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MiR-26a inhibits myocardial cell apoptosis in
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Abstract. - OBJECTIVE: To study the influ-
ence of micro ribonucleic acid (miR)-26a on
myocardial cell apoptosis in rats with acute
myocardial infarction (AMI) through the glyco-
gen synthase kinase 3 beta (GSK-3B) pathway.

MATERIALS AND METHODS: A total of 36
Sprague-Dawley rats were randomly divided in-
to sham group (n=12), model group (n=12), and
miR-26a mimics group (n=12). Only the heart
was exposed, and normal saline was intraperi-
toneally injected postoperatively in sham group,
and the model of AMI was prepared in model
group. Besides, after modeling, miR-26a mimics
were injected into the left ventricle in miR-26a
mimics group. At 48 h after operation, sampling
was performed. Then, the expressions of B-cell
lymphoma 2 (Bcl-2) and Bcl-2 associated X pro-
tein (Bax), as well as the protein expression of
phosphorylated GSK-3B (p-GSK-3B) were de-
tected via immunohistochemistry and Western
blotting, respectively. Moreover, the expression
level of miR-26a was measured via quantita-
tive polymerase chain reaction (QPCR), and cell
apoptosis was evaluated using terminal deoxy-
nucleotidyl transferase (TdT) dUTP nick-end la-
beling (TUNEL) assay.

RESULTS: Compared with those in sham
group, the expression level of Bax was substan-
tially raised, but that of Bcl-2 was notably low-
ered in model group and miR-26 mimics group
(p<0.05), and miR-26 mimics group had a mark-
edly lower expression level of Bax and a remark-
ably higher expression level of Bcl-2 than mod-
el group (p<0.05). According to Western blotting
results, the protein expression level of p-GSK-
3B in model and miR-26a mimics groups was
considerably higher than that in sham group
(p<0.05), and miR-26a mimics group exhibit-
ed a notably higher protein expression level of
p-GSK-3B than model group (p<0.05). In com-
parison with that in sham group, the expression
level of miR-26a rose markedly in both model
group and miR-26a mimics group (p<0.05), and
its expression level in miR-26a mimics group

was dramatically higher than that in model
group (p<0.05). Additionally, the TUNEL-positive
cells were considerably increased in both model
group and miR-26a mimics group in comparison
with that in sham group (p<0.05), and miR-26a
mimics group had markedly fewer TUNEL-posi-
tive cells than model group (p<0.05).

CONCLUSIONS: MiR-26a activates the GSK-
3B signaling pathway to inhibit myocardial cell
apoptosis after AMI.
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Introduction

With the changes in people’s lifestyles and in-
crease in their living pressure, the morbidity rate
of acute myocardial infarction (AMI), a clinically
critical cardiovascular disease, is increasingly
higher, and presents a younger trend. According
to the statistics, there are at least 500,000 new
cases of AMI every year, among which mid-
dle-aged males (45-60 years old) remain the high-
risk population'?. The greatest harm of AMI, one
killer of the life health of humans, is that it often
causes death of patients. As the research on AMI
continues to progress, it has been realized by re-
searchers that long-standing ischemia and hypox-
ia in myocardial tissues are the major causes of
myocardial infarction, and multiple pathological
reactions that are further induced by myocardial
tissue ischemia and hypoxia serve as the leading
factors affecting the prognosis of myocardial
infarction, especially cell apoptosis that has im-
portant effects on the myocardial regeneration,
repair and fibrosis after myocardial infarction®.
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Therefore, cell apoptosis is considered as the cru-
cial starting point for studies on AMI.

