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ARTICLE INFO ABSTRACT

Original paper The homing rate of transplanted mesenchymal stem cells (BMSCs) after acute myocardial infarction (AMI)
is generally low, with only 0%-6% of the number of transplanted stem cells distributed to the heart; therefore,
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myocardial ischemia and hypoxia caused by AMI. In this experiment, After first establishing the BMSCs
ischemic-hypoxic injury model, the rats were divided into healthy group, model group, BMSCs group and
BMSCs+ miR-183-5P group, where the healthy group was taken to normal culture, the model group caused

myocardial ischemic-hypoxic damage, the BMSCs group underwent BMSCs stem cell transplantation on the
basis of the model group, and the BMSCs+ miR-183-5P group was group was cultured with BMSCs-derived
miR-183-5P on the basis of the model group. Myocardial tissue sections of rats in each group were taken for
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HE staining and histopathological changes were observed by light microscopy. The proliferation, apoptosis
and migration ability of the cells were detected by CCK-8 method, flow cytometry and Transwell transfer
method. The target gene of miR-183-5P was predicted using bioinformatics software, and the binding of miR-
183-5P to FOXO1 was investigated. The expression of FOXO1 was analysed using qRT-PCR and protein
blotting techniques. The qRT-PCR results showed that the expression of miR-183-5P was higher in BMSCs
of the BMSCs group and BMSCs+ miR-183-5P group compared with the model group, and the expression
was highest in the BMSCs+ miR-183-5P group (P<0.05). The value-added ability and the migration capacity
of BMSCs in the BMSCs group and BMSCs+ miR-183-5P group were increased compared with the model
group, and the BMSCs+ miR-183-5P group BMSCs had the highest proliferation capacity and the migration
capacity(P<0.05). In contrast, the apoptotic capacity of BMSCs was significantly reduced in the BMSCs group
and BMSCs+ miR-183-5P group compared with the model group, and the apoptotic capacity of BMSCs was
lowest in the BMSCs+ miR-183-5P group (P<0.05). The bioinformatics software RegRNA 2. 0 was used to
predict that the specific target gene that may be regulated by miR-183-5P is FOXO1 and confirmed that miR-
183-5P does indeed have a targeting relationship with the FOXO1 pathway. After upregulation of miR-183-5P
expression, the expression of FOXO1 mRNA was higher in BMSCs of the BMSCs group and BMSCs+ miR-
183-5P group compared with the model group, and the expression was highest in the BMSCs+ miR-183-5P
group (P<0.05). The Western blotting showed that the expression of FOXO1 mRNA was higher in BMSCs of
the BMSCs group and BMSCs+ miR-183-5P group compared with the model group, especially the expression
was highest in the BMSCs+ miR-183-5P group (P<0.05). In conclusion, BMSCs-derived miR-183-5P can tar-
get and regulate FOXO1 to increase the proliferation and migration of BMSCs and reduce their apoptosis, and
can also reduce myocardial tissue edema and inflammatory response by increasing the expression of FOXO1
mRNA, which can increase the survival rate of BMSCs and provide a clinical basis for BMSCs transplantation.
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Introduction
blood flow, but myocardial remodeling may still occur in

Acute myocardial infarction (AMI) is one of the most
dangerous diseases in cardiovascular disease (CVD) due
to its sudden onset, high disability rate and high lethality.
Prolonged ischemia occurs after myocardial infarction,
resulting in irreversible damage to cardiomyocytes (i.e.,
coagulative necrosis), as well as edema and neutrophil
infiltration in the intercellular space (1-2). The current
common treatment is to rapidly restore myocardial ground

