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Abstract:

Exercise training and physical activity induce physiological responses and adaptations in skeletal muscle that are
beneficial for maintaining health, preventing and treating chronic muscle diseases. These responses and adaptations are
mainly caused by transcriptional responses that are stimulated in response to any type of exercise, whether resistance or
endurance. Changes in key metabolic, regulatory, and myogenic genes in skeletal muscle occur as an early and/or late
response to exercise, and these epigenetic changes, which are influenced by environmental and genetic factors, cause
changes in transcriptional responses. Gene transcription can occur in response to various environmental factors through
changes in DNA methylation patterns, histone modifications, changes in the DNA packaging structure in chromosomes,
and changes in the levels of factors controlling gene transcription, which have been described as epigenetic changes. In
addition to being the main elements of the locomotor system, muscles can also control various physiological processes as
an endocrine system by expressing various genes and secreting various factors called myokines. Gene expression is
controlled by different factors at the transcriptional and post-transcriptional levels. Among the factors controlling post-
transcriptional gene expression are miRNAs, which can regulate gene expression under the influence of the environment.
MyomiRs are essentially miRNAs expressed in muscle tissue that change their expression levels in response to exercise
and can affect the function of various genes through different pathways by affecting the muscle tissue transcriptome. The
effect of physical activity and exercise training on these epigenetic changes and how systemic metabolism or its
metabolites affect epigenetic changes in skeletal muscle have been studied in previous studies. In this article, the role and
function of MyomiRs under the influence of exercise training are reviewed.
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Reference Exercise Doses Methylation Changes and Reference Exercise Doses Methylation Changes and
Gene Expression Gene Expression

Seaborne et An acute bout of Hypomethylation of AXINZ, Nitert et al., 6 months of Hypomethylation  of RUNX1,
al.,  (2018) resistance exercise GRIK2, CAMK-1V, TRAF1, (2012) [48] endurance exercise MEF2A, THADA y NDUFC2
[62] (acute RE), followed UBRS, RPL35a, HEG1, and spinning (2-3

by 7 weeks PLA2G16 y SETD3 sess/week, 1 h)

(3d/week) of

resistance  exercise

(loading), 7 weeks of Alibegovic et 4 weeks, 6 days per Hypermethylation

exercise cessation al., (2010) [l] week, Volume: 30 of PPARGCI1A after 8 bed rest.

(unloading) and a min, Intensity: 70% Hypomethylation of

further period of 7

weeks  (3d/week)

resistance  exercise

(re-loading).
Bagley et al., 3 x 10 repeats, 70% Global DNA hypomethylation in
(2020) [3] RM, press and leg trained compared to sedentary.

extension Hypermethylation of GPAM y
SREBF2 in trained and
hypomethylation of SREBF2 in
sedentary. No changes in DNA
methylation of genes are
associated with hypertrophy and
inflammation.

Abbreviations. AMPK: AMP-activated protein kinase; AXIN1: CAMK-
IV: calcium/calmodulin-dependent protein kinase type 1V; GPAM:
mitochondrial ~ glycerol-3-phosphate  acyltransferase 1; GRIK2:
lonotropic glutamate kainate receptor type 2 subunit; HEG1: Cardiac
development protein with EGF 1-like domains; HOXA3: HOXBL1:
MAPK: mitogen-activated protein kinases; MEF2A: myocyte-specific
enhancer factor 2a; NDUFC2: C2 subunit of NADH dehydrogenase;
NR4A3: nuclear receptor 4A3; NRF1: nuclear respiratory factor 1;
PDK4: pyruvate dehydrogenase kinase 3; PGC-1a/PPARGCIA:
peroxisome proliferator-activated receptor gamma 1-alpha coactivator;
PLA2G16: PPAR: Peroxisomal Proliferator Activated Receptors;
RPL35a: RUNX1: redness-related transcription factor 1; SETD3: SET
domain containing 3; SLC27A4: solute carrier family 27 member 4;
SREBF2: sterol regulatory element binding protein 2; TFAM:
mitochondrial transcription factor A, THADA: TRAF1: TNF receptor
associated factor 1; UBR5: E3 ubiquitin-protein ligase UBR5; THADA,
associated thyroid adenoma is a protein.

Table 2. Effects of endurance and resistance training on histone
modification in skeletal muscle.

