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Abstract. – OBJECTIVE: To study the influ-
ence of micro-ribonucleic acid (miR)-34a on 
myocardial apoptosis in rats with acute myo-
cardial infarction (AMI) through the extracellular 
signal-regulated kinase 1/2 (ERK1/2) pathway. 

MATERIALS AND METHODS: A total of 24 
Sprague-Dawley (SD) rats were randomly di-
vided into sham group (n=12) and model group 
(n=12). The heart was exposed in the sham 
group, while the AMI model was established in 
the model group. After sampling, the morphol-
ogy of myocardial tissues was observed via he-
matoxylin-eosin (HE) staining, the expressions 
of B-cell lymphoma-2 (Bcl-2) and Bcl-2 associ-
ated X protein (Bax) were detected via immu-
nohistochemistry, and the protein expression 
levels of ERK1/2 and phosphorylated ERK1/2 
(p-ERK1/2) were detected via Western blotting. 
Moreover, the expression of miR-34a was de-
tected via quantitative Polymerase Chain Reac-
tion (qPCR), the apoptosis was detected via ter-
minal deoxynucleotidyl transferase-mediated 
dUTP nick end labeling (TUNEL), and the myo-
cardial injury indexes were detected using a ful-
ly-automatic biochemical analyzer. 

RESULTS: The morphology of myocardial tis-
sues was normal with a complete structure in 
the sham group, while there was damage to myo-
cardial tissues in different degrees in the mod-
el group. The immunohistochemical results re-
vealed that the Bax expression was increased 
and the Bcl-2 expression was decreased in the 
model group compared with those in the sh-
am group (p<0.05). The results of Western blot-
ting showed that the protein expression levels 
of both ERK1/2 and p-ERK1/2 were significant-
ly increased in the model group compared with 
those in the sham group (p<0.05). The qPCR re-
sults manifested that the expression of miR-34a 
in the model group markedly declined compared 
with that in the sham group (p<0.05). Besides, 
the TUNEL detection showed that the apopto-

sis rate in the model group was remarkably in-
creased compared with that in the sham group 
(p<0.05), and the content of cardiac troponin 
T and creatine kinase isoenzyme in the model 
group was significantly higher than that in the 
sham group ((p<0.05). 

CONCLUSIONS: MiR-34a affects the apopto-
sis in AMI by regulating the ERK1/2 signaling 
pathway.
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Introduction

Cardiovascular disease is one of the major dise-
ases threatening human health, which often leads 
to deaths in patients. Acute myocardial infarction 
(AMI) is the leading cause of cardiovascular de-
ath1,2, which is the myocardial necrosis caused 
by the acute and persistent ischemia and hypoxia 
of coronary artery, with precordial or substernal 
pain, and manifested as the sudden substernal 
or precordial compression pain3. Under the in-
fluence of environment and pressure, the number 
of AMI patients in China has increased year by 
year, showing a younger trend. There are at least 
500,000 new cases every year, and the middle-a-
ged men of 45-60 years old are a high-risk group 
for AMI. Time is life for the rescue of AMI, and 
restoring the myocardial blood flow earlier can 
preserve a little more viable myocardium, which 
can benefit future prevention, alleviate heart fai-
lure and preserve the cardiac function as much as 
possible, greatly benefiting individuals, families 
and society. 
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Micro-ribonucleic acids (miRNAs) are a kind 
of gene regulatory factors in the organism, whi-
ch are involved in the occurrence of a variety of 
diseases and the regulatory process of cardiova-
scular diseases, such as heart failure and myocar-
dial infarction (MI). It is generally believed that 
miRNAs play roles mainly in cell proliferation, 
differentiation and apoptosis. Scholars4,5 have de-
monstrated that miRNAs degrade or inhibit the 
downstream messenger RNA (mRNA) through 
pairing with the corresponding untranslated re-
gion of the downstream target genes, thereby 
playing an important role in regulating transcrip-
tion and pathological processes such as cell pro-
liferation, differentiation and apoptosis. Liv et 
al6 have also shown that apoptosis is a common 
process regulated by miRNAs, and it has been 
confirmed that miR-34a is involved in a variety of 
pathological processes of AMI.