up to 60% of AMI patients (3), and currently, conventional
treatments, including drugs, interventions, or surgical pro-
cedures, are unable to rescue the already necrotic myocar-
dial cells, which will eventually progress to changes in the
size, shape, structure, and function of the entire heart (4).
Stem cells are a type of cell with the ability to self-renew
and differentiate, and the rapid emergence and develop-
ment of the stem cell field in the last decade or so have
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brought new hope for the treatment of AMI (5). Mesen-
chymal stem cells (BMSCs) are totipotent adult stem cells
with multi-directional differentiation potential, immune
regulation, hematopoietic support and self-replication,
and can be transformed into adipose, muscle, endothelial,
liver, cardiac muscle and other tissue cells under certain
conditions. They have the advantages of being less likely
to cause immune rejection, having low immunogenicity,
and not involving ethics and morality (6-7). Therefore,
BMSC:s are the star cells for stem cell transplantation the-
rapy after myocardial ischemic-hypoxic injury to improve
recent cardiac function and inhibit ventricular remodeling
in the ischemic heart (8). However, related studies have
found that the homing rate of BMSCs transplantation af-
ter AMI is generally low, with only 0%-6% of the num-
ber of transplanted stem cells actually distributed to the
heart; therefore, improving the homing rate is the key to
exploiting the role of BMSCs transplantation in AMI the-
rapy (9).

MicroRNA (miRNA) regulates gene expression through
the targeted regulation of messenger RNA (mRNA), there-
by regulating the biological behavior of cells (10). An in-
creasing number of studies claim (11-12) that a variety of
miRNAs can be involved in cellular autophagy, develop-
ment, etc. The FOXO1 transcription factor can participate
in organism growth and development, metabolism, etc. by
regulating various physiological processes such as cellu-
lar oxidative stress, proliferation, and apoptosis, and is a
member of the FOXO subfamily of the FOX family (13).
FOXO1 genes are widely expressed in adults including the
heart, brain, lung, liver, kidney, skeletal muscle, pancreas
and other tissues and organs, and FOXO1 is expressed
mainly in muscle tissue during the embryonic period and
in adipose tissue in adults (14-15). Studies have shown that
FOXOI1 currently plays an important role as an oncogenic
molecule in the development of breast cancer. miR-183-
5p.1 can target and regulate FOXOI1 to perform the func-
tion of promoting cell proliferation or apoptosis. A study
by Ling-Li et al (16) showed that overexpression of RP4
could bind to miR-183-5p.1. endogenously and competi-
tively to upregulate FOXO1 expression, resulting in the
inhibition of breast cancer cell proliferation. It was shown
that regulation of miR-183-5p gene expression targeting
FOXOI1 could regulate the progression of breast cancer,
but whether BMSCs-derived miR-183-5p could regulate
FOXOL to repair myocardial damage caused by myocar-
dial ischemia and hypoxia is not yet known. It has been
found that the survival rate of BMSCs after transplantation
is extremely low, and the vast majority of BMSCs can be
apoptotic for various reasons within 1 week after trans-
plantation (17). Therefore, there is a need to find effective
interventions to effectively increase the number of BMSCs
homing to the damaged parts of the myocardium, improve
the survival rate, and enhance the therapeutic value of
BMSC:s transplantation in AMI patients (18).

Therefore, this study will investigate the therapeutic ef-
fects of miR-183-5p-modified BMSCs cells on myocardial
ischemia and hypoxia caused by AMI and its mechanism
of action for further investigation.

Materials and Methods

Experimental materials
Lipofectamine 3000, cell lysate, protease inhibitor, fe-

tal bovine serum, RT-PCR reverse transcription kit, TRI-
zol reagent and fluorescence quantification kit (Thermo
Fisher, USA); Transwell chamber (Unicon Biotechnology,
Beijing); CCK-8 kit, cDNA synthesis kit (Tiangen Bio-
chemistry, Beijing); EdU kit ( Shanghai Enzyme Linkage
Biology); dual-luciferase reporter gene detection kit (Bei-
jing Yuanpinghao Biotechnology); fluorescence quantita-
tive PCR instrument (Roche, USA)); primers miR-183-
5P, FOXO1, GAPDH (Biometra, Germany); DMEM/F12
medium, RPMI- 1640 medium (Shanghai Zhongqiao Xin-
zhou Biotechnology); anti-miR-183-5P, FOXO1 antibo-
dies (Abeam, USA); Negative control (NC) mimics (Shan-
ghai Jima Pharmaceuticals); GAPDH (Shanghai Weihao
Biotechnology); EL340 ELISA (BioTek Winooski, USA).

