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Wang et al. [1], recently published in the Journal of Sports and Heath Scien-
ce a review study entitled “MicroRNAs in heart and circulation during physical 
exercise” in which they summarize the regulatory role of small non-coding ribonu-
cleic acid (RNA) molecules, the microRNAs (miRNAs), related to physiopathology 
in cardiovascular disease and cardiovascular responses to physical exercise.

MiRNAs are non-coding small sequences of RNA, 17 ~ 25 nucleotides [2], 
that can regulate gene expression by partially binding in 3‘ untranslated (3’UTR) 
regions of the messenger RNA (mRNA) inhibiting its translation [3]. It is known 
that different miRNAs can interact with a single mRNA, and mRNA can have its 
function altered by several miRNAs [4].

Thus, miRNAs, by regulating gene expression, can alter the cellular respon-
se by altering the health-disease relationship. Wang et al. [1] by summarizing the 
role of miRNAs in this process, they identify changes in specific miRNAs in various 
cardiac diseases, such as cardiac fibrosis, ischemia and reperfusion (I/R) injury, 
myocardial infarction and heart failure (HF), as well as addressing the expression 
of miRNAs in physiological hypertrophy. 

In this commented article we covered the regulation of miRNAs in cardiac 
fibrosis, in I/R injury, added a topic to arterial hypertension system (SAH) and en-
ded with HF, evidencing the epigenetic, counter-regulatory role of these molecules 
in disease and adaptation to exercise, regulating health-disease state.

Cardiac fibrosis
Cardiac fibrosis consists of a pathological increase in the synthesis of extra-

cellular matrix proteins in the heart, that induces loss of diastolic function and la-
ter of systolic function. Cardiac fibrosis occurs in almost all cardiovascular diseases 
such as myocardial infarction (MI), systemic arterial hypertension (SAH), hyper-
trophic and dilated cardiomyopathy, being also a determinant to discriminate dif-
ferentiates between pathological and physiological cardiac hypertrophy (CH) [5]. 
In miocardial-infarcted mice, cardiac miRNA-29 family expression decreased after 
14 days. When miRNA-29b was inhibited, a marked increase in cardiac fibrosis and 
a cardiovascular worsening were observed [6]. The authors suggested that miR-
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NA-29 inhibition may be mediated by an increase in transforming growth factor beta 
(TGF-β), which also mediates several pathological processes in the heart, including 
cardiac fibrosis [7]. In contrast, aerobic exercise training increases the expression of 
miRNA-29a and miRNA-29c, and is able to negatively regulate the deposition of car-
diac collagen in healthy female rats trained by swimming, with concomitant exacer-
bated cardiac hypertrophy by the increase in training volume, improved function, 
increased diameter of cardiac muscle cells. Thus, the involvement of the miRNA-29 
family in the regulation of physiological hypertrophy induced by aerobic training, 
occurs in an opposite pattern to cardiovascular disease [8].

Ischemia and reperfusion injury 
The ischemia and reperfusion injury (I/R) is a condition in which the cardiac 

tissue presents impaired blood flow and a after a resumption period, as coronary 
artery obstruction induced by myocardial infarction. This injury occurs due to the in-
crease in reactive oxygen species, atherosclerosis, damaged calcium mechanism and 
inflammatory responses, and can leads to necrosis of the injured cells, edema, and 
a non-uniform restoration of blood flow to the damaged tissue [9,10]. In contrast, 
physical exercise can improve cardiac function after I/R injury. 

Liu et al. [11] reported that the increase in miRNA-222 expression can redu-
ce the adverse effects of I/R injury in mice that Swan or performed voluntary run-
ning for 4 weeks and showed that the increase in miRNA-222 has a protective effect 
against pathological cardiac remodeling. The authors produced a transgenic animal 
with overexpression of miRNA-222 to assess in vivo the effects of the expression of 
this miRNA on the cardiomyocyte. The cardioprotective mechanism of miRNA-222 
related to I/R goes through the negative regulation of targets such as Homeodo-
main-Interacting Protein Kinases 1 and 2 (HIPK1, HIPK2), Protein binding to the ho-
meobox telomer (HMBOX1) and the kinase inhibitor cyclin dependent (p27). These 
targets are related to the proliferative and hyperplastic phenotype of cardiac muscle 
cells, which shows the cardioprotective involvement of miRNA-222 in the increase in 
cardiac tissue size induced by aerobic physical training and in regenerative processes.