Micro ribonucleic acid (miR)-26a, as an im-
portant miRNA family member, can regulate
the activation of several downstream signaling
pathways and the expressions of various effector
molecules to play an important regulatory role
in the pathological and physiological processes,
such as cell proliferation and apoptosis*>. The
vital glycogen synthase kinase 3 beta (GSK-3p)
signaling pathway has been confirmed to be
closely related to cell apoptosis. According to
the findings in a study, GSK-3 can be phos-
phorylated under the stimulation by a variety
of cytokines to activate the GSK-3f signaling
pathway and further exert a pivotal anti-apoptot-
ic effect, thereby alleviating the damage to cells,
tissues, and organisms®.

The present study, therefore, aims to observe
the influence of miR-26a on myocardial cell
apoptosis in rats with acute myocardial infarction
via the GSK-3p pathway and further elucidate
the role of miR-26a in AMI and its mechanism
of action.

Materials and Methods

Laboratory Animals and Grouping

A total of 36 female Sprague-Dawley rats
weighing (200+10) g were randomly assigned
into sham group (n=12), model group (n=12), and
miR-26a mimics group (n=12). They were raised
in the Laboratory Animal Center and given pu-
rified water and adequate feed daily in a 12/12 h
light-dark cycle, and the present study conformed
to the requirements of the Laboratory Animal
Ethics Committee. This study was approved by
the Animal Ethics Committee of Jinzhou Medical
University.

Main Reagents and Instruments

MiR-26a mimics (Boster, Wuhan, China),
anti-B-cell lymphoma 2 (Bcl-2) antibody, an-
ti-Bel-2 associated X protein (Bax) antibody and
anti-phosphorylated GSK-3f (p-GSK-3p) anti-
body (Abcam, Cambridge, MA, USA), immu-
nohistochemistry and terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling
(TUNEL) kits (Fuzhou Maixin Biotech. Co., Ltd.,
Fuzhou, China), AceQ quantitative polymerase
chain reaction (QPCR) SYBR Green Master Mix
kit and HiScript II Q RT SuperMix for qPCR
[+genomic deoxyribonucleic acid (+gDNA) wip-
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er] kit (Vazyme Biotech, Nanjing, China), opti-
cal microscope (Leica DMI 4000B/DFC425C,
Wetzlar, Germany), and fluorescence qPCR in-
strument (ABI 7500, Applied Biosystems, Foster
City, CA, USA).

Modeling and Treatment in Each Group

The rats were intraperitoneally injected
with 2.5% pentobarbital sodium at 30 mg/
kg. Following successful anesthesia, the rats
were fixed on an operating table, and the fur
was shaved, followed by skin preparation and
sterile draping. Then, they were connected to
an animal electrocardiograph, and endotracheal
intubation was performed between the 3™ and
4% cartilaginous rings. Subsequently, a res-
pirator was connected, with the tidal volume
and inspiratory/expiratory ratio set as 7 mL/
kg and 1:1, respectively. An about 3 cm-long
longitudinal incision was made around the left
sternum to cut open skin, muscle, and fascia
successively, and the 3" and 4" ribs were cut off
to fully expand the thoracic cavity and expose
the heart. Afterwards, the pericardium was
sheared open carefully using ophthalmic for-
ceps, and a No.0 silk thread was passed through
the space between the left atrial appendage and
arterial cone. The electrocardiogram response
in the electrocardiograph was observed, and the
typical ischemic electrocardiographic pattern
indicated that the model of acute myocardial in-
farction was prepared successfully. Finally, the
incision was sutured layer by layer, while the
air in the thoracic cavity was exhausted. When
the rats regained consciousness, the respirator
was removed, and they were kept warm and fed
separately in cages.

