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The current study aimed to investigate the effect of a 12-week endurance training (ET) on microRNA-145 (miR145) changes and Wnt3a and Dab2 cardiomyocytes genes expression of hypercholesterolemic Wistar male rats.
Thirty-two male Wistar rats (191.2±19 g, 6-8 weeks age) were randomly assigned into the aerobic exercisenormal nutrition (ANN; n=8), hypercholesterolemic (HCL; n=8), aerobic exercise- hypercholesterolemic (ACL;
n=8), and normal nutrition (NN; n=8). Hypercholesterolemia was created by adding 1% cholesterol to the food
of the HCL and ACL rats. ET was done five sessions per week on nonconsecutive days for 12 weeks. Twenty-
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four hours after the last training session, the rats were killed, and the cardiomyocytes were removed. The
expression of miR-145, Wnt3a, and Dab2 genes in cardiomyocytes was assessed by real time PCR method. The
expression of miR-145 significantly increased in the ANN group in comparison with other groups (P = 0.001).
Also, Dab2 gene expression significantly decreased in the ANN group in comparison with ACL (P = 0.001) and
HCL (P = 0.001) groups. The results also showed that the Wnt3a in the ANN group was significantly different
from NN (p=0.001), ACL, and HCL (p=0.001) groups. It can be concluded that aerobic training and cholesterolrich foods play an essential regulatory role in the expression of miR-145, Dab2, and Wnt3a genes. However,
cholesterol-rich foods appear to play a more significant regulatory role than aerobic exercise training.
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xercise training leads to the restoration of the

E

modulation of the expression of many genes

physiological structure of the heart (1).

involved in the heart structure and function (3).

Depending on the exercise training mode, structure

Studies conducted on healthy individuals, as well as

restoration is conducted by several factors and

cardiovascular disease (CVD) patients, have shown

different signaling pathways (2), and requires a

that the low capacity of the aerobic system due to
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physical inactivity is more than other risk factors

pathway regulation is essential during the process

responsible for high mortality (4). On the other

of cardiomyocytes differentiation (17). On the other

hand, lipid profile disorders such as hyperchole-

hand, the disabled homolog 2 (Dab2) gene is

sterolemia will increase CVD risk factors (5).

known as a Wnt3 inhibitor (18), which regulates the

Accordingly, the heart attack risk is three times

endothelial development (19). However, there are

higher in patients with hypercho-lesterolemia in

few studies on the effects of aerobic exercise and

comparison with those with normal blood lipid

Wnt3 expression. In this regard, Fujimaki et al.

contents (6). It has been predicted that up to 40% of

(2014) noted that four weeks of running voluntarily

all deaths will be related to CVD by 2030 (7).

on the treadmill caused an increase in the Wnt

However, some of the influential factors for

expression after exercise training (19). Furthermore,

cardiovascular

microRNAs

Liao et al. (2018) showed that exercise training

(miRNAs) (8, 9). MiRNAs are a class of short, 20-

significantly modulated miR-145 expression and

to 22-nt-long regulatory RNAs expressed in plants

Akt phosphorylation (20).

disorders

include

and animals (10). It has been reported that up to 4%

Accordingly, it is essential to know more

of the human genome is predicted to code for

about the effects of a high-fat diet and various

differnt miRNAs, estimated to regulate at least 30%

exercise training, especially endurance trainings, on

of all human genes (11).

cardiomyocytes'
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Researches have shown that some miRNAs are

changes

mechanisms involved.

and

the

Therefore,

molecular
the

current

specifically expressed in specific tissues (12, 13). In

study's aim was to investigate the effect of long-

his regard, the downregulation of miRNAs causes

term aerobic training on the expression of miR-145,

many diseases, including CVD and cancer (13).

Dab2, and Wnt3a genes in the heart of male desert

Among these miRNAs, it can be referred to as

Wistar rats.

microRNA-145 (miR-145), expressed only in the
muscle tissue. Therefore, it is called MyomiR.