MiRNA-208a is regarded the strongest candidate to become a pathological 
and related to physical training biomarker, due a close relationship with cardiac con-
tractility and metabolism, and to be exclusively expressed by heart [12]. MiRNA-208a 
expression increases in the heart in patients with heart failure and hypertensive rats 
[9,13,14]. Currently, this miRNA is considered as an acute circulating biomarker of 
myocardial infarction, pathological remodeling, cardiac conductance and contracti-
lity, since it increases, through the repression of its various target mRNAs, the expres-
sion of β-type heavy chain myosin, a pathological marker [15]. On the other hand, 
after high-volume aerobic training in normotensive rats and concomitant with their 
physiological adaptations, such as HC, improvement in diastolic function and incre-
ase in oxygen consumption, there is a marked decrease in miRNA-208a expression, 
which makes it special attention in the regulation between physiological and patho-
logical adaptive processes in the heart [16].

Systemic Arterial Hypertension
SAH is a syndrome characterized by high blood pressure values, above 

139mmHg for systolic pressure and 89mmHg for diastolic pressure [17]. In Brazil, SAH 
affects more than 30% of the adult population, with prevalence among the elderly 
exceeding 60% [17]. The role of regular physical exercise stands out as a non-phar-
macological measure for the treatment of SAH, since, can act by reducing sympathe-
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tic nervous activity (ANS) [18], decreasing capillary rarefaction, which increases the 
cross-sectional area of capillaries [19]. These two physiological adaptations together 
contribute to the reduction of peripheral vascular resistance, consequently, reducing 
blood pressure values. 

Santulli [20] summarizes the regulation of miRNAs in essential hypertension, 
in a study showing that there are changes in the circulating, urine and tissue miRNAs 
(c-miRNAs), in the heart, kidney, brain and blood vessels. Neves et al. [21] described a 
list of miRNAs that play a role in the pathogenesis of SAH and that have the potential 
to be regulated by physical exercise, especially miRNA-16, targeting Vascular Endo-
thelial Growth Factor (VEGF), involved in angiogenesis.

MiRNA-155, which targets the endothelial nitric oxide synthase (eNOS) enzy-
me, regulates the production of endothelial nitric oxide (NO) involved in the process 
of dependent endothelial vasodilation [21]. The consequent changes of physical exer-
cise in the regulation of miRNA-16 and miRNA-155, demonstrate again, how exercise 
is crucial in the treatment of SAH, since it promotes fundamental changes for angio-
genesis, improvement of endothelial function, through NO, in addition to, reduces 
vascular peripheric ANS and vascular rarefaction.

Heart failure
Heart failure (HF) is a clinical syndrome characterized by decreased values 

of cardiac output and is the common final route of cardiovascular diseases [22]. The 
regular physical exercise deserves mention among the most effective therapies for 
the treatment of HF. Exercise training, in addition to causing a change in sympa-
thetic nerve activity, helps to improve the shortening fraction of the cardiomyocyte 
and improves the cytosolic Ca++ transient, improving the activity of the regulating 
proteins, such as the Sarcoplasmic Reticulum Ca++ Pump (SERCA-2a) and Phospho-
lambam [23].

To elucidate the exercise-induced miRNAs regulation in HF, Souza et al. [24] 
traced a miRNAs profile in Wistar rats submitted to surgical aortic stenosis and trai-
ned on a treadmill for 10 weeks. The trained rats showed improvement in systolic and 
diastolic functions and reduced atrial mass compared to untrained. The responsive 
miRNAs to the therapeutic effect of exercise, with a possible cardioprotective role 
in HF were miRNAs-21, -132, -155, -146b, -208b, -212, -214, studied as regulators of 
cardiac remodeling and function. Recently, the study by Correa et al. [25] showed, 
in patients with HF of functional classes II and III, who underwent aerobic training 
for 4 months, improved flow and vascular conductance, increased oxygen consump-
tion, and vastus lateralis skeletal muscle hypertrophy. Skeletal muscle hypertrophy 
has been associated with an increase in muscle miRNA-1, which inhibits its target, 
the Homologous Phosphatase and Tensin Protein (PTEN), PTEN, in turn, inhibits the 
action of phosphoenositide-3 kinase, protein kinase B and Mammalian Rapamycin 
Receptor Target (PI3K-AKT-mTOR), an important protein synthesis pathway in phy-
siological HC. Thus, physical exercise by increasing the expression of miRNA-1 indi-
rectly stimulates protein synthesis. Another target of miRNA-1 is histone deacetylase 
4 (HDAC-4), which, inhibited, facilitates the transcription of deoxyribonucleic acid 
(DNA), which improves muscle regeneration and atrophy in patients [25].