Experimental methods

Sample collection

Bone marrow cells were collected from SD bone mar-
row donor rats, and tibia bone was separated after disloca-
tion and execution, and bone marrow cells were extracted,
and stem cells were cultured and passaged, and the 3rd
generation cells were taken for establishing the model of
ischemic and hypoxic injury of BMSCs, after taking heal-
thy male clean grade SD rats weighing 200+45g, and they
were divided into the healthy group, model group, BMSCs
group, BMSCs+ miR-183-5P group, where the healthy
group was taken in normal culture, the model group caused
myocardial ischemic and hypoxic damage, the BMSCs
group underwent BMCs stem cell transplantation on the
basis of the model group, and the BMSCs+ miR-183-5P
group was cultured with BMSCs-derived miR-183-5P on
the basis of the model group.

Establishment of a hypoxic injury model

The 3rd generation cells were collected and the cell
concentration was adjusted to 1x104/mL to prepare for
transplantation. 24 h before implantation, the BMSCs
were placed in a hypoxic constant temperature cell culture
incubator and nitrogen gas was introduced into them to
reduce their oxygen volume fraction to 0.03, CO2 volume
fraction to 0.05, and saturation temperature to 37°C. After
24 h, the cells were moved to a normal oxygen-content
incubator for 2 h. The 3rd generation BMSCs were co-in-
cubated with Hoechst 33342 at a final mass concentration
of 10 ug/mL for 30 min for Hoechst labeling.

Histopathological observation of myocardium

The myocardial tissues of SD rats in each group were
taken, fixed, dehydrated, paraffin-embedded, sectioned
and processed, then HE stained, and the myocardial his-
topathological changes were observed under the light mi-
Croscope.

Quantitative real-time fluorescence polymerase chain
reaction (qRT-PCR)

RNA was extracted from BMSCs by the TRIzol method
and reverse transcribed to cDNA using TagManTM ad-
vanced miRNA cDNA synthesis tool. RT-qPCR was per-
formed by SYBR fluorescent PCR technique. GAPDH
is an intrinsic control between FOXO1 and miRNA. The
results of QRT-PCR were analyzed by Step One Plus real-
time PCR system. Relative expression levels were esti-
mated using the 2-AACt method. The primers and primer
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Table 1. Real-time PCR primers as well as primer sequences.

Primer Primer sequences
FOXO1 Forward  5-GGATGTCCATTCTATGGTGTACC-3'
Reverse  5-TTTCGGGATTGCTTATCTCAGAC-3'
miR-183-5P Forward  5-CGCGTATGGCACTGGTAGAA-3'
Reverse  5-AGTGCAGGGTCCGAGGTATT-3'
GAPDH Forward  5-ATTCCATGGCACCGTCAAGGCTGA-3'
Reverse  5-TTCTCCATGGTGGTGAAGACGCCA-3'

order are listed in Table 1.

Bioinformatics software prediction and dual luciferase
reporter gene detection of targeting relationship between
miR-183-5P and target genes

The bioinformatics analysis software of RegRNA2.0
was applied to predict the regulation of specific targets by
miR-183-5P. BMSCs were cotransfected with FOXO1-
WT plasmid, FOXO1-MUT plasmid and negative control
sequences or miR-183-5P mimics, and compared by the
method of dual luciferase reporter gene Kkit.

Cell Counting Kit 8 (CCK-8) assay

Transfected cells were inoculated in 60-well plates at
1x103 (200 ul), and after 4 h, the cell culture medium solu-
tion was aspirated and DMED medium containing 10%
CCK-8 was added for incubation for 1 h. The growth of
cells on days 1, 2, 3, 4 and 5 was measured with the CCK-
8 kit, and the growth curves were determined. It was strict-
ly implemented according to the operational standards of
CCK-8.

Flow cytometry analysis

The cells of each group were digested, made into 1x106
ml of cell suspension, centrifuged, washed with PBS, re-
suspended with 150 pl of buffer, added into 10 pl Annexin
V-FITC and 5 pl PI staining solution, incubated for 15 min
with protection from light and detected by flow cytometry.