Materials and methods

MyomiR regulates various muscle processes such

Animals

as

proliferation,

differentiation,

contractility,

Thirty-two Wistar male rats (191.2 ±19 g, 6-8

hypertrophy, atrophy, and stress response by

weeks’ age) were provided from Pasteur Institute of

regulating the expression of essential genes

Iran, and transferred to the animal laboratory. The

involved in muscle control (14). Besides, it appears

animals were maintained in standard laboratory

to be a balancing mean of growth processes,

conditions in groups of three animals in transparent

myoblast differentiation, muscle growth-regulating,

polycarbonate cages with a length of 30 cm, width,

and development cycle (15).

and height of 15 cm, at an ambient temperature of

In general, previous studies have shown that

22 ± 2 °C, with a 12:12 hours light to darkness

miR-145 protects cardiomyocytes against oxidative

cycle and a humidity of 50%, with proper

stress, and improves the immediate myocardium by

ventilation until completing the tests and the

increasing myocytes’ autophagy speed during

exercise training period. It should be noted that all

infarction (16). It has also been reported that

of the ethical principles of the present study were

excessive

the

performed conformed to the institutional guidelines

expression of Kruppel-like factor 4 (KLF4) and

and the principles of working with laboratory

could be considered as a therapeutic target to limit

animals

the atherosclerotic platelets morphology (15).

Moreover, this research has been approved by the

miR-145

expression

reduces

It has been shown that Wnt/β-catenin signaling
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approved

by

Helsinki

guidelines.

ethics committee of the Islamic Azad University of
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Sanandaj Branch under the code of IR.IAU.

with the treadmill and running on it. For this

SDJ.REC.1399049.

purpose, a 5-weekly running session was imposed

Hypercholesterolemia induction

to the animals at a low speed.

Before starting aerobic training, hypercholesterolemia was induced in animals. Accordingly, to

The aerobic training was performed in three

make cholesterol-rich foods, cholesterol powder

phases. In the first stage (introduction stage), the

(Merck, Germany) was mixed with water and added

rats walked on the treadmill every day for 10-15

to the regular food to rich an amount of 1%. Using

min at a speed of 10 m/min. In the second stage

a mixer, this combination was turned into the pellet

(overload stage), the rats ran on the treadmill for 20

form, and then dried in the oven at the temperature

min at a speed of 20 m/min. Then, gradually, during

[ Downloaded from ijmcmed.org on 2022-07-05 ]

o

of about 40-45 C (21). The rats in the cholesterol-

four weeks of exercise training, the duration and

rich food group were fed with this type of food for

speed of the exercise training increased until it

three months until reaching hypercholesterolemia

reached the final rate of 60 min and the speed of 25

(the amount of plasma cholesterol was periodically

m/min, respectively. Finally, in the third stage (load

checked by taking blood from the rats' tails), and

maintenance or stabilization stage), the aerobic

food intervention was conducted until the end of the

training reached the desired duration and speed

training period. At the same time, the rats in the

within two weeks and was continued for the

regular food group were fed with the standard food .

remaining eight weeks with the constant speed and

The normal food (Javaneh Khorasan Company,

duration.

Iran) was in the form of pellets, and its composition

In addition to the mentioned time, 5 min were

was such that it could meet the nutritional needs

allocated for warming up (8 m/min) and 5 min for

such as energy, protein, calcium, phosphorus,

cooling up (8 m/min) (22, 23). It should be noted

methionine, lysine.

that during the study, the control group did not have

Familiarizing animals with exercise training

any exercise training. However, in order to create

protocols

the same conditions, the animals in the control

After a week of familiarity with the treadmill,

group were immobilized on the treadmill during the

the rats in the hypercholesterolemia group and

five sessions in the week for 10 to 15 min in each

regular nutrition were distributed separately and

session. The aerobic training protocol is presented

randomly in the aerobic exercise- regular nutrition

in Table 1. The rats were weighed once every three

(ANN; n=8), hypercholesterolemic nutrition (HCL;

days using a digital scale (Sartorius, Germany) with

n=8), aerobic exercise-hypercholesterolemic (ACL;

a sensitivity of 0.01 g.

n=8), and regular nutrition (NN; n=8) groups.