Conclusion

MiRNAs play a crucial role in the health-disease relationship and their ex-
pression can be regulated by physical exercise. As in the article by Wang et al. [1], 
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the role of miRNAs in some cardiovascular diseases and how exercise has therapeutic 
potential were addressed here.

In the future, new research may point to miRNAs as physiological markers 
in the health-disease relationship, as well as a therapeutic target for the control of 
several of these diseases.

Potential conflict of interest
No conflicts of interest with potential potential for this article have been reported. 

Financing source
There were no external sources of funding for this study.

Academic link
There is no link between this study and graduate programs.

References

1.  Wang L, Lv Y, Li G, Xiao J. MicroRNAs in heart and circulation during physical exercise. J Sport Heal 
Sci 2018;7(4):433-41. https://doi.org/10.1016/j.jshs.2018.09.008

2.  Kim VN. MicroRNA biogenesis: Coordinated cropping and dicing. Nat Rev Mol Cell Biol 2005;6(5):376-
85. https://doi.org/10.1038/nrm1644 

3.  He L, Hannon GJ. MicroRNAs: Small RNAs with a big role in gene regulation. Nat Rev Genet 
2004;5(7):522-31. https://doi.org/10.1038/nrg1379  

4.  Ambros V. MicroRNAs: Tiny regulators with great potential. Cell 2001;107(7):823-6.

5.  Kong P, Christia P, Frangogiannis NG. The pathogenesis of cardiac fibrosis. Cell Mol Life Sci 
2014;71(4):549-74. https://doi.org/10.1007/s00018-013-1349-6 

6.  Van Rooij E, Sutherland LB, Thatcher JE, DiMaio JM, Naseem RH, Marshall WS et al. Dysregulation 
of microRNAs after myocardial infarction reveals a role of miR-29 in cardiac fibrosis. Proc Natl Acad 
Sci U S A 2008;105(35):13027-32. https://doi.org/10.1073/pnas.0805038105 

7.  Border WA, Noble NA. Transforming growth factor beta in tissue fibrosis. N Engl J Med 
1994;331(19):1286-92. https://doi.org/10.1056/NEJM199411103311907

8.  Soci UPR, Fernandes T, Hashimoto NY, Mota GF, Amadeu MA, Rosa KT et al. MicroRNAs 29 are in-
volved in the improvement of ventricular compliance promoted by aerobic exercise training in rats. 
Physiol Genomics 2011;43(11):665-73. https://doi.org/10.1152/physiolgenomics.00145.2010 

9.  Eding JEC, Demkes CJ, Lynch JM, Seto AG, Montgomery RL, Semus HM et al. The efficacy of cardiac 
Anti-miR-208a therapy is stress dependent. Mol Ther 2017;25(3):694-704. https://doi.org/10.1016/j.
ymthe.2017.01.012

10.  Carden DL, Granger DN. Pathophysiology of ischaemia-reperfusion injury. J Pathol 2000;190(3):255-
66. https://doi.org/10.1002/(sici)1096-9896(200002)190:3<255::aid-path526>3.0.co;2-6 

11.  Liu X, Xiao J, Zhu H, Wei X, Platt C, Damilano F et al. MiR-222 is necessary for exercise-induced 
cardiac growth and protects against pathological cardiac remodeling. Cell Metab 2015;21(4):584-95. 
https://doi.org/10.1016/j.cmet.2015.02.014 

12.  Callis TE, Pandya K, Hee YS, Tang RH, Tatsuguchi M, Huang ZP et al. MicroRNA-208a is a regu-
lator of cardiac hypertrophy and conduction in mice. J Clin Invest 2009;119(9):2772-86. https://doi.
org/10.1172/jci36154 