In the present work, the influence of miR-
34a on myocardial apoptosis in AMI rats throu-
gh the extracellular signal-regulated kinase 1/2 
(ERK1/2) pathway was analyzed, and the possible 
mechanism of miR-34a in treating AMI through 
the ERK1/2 pathway was explored.

Materials and Methods

Laboratory Animals and Grouping
A total of 24 Sprague-Dawley (SD) male rats 

weighing (200±10) g were randomly divided into 
sham group (n=12) and model group (n=12). The 
rats were fed in the laboratory animal center with 
pure water and adequate food under a 12/12 h li-
ght/dark cycle. This study met the requirements 
of the Laboratory Animal Ethics Committee.

Main Reagents
Anti-B-cell lymphoma-2 (Bcl-2) antibody (Ab-

cam, Cambridge, MA, USA), anti-Bcl-2 associa-
ted X protein (Bax) antibody (Abcam, Cambrid-
ge, MA, USA), anti-ERK1/2 antibody (Abcam, 
Cambridge, MA, USA), anti-phosphorylated 
ERK1/2 (p-ERK1/2) antibody (Abcam, Cambri-
dge, MA, USA), immunohistochemistry kit (Ma-
xim, Fuzhou, China), terminal deoxynucleotidyl 
transferase-mediated dUTP nick end labeling 
(TUNEL) kit (Maxim, Fuzhou, China), hema-
toxylin-eosin (HE) kit (Maxim, Fuzhou, China), 
AceQ quantitative-Polymerase Chain Reaction 
(qPCR) SYBR Green Master Mix Kit (Vazyme, 
Nanjing, China), HiScript II Q RT SuperMix For 
qPCR (+gDNA wiper) kit (Vazyme, Nanjing, 

China), optical microscope (Leica DMI 4000B/
DFC425C, München, Germany), fluorescence 
qPCR instrument (Applied Biosystems 7500, Fo-
ster City, CA, USA), and fully-automatic bioche-
mical analyzer (Siemens, Berlin, Germany).

Methods

Modeling and Treatment in Each Group
After successful anesthesia via intraperitone-

al injection of 2.5% pentobarbital sodium into 
rats (30 mg/kg), the rats were fixed on the ope-
rating table and unhaired. After skin preparation 
and draping with aseptic towels, the rats were 
connected to the electrocardiograph, the trache-
al cannula was inserted between the 3rd and 4th 
cartilage rings, and the ventilator was also con-
nected (tidal volume: 7 mL/kg, respiratory ratio: 
1:1). A longitudinal left parasternal incision (3 cm 
long) was made, and the skin, muscles and fascia 
were cut open in turn. The 3rd and 4th ribs were 
cut off to fully enlarge the thoracic cavity and 
expose the heart. The pericardium was careful-
ly cut using ophthalmic forceps, and the #0 silk 
thread was inserted between the left auricle and 
the arterial cone. The electrocardiogram response 
in the electrocardiograph was observed, and the 
typical ischemic electrocardiogram indicated the 
successful establishment of the AMI model. After 
that, the skin was sutured layer by layer, and the 
air in the thoracic cavity was discharged. After 
consciousness recovery, the ventilator was with-
drawn, and the rats were kept warm and fed in 
separate cages.

In the sham group, the thoracic cavity was 
opened only to expose the heart, and the #0 silk 
thread was not inserted between the left auricle 
and the arterial cone. After the skin was sutured 
layer by layer, the rats were fed normally with 
normal food and pure water every day. In the mo-
del group, the AMI model was established in the 
above ways, and the rats were fed with normal 
food and pure water every day after successful 
modeling. All rats were executed and sampled at 
7 d after the operation.

Sampling
After anesthesia, the abdominal cavity was cut 

open to expose the abdominal aorta, and the ab-
dominal aortic blood was collected from each rat 
using disposable blood-taking needles and pre-
served for standby use. Then, 6 rats in each group 
were perfused with paraformaldehyde (Sigma-Al-
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drich, St. Louis, MO, USA) and fixed. After the 
limbs of rats became rigid, the heart tissues were 
taken and fixed in paraformaldehyde for 48 h. The 
heart tissues were directly taken from the remai-
ning 6 rats in each group, placed in Eppendorf 
tubes (EP; Eppendorf, Hamburg, Germany) and 
stored in an ultra-low temperature refrigerator for 
later use.

