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Editorial

Research focused on microRNAs: a link between myocardial 
remodeling and growth during pathological processes and 
physical exercises
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Chronic heart failure has been classified as a global 
epidemic of the 21st century according to the recent report 
of American Heart Association Statistics Committee and 
Stroke Statistics Subcommittee (1). This diagnose is on 
the rise despite the recent advances in cardiovascular 
experimental and clinical sciences. More than 2% of 
the European population suffers from it and 30–40% of 
patients die within 1 year after receiving the diagnosis. 
Even with the very best of modern therapy, heart failure is 
still associated with an annual mortality rate of 10%, and 
it consumes 2% of the National Health Service budget in 
United Kingdom (2). 

Chronic heart failure is a complex clinical syndrome 
characterized by inability of the heart to pump enough 
blood to meet the metabolic demand of organs and tissues. 
This abnormal state may be a result of a number of cardiac 
pathologies or injuries. But it is also complex of genetic, 
neurohumoral, inflammatory a metabolic changes that 
modify function of cardiomyocytes, and cardiac non-
myocyte cells such as fibroblasts, mast cells, endothelial 
cells, macrophages, etc. There are many reasons and ways 
how a human heart can fail (3,4).

Our knowledge of the mechanisms that regulate gene 
expression has increased considerably in recent years. Gene 
expression requires specific transcription factors—proteins 
that activate or inhibit transcription from genomic DNA 

to messenger RNA (mRNA) by binding to promoter or 
enhancer regions of genes. MicroRNAs have emerged as 
one of the central players of gene expression regulation. 
The implications of miRNAs in the pathological processes 
of cardiovascular system have recently been recognized, 
representing the most rapidly evolving research field. Then, 
joint microRNAs gene expression regulation together 
with not long ago published results of the ENCODE 
project (Encyclopedia of DNA Elements) can dramatically 
improve understanding of the genetic programs governing 
myocyte etiology and should inform the development 
of regenerative treatments (5-7).  MicroRNAs are 
18–25-nucleotide noncoding RNAs that are known to 
regulate gene expression by binding to mRNAs, causing 
the mRNA degradation or translational inhibition of 
targeted transcripts. A growing body of evidence suggests 
that genome-encoded regulatory RNA molecules such 
as miRNAs regulate many processes seen in heart failure 
development like cell proliferation, cell death, changes in 
metabolism, structure, function and also neuronal activation 
(8,9). 

The exact biological functions of microRNAs in 
association with heart diseases are still not fully understood. 
Also it should be noted that a lot of controversies exist 
among different scientific studies focused on this topic. 
For example Cheng et al. (10) showed that knockdown of 
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microRNA-21 relieves cardiomyocyte hypertrophy, whereas 
the study from Tatsuguchi et al. (11) group demonstrated 
the opposite. The study by Carè et al. (12) clearly indicates 
that microRNA-133 is an antihypertrophic factor and 
downregulation of microRNA-133 alone is sufficient to 
induce cardiac hypertrophy. However, the study reported 
by van Rooij et al. (13) suggests that microRNA-133 does 
not cause any morphological changes of cardiomyocytes 
indicative of hypertrophic growth. Moreover, among the 
seven studies focused on the role of microRNA-133, two 
reported downregulation of miR-133 in hypertrophy 
(12,13), three failed to observe this change (10,14,15), one 
found it upregulated (16). Collectively, with respect to 
hypertrophy, it is evident that in addition to the muscle-
specific, microRNAs miR-1, miR-133, and miR-208, 
other microRNAs, including miR-195, miR-21, miR-18b, 
etc., also play an important role. It appears that multiple 
microRNAs are involved in cardiac hypertrophy and each of 
them can independently determine pathological processes 
inside the heart. Regarding the course of these specific 
microRNAs and their mRNA targets expression, they could 
potentially become promising therapeutic targets and/
or therapeutic means. Their active or passive release into 
the bloodstream and subsequently into the urine could 
also be possibly used for detection of heart damage, which 
would make microRNA serum and urine levels important 
diagnostic markers (17-19).

Recent years, many studies have proven a key role of 
microRNAs in the regulation of physiological adaptation 
to the exercise, such as skeletal muscle and cardiomyocyte 
hypertrophy,  mitochondria l  b iogenesis ,  vascular 
angiogenesis and metabolic processes. Numerous tissue-
specific miRNAs are released into circulation during 
and after the exercise and reflect the acute response to 
physiological stimulus, which is summarized in a recent 
article published by Polakovičová et al. (20). Exercise 
training has been recommended as an adjuvant intervention 
for the prevention and treatment of cardiovascular diseases. 
Exercise training can lead to physiological cardiac growth 
including an increase in cardiomyocyte size and markers of 
proliferation. Exercise-induced physiological cardiac growth 
is different from pathological hypertrophy. Understanding 
how exercise induces cardiac growth may help to identify 
novel therapeutic targets to mitigate the adverse cardiac 
remodeling in response to pathological stress. Some newly 
described microRNA molecules as miR-17-3p might serve 
as a novel therapeutic target for enhancing cardiac survival 
and regeneration in association with physical exercise (21). 