Biochemical analysis

The rats were homogenous in terms of diet, size,
weight, age.
week

aerobic

Forty-eight hours after the last training session
and following a fasting night, the animals were

The ANN and ACL animals practiced a 12[ DOI: 10.22088/IJMCM.BUMS.10.4.288 ]

Aerobic exercise training

exercises

training

(5

d/wk).

anesthetized by intramuscular injection of ketamine
(50

mg/kg)

and

xylazine

(30

mg/kg).

Moreover, the HCL and NN groups were kept in

Cardiomyocytes of rats were immediately extracted

cages for 12 weeks and did not participate in any

and maintained in liquid nitrogen at -80 °C. In the

exercise training. Throughout the study, the rats

laboratory, about 50 mg of cardiomyocytes were

were transferred and manipulated by only one

poured into a tube along with 700 μL of TRIzol,

person. Before starting the primary aerobic training

and homogenized by a tissue homogenizer. After

protocol, the animals needed to become familiar

adding 170 μL chloroform and centrifuging the
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mixture at 12000 rpm for 15 min at 40 °C, the

instructions of QuantiNova Reverse Transcription

upper liquid phase was transferred into a new tube

Kit (Qiagen, Cat No, 205411).

to extract the miR-145. cDNA synthesis for miR-

Furthermore, real-time PCR reactions were

145 was conducted according to the kit miScript II

conducted using the specific primers and a Quanti

RT Kit (Qiagen, Cat No, 218161) instructions.

Fast SYBR Green PCR kit (Qiagen, Cat No,

Moreover, Real-time PCR reactions were

204052) in the ABI FAST 7500 thermal cycle

conducted using specific primers and SYBR Green

apparatus. A two-step kit was used for real-time

(Qiagen, Germany) PCR kit in the thermal cycle

PCR reactions. Real-time PCR reactions were

apparatus (ABI FAST 7500, USA). Temperature

conducted according to the instructions of the

conditions of the primers used for measuring the

manufacturer(Qiagen, Germany), which includes an

expression of miR-145 include the initial activation

initial activation cycle (95 °C for 5 min), 40 cycles

step (95 °C for 15 min), 40 cycles (94 °C for 15 s,

(95 °C for 10 s, 55 °C for 30 s), and cooling (kept at

followed by 55 °C for 30 s, and 70 °C for 34 s).

40 °C). Expression changes in the exercise training

U87 was used as reference gene for normalization

and nutrition treatment groups were calculated for

of miR-145 exxpression. DNA synthesis for Dab-2

the Dab2 and Wnt3a genes compared to the control

and Wnt3a genes was conducted according to the

(Hprt) using the 2- ΔΔCT method (24).

Table 1. Endurance training protocol on the treadmill.
Training session
Speed (m/min)
First stage
10
Second stage (overload stage)
20-25
Third stage
25

min
10-15
20-60
60

Session/Week
5
5
5

Week
1
4
8
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Warming up and cooling up for 5 min (8 m per min) per session.

Table 2. Primers used for gene expression analyzes.
miR-145
5′-CCTTGTCCTCACGGTCCAGT-3′
5′-AACCATGACCTCAAGAACAGTATTT-3′
Dab2
5-TAATCCAACAGAAAGCAGAG-3
5-GAGGTGACTCCATTTGTTAAG-3
Wnt3a
5-AACACAGCAGCTTAATGAC-3
5-ATCTCCACGTAGTTCCTG-3
Statistical analysis
Firstly, the normal distribution of data was
done by the Kolmogorov-Smirnov test, and the

forward primer
reverse primer
forward primer
reverse primer
forward primer
reverse primer

The data for miR-145, Dab2, and Wnt3a
expression in cardiomyocytes are shown in
figures 1-3.

homogeneity of the variances was examined using

One way-ANOVA revealed a significant

Levine’s test. One-way analysis of variance (One

difference in miR-145, Dab2, and Wnt3a (P=0.001)

way-ANOVA) was used to determine the variance

expressions between the groups (F values were

of the studied variables. Wherever a significant data

42.34, 82.95, and 31.72 for miR-145, Dab2, and

was observed, the Tukey post hoc test was applied

Wnt3a, respectively). Tukey post hoc test showed

to determine the source of significance. All of the

that the expression of miR-145 in the ANN group

statistical analyses were done by SPSS software

was significantly different in comparison with the

version 22. The level of significance was also

NN (P=0.001), ACL (P = 0.001) as well as HCL

considered to be P ≥0.05.