In sham group, only the thoracic cavity of the
rats was opened to expose the heart, with no No.0
silk thread passing through the space between the
left atrial appendage and arterial cone, and after
layer-by-layer suturing, the rats were kept with
normal feed and purified water every day. After
the model of AMI was successfully established
by the above method, the rats in model group
were fed with normal diet and purified water
daily and intraperitoneally injected with normal
saline once a day, while those in miR-26a mimics
group were injected with miR-26a mimics using
a microinjector through the anterior wall myocar-
dium of the left ventricle, and with the thoracic
cavity closed, they were given normal feed and
purified water daily. At 48 h after operation, all
the rats were sacrificed for sampling.
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Sampling

After all the rats were anesthetized, the thorac-
ic cavity was cut open to expose the abdominal
aorta from which blood was then drawn using
disposable blood lancets and stored for later use.
Subsequently, 6 rats in each group were subjected
to perfusion fixation with paraformaldehyde, and
the cardiac tissues were taken out when the limbs
of the rats were stiff, and fixed in paraformalde-
hyde for another 48 h. Besides, the cardiac tissues
of the remaining 6 rats in each group were direct-
ly sampled into Eppendorf (EP) tubes (Hamburg,
Germany) and stored in an ultra-low temperature
refrigerator for later use.

Immunohistochemistry

The pre-paraffin-embedded tissues were
sliced into 5 pm-thick sections, placed in warm
water at 42°C for extending, mounting, and
baking and prepared into paraffin-embedded
tissue sections. Then, the tissue sections were
soaked in xylene solution and gradient ethanol
for conventional de-paraffinization and hydra-
tion, respectively. Subsequently, the resulting
sections were immersed in citrate buffer and
heated repeatedly in a micro-wave oven for
3 times (heating for 3 min and braising for 5
min per time) for complete antigen retrieval.
After rinsing, the tissue sections were added
dropwise with endogenous peroxidase blocker,
reacted for 10 min, rinsed, and sealed with goat
serum for 20 min. With the goat serum block-
ing solution discarded, the tissue sections were
incubated with the anti-Bax and anti-Bcl-2 pri-
mary antibodies (1:200) in a refrigerator at 4°C
overnight. On the next day, the sections were
rinsed, added with the secondary antibody
solution in drops, reacted for 10 min and fully
washed, followed by reaction with streptomycin
avidin-peroxidase solution for 10 min and color
development using diaminobenzidine (DAB).
Finally, cell nuclei were counterstained using
hematoxylin, and the sections were sealed and
observed.

Table I. Primer sequences.

Western Blotting

The cardiac tissues stored at an ultra-low tem-
perature were added with lysis buffer, bathed
on ice for 1 h, and then centrifuged at 14,000 g
in a centrifuge for 10 min, followed by protein
quantification using bicinchoninic acid (BCA)
method (Pierce, Rockford, IL, USA). To calcu-
late the concentration of proteins in the tissues,
the absorbance of proteins was measured using
a microplate reader, and the standard curve was
plotted. Then, the proteins were denaturalized
and isolated via sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) that
was terminated when the marker protein stayed
at the bottom of the glass plate in a straight line.
Subsequently, the proteins were transferred on-
to polyvinylidene difluoride (PVDF) membranes
(Roche, Basel, Switzerland), added with sealing
solution, reacted for 1.5 h, and incubated with
anti-p-GSK-3p primary antibody (1:1,000) and
secondary antibody (1:1,000) successively. After
rinsing, images were fully developed in the dark
through reaction with chemiluminescent reagent
for 1 min.

OPCR

The cardiac tissues stored were added with
ribonucleic acid (RNA) extraction reagent to ex-
tract the total RNA from the specimens. Then,
the total RNA extracted was reversely transcribed
into complementary DNA (cDNA). The reaction
was performed in a system (20 pL) under the
following conditions: reaction at 53°C for 5 min,
pre-denaturation at 95°C for 10 min, denaturation
at 95°C for 10 s, and annealing at 62°C for 30 s,
for 35 cycles. After the value of ACt was calculat-
ed, the expression differences in the target genes
were analyzed. The detailed primer sequences are
shown in Table I.

TUNEL Assay

The tissues embedded in paraffin in advance
were made into 5 pm-thick sections, extended,
mounted, and baked in warm water at 42°C and
prepared into paraffin-embedded tissue sections.

