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Effect of exosome-carried miR-30a on
myocardial apoptosis in myocardial
ischemia-reperfusion injury rats through

regulating autophagy
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Abstract. — OBJECTIVE: To explore the effect
of exosome-carried micro-ribonucleic acid-30a
(miR-30a) on myocardial apoptosis in rats with
myocardial ischemia-reperfusion injury (MIRI)
and its possible regulatory mechanism.
MATERIALS AND METHODS: The MIRI rat
model was established via ligation of the left
anterior descending coronary artery. A total of
30 Sprague-Dawley (SD) rats were randomly di-
vided into Sham group, Model group, ang
30a inhibitor group. The pathological cha
heart tissues in MIRI rats were detected
matoxylin-eosin (HE) staining. The levels o
rum aspartate aminotransferase (AST) and @
atine phosphokinase (CPK) in MIRI rats wé
detected using the biochemi
content of serum malondia
superoxide dismutase (S@

RESULTS:
group, the, of heart tissues
AST and CPK

MDA was de-

were also significantly
p. Compared with those

ST and CPK were declined, the content of
ased, the content of SOD was de-
ased, the apoptotic rate of heart tissues, and
e protein levels of ULK1 and Beclin-1 in heart
es also significantly declined.

8 CLUSIONS: The exosome-carried miR-
30a ithibitor can suppress the myocardial apop-
tosis in MIRI rats by reducing autophagy.

7066

Chi

Key Words:

., Autophagy, ardial ischemia-reper-

injury, Apoptosis, MiR-

alth, whose morbidity rate, in partic-
ar, has exceeded that of cancer in the last 2-3
decades'. Ischemic heart disease or sudden heart
attack are the most common cardiovascular dis-
ease in the world. With the development of medi-
cine, the thrombolytic therapy and the direct per-
cutaneous coronary intervention are dominated
in the clinical treatment of myocardial infarction,
which can alleviate the disease to some extent>.
However, restoring myocardial blood reperfusion
may also aggravate the myocardial injury in the
treatment of myocardial ischemia and infarction,
which is called myocardial ischemia-reperfu-
sion injury (MIRI)*. MIRI refers to the process
where a large number of oxidative free radicals
are produced after the recovery of blood supply
in ischemic myocardium, leading to myocardial
apoptosis, thus further aggravating the myocar-
dial injury, and inducing large-area myocardial
infarction and arrhythmia, etc’.

Therefore, the damage caused by myocardial
ischemia is an important problem to be solved
urgently during the treatment of MIRI, but the
pathogenesis of MIRI is complex and diverse®’.
Some studies have demonstrated that mitochon-
drial autophagy is closely related to the occur-
rence and the development of MIRI. Autopha-
gy is a metabolic pathway that degrades long-
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lived proteins and organelles through lysosomes,
which is closely related to many physiological
and pathological processes®. Mitochondria also
release oxygen free radicals while producing en-
ergy, and the excessive accumulation of oxygen
free radicals will attack mitochondrial DNA,
leading to disorders of mitochondrial structure
and function’.

The exosome is a research hotspot in the bio-
medical field in recent years, which is a nano-
meter-sized lipid microvesicle with endocytosis,
about 30-200 nm in diameter and widely existing
in such biological fluids as blood, urine, and sa-
liva'®!'. Micro-ribonucleic acid (miRNA) carried
by exosomes can regulate the gene expression,
and participate in many vital activities, such as
epigenetic modification, cell proliferation, differ-
entiation and apoptosis, which plays an important
role in the occurrence and development of cardio-
vascular diseases'?.

In this paper, therefore, the MIRI rat model
was established by the ligation of the left anterior
descending coronary artery to study the regulato-
ry effect of exosome-carried miR-30a on myocar-
dial apoptosis in MIRI rats and further expl
possible regulatory mechanism.

Materials and Methods
Reagents
Aspartate aminotransferg
atine phosphokinase (CJH

enzyme-linked im
kits and termin

), streptozotocin (STZ) from
is, MO, USA), ULKI,
ary antibodies from
A), and horse reddish

struments

he rapid mixer was purchased from Chang-
intan Youlian Instrument Institute (Chang-
hina), the protein electrophoresis appa-
ratus and membrane transfer instrument from

Beijing Biopeony Co., Ltd. (Beijing, China), the
fluorescence inverted microscope from Nikon
(Tokyo, Japan), the microplate readg
Biobase Group (Fremont, CA, USA
speed refrigerated centrifuge from
(Hanau, Germany).

del was established by the
anterior descending coro-

al injection of 3% pentobarbital
jum and fixed on an operating table in a su-
gon. The electrode was inserted into
bs subcutaneously to monitor the condition
of heart, and the ventilator was connected. An
incision was made between the 3™ and 4 ribs
on the left chest wall, the chest wall was bluntly
separated layer by layer, and the left anterior
descending coronary artery was ligated with
suture, followed by reperfusion for 60 min.
Reperfusion was performed when there was
ST-segment elevation in electrocardiogram, and
the ST-segment resolution to 1/2 and reddening
of myocardium indicated the successful estab-
lishment of the MIRI rat model. Finally, the
pathological changes in heart tissues in each
group were detected via HE staining.