(P=0.001)

groups;

however,

no

significant

difference was observed between the other groups
Results
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Fig. 1. Relative expression of miR-145. ANN: aerobic exercise-normal nutrition; NN: normal nutrition; ACL: aerobic exercisehypercholesterolemic; HCL: hypercholesterolemic. * significant difference with ANN.
.

Fig. 2. Relative expression of Dab2. ANN: aerobic exercise-normal nutrition; NN: normal nutrition; ACL: aerobic exercisehypercholesterolemic; HCL: hypercholesterolemic. * significant difference with the ANN; # significant difference with the NN; &
significant difference with the ACL.
.

Fig. 3. Relative expression of Wnt3a. ANN: aerobic exercise-normal nutrition; NN: normal nutrition; ACL: aerobic exercisehypercholesterolemic; HCL: hypercholesterolemic.* significant with the ANN; # significant difference with the HCL.
.
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Tukey post hoc test showed that Dab2

heart was associated with miR-145 modulation due

presented a significant difference in the ANN group

to swimming exercise, which happened by targeting

in comparison with the ACL (P = 0.001) and HCL

the components of the PI3K/AKT/mTOR signaling

(P = 0.001) groups. Furthermore, it was also found

pathway, including phosphoinositide-3- kinase

that changes in the NN group were also significant

catalytic alpha polypeptide (PIK3α), phosphatase

in comparison with the ACL (P = 0.001) and HCL

and tensin homolog (PTEN), tuberous sclerosis

(P = 0.001) groups. Finally, a significant difference

complex 2 (TSC2) (27). Silva et al. (2017) (28) also

in Dab2 expression of the ACL and HCL (p=0.001)

showed that miR-145 and Akt phosphorylation

groups was observed (Figure 2).

expression were significantly normalized due to the

The results also showed that the Wnt3a

exercise training. In cardiac vascular smooth

expression in the ANN group was significantly

muscle cells where the expression of miR-

different from the NN (P = 0.001), ACL, and HCL

145

(P = 0.001) groups.

significantly (20).

increased,

Akt

phosphorylation

reduced

Furthermore, a significant difference was also

Several studies have shown that miR-145 has

observed between the expression of Wnt3a of

the most frequency in the miRNAs in terms of

the rats in the NN and HCL (P = 0.002) groups

differentiating vascular smooth muscle cells, and

(Figure 3).

plays a vital molecular role in replacing vascular
smooth muscle cell phenotype (29). In addition,
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Discussion

miR-145 has been identified as a phenotypic

The current study aimed to investigate the

indicator of smooth vascular muscle cells, the

relative expression of miR-145 and its target genes

regulator of vascular new intima formation control,

following a high-cholesterol diet and aerobic

direct

exercise training. For this purpose, of 32 tested rats,

translation, and inhibitor of KLF4 and KLF5

16 rats were kept under a high-cholesterol diet

receptor transcription (30). Cheng et al. (2009) also

for three months and then randomly assigned into

indicated that the excessive expression of miR-145

two aerobic exercise-hypercholesterolemic and

reduced

hypercholesterolemic nutrition.

myocardium in rats. Thus, miR-145 can be

stimulator

KLF4

of

transferring

expression

and

myocardial

increased

The results showed that the high concentration

considered a therapeutic target for limiting the

of the stable cholesterol inhibited the expression of

morphology of the atherosclerotic platelets (11),

miR-145 in the rats' cardiomyocytes.