HE Staining
The paraffin-embedded tissues were sliced into 

5 μm-thick sections, flattened in warm water at 
42°C, picked up and baked to be prepared into 
paraffin tissue sections. Then, the sections were 
routinely deparaffinized with xylene solution, 
dehydrated with gradient alcohol, stained with 
hematoxylin dye at room temperature for 10 min, 
washed, differentiated in hydrochloric acid al-
cohol solution for several seconds, washed again 
and reacted with eosin dye for 30 s, followed by 
rehydration with gradient alcohol, moderate color 
development and sealing.

Immunohistochemistry
The paraffin-embedded tissues were sliced into 

5 μm-thick sections, flattened in warm water at 
42°C, picked up and baked to be prepared into pa-
raffin tissue sections. Then, the sections were routi-
nely deparaffinized with xylene solution, and dehy-
drated with gradient alcohol. The above sections 
were soaked in the citric acid buffer and heated re-
peatedly in a microwave oven 3 times (3 min/time) 
and braised for 5 min for full antigen retrieval. 
After the sections were washed, the endogenous 
peroxidase blocker was added dropwise onto the 
sections for reaction for 10 min, and the sections 
were washed again and sealed with goat serum for 
20 min. After the goat serum was discarded, the 
Bax primary antibody (1:200) and Bcl-2 primary 
antibody (1:200) were added for incubation in the 
refrigerator at 4°C overnight. On the next day, the 
sections were washed, reacted with the secondary 
antibody for 10 min, fully washed again and re-
acted with the streptavidin-peroxidase solution for 
10 min, followed by color development with diami-
nobenzidine (DAB), nucleus counterstaining with 
hematoxylin, sealing and observation.

Western Blotting
The heart tissues stored under ultra-low tem-

perature were added with lysis buffer for an ice 
bath for 1 h and centrifuged at 14000 g in a cen-
trifuge for 10 min, and the protein was quantified 
using bicinchoninic acid (BCA; Pierce, Waltham, 

MA, USA). The absorbance value was detected 
using a microplate reader, the standard curves 
were plotted, and the protein concentration in 
tissues was detected. After protein denaturation, 
the protein in tissues was separated via sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE). The position of the Marker 
protein was observed, and the electrophoresis was 
terminated when the Marker protein reached the 
bottom of the glass plate in a straight line. The 
protein was transferred onto polyvinylidene di-
fluoride (PVDF) membrane (Millipore, Billerica, 
MA, USA), reacted with blocking buffer for 1.5 h, 
and incubated with the anti-ERK1/2 primary an-
tibody (1:1000), anti-p-ERK1/2 primary antibody 
(1:1000) and secondary antibody (1:1000). After 
the membrane was washed, the color was fully 
developed in a dark place using the chemilumine-
scence reagent for 1 min.

Quantitative-Polymerase Chain Reaction
The heart tissues stored were added with the 

RNA extraction reagent to extract the total RNA. 
Then, the total RNA extracted was reversely tran-
scribed into cDNA using the reverse transcription 
kit. The reaction system was 20 μL, and the re-
action conditions are as follows: reaction at 53°C 
for 5 min, pre-denaturation at 95°C for 10 min, 
denaturation at 95°C for 10 s, annealing at 62°C 
for 30 s, a total of 35 cycles. The ΔCt value was 
calculated first, and then the difference in the 
expression of the target gene was calculated. The 
primer sequences are shown in Table I.

TUNEL Assay
The paraffin-embedded tissues were sliced 

into 5 μm-thick sections, flattened in warm wa-
ter at 42°C, picked up and baked to be prepared 
into paraffin tissue sections. Then, the sections 
were routinely deparaffinized with xylene so-
lution, and dehydrated with gradient alcohol. 

Table I. Primer sequences.

Name  Primer sequence

miR-34a Forward primer:
 5’-TGGCGATGGCAGTGTCTTAG-3’
 Reverse primer:
 5’-GTGCAGGGTCCGAGGT-3’

GAPDH Forward primer:
 5’-ACGGCAAGTTCAACGGCACAG-3’
 Reverse primer:
 5’-GAAGACGCCAGTAGACTCCACGAC-3’
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TdT reaction solution was added dropwise for 
reaction in a dark place for 1 h, and deionized 
water was added dropwise for incubation for 15 
min to terminate the reaction. The endogenous 
peroxidase was inactivated with hydrogen pe-
roxide, the working solution was added dropwi-
se for reaction for 1 h, and the sections were wa-
shed, followed by color development with DAB, 
washing, sealing and observation.