Name

Primer sequences

MiR-26a

Forward: ’GTGGCATTACATAGTCAGCA3’
Reverse: 5’ GTGCAGGGTCCGAGGT?3’

U6 Forward: 5’CTCGCTTCGGCAGCACATAT3’
Reverse: ’TTGCGTGTCATCCTTGCG3’
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Figure 1. Expressions of Bax and Bcl-2 detected via immunohistochemistry (magnification x200).

Then, these sections were routinely de-paraf-
finized and hydrated by immersing in xylene
solution and gradient ethanol successively. Sub-
sequently, the resulting sections were added drop-
wise with TdT reaction solution for reaction in the
dark for 1 h and incubated with deionized water
for 15 min to terminate the reaction. After the ac-
tivity of endogenous peroxidase was blocked by
adding hydrogen peroxide in drops, the sections
were added dropwise with working solution, re-
acted for 1 h, rinsed, added with DAB solution
in drops for color development and rinsed again.
Finally, the sections were sealed and observed.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 20.0 software (IBM, Armonk, NY, USA)
was employed for statistical analysis. The #-test,
corrected f-test, and nonparametric test were
performed for data conforming to normal dis-
tribution and homogeneity of variance, those
conforming to normal distribution and heteroge-
neity of variance, and those dissatisfying normal
distribution and homogeneity of variance, re-
spectively. Comparison among multiple groups
was done using One-way ANOVA test followed
by Post-Hoc Test (Least Significant Difference).
Rank sum test was used for ranked data, and
Chi-square test was adopted for enumeration da-
ta. p-values < 0.05 were considered statistically
significant.
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Results

Expressions of Bax and Bcl-2 Detected
Via Immunohistochemistry

As shown in Figure 1, sham group exhibit-
ed fewer positive expressions of Bax, but more
positive expressions of Bcl-2 than both model
group and miR-26a mimics group. According to
the statistical results (Figure 2), compared with
those in sham group, the average optical den-
sity of positively expressed Bax was increased
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Figure 2. Optical density of positively expressed Bax and Bcl-
2. Note: *p<0.05 vs. sham group, and *p<0.05 vs. model group.



MiR-26a inhibits myocardial cell apoptosis in acute myocardial infarction

GSK-3g — - o

miR-26a
mimics

Sham Model

Figure 3. Protein expression detected via Western blotting.

substantially, but that of positively expressed
Bcl-2 was notably lowered in model and miR-26a
mimics groups, showing statistically significant
differences (p<0.05), and miR-26a mimics group
had an evidently lower average optical density
of positively expressed Bax and a considerably
higher average optical density of positively ex-
pressed Bcl-2 than model group, with statistically
significant differences (p<0.05).

Western Blotting Results

As shown in Figure 3, sham group exhibited
a lower protein expression level of GSK-3p than
model group and miR-26a mimics group. The
statistical results revealed that the relative protein
expression level of GSK-3f was substantially
elevated in model and miR-26a mimics groups
compared with that in sham group, and the dif-
ferences were statistically significant (p<0.05).
Moreover, the relative protein expression level in
miR-26a mimics group was notably higher than
that in model group, showing a statistically sig-
nificant difference (p<0.05; Figure 4).
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Figure 4. Relative expression levels of proteins in each group.
Note: *p<0.05 vs. sham group, and *p<0.05 vs. model group.

QOPCR Results

Compared with that in sham group, the rela-
tive expression level of miR-26a was markedly
raised in the other two groups, with statistically
significant differences (p<0.05), and its relative
expression level in miR-26a mimics group was
remarkably higher than that in model group,
displaying a statistically significant difference
(p<0.05; Figure 5).

Apoptosis Rate Measured Via TUNEL
Staining

Apoptotic cells are tan and sham group had
fewer such cells than the other two groups (Fig-
ure 6). As shown in Figure 7, compared with
that in sham group, the average optical density
of TUNEL-positive cells was substantially in-
creased in the other two groups, showing statis-
tically significant differences (p<0.05), and the
average optical density in miR-26a mimics group
was notably higher than that in model group, with
a statistically significant difference (p<0.05).