which also inhibits the proliferation of vascular

It was also observed that aerobic exercise

smooth muscle cells (31).

training caused a relative increase in the expression

The findings also showed that the increase in

of the miR-145 in the cardiomyocytes of the

the relative expression of miR-145 was higher in

exercised rats. This finding is consistent with Liao

the aerobic exercise-normal nutrition group than in

et al. (2018) and Nielsen et al. (2014) (19, 25) while

the aerobic exercise- hypercholesterolemia group,

contradicting the results of Gonzalo-Calvo et al.

the control group without exercise training, and the

(2015) (26). It seems that aerobic exercise training

hypercholesterolemia control group. Dab2 is the

can cause a relative increase in the miR-145, but

target of miR-145 (15). Evidently, miR-145 can

one single session of aerobic physical activity does

reduce the expression of Dab2 in cardiomyocytes

not have such effects.

(29). In the present study, it was found that

In a study on animals, some researchers
reported that the physiological hypertrophy of the

293 Int J Mol Cell Med Autumn 2021; Vol 10 No 4

exposure

to

high

concentrations

of

stable

cholesterol increased the expression of the Dab2.
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Furthermore, it was also observed that normal

shown that by decreasing the miR-145, the

nutrition increased the expression of the Wnt3a, and

expression of Dab2 increased, and by increasing the

cholesterol-rich nutrition inhibited the expression of

Dab2 expression, Wnt3a expression decreased in

Wnt3a. In both normal nutrition and cholesterol-

the cardiomyocytes. MiR-145 was considered as a

rich nutrition groups, aerobic exercise training

therapeutic target for reducing atherosclerosis

reduced Dab2 expression and increased Wnt3a

in rats (14). A better understanding of the precise

expression. Aerobic exercise training also increased

mechanisms

the expression of miR-145 in both nutritional

hypercholesterolemic conditions can provide a

groups. However, the effect of nutrition type was

novel insight into the progression of treatment for

higher than the exercise training.

cardiovascular diseases. Although aerobic exercise

of

miR-145

action

under

Therefore, it can be concluded that high-

training has positive impacts on the lipid profile

cholesterol concentrations affect the expression of

(33), considering the results of this study, it seems

miR-145, as well as the expression of Dab2 and

that aerobic exercise merely cannot be effective in

Wnt3a in cardiomyocytes.

increasing the relative expression of miR-145 while

By decreasing the activity rate and increasing

following a diet rich in cholesterol. Thus, the

the high-cholesterol diet, the expression of miR-145

protective effects of aerobic exercise have little or

in the cardiomyocytes of the desert rats decreased;

no impact on the expression of miR-145, as well as

as a result, the expression of Dab2 gradually

the protective effects of the heart.

increased while the expression of Wnt3a decreased.

The reason behind this issue is that the aerobic

It was found that the expression of Dab2 increased

exercise training failed to improve the lipid profile

due to hypercholesterolemic induction, while the

in this study, and could also indicate the

expression of miR-145 decreased. It has been

predominant effect of diet or the type and duration

reported

miR-145

of the aerobic exercise. Moreover, comparing the

significantly decreased Dab2 mRNA and protein

results of the control group with the exercise

expression in the left ventricular myocardium of

training-cholesterol-rich nutrition group confirms

diabetics rats (29). It seems in the recent study that

this finding. The lowest expression of the miR-145

excessive expression of miR-145, resulting from

gene, and thus the highest risk of heart disease, was

aerobic exercise training, can reverse the expression

in the unexercised group with cholesterol-rich diets,

of Dab2 and Wnt3a due to cholesterol induction.

indicating a combination of physical inactivity

The findings of this study are consistent with the

along with a high-fat diet was likely to bring the

findings of previous studies, indicating that miR-

highest risk of cardiovascular disorders.

that

overexpression

of

145 decreased in patients with coronary artery

It can be concluded that aerobic training and

disease and the animal model of acute myocardial

cholesterol-rich foods play an essential regulatory

infarction (32). Therefore, miR-145 can be targeted

role in the expression of miR-145 and the

as a new treatment strategy for managing diabetic

expression of Dab2 and Wnt3a genes. However,

heart disease, which is thought to be involved in

cholesterol-rich foods appear to play a more

repairing myocardial infarction or having protective

significant regulatory role than aerobic exercise in

roles against apoptosis caused by oxidative stress.

this process.