Detection of Myocardial Injury 
Markers Using the Fully-Automatic 
Biochemical Analyzer

The abdominal aortic blood collected was pla-
ced in the fully-automatic biochemical analyzer 
to detect the content of myocardial injury markers 
in the serum according to the specifications and 
instructions of the instrument.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM, Armonk, NY, USA) 
was used for statistical analysis. The t-test was 
used for the data in line with normal distribution 
and homogeneity of variance, corrected t-test for 
the data in line with normal distribution and he-
terogeneity of variance, and non-parametric test 
for the data not in line with normal distribution 
and homogeneity of variance. Rank sum test was 
adopted for ranked data, and chi-square test was 
adopted for enumeration data. A p-value < 0.05 
was considered statistically significant.

Results

Morphology of Heart Tissues 
Observed Via HE Staining

In the sham group, the heart tissues had no 
significant abnormal changes, the myocardial 
cells had normal morphology and uniform and 
ordered arrangement, and the myocardial fibers 
were regular, clear and arranged orderly. In the 
model group, a large number of myocardial cel-
ls were ruptured, the morphology was irregular 
with disordered arrangement, the nuclei were 
massively dissolved, more inflammatory cells 
could be seen, there were rupture and necrosis 
of myocardial fibers with irregular morphology 
and structure disorder, and the fibroblast prolife-
ration and scar tissue formation were observed 
(Figure 1).

Immunohistochemical Detection 
of Bax and Bcl-2 Expression

The positive expression of Bax and Bcl-2 di-
splayed the dark brown color. The positive 
expression of Bcl-2 was higher, while the positive 
expression of Bax was lower in the sham group. 
The positive expression of Bcl-2 was lower, whi-
le the positive expression of Bax was higher in 
the model group (Figure 2). As shown in Figu-
re 3, the positive expression of Bcl-2 in the sham 
group was markedly higher than that in the model 
group, while the positive expression of Bax in the 
sham group was remarkably lower than that in the 

Figure 1. Morphology of heart tissues observed via HE staining (×200). Note: p*<0.05 vs. sham group.
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model group, showing statistically significant dif-
ferences (p<0.05).

ERK1/2 and p-ERK1/2 Protein Expres-
sions Detected Via Western Blotting

The protein expressions of ERK1/2 and 
p-ERK1/2 were lower in the sham group and 
higher in the model group (Figure 4). The rela-
tive protein expression levels of ERK1/2 and 
p-ERK1/2 were markedly lower in the sham 
group than those in the model group, displaying 
statistically significant differences (p<0.05) (Fi-
gure 5).

Relative Expression Level of MiR-34a 
Detected Via qPCR

As shown in Figure 6, the relative expression 
level of miR-34a was higher in the sham group 

and lower in the model group, and the difference 
was statistically significant (p<0.05).

Apoptosis Rate Detected Via TUNEL
As shown in Figure 7, the apoptosis rate 

in the sham group [(13.32±7.44)%] was mar-
kedly lower than that in the model group 
[(38.36±5.65)%], and there was a statistically 
significant difference.

Myocardial Injury Markers Detected
The content of cardiac troponin T was (0.53±0.21) 

ng/L in the sham group and (12.27±3.77) ng/L in 
the model group, and the content of creatine ki-
nase isoenzyme was (31.78±7.63) U/L in the sham 
group and (118.38±17.66) U/L in the model group. 
It can be seen that the content of both cardiac 
troponin T and creatine kinase isoenzyme in the 

Figure 2. Immunohistochemical detection of Bax and Bcl-2 expressions. 
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sham group was remarkably lower than that in the 
model group (Figure 8).