Transwell migration assay

The cells of each group were made into 1x105 cells/
ml, inoculated into the upper chamber of Transwell, and
the lower chamber was put into serum-free culture me-
dium containing SDF-1aq, incubated for 12 h, removed and
washed, fixed with paraformaldehyde, stained with crystal
violet, aspirated with floating color, observed and detected
the absorbance at 565 nm.

The cell migration after 0, 24 and 48 h incubation was
observed using a conventional microscope, and image ana-
lysis was performed with the corresponding calculations.

Western blot assay

The above BMSCs were obtained and lysed to obtain
supernatant, BCA method for protein concentration deter-
mination, protein sample: loading buffer = 1:4, boiling
for preparation of protein samples, gel preparation and
loading, electrophoresis and membrane transfer, pro-
tein closure, primary antibody (miR-183-5P, FOXOI,
GAPDH, 1:1000), secondary antibody incubation (mouse
anti-rabbit 1:200), and TBST wash, development. The ex-
periment was repeated 5 times.

Statistical analysis

Statistical analysis was performed using SPSS21.0
and GraphPad Prism, and the measurement data were
expressed as (x+SD), conforming to the normal distribu-
tion and satisfying chi-square; the measurement data were
expressed as (%), and all data in this study were compa-
red between groups using the F-test and the LSD method.
Results were considered significantly different at P<0.05.

Results

Histopathological observation of myocardium in each
group of rats

The HE staining results showed that in the healthy
group (Figure 1A): myocardial fibers were neatly arran-
ged, the cytoplasm was eosin, and there were no edema
and inflammatory cells in the interstitium; in the model
group (Figure 1B): myocardial fibroblasts were prolifera-
ting, myocardial fibers were edematous, and some fibers
were replaced by loose connective tissue, and a large num-
ber of inflammatory cells were infiltrated; in the BMSCs
group (Figure 1C): myocardial tissue was partially ede-
matous and inflammatory, and myocardial cells were The
BMSCs group (Figure 1C): myocardial tissue had some
edema and inflammation, and myocardial cells were ar-
ranged neatly compared with the model group; BMSCs+
miR-183-5P group (Figure 1D): myocardial cells were
arranged more neatly, and tissue edema and inflammation
were less severe.

Increasing the expression of miR-183-5P in BMSCs
by Bone marrow mesenchymal stem cell-derived miR-
183-5P

The qRT-PCR results showed that the expression of
miR-183-5P was significantly lower in BMSCs of the

Figure 1. Staining of myocardial tissue in each group of mice (x200).
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Figure 2. qRT-PCR detection of miR-183-5P expression in BMSCs.
(Note: *P<0.05 compared with healthy group, #P<0.05 compared
with model group).

model group compared with the healthy group, and the
expression of miR-183-5P was significantly higher in
BMSCs of the BMSCs group and BMSCs+ miR-183-5P
group compared with the model group, and the expression
was highest in the BMSCs+ miR-183-5P group (P< 0.05).
See Figure 2.

Increasing the proliferation and migration ability of
BMSCs and decreasing the apoptosis of BMSCs by
bone marrow mesenchymal stem cell-derived miR-
183-5P

There was no significant difference in the proliferation
ability of several groups of cells on days 1-2 of transfec-
tion; from day 3, the proliferation ability of BMSCs in the
model group was significantly reduced compared with
the healthy group (P<0.05), and the value-added ability
of BMSCs in the BMSCs group and BMSCs+ miR-183-
5P group was significantly increased compared with the
model group, and BMSCs in the BMSCs+ miR-183-5P
group had the highest proliferative capacity (P<0.05). See
Figure 3.

After transfection, the migration ability of BMSCs in
the model group was significantly decreased compared
with the healthy group (P<0.05), and the migration ability
of BMSCs in the BMSCs group and BMSCs+ miR-183-
5P group was significantly increased compared with the
model group, and the migration ability of BMSCs in the
BMSCs+ miR-183-5P group was the highest (P<0.05).
See Figure 4.

