Afzal M, Greco F, Quinzi F, Scionti F, Maurotti S, 

Montalcini T, et al. Effect of physical activity on miRNA 

expression. Int J Mol Sci. 2024;25(13):6813. 

28. Zyulina V, Yan KK, Ju B, Schwarzenberger E, Passegger 

C, Tam-Amersdorfer C, et al. miR-424/503 regulates 

inflammatory DC differentiation. Cell Rep. 

2021;35(4):109049. 

29. Umar T, Ma X, Yin B, Umer S, Zahoor A, Akhtar M, et al. 

miR-424-5p inhibits inflammatory response via IRAK2. J 

Reprod Immunol. 2022;150:103471. 

30. Güller I, Russell AP. MicroRNAs in skeletal muscle. J 

Physiol. 2010;588(Pt 21):4075–87. 

31. Hitachi K, Tsuchida K. Role of microRNAs in skeletal 

muscle hypertrophy. Front Physiol. 2014;4:408. 

32. Pieri M, Vayianos P, Nicolaidou V, Felekkis K, 

Papaneophytou C. Circulating miRNAs after SARS-CoV-

2 infection. Int J Mol Sci. 2023;24(3):2380. 

33. Rhim C, Kraus WE, Truskey GA. Biomechanical effects on 

microRNA expression. AIMS Bioeng.* 2020;7(3):147–64. 

34. Yoon MS. mTOR as a regulator of skeletal muscle mass. 

Front Physiol. 2017;8:788. 

35. Samidurai A, Kukreja RC, Das A. mTOR signaling-related 

miRNAs in cardiovascular diseases. Oxid Med Cell 

Longev. 2018;2018:6141902. 

36. Hsieh TH, Hsu CY, Tsai CF, Long CY, Wu CH, Wu DC, 

et al. HDAC inhibitors induce apoptosis via miR-125a-5p. 

Mol Ther. 2015;23(4):656–66. 

37. Wang F, Wang J, He J, Li W, Li J, Chen S, et al. Serum 

miRNAs as biomarkers for muscle atrophy. Biomed Res 

Int. 2017;2017:8361237. 

38. Li X, Bi H, Xie S, Cui W. miR-208b regulates skeletal 

muscle fiber conversion. *Front Genet.* 2022;13:820464. 

39. Callis TE, Pandya K, Seok HY, Tang RH, Tatsuguchi M, 

Huang ZP, et al. MicroRNA-208a in cardiac hypertrophy. 

J Clin Invest. 2009;119(9):2772–2786. 

40. Yu Y, Chu W, Chai J, Li X, Liu L, Ma L. miRNAs in 

skeletal muscle atrophy. Mol Med Rep. 2016;13(2):1470–

4. 

41. Aoi W, Ichikawa H, Mune K, Tanimura Y, Mizushima K, 

Naito Y, et al. Circulating miR-486 response to exercise. 

Front Physiol. 2013;4:80. 

42. Alexander MS, Casar JC, Motohashi N, Vieira NM, 

Eisenberg I, Marshall JL, et al. miR-486 modulation 

improves muscular dystrophy. J Clin Invest. 

2014;124(6):2651–67. 

43. Malvandi AM, Faraldi M, Sansoni V, Gerosa L, Jaworska 

J, Lombardi G. Circulating myo-miRs in exercise. Adv 

Exerc Health Sci. 2024;1(2):86–98. 

44. Chalchat E, Martin V, Charlot K, Bourrilhon C, Baugé S, 

Bourdon S, et al. Circulating microRNAs after muscle 

damage. Am J Physiol Regul Integr Comp Physiol. 

2023;324(1):R58–R69. 

45. Serocki M, Bartoszewska S, Janaszak-Jasiecka A, 

Ochocka RJ, Collawn JF, Bartoszewski R. miRNAs 

regulate HIF switch during hypoxia. Angiogenesis. 

2018;21(2):183–202. 

46. Wang D, Jiang DM, Yu RR, Zhang LL, Liu YZ, Chen JX, 

et al. Aerobic exercise and mitochondrial oxidative 

capacity. *J Diabetes Res.* 2022;2022:3780156. 