Discussion

Studies have established that acute myocardial
infarction is one of the leading diseases that are
the most harmful to the life health of humans, and
has been known as the killer of human health since
it tends to cause patients’ death™. AMI has very
complex pathological reactions, including inflam-
mation, oxidative stress, and apoptosis, and these
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Figure 5. Relative expression level of miR-26a in each
group. Note: *p<0.05 vs. sham group, and “p<0.05 vs. model

group.
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Figure 6. Cell apoptosis detected via TUNEL staining (magnification x200).

complicated cellular and molecular mechanisms
and a series of perplexing cascade reactions
tend to affect the ventricular remodeling, play-
ing important roles in the repair and cure after
AMP. In particular, apoptosis occurs in massive
myocardial cells because the apoptosis-associated
signaling pathways in myocardial cells are acti-
vated upon the release of various cytokines under
ischemic and hypoxic conditions'™!!, Moreover,
after AMI excessive myocardial cell apoptosis
can cause secondary myocardial scar hyperplasia
and fibrosis'*"® and further contribute to abnor-
mality in tissue morphology, structural disorder,
and dysfunction in myocardial infarction area, ul-
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Figure 7. Average optical density of TUNEL-positive
cells. Note: *p<0.05 vs. sham group, and *p<0.05 vs. model

group.
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timately resulting in poor ventricular remodeling
and patients’ death in severe cases. Additionally,
effectively regulating the cell apoptosis is consid-
ered of great significance for treating AMI and
improving ventricular remodeling to promote the
repair of myocardial cells.

The GSK-3p signaling pathway is an important
signal transduction pathway that can regulate nu-
merous physiological and pathological processes
such as cell proliferation and apoptosis. The
family of the crucial protein kinase B (Akt/PKB)
comprises three subtypes Aktl/2/3, and once af-
fected by various factors and cytokines in injury,
Akt can be encoded by PKB gene and further
activated and phosphorylated, altering spatial
conformation and fully exposing two amino-acid
residues for initiating phosphorylation, which ul-
timately exerts a pivotal signaling effect'*'*>. The
active Akt can further phosphorylate GSK-3f3 and
activate the GSK-3f signaling pathway to inhibit
the downstream mPTP and prevent mitochon-
drial damage, thereby exerting an anti-apoptotic
effect to maintain the ratio of apoptotic effector
molecules Bax to Bcl-2 at a normal level'®".

As one of important members of the miRNA
family, miR-26a has a vital regulatory effect on
such physiological and pathological reactions as
cell proliferation and apoptosis. Studies'®*° have
indicated that with an important anti-apoptot-
ic effect after damage, miR-26a can effectively
lower the level of cell apoptosis to play a crucial
protective role in damaged tissues and cells. Ac-
cording to the results of this study, after AMI,
Bax was abnormally highly expressed, while Bcl-
2 was lowly expressed in myocardial tissues, sug-
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gesting that a high level of cell apoptosis occurs
in myocardial tissues. Meanwhile, the TUNEL
assay also verified that myocardial cell apoptosis
was aggravated, and miR-26a mimics effectively
repressed the expression of Bax, but accelerated
that of Bcl-2 after AMI, thereby reducing the
level of myocardial cell apoptosis. Besides, the
Western blotting results indicated that after AMI,
the phosphorylation level of GSK-33 was raised
and the GSK-3p signaling pathway was activated
for the self-protection mechanism in organisms
to resist apoptosis, during which miR-26a mimics
further promoted the phosphorylation of GSK-3p
to up-regulate the GSK-3p phosphorylation sig-
naling pathway.

Conclusions

In summary, miR-26a inhibits myocardial
cell apoptosis after acute myocardial infarction
through the activation of the GSK-3f signaling
pathway.
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