Discussion 

The complex cellular and molecular mechani-
sms and a series of complex cascades are major 
factors leading to ventricular remodeling disor-
der after AMI7. The important pathological re-
sponses affecting ventricular remodeling after 
MI include myocardial apoptosis or necrosis, 
myocardial pathological hypertrophy and gene 
re-expression, and extracellular matrix meta-
bolism disorder8,9, among which myocardial 
apoptosis is an important pathological response 
after MI and plays an important role in ventri-
cular remodeling after MI. Further studies10,11 
have demonstrated that the excessive myocar-
dial apoptosis after MI can lead to thickening 
of the non-MI region, and irregular thinning of 
MI region. In addition, the excessive fibroblast 

proliferation and excessive deposition or degra-
dation of extracellular matrix after MI can re-
sult in ventricular remodeling disorder after MI, 
affecting the cardiac function.

The ERK1/2 signaling pathway, an important 
cellular signal transduction pathway, has a close 
correlation with various responses, especially 
apoptosis12,13. It is known that mitogen-activated 
protein kinase (MAPK), an important kind of 
serine-threonine kinase, exists widely in cells, 
participates in the transduction of various cellu-
lar signals, and regulates multiple downstream 
signaling pathways and expression of growth 
regulatory protein. As an important and acti-
ve signaling pathway, ERK1/2 is involved in 
MAPK-mediated pathways, regulating various 
pathophysiological responses, such as cell pro-
liferation, differentiation and apoptosis14. ERK1 
and ERK2, isomers for each other, can be acti-
vated by a variety of upstream molecules, in-
cluding growth factors and endothelin, and pho-
sphorylated, thus activating other downstream 
kinases, phosphorylating cytoskeletal compo-
nents, and activating downstream substrates to 
transmit information, ultimately activating mul-
tiple downstream signaling pathways15,16. In the 
present work, it was found that the expression 
levels of ERK1/2 and p-ERK1/2 were markedly 
increased in the heart tissues of MI, indicating 
that multiple pathological responses after MI 
lead to the increase in abnormal expression of 
ERK1/2 and its phosphorylation. At the same 
time, in heart tissues of MI, the expression 
of Bax was significantly increased, while the 

Figure 3. Mean optical density of Bax and Bcl-2 positive 
expression. Note: p*<0.05 vs. sham group.

Figure 4. Protein expression detected via Western blotting. 

Figure 5. Relative protein expression. Note: p*<0.05 vs. 
sham group.
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expression of Bcl-2 was remarkably decreased, 
and both apoptosis rate and levels of myocardial 
injury markers were markedly increased. The 
above results indicate that Bax and Bcl-2, as 
downstream effectors of the ERK1/2 signaling 
pathway, are regulated after MI, and the ERK1/2 
signaling pathway is activated, the ERK1/2 
expression is increased and its phosphorylation 
level is remarkably increased after MI, thereby 
realizing cellular signal transduction, regula-
ting the abnormal expression of downstream 
Bax and Bcl-2, leading to massive myocardial 
apoptosis and aggravating myocardial injury.

As a member of the non-coding RNA family, 
miR-34a has been proved to be able to regula-
te apoptosis, which, in particular, can increase 
cancer cell apoptosis, thus inhibiting cancer17,18. 
According to further studies19,20, Bax and Bcl-2 
that have close correlations with apoptosis are 

direct targets of miR-34a, and miR-34a can di-
rectly regulate the gene and protein expressions 
of Bax and Bcl-2, controlling apoptosis. The re-
sults of this work revealed that the expression 
level of miR-34a significantly declined, and the 
expression of Bax was markedly increased, whi-
le the expression of Bcl-2 was remarkably de-
creased in myocardial tissues of AMI rats, indi-
cating that the abnormal expression of miR-34a 
may lead to the abnormal expressions of Bax 
and Bcl-2, thus promoting myocardial apopto-
sis. At the same time, considering the activation 
of the ERK1/2 signaling pathway and its role in 
the abnormal expression of Bax and Bcl-2, it is 
concluded that miR-34a regulates the myocar-
dial apoptosis after AMI through the ERK1/2 
pathway.

Conclusions

We found that miR-34a affects the apoptosis in 
rats with AMI by regulating the ERK1/2 signa-
ling pathway.
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Figure 6. Relative expression level of miR-34a. Note: 
p*<0.05 vs. sham group.

Figure 7. Apoptosis rate in each group. Note: p*<0.05 vs. 
sham group.

Figure 8. Content of myocardial injury markers in each 
group. Note: p*<0.05 vs. sham group.
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