Determination of Serum AST and CPK
Levels Using Biochemical Method

The whole blood was collected in each group
and centrifuged, and the serum was retained for
later experiments. AST was used to determine
the degree of injury: the standards were diluted
according to the instructions, and the standard
curve was plotted to determine the concentra-
tion. 50 pL of samples were added and incubated
at 37°C for 30 min. After the solution was spun
dry, 50 pL of enzyme indicator was added into
each well, followed by incubation and washing.
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Then, the developing solution was added, fol-
lowed by incubation in a dark place for 15 min,
and the stop buffer was added to terminate the
reaction. Finally, the absorbance was measured
at a wavelength of 450 nm using a microplate
reader. The level of CPK was determined in the
same way as above.

Determination of Serum MDA and
SOD Content Via ELISA

The whole blood was collected in each group
and centrifuged, and the serum was retained for
later experiments. First, the MDA mother solution
was dissolved by heating, the working solution
was prepared, and the solution at a concentration
of 1, 2, 5, 10, 20, and 50 uM was prepared using
double distilled water to make the standard curve.
The standards and samples were added according
to the instructions and mixed evenly, followed by
boiling water bath for 15 min. After the mixture
was cooled to room temperature, it was centri-
fuged, and 200 pL of it was added into a 96-well
plate. Finally, the absorbance was measured at a
wavelength of 532 nm using the microplate read-
er. The content of SOD was determined }
same way as above.

Detection of Apoptosis of Heart Tiss.

Via TUNEL Staining
The heart tissues were taken

labeling solution
solution were a

ned Then the protein was loaded and subject-
to sodium dodecyl sulphate-polyacrylamide

¥ the bottom. The protein was transferred
onto a polyvinylidene difluoride (PVDF) mem-
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brane (Roche, Basel, Switzerland), sealed with
5% bovine serum albumm (BSA) for 1 h, washed
with Tris-Buffered Saline and Tween 2Q
and incubated with ULK1 and Beclig
antibodies at 4°C overnight. In thg
protein was incubated again wj

Pxt day, the
RP-labeled

h and washed with TBST.
veloping solution was a
analyzed using Imagel

OVA test
Significant
alysis of variance was
Product and Service

Results

some-Carried MiR-30a Inhibitor

rove Morphology of

lyocardial Cells in MIRI Rats

The heart tissues in each group were dissect-
ed and stained with HE and the morphology of
myocardial cells was observed. As shown in Fig-
ure 1, the myocardial cells had a clear boundary
and outline, and the matter in the nucleus was
arranged evenly, without infarction lesions in
the Sham group. In the Model group, myocardial
necrosis occurred, myocardial cells were swollen
and enlarged with a diffused outline and un-
clear boundary, and there were hemorrhage and
inflammatory cell infiltration. In the miR-30a
inhibitor group, the pathological morphology of
cells was significantly improved compared with
that in the Model group.

Exosome-Carried MiR-30a Inhibitor
Could Reduce Serum AST and CPK
Levels in MIRI Rats

The serum AST and CPK levels in each group
were detected using the biochemical method. As
shown in Table I, the serum AST and CPK levels
were significantly increased in the Model group
compared with those in the Sham group ('p<0.05,
*p<0.05), while they significantly declined in the
miR-30a inhibitor group compared with those in
Model group (*p<0.05, *p<0.05).
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miR-30a inhibitor

OB SO

Figure 1. Changes in pathological morphology of myocardial cells in each group (24

Table I. Serum AST and CPK content in each group (¥p<0.05, “p<0.05).

List AST (U/L) CPK (U/L)

Sham group 289.32 +39.73 3¥.31 +50.93
Model group 643.28 £59.3 1205.35 + 80.51*
miR-30a inhibitor group 458.54 +49.2 682.74 + 79.86"

Note: *p<0.05: Model group vs. Sham group, *p<0.05: miR-30a inh group vs. Modglroup.