Resistance and Endurance Exercise

Reference Exercise Doses Epigenetic Changes and
Gene Expression
McGee et al, Volume: 60 min, 72 Higher global acetylation
(2009) [39] + 2% VO, max of H3K36
Yu et al., (2003) Intensity: 85% Higher phosphorylation of

[78] VO, max, Rest: 60 s H3Histones

VO, max

PPARGC1A after a training
program

Robinson et 12 weeks, 3 times Shifts in the DNA methylation
al.,  (2017) perweek, 4 x4,90% less than 10%
[54] VO, 3 min active

rest, 3 days of

treadmill,  walking

(45 min 70%)
Lindholm et 3 months (resistance Changes in DNA methylation in
al.,  (2014) to1 leg), 4 sessions, 5000 sites and different gene
[34] 45 min expression in 4000 genes.
Turner et al., 1-6 sessions per Hypomethylation of HOXB1 y

(2020) [71]

week for 6 months

HOXA3.

Sailani et al., More than 3 times Hypomethylation in 714

(2019) [58] per week promoters of the physically
active than inactive men.
Promoters for genes encoding
critical insulin-responsive
enzymes in glycogen
metabolism, glycolysis and TCA
cycle were hypomethylated in
active relative to inactive men.

Rowlands et 16 weeks, 3 d/w, Hypermethylation in NRF1 y

al., (2014) 40-60 min/sess SLC27A4

[55]

Stephens et

10 weeks * 4 days,

Hypermethylation in responders

al.,  (2018) Progressive intensity compared to non-responders.

[67]

Maasar et al., (1) change of Hypomethylation after 30 min,

(2021) [36] direction versus; (2) mainly  in AMPK,  MAPK,
straight line, running protein binding, insulin, and
exercise. Wash-out axon  guidance  pathways.
period of 2 weeks Hypermethylation of VEGFA,
between trials. PPARGC1A, NR4A3

Rowlands et 16 weeks, 3 days per Hypomethylation of 409 CpGs

al.,  (2014) week, Participants sites and hypermethylation of

[55] were  randomized 146 CpGs sites.

into endurance or
resistance  exercise
groups comprising
supervised
progressive-loading
exercise sessions 3
x/week on  non-
consecutive days
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Table 3. Effects of endurance and resistance training on mi-RNAs
generation in skeletal muscle.

Endurance Exercise

Reference

Exercise Doses

Epigenetic Changes and
Gene Expression

Russel et al.,
(2013) [57]

Acute: 60 min
70%VO,max, Chronic
(10 days), Progression:
from 45 a 90 min to
75%V0,,

4 days of HIIT: 6 x 5
min (90-100% VO,), 2
min of resting

Acute: up-regulation of
miR-1, —133a, 133b, —181
and down-regulation of
miR-9, —23a, —23b, y —31.
Chronic: up-regulation of
miR-29b and  down-
regulation of miR-31

Keller et al.,
(2011) [26]

4 days/week, 70%
VO;max, 45 min

Lower  expression  of
miRNAs (14 vs 7), Lower
levels of miR-1, miR-133,
miR-101 y miR-455.

Nielsen et

al.,
[47]

(2010)

Acute: 60 min, 65%
Pmax, Chronic (12
weeks), 5 days per
week, 55-91% Pmax,
60-150 min

Acute: Higher expression
of miR-1 and -133a,
Chronic: all miRNAs were
lower and restored after 2
weeks of intervention

Fyfe, J.J. et

al.,
[16]

(2016)

2 x 10 min, 1 min rest,
120% lactic umbral

Lower expression of miR-
133a, miR-378 y miR-486

Margolis,

L.M.

et al,

(2017) [37]

90 min, 2.2 + 0.1 L/min,

Lower  expression  of
myomiR in the highest
loaded group (miR-1-3p,
miR-206, miR-208a-5p, y
miR-499), Higher
expression of myomiR in
the endurance group

Resistance Exercise

Reference

Exercise Doses

Epigenetic Changes and
Gene Expression

Davidsen et

al.,

[

(2011)

12 weeks
5 days/week
60 min per session
20 sets by muscle group

17 miRNAs were detected,
and miR-78, miR-29a, miR-
26a, and miR-451 were
lower in the low-responders.
miR-451 was up-regulated.

Rivas et al.,
(2014) [52]

3  series of 10
repetitions, 80%
Maximun repetition, 2
types of exercises

17 miRNAs were
differentially expressed in
young people and no
changes were found in old
individuals. Only miR-423-
5p was up-regulated in both
young and old.

Ogasawara
et al., (2016)

[49]

12 weeks:
10 reps at 70% of 1 RM
for 3 sets with 2 min
rest intervals.
3 days/week for 6 week.

26 miRNAs were different
between high and low
responders, miRNA-136-5p
and miRNA-376a-3p were
up-regulated both in the
acute and chronic treatment

Mueller et

al.,
[45]

(2011)

2 sessions per week for
12 weeks of training
with  two  weekly
resistance exercise
sessions or eccentric
ergometer sessions

Lower  expression of
miRNA 1
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