The present study indicated the molecular
regulation of miR-145 in the downstream gene

Acknowledgments
We would like to thank the lab staff for their

regarding the expression of Dab2 cardiomyocytes

help in performing biochemical analyzes.

under hypercholesterolemic conditions. It was also

Conflict of Interest

Int J Mol Cell Med Autumn 2021; Vol 10 No 4 294

Effect of aerobic training on Mir-145, Wnt3a, and Dab2 expression

The authors declare that they have no
competing interests.

14. Lovren F, Pan Y, Quan A, et al. MicroRNA-145 targeted
therapy reduces atherosclerosis. Circulation 2012;126:S81-90.

[ DOI: 10.22088/IJMCM.BUMS.10.4.288 ]

[ Downloaded from ijmcmed.org on 2022-07-05 ]

15. Higashi K, Yamada Y, Minatoguchi S, et al. MicroRNA-145

References

repairs infarcted myocardium by accelerating cardiomyocyte

1. Frey N, Olson EN. Cardiac hypertrophy: the good, the bad,

autophagy. Am J Physiol Heart Circ Physiol 2015;309:

and the ugly. Annu Rev Physiol 2003;65:45-79.

H1813-26.

2. Latronico MV, Elia L, Condorelli G, et al. Heart failure:

16. Gessert S, Kuhl M. The multiple phases and faces of wnt

targeting

signaling during cardiac differentiation and development. Circ

transcriptional

and

post-transcriptional

control

mechanisms of hypertrophy for treatment. Int J Biochem Cell

Res 2010;107:186-99.

Biol 2008;40:1643-8.

17. Jiang Y, He X, Howe PH. Disabled-2 (Dab2) inhibits

3. Hill JA, Olson EN. Cardiac plasticity. N Engl J Med

Wnt/beta-catenin signalling by binding LRP6 and promoting its

2008;358:1370-80.

internalization through clathrin. EMBO J 2012;31:2336-49.

4. Hatle H, Stobakk PK, Molmen HE, et al. Effect of 24 sessions

18. Kim JD, Kang H, Larrivee B, et al. Context-dependent

of high-intensity aerobic interval training carried out at either

proangiogenic function of bone morphogenetic protein signaling

high or moderate frequency, a randomized trial. PLoS One

is mediated by disabled homolog 2. Dev Cell 2012;23:441-8.

2014;9:e88375.

19. Fujimaki S, Hidaka R, Asashima M, et al. Wnt protein-

5. Gielen S, Landmesser U. The Year in Cardiology 2013:

mediated satellite cell conversion in adult and aged mice

cardiovascular disease prevention. Eur Heart J 2014;35:307-12.

following voluntary wheel running. J Biol Chem 2014;289:

6. Davis CE, Rifkind BM, Brenner H, et al. A single cholesterol

7399-412.

measurement underestimates the risk of coronary heart disease.

20. Liao J, Zhang Y, Wu Y, et al. Akt modulation by miR-145

An empirical example from the Lipid Research Clinics Mortality

during exercise-induced VSMC phenotypic switching in

Follow-up Study. JAMA 1990;264:3044-6.

hypertension. Life Sci 2018;199:71-9.

7. World Health Organization (WHO) Cardiovascular Disease;

21. Valcheva-Kuzmanova S, Kuzmanov K, Tancheva S, et al.

Fact. Sheet n°317. WHO; Geneva, Swizerland: 2009.

Hypoglycemic and hypolipidemic effects of Aronia melanocarpa

8. Silva D, Carneiro FD, Almeida KC, et al. Role of miRNAs on

fruit juice in streptozotocin-induced diabetic rats. Methods Find

the Pathophysiology of Cardiovascular Diseases. Arq Bras

Exp Clin Pharmacol 2007;29:101-5.