47. Abu Shelbayeh O, Arroum T, Morris S, Busch KB. PGC-

1α and mitochondrial lifecycle regulation. Antioxidants 

(Basel). 2023;12(5):1012. 

48. Denham J, Prestes PR. Exercise-regulated muscle-

enriched microRNAs. Front Genet. 2016;7:196. 

49. Li N, Zhou H, Tang Q. miR-133 in cardiac remodeling. 

Front Pharmacol. 2018;9:903. 

50. Zhang GQ, Wang SQ, Chen Y, Fu LY, Xu YN, Li L, et al. 

MicroRNAs regulating mitochondrial function. Front 

Pharmacol. 2021;12:663450. 

51. Roberts MD, McCarthy JJ, Hornberger TA, Phillips SM, 

Mackey AL, Nader GA, et al. Mechanical overload-

induced muscle hypertrophy. Physiol Rev. 

2023;103(4):2679–2757. 

52. Takamura D, Iwata K, Inoue S, Hatakeyama J, Moriyama 

H. Circulating miRNAs as indicators of resistance exercise 

intensity. Cureus. 2024;16(12):e76212. 

53. Reynolds TH, Supiano MA, Dengel DR. Resistance 

training and glucose disposal. Metabolism. 

2004;53(3):397–402. 

http://ijaai.tums.ac.ir/


Therapeutic Mirs in Pulmonary and Muscular Function in Post-COVID-19 Athletes 

                                                                                                 Iran J Allergy Asthma Immunol, / 7 

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

54. Caturano A, Galiero R, Vetrano E, Sardu C, Rinaldi L, 

Russo V, et al. Insulin–heart axis. Int J Mol Sci. 

2024;25(15):8369. 

55. Torma F, Gombos Z, Jokai M, Takeda M, Mimura T, 

Radak Z. HIIT and skeletal muscle molecular adaptation. 

Sports Med Health Sci. 2019;1(1):24–32. 

56. Pashaei Z, Malandish A, Alipour S, Jafari A, Laher I, 

Hackney AC, et al. HIIT and miRNA expression in 

obesity. BMC Sports Sci Med Rehabil. 2024;16(1):123. 

57. Balchin C, Tan AL, Wilson OJ, McKenna J, Stavropoulos-

Kalinoglou A. MicroRNAs, inflammation, and exercise in 

RA. Rheumatol Adv Pract. 2023;7(1):rkac110. 

58. Ayari S, Abellard A, Carayol M, Guedj É, Gavarry O. 

Exercise modalities reducing inflammatory cytokines. Exp 

Gerontol. 2023;175:112141. 

59. Silva MJA, Ribeiro LR, Gouveia MIM, Marcelino BDR, 

Santos CSD, Lima KVB, et al. Hyperinflammatory 

response in COVID-19. Viruses. 2023;15(2):391. 

60. Nejad C, Stunden HJ, Gantier MP. Guide to miRNAs in 

inflammation. FEBS J. 2018;285(20):3695–3716. 

61. Faraj SS, Jalal PJ. Cytokine cooperation in COVID-19. 

Ann Med Surg (Lond). 2023;85(6):2291–7. 

62. Shirvani H. Exercise and COVID-19. Iran J Med Sci. 

2020;45(4):311–2. 

63. Jimeno-Almazán A, Pallarés JG, Buendía-Romero Á, 

Martínez-Cava A, Franco-López F, Sánchez-Alcaraz 

Martínez BJ, et al. Post-COVID-19 syndrome and 

exercise. Int J Environ Res Public Health. 

2021;18(10):5329. 

64. Bo W, Xi Y, Tian Z. Exercise in rehabilitation of COVID-

19 patients. Sports Med Health Sci. 2021;3(4):194–201. 

65. Walzik D, Wences Chirino TY, Zimmer P, Joisten N. 

Molecular insights of exercise therapy. Signal Transduct 

Target Ther. 2024;9(1):138. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://ijaai.tums.ac.ir/

