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Editorial 

Exercise for cardiac health and regeneration: killing two birds with 
one stone
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The benefits of exercise for cardiovascular health and 
improved cardiovascular disease outcome are undeniable. 
Experimental, epidemiological and clinical studies support 
exercise as an effective cardioprotective activity (1). Diverse 
exercise-induced acute and chronic adaptations have been 
described as underlying contributors for a cardioprotective 
phenotype (2). Yet, many questions remain unanswered: is 
there a critical amount and/or intensity of exercise to trigger 
the adaptations? Is there one main signaling pathway that 
orchestrates the resulting phenotype? If so, is it possible to 
therapeutically stimulate specific signaling pathways and 
thereby mimic the exercise stimulus?

In this sense, Shi and colleagues (3) have concentrated 
efforts on identifying exercise-induced signaling pathways 
responsible for physiological cardiac growth (including 
cardiomyocyte hypertrophy and proliferation) and, 
subsequently, testing if these pathways enhance cardiac 
regeneration after a myocardial insult. The authors 
targeted members of the miR-17-92 cluster, a microRNA 
(miRNA) (and passenger strands) family known for its 
regulatory effect on cell cycle, proliferation and apoptosis, 
and identified the passenger strand miR-17-3p as the 
only one with increased levels in murine cardiomyocytes 
after two different models of endurance exercise training 
(swimming and voluntary wheel running). The role of miR-
17-3p in cardiomyocyte hypertrophy and proliferation 
was further confirmed by in vitro and in vivo analysis. In 
neonatal rat ventricular cardiomyocytes, gain-and loss-of-

function tests confirmed miR-17-3p as a positive regulator 
of cardiomyocyte hypertrophy, proliferation and survival. 
In addition, through Luciferase reporter assay, TIMP3 
and PTEN were identified as direct and indirect targets of  
miR-17-3p, respectively. Of note, TIMP3 inhibits 
cardiomyocyte proliferation via EGFR/JNK/SP-1  
pathway (4),  whilst  PTEN antagonizes PI3K/Akt 
pathway, which is involved in cardiac physiological  
hypertrophy (5), and both are suppressed by miR-17-3p. 
In vivo, mice were injected with miR-17-3p antagomir 
for three consecutive days prior to exercise training, 
which attenuated exercise-induced cardiac hypertrophy, 
partially blocked the increase of proliferation markers and 
blunted elevation of contractile protein levels (α-actinin 
and cTnI). Elevating heart miR-17-3p, with its agomir, in 
untrained mice at a comparable level to exercise failed to 
induce physiological cardiac growth, however, it stimulated 
cardiomyocytes proliferation and attenuated cardiac 
apoptosis and fibrosis in mice submitted to ischemia/
reperfusion injury. From these results, it seems clear that 
miR-17-3p plays a key role in physiological cardiac growth 
and may counteract adverse cardiac remodeling.

Stimulation of physiological cardiac growth signaling 
cascades and prevention of cardiomyocyte loss in the 
context of myocardial injury and/or overload is an 
interesting approach to preserve cardiac function. Both, 
myocardial injury and pathological overload, elicit 
maladaptive cardiac remodeling leading to arrhythmia, 
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heart failure and ultimately myocardial insufficiency. 
In contrast, physiological cardiac growth enhances 
myocardial contractile function and confers resistance 
against pathological insults. The authors have been 
exploring this strategy with promising results (3,6,7). 
Although the concept of absent adult cardiomyogenesis 
has been outdated in the last years (8), strategies that boost 
myocyte proliferation and restore myocardial contractile 
function are extremely important to counteract ischemia/
reperfusion injury, one of the main causes of chronic heart 
disease, that elicits substantial cardiomyocyte death and 
leads to cardiac fibrosis. 