13.  Montgomery RL, Hullinger TG, Semus HM, Dickinson BA, Seto AG, Lynch JM et al. Therapeu-
tic inhibition of miR-208a improves cardiac function and survival during heart failure. Circulation 
2011;124(14):1537 47.  https://doi.org/10.1161/circulationaha.111.030932 

14.  Satoh M, Minami Y, Takahashi Y, Tabuchi T, Nakamura M. Expression of microRNA-208 is associa-
ted with adverse clinical outcomes in human dilated cardiomyopathy. J Card Fail 2010;16(5):404-10. 
https://doi.org/10.1016/j.cardfail.2010.01.002

15.  van Rooij E, Quiat D, Johnson BA, Sutherland LB, Qi X, Richardson JA et al. A family of microRNAs 



254

Rev Bras Fisiol Exerc 2020;19(3):250-254

encoded by myosin genes governs myosin expression and muscle performance. Dev Cell 2009;17(5):662-
73. https://doi.org/10.1016/j.devcel.2009.10.013

16. Soci UPR, Fernandes T, Barauna VG, Hashimoto NY, Mota G de FA, Rosa KT et al. Epigenetic control 
of exercise training-induced cardiac hypertrophy by miR-208. Clin Sci 2016;130(22):2005-15. https://
doi.org/10.1042/cs20160480 

17.  Malachias MVB, Souza WKSB, Plavnik FL, Rodrigues CIS, Brandão AA, Neves MFT, Bortolotto LA, 
Franco RJS, Poli-de-Figueiredo CE, Jardim PCBV, Amodeo C, Barbosa ECD, Koch V, Gomes MAM, Paula 
RB, Póvoa RMS, Colombo FC, Ferreira Filho S, Miranda RD, Machado CA MJH. 7 Diretriz Brasileira de 
Hipertensão Arterial. Arq Bras Cardiol 2016;107(4):82. 

18.  Brum PC, Bacurau AVN, Medeiros A, Ferreira JCB, Vanzelli AS, Negrão CE. Aerobic exercise training 
in heart failure: Impact on sympathetic hyperactivity and cardiac and skeletal muscle function. Braz J 
Med Biol Res 2011;44(9):827-35. https://doi.org/10.1590/s0100-879x2011007500075 

19.  Fernandes T, Roque FR, Magalhães F de C, Carmo EC do, Oliveira EM de. O treinamento físico 
aeróbio corrige a rarefação capilar e as alterações nas proporções dos tipos de fibra muscular esque-
lética em ratos espontaneamente hipertensos. Rev Bras Med Esporte 2012;18(4):267-72. https://doi.
org/10.1590/s1517-86922012000400010 

20.  Santulli G. MicroRNAs in essential hypertension and blood pressure regulation. In: microRNA: Me-
dical evidence, advances in experimental medicine and biology; 2015. p.215-35. http://www.springer.
com/la/book/9783319226705

21.  Neves VJ das. Exercise training in hypertension: Role of microRNAs. World J Cardiol 2014;6(8):713. 
https://doi.org/10.4330/wjc.v6.i8.713 

22.  Metra M, Teerlink JR. Heart failure. Lancet 2017;390(10106):1981-95. https://doi.org/10.1016/S0140-
6736(17)31071-1

23.  Rolim NPL, Medeiros A, Rosa KT, Mattos KC, Irigoyen MC, Krieger EM et al. Exercise training im-
proves the net balance of cardiac Ca2+ handling protein expression in heart failure. Physiol Genomics 
2007;29(3):246-52. https://doi.org/10.1152/physiolgenomics.00188.2006 

24.  Souza RWA, Fernandez GJ, Cunha JPQ, Piedade WP, Soares LC, Souza PAT et al. Regulation of car-
diac microRNAs induced by aerobic exercise training during heart failure. Am J Physiol - Heart Circ 
Physiol 2015;309(10):H1629-41. https://doi.org/10.1152/ajpheart.00941.2014 

25.  Antunes-Correa LM, Trevizan PF, Bacurau AVN, Ferreira-Santos L, Gomes JLP, Urias U et al. Effects 
of aerobic and inspiratory training on skeletal muscle microRNA-1 and downstream-associated pa-
thways in patients with heart failure. J Cachexia Sarcopenia Muscle 2020;11(1):89-102.  https://doi.
org/10.1002/jcsm.12495