The apoptotic capacity of BMSCs was significantly
increased in the model group compared with the healthy
group (P<0.05), and the apoptotic capacity of BMSCs was
significantly decreased in the BMSCs group and BMSCs+
miR-183-5P group compared with the model group, and
the apoptotic capacity of BMSCs was the lowest in the
BMSCs+ miR-183-5P group (P<0.05). See Figure 5.
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Figure 3. Effect of miR-183-5P on the proliferation ability of BMSCs
at different time points in four groups.

Prediction of miR-183-5P target genes using bioinfor-
matics software

The specific target gene that may be regulated by miR-
183-5P was predicted to be FOXO1 using the bioinforma-
tics software RegRNA 2. 0. The binding site of miR-183-
5P to FOXOL1 is shown in Figure 6.

Base sequence complementary interaction between
miR-183-5P and FOXO1 gene mRNA

The relative luciferase activity of the miR-183-5P+
FOXO1-WT cotransfected group was significantly lower
than that of the miR-183-5P+ FOXO1-MUT cotransfected
group (P<0.05). See Figure 7.

miR-183-5P can target and promote the expression of
FOXO1 mRNA

After upregulating miR-183-5P expression, the ex-
pression of FOXO1 mRNA was significantly higher in
BMSCs of the BMSCs group and BMSCs+ miR-183-5P
group compared with the model group, and the expression
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Figure 4. Effect of miR-183-5P on the migration ability of BMSCs.
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Figure 5. Effect of miR-183-5P on the apoptotic capacity of BMSCs.
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Figure 7. Dual-luciferase reporter gene assay for relative luciferase
activity (compared with miR-183-5P+FOXO1-MUT cotransfection
group, *¥*P<0.05).

was highest in BMSCs+ miR-183-5P group (P<0.05). See
Figure 8.

Promotion of the expression of FOXO1 mRNA and
BMSCs by bone marrow mesenchymal stem cell-de-
rived miR-183-5P

The results of the Western blotting assay showed that
the expression of FOXO1 mRNA was lower in BMSCs
of the model group compared with the healthy group
(P<0.05), and the expression of FOXO1 mRNA was si-
gnificantly higher in BMSCs of the BMSCs group and
BMSCs+ miR-183-5P group compared with the model
group, especially the expression of FOXO1 mRNA in
BMSCs+ miR- 183-5P group showed the highest expres-
sion (P<0.05). See Figure 9.

Discussion

Currently, in the study of BMSCs transplantation for
ischemic heart disease, it has been found that BMSCs
transplanted into ischemic myocardium can differen-
tiate into cardiomyocyte-like cells with myocardial fiber
contractility, increasing myocardial compliance and elasti-
city, significantly reducing infarct size and improving left
ventricular function. It also effectively promotes the repair
of infarcted myocardium and inhibits ventricular remode-
ling through paracrine mechanisms (19-20). Studies have
confirmed that transplantation of MSCs after myocardial
infarction can promote the anti-apoptotic effect of cardio-
myocytes under hypoxic conditions through paracrine ef-
fects and can significantly reduce myocyte apoptosis (21).
BMSCs can differentiate into vascular endothelial cells
or increase the capillary formation and improve collate-
ral circulation by secreting vascular endothelial growth
factor, thus improving myocardial perfusion, vascular
regeneration facilitates the establishment of collateral cir-
culation and long-term survival of the transplanted cells,
limiting the expansion of the infarcted area (22). As a spe-
cial microenvironment, the stem cell "nest" is the basis for
the existence of stem cells, and it regulates the behavior
of stem cells through different signaling pathways so that
the growth, renewal and differentiation of stem cells are
in a stable balance under physiological conditions (23).
Through literature analysis and previous studies, in stem
cell transplantation for the treatment of ischemic heart di-
sease, it can be found that although BMSCs transplantation
has a good research prospect in the treatment of AMI, the
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Figure 8. Detection of FOXO1 mRNA expression by qRT-PCR.
(Note: Compared with the blank group, *P<0.05).

BMSCs+ miR-
183-5P group

Figure 9. Effect of miR-183-5P on FOXO!1 protein expression in
BMSCs.