MicroRNAs are major regulators of biological processes 
and are known to modulate cellular responses to diverse 
stimuli (disease, exercise or status maintenance) (9). More 
recently, even its passenger strand, which formerly was 
believed to be degraded, has been identified as a bioactive 
molecule. This relatively novel class of molecules are 
being thoroughly investigated for its potential therapeutic 
use (10,11). Although miR-17-3p action inducing cell 
proliferation and survival had previously been described in 
murine prostate tumor (12,13), its role in cardiomyocytes 
and altered expression in response to exercise were first 
demonstrated by Shi and colleagues (3). The authors verified 
that miR-17-3p is downregulated in left ventricular samples 
of patients with dilated cardiomyopathy, and anticipated 
that with heart failure patients a single cardiopulmonary 
exercise test was able to increase serum miR-17-3p. This 
can be considered a first clue that cardiomyopathy patients 
could benefit from increased miR-17-3p expression. 
However, thinking of translating experimental findings into 
the clinic, immediate questions emerge: will acute exercise-
induced increase in circulating miR-17-3p activate the 
cardiac physiological growth signaling pathways? Is there a 
necessary amount of exercise training to obtain the desired 
results? Induction of different sets of circulating miRNAs in 
response to acute and sustained exercise training have been 
reported (14). Intriguingly, the role circulating miRNAs 
play is still unclear. While serum miRNAs could be used as 
biomarkers of myocardial adaptations (or myocardial health 
status), knowing the exercise dose (intensity and frequency) 
necessary to stimulate cardiac physiological growth 
pathways in a pathological setting would be desirable. 

Alternatively, miR-17-3p could be administered 
therapeutically, as experimentally tested by the authors. But 
then, will one specific miRNA (or passenger strand) induce 
efficient adaptations in humans or is a subset of miRNAs 
required? Although one miRNA targets multiple mRNAs, 

complex biological processes are rather regulated by several 
miRNAs, with complementary or concurrent functions. 
In a previous work of the same authors (5), miR-222 was 
similarly reported to modulate cardiomyocyte growth 
and proliferation, and protect the heart against ischemia/
reperfusion injury. Both miR-222 and miR-17-3p when 
injected individually in untrained mice were not able to 
induce cardiac growth, and had their effect only partially 
blocked when repressed using its respective antagomir in 
exercised mice, but protected the heart against adverse 
remodeling after an ischemic insult. These miRNAs could 
be part of a larger synergistic network, in which the effect 
of one miRNA depends on the action of others. In this way, 
injecting one specific miRNA can induce different cellular 
responses or no response at all, depending on the cellular’s 
pre-existing miRNA set or priming event (which could be 
an ischemic insult, disease or exercise). Furthermore, extra 
concern is warranted when putting this into perspective, 
exercise produces a systemic stimulus and thereby modifies 
miRNA expression in diverse tissues and cell types. 
Increased expression of miR-17-3p was detected specifically 
in cardiomyocytes and, interestingly, non-cardiomyocytes 
presented a, though not significant, decreased level 
of expression. As highlighted before by Uchida and  
Dimmeler (15), when it comes to systemically injecting 
miRNAs cell specificity must be guaranteed. Each 
miRNA has numerous downstream targets, many still to 
be identified, that could lead to undesired side effects. 
In line with this, miR-17-3p has been clearly related to 
growth, proliferation, invasion, and survival of different 
types of tumor cells (12,13). Moreover, it has been shown 
to suppress the expression of mRNAs responsible for the 
synthesis of antioxidant enzymes in human peripheral 
blood mononuclear cells and endothelial cells (16). And 
more importantly, an additional challenge is the potential 
of miRNAs to silence mRNAs that are not normally its 
target (11).

The findings of Shi and colleagues present a novel 
therapeutic possibility, nevertheless a long way to prove its 
safety and applicability for clinical use exists. Translating 
experimental findings into the clinic, even with safety 
proven agents, has been challenging (17,18). To date, 
physical exercise is a strongly recommended intervention 
with positive effects in the prevention and treatment of 
established cardiovascular diseases, that acts as a “master 
polypill” capable to strengthen the heart, improve blood 
pressure, tackle different risk factors and attenuate injury 
upon a stressful event (19). Shi and colleagues (3) reinforced 
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this concept by demonstrating that exercise elicits 
myocardial regeneration, through induction of signaling 
cascades that stimulate physiological cardiac growth and 
counteract adverse cardiac remodeling. 
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