Cardiol 2018;111:738-46.

22. Ghanbari-Niaki A, Khabazian BM, Hossaini-Kakhak SA, et

9. Zhou SS, Jin JP, Wang JQ, et al. miRNAS in cardiovascular

al. Treadmill exercise enhances ABCA1 expression in rat liver.

diseases:

Biochem Biophys Res Commun 2007;361:841-6.

potential

biomarkers,

therapeutic

targets

and

challenges. Acta Pharmacol Sin 2018;39:1073-84.

23. Khabazian BM, Ghanbari-Niaki A, Safarzadeh-Golpordesari

10. Berezikov E, Guryev V, van de Belt J, et al. Phylogenetic

A, et al. Endurance training enhances ABCA1 expression in rat

shadowing

small intestine. Eur J Appl Physiol 2009;107:351-8.

and

computational

identification

of

human

microRNA genes. Cell 2005;120:21-4.

24. Livak KJ, Schmittgen TD. Analysis of relative gene

11. O'Brien J, Hayder H, Zayed Y, et al. Overview of

expression data using real-time quantitative PCR and the 2(-

MicroRNA

Delta Delta C(T)) Method. Methods 2001;25:402-8.

Biogenesis,

Mechanisms

of

Actions,

and

Circulation. Front Endocrinol (Lausanne) 2018;9:402.

25. Nielsen S, Akerstrom T, Rinnov A, et al. The miRNA

12. Abba ML, Patil N, Leupold JH, et al. MicroRNAs as novel

plasma signature in response to acute aerobic exercise and

targets and tools in cancer therapy. Cancer Lett 2017;387:84-94.

endurance training. PLoS One 2014;9:e87308.

13. Siracusa J, Koulmann N, Banzet S. Circulating myomiRs: a

26. de Gonzalo-Calvo D, Davalos A, Montero A, et al.

new class of biomarkers to monitor skeletal muscle in

Circulating inflammatory miRNA signature in response to

physiology and medicine. J Cachexia Sarcopenia Muscle

different doses of aerobic exercise. J Appl Physiol (1985)

2018;9:20-7.

2015;119:124-34.

295 Int J Mol Cell Med Autumn 2021; Vol 10 No 4

Heidari S et al.
27. Ma Z, Qi J, Meng S, et al. Swimming exercise training-

smooth muscle cell phenotypic marker and modulator, controls

induced left ventricular hypertrophy involves microRNAs and

vascular neointimal lesion formation. Circ Res 2009;105:158-66.

synergistic regulation of the PI3K/AKT/mTOR signaling

31. Cordes KR, Sheehy NT, White MP, et al. miR-145 and miR-

pathway. Eur J Appl Physiol 2013;113:2473-86.

143 regulate smooth muscle cell fate and plasticity. Nature

28. Silva GJJ, Bye A, El Azzouzi H, et al. MicroRNAs as

2009;460:705-10.

Important Regulators of Exercise Adaptation. Prog Cardiovasc

32. Mayorga ME, Penn MS. miR-145 is differentially regulated

Dis 2017;60:130-51.

by TGF-beta1 and ischaemia and targets Disabled-2 expression

29. Wang BW, Fang WJ, Shyu KG. MicroRNA-145 regulates

and wnt/beta-catenin activity. J Cell Mol Med 2012;16:1106-13.

disabled-2 and Wnt3a expression in cardiomyocytes under

33. Wang Y, Xu D. Effects of aerobic exercise on lipids and

hyperglycaemia. Eur J Clin Invest 2018;48.

lipoproteins. Lipids Health Dis 2017;16:132.

[ DOI: 10.22088/IJMCM.BUMS.10.4.288 ]

[ Downloaded from ijmcmed.org on 2022-07-05 ]

30. Cheng Y, Liu X, Yang J, et al. MicroRNA-145, a novel

Powered by TCPDF (www.tcpdf.org)

Int J Mol Cell Med Autumn 2021; Vol 10 No 4 296