Acknowledgements 

Funding: This study was supported by Grant of the Slovak 
Research and Development Agency No. APVV-0434-
12 “Morphological characterization of reparative and 
regenerative mechanisms in myocardium during chronic 
diseases”.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare.

References

1. Roger VL, Go AS, Lloyd-Jones DM, et al. Executive 
summary: heart disease and stroke statistics--2012 update: 
a report from the American Heart Association. Circulation 
2012;125:188-97. 

2. Neubauer S. The failing heart--an engine out of fuel. N 
Engl J Med 2007;356:1140-51.

3. Jessup M, Brozena S. Heart failure. N Engl J Med 
2003;348:2007-18.

4. Hill JA, Olson EN. Cardiac plasticity. N Engl J Med 
2008;358:1370-80. 

5. ENCODE Project Consortium. An integrated 
encyclopedia of DNA elements in the human genome. 
Nature 2012;489:57-74. 

6. Harrow J, Frankish A, Gonzalez JM, et al. GENCODE: 
the reference human genome annotation for The 
ENCODE Project. Genome Res 2012;22:1760-74. 

7. Sastre L. Clinical implications of the ENCODE project. 
Clin Transl Oncol 2012;14:801-2. 

8. Ono K, Kuwabara Y, Han J. MicroRNAs and 
cardiovascular diseases. FEBS J 2011;278:1619-33. 

9. Papoutsidakis N, Deftereos S, Kaoukis A, et al. 
MicroRNAs and the heart: small things do matter. Curr 
Top Med Chem 2013;13:216-30.

10. Cheng Y, Ji R, Yue J, et al. MicroRNAs are aberrantly 
expressed in hypertrophic heart: do they play a role in 
cardiac hypertrophy? Am J Pathol 2007;170:1831-40.

11. Tatsuguchi M, Seok HY, Callis TE, et al. Expression of 
microRNAs is dynamically regulated during cardiomyocyte 
hypertrophy. J Mol Cell Cardiol 2007;42:1137-41.

12. Carè A, Catalucci D, Felicetti F, et al. MicroRNA-133 
controls cardiac hypertrophy. Nat Med 2007;13:613-8.

13. van Rooij E, Sutherland LB, Liu N, et al. A signature 
pattern of stress-responsive microRNAs that can evoke 



Annals of Translational Medicine, Vol 5, Suppl 1 May 2017 Page 3 of 3

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2017;5(Suppl 1):S20atm.amegroups.com

cardiac hypertrophy and heart failure. Proc Natl Acad Sci 
U S A 2006;103:18255-60.

14. Sayed D, Hong C, Chen IY, et al. MicroRNAs play an 
essential role in the development of cardiac hypertrophy. 
Circ Res 2007;100:416-24. 

15. Thum T, Galuppo P, Wolf C, et al. MicroRNAs in the 
human heart: a clue to fetal gene reprogramming in heart 
failure. Circulation 2007;116:258-67.

16. Duisters RF, Tijsen AJ, Schroen B, et al. miR-133 
and miR-30 regulate connective tissue growth factor: 
implications for a role of microRNAs in myocardial matrix 
remodeling. Circ Res 2009;104:170-8,6p following 178.

17. Latronico MV, Condorelli G. et al. MicroRNAs and 
cardiac pathology. Nat Rev Cardiol 2009;6:419-29.

18. van Rooij E, Marshall WS, Olson EN. Toward 
microRNA-based therapeutics for heart disease: the sense 
in antisense. Circ Res 2008;103:919-28.

19. Adam R, Kelly D. Is there a role for microRNAs as novel 
predictors of prognosis in myocardial infarction? Ann 
Transl Med 2016;4:473. 

20. Polakovičová M, Musil P, Laczo E, et al. Circulating 
MicroRNAs as Potential Biomarkers of Exercise Response. 
Int J Mol Sci 2016;17. pii: E1553.

21. Shi J, Bei Y, Kong X, et al. miR-17-3p Contributes to 
Exercise-Induced Cardiac Growth and Protects against 
Myocardial Ischemia-Reperfusion Injury. Theranostics 
2017;7:664-76.

Cite this article as: Kyselovič J, Varga I. Research focused on 
microRNAs: a link between myocardial remodeling and growth 
during pathological processes and physical exercises. Ann Transl 
Med 2017;5(Suppl 1):S20. 10.21037/atm.2017.03.93