Exosome-Carried MiR-30a Inhibito. ining. The red color represented the apoptotic
Could Reduce Serum MDA Content he blue color represented the nuclei
Increase SOD Activity in MIRI Rats igure ZA). The statistical results showed that

The serum MDA content and SOD activit the apoptotic rate of myocardial cells in heart tis-
each group were detected via E sues was obviously increased in the Model group
revealed that compared with compared with that in the Sham group (‘p<0.05),

: while it was significantly decreased in the miR-

(’p<0.05), while the SOD, i e i 30a inhibitor group compared with that in the
Model group (p<0.05). : Model group (*p<0.05) (Figure 2B), indicating
the Model group, t content de- that the miR-30a inhibitor can significantly inhib-
clined (*p<0.05), Avity was in- it myocardial apoptosis in MIRI rats.
creased in the my
(Table II). Exosome-Carried MiR-30a Inhibitor
Could Reduce Protein Levels of ULKT1
and Beclin-1 in Myocardial Tissues in
MIRI Rats

The levels of autophagy-related proteins ULK1
and Beclin-1 in heart tissues in each group were
detected via Western blotting, and the protein

content and SOD activity in each group (*p<0.05, “p<0.05).

MDA (nmoL/mg protein) SOD (U/mg protein)
3.14+0.86 3146 +2.17
9.26 + 1.02* 6.79 +0.92*
R)a inhibitor group 7.35 +0.53" 18.41 +£2.05%

Note: *p<0.05: Model group vs. Sham group, “p<0.05: miR-30a inhibitor group vs. Model group.
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Figure 2. Myocardial apoptosis in heart tissues in eac
apoptosis ('p<0.05, “p<0.05).

up,

miR-30a mhibitor

a inhibitor

). A, TUNEL staining, B, statistical diagram of myocardial

(*’p<0.05), while they declined in the miR-30a in-
hibitor group compared with those in the Model
group (*p<0.05) (Figure 3B), suggesting that the
miR-30a inhibitor reduces myocardial apoptosis
through inhibiting autophagy.
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diagram of bands ('p<0.05, p<0.05).
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3. Expressions of autophagy-related proteins in heart tissues in each group. A, Western blotting bands, B, statistical
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Discussion

Cardiovascular disease is a problem faced by
the world, in which acute myocardial infarction is
one of the most important diseases which is seri-
ously endangering human life health. The medical
technology and quality have been improved in the
recent years, but the recovery of reperfusion after a
series of treatments will aggravate the myocardial
injury, namely MIRI". Therefore, the research
and development of drugs that can safely and ef-
fectively alleviate and treat MIRI have become a
primary task to be solved urgently by researchers
and medical workers'. The heart is composed of
different cells, such as fibroblasts, myocardial cells
and macrophages, and a mutual regulatory net-
work system is formed among these cells, making
the pathogenesis of MIRI complex. Nowadays, it is
believed that MIRI is closely related to the release
of oxygen free radicals, a too high concentration
of intracellular calcium ion and an endoplasmic
reticulum stress damage'.

The autophagy is an ancient vital phenomenon
widely existing in eukaryotic organisms. The
mitochondrial autophagy is a selective autogha
that exerts a protective effect on damaged
chondria and maintains cell homeostasis
case of damage to intracellular mitochond
Mitochondria are the main “factory of cell®
aerobic respiration, Wthh supR

The exosomes
in the vesicles,

of 30-110 nm Wand play

NA, miRNA,
. The secretion of exosomes
to cellular physiological and

echamsm for miRNA transmis-
pn, Wthh transmits different types of s1gna11ng
glecules to the recipient cells and participate in
henal exchange and the transmission among
cellsN¥Besides, the latest studies have found that
exosomes play important roles in the physiolog-

ical and pathological processes of cardiovascular
diseases. For example, Luo et al?® found that exo-
some-carried miR-126 can protect the
cell, resist myocardial apoptosis ag

cardial reperfusion injury.
In this paper, the MIRI rat m8
lished by the ligation of the

. Moreover, the serum
ivity were determined

IRI rats, the apoptosis was
assay, and the results mani-

osis rate. Finally, the expression
|s of autophagy-related proteins were detect-
stern blotting, and the results showed
flat the” miR-30a inhibitor could significantly
reduce the protein levels of ULK1 and Beclin-1.
The above findings indicate that exosome-carried
miR-30a inhibitor can suppress the myocardial
apoptosis through down-regulating the protein
levels of ULK1 and Beclin-1.

Conclusions
We found that the exosome-carried miR-30a

inhibitor can suppress the myocardial apoptosis
in MIRI rats through reducing autophagy.
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