Healthy group Model group  BMSCs group

FOXO1

GAPDH

low level of homing and differentiation limits the potential
functions of stem cells (24). Therefore, this study investi-
gated the therapeutic effect of BMSCs cells modified by
miR-183-5p on myocardial ischemia and hypoxia caused
by AMI and its mechanism of action, aiming to provide a
new clinical basis for BMSCs transplantation.

The results of the present study showed that qRT-
PCR results showed that the expression of miR-183-5P
in BMSCs in the model group was significantly lower
compared with the healthy group, and the expression of
miR-183-5P in BMSCs in the BMSCs group and BMSCs+
miR-183-5P group was significantly higher compared with
the model group, and the BMSCs+ miR-183-5P group
had the highest expression (P<0.05). Compared with the
healthy group, the proliferation ability of BMSCs in the
model group was significantly reduced (P<0.05), and the
value-added ability of BMSCs in the BMSCs group and
BMSCs+ miR-183-5P group was significantly increased
compared with the model group, and the proliferation abi-
lity of BMSCs in the BMSCs+ miR-183-5P group was the
highest (P<0.05); after transfection, compared with the
healthy group, the The migration ability of BMSCs was
significantly reduced (P<0.05) in the model group com-
pared with the healthy group, and the migration ability of
BMSCs was significantly increased in the BMSCs group
and BMSCs+ miR-183-5P group compared with the mo-
del group, and the migration ability of BMSCs was highest
in the BMSCs+ miR-183-5P group (P<0.05); the apoptotic
ability of BMSCs was significantly increased in the model
group compared with the healthy group (P<0.05), and the
apoptotic capacity of BMSCs was significantly lower in
the BMSCs group and BMSCs+ miR-183-5P group com-
pared with the model group, and the apoptotic capacity of
BMSCs in the BMSCs+ miR-183-5P group was the lowest
(P<0.05). The bioinformatics software RegRNA 2. 0 was
used to predict that the specific target gene that might be
regulated by miR-183-5P was FOXO1. Dual luciferase re-
porter gene assay confirmed that miR-183-5P could com-
plementarily bind to the 3' untranslated region of FOXO1
mRNA, which further confirmed that FOXO1 was the
target gene of miR-183-5P. miR-183 -5P+FOXO1-WT
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cotransfection group showed significantly lower relative
luciferase activity than miR-183-5P+ FOXOI1-MUT co-
transfection group (P<0.05). After upregulation of miR-
183-5P expression, the expression of FOXO1 mRNA was
significantly higher in BMSCs of the BMSCs group and
BMSCs+ miR-183-5P group compared with the model
group, and the expression was highest in the BMSCs+
miR-183-5P group (P<0.05). the Western blotting assay
showed that, compared with the healthy group The ex-
pression of FOXO1 mRNA in BMSCs was lower in the
model group compared with the healthy group (P<0.05),
and significantly higher in the BMSCs and BMSCs+
miR-183-5P groups compared with the model group,
with the highest expression in the BMSCs+ miR-183-5P
group (P<0.05) (25, 26). The BMSCs+ miR-183-5P group
showed the least inflammatory manifestation, which also
demonstrated the repairing effect of BMSCs-derived miR-
183-5P targeting FOXO1 on myocardial tissue ischemia
and hypoxia, similar to the findings of Zhang Changjiang
et al (25).

In summary, miR-183-5P of BMSCs origin can tar-
get and regulate FOXO1 to increase the proliferation and
migration of BMSCs and reduce their apoptosis, and can
also increase the survival rate of BMSCs by increasing the
expression of FOXO1 mRNA to reduce myocardial tissue
edema and decrease the inflammatory response, which
provides a clinical basis for the transplantation of BMSCs.
However, there are some shortcomings in this study, such
as the expression of miR-183-5P in clinical specimens of
AMI myocardial tissues has not been validated, so clini-
cal specimens of AMI myocardial tissues will be collected
later to further explore the correlation between miR-183-
5P expression levels and clinical characteristics of AMI
myocardial tissues.
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