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Abstract: Objectives: To elucidate the regulatory effect of exosomes secreted by bone marrow mesenchymal stem
cells (BMSCs-exosomes) on cardiomyocyte apoptosis through miRNA-let-7i-5p in myocardial infarction. Methods:
BMSCs-exosomes were extracted, and their morphology and size distribution were analyzed using transmission elec-
tron microscope. Expression of exosome surface markers was determined by western blot. H9C2 cells were randomly
assigned into five groups, namely control, OGD, OGD+exos, OGD+exos+miR-let-7i-5p inhibitor and OGD+exos+miR-
let-7i-5p inhibitor NC. Hypoxic cardiomyocytes were induced using glucose-free Dulbecco’s Modified Eagle Medium
(DMEM). Mice were randomly assigned into sham, myocardial infarction (Ml), MI+exos, MI+exos+miR-let-7i-5p in-
hibitor and MI+exos+miR-let-7i-5p inhibitor NC groups. MI model was established by ligation of the left anterior
descending (LAD) coronary artery. Subsequently, BMSCs-exosomes or BMSCs-exosomes transfected with miRNA-
let-7i-5p inhibitor were incubated with hypoxia cardiomyocytes or injected into the Ml mouse model. Cell survival
was accessed by CCK-8 assay. Cardiomyocyte apoptosis was accessed with V-FITC/Pl and TUNEL. Heart function of
MI mice was evaluated by echocardiography. Myocardial infarct size was calculated through TTC staining. Relative
miRNA-let-7i-5p expression level was determined by RT-qPCR. Expression of apoptosis-related proteins in myocar-
dial tissue were detected by western blot. Results: Exosomes secreted from BMSCs were successfully extracted.
In HOC2 cells, miRNA-let-7i-5p expression was significantly upregulated, cell survival rate was increased, and the
apoptosis rate was decreased after incubation with BMSCs-exosomes. In MI mice, injection of BMSCs-exosomes
markedly upregulated miRNA-let-7i-5p level, reduced infarct size, improved cardiac function, and decreased apop-
totic rate. BMSCs-exosomes treatment downregulated Bax and upregulated Bcl-2 protein expression. These effects
were reversed by transfection with the miRNA-let-7i-5p inhibitor. Conclusions: BMSCs-exosomes inhibit myocardial
apoptosis, attenuate MI progression, and protect against myocardial infarction both in vivo and in vitro through
miRNA-let-7i-5p.
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Introduction Rapid and effective treatment for Ml is of great
significance to improve the global healthcare

Despite significant improvements in - global outcomes. Therefore, in-depth research into

health in recent years, cardiovascular diseases
(CVDs) remain a leading cause of mortality and
disability worldwide [1]. From the Global Burden
of Disease (GBD) 2019 Study, CVDs affected
around 523 million individuals globally, with
around 18.6 million deaths attributed to CVDs
in 2019 [2]. Among these, myocardial infarction
(MI) accounts for a large proportion, posing a
serious threat to human health and placing a
substantial economic burden on patients.

the pathogenesis of Ml is essential to identify
effective treatment strategies that promote
myocardial repair.

In recent years, exosomes (exos) have been
found to play a crucial role in both the physio-
logic and pathophysiologic processes of the
cardiovascular system, particularly in the devel-
opment of myocardial infarction [3]. Bone mar-
row mesenchymal stem cells (BMSCs) are con-
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sidered ideal candidates for exosome produc-
tion due to their strong paracrine effect, easy
culture, high proliferative rate, and long-term
survival [4]. Exosomes are vesicles with an
average diameter of 100 nm, generated by the
direct outward budding of the plasma mem-
brane. They carry a range of biologically active
substances, such as protein, lipids, mRNA,
microRNA, mtDNA, enabling them to convey
disease-related information [5]. Cell-cell com-
munication via miRNAs is particularly impor-
tant in disease progression. Accumulating evi-
dence shows that miRNAs regulate many bio-
logic processes, including cell proliferation, dif-
ferentiation, apoptosis, autophagy, mitochon-
drial metabolism, angiogenesis, neoplasia, and
hematopoiesis [6-9]. Thomas and Liu et al.
found that let-7i-5p plays a role in inflamma-
tion, cell proliferation, and tumor growth [10,
11]. MiRNA-let-7i-5p has been reported to
mediate hypoxic injury of cardiomyocytes, play-
ing a decisive role in Ml [12]. Previous studies
have shown that miRNA-let-7i-5p exhibits anti-
inflammatory, anti-oxidation and anti-apoptosis
effects. Based on these findings, we speculat-
ed that BMSCs-exosomes could inhibit cardio-
myocyte apoptosis and improve cardiac func-
tion through miRNA-let-7i-5p under hypoxic
state. Therefore, we established an in vivo
mouse model of MI and an in vitro model of
cardiomyocyte hypoxia, extracting BMSCs-
exosomes and injecting them into the infarcted
myocardium along miRNA-let-7i-5p inhibitors.
We aim to elucidate the regulatory effect of
BMSCs-exosomes on cardiomyocyte apoptosis
through miRNA-let-7i-5p after MI, and explore
a possible protective role in myocardial
infarction.

Materials and methods

Extraction, identification and analysis of
BMSCs-exosomes

BMSCs were isolated from SD mice. Bone mar-
row was flushed from the tibia and femur under
aseptic conditions and collected. The cell sus-
pension was seeded into dishes containing
complete Dulbecco’s Modified Eagle Medium
(DMEM). After centrifugation at 2000xg for 5
min, the cell density was adjusted in fresh com-
plete DMEM medium. Then, the medium was
replaced with fresh DMEM every 2 days, and
the cells were cultured until the third passage.
Upon reaching 70% confluence, the cells were
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transferred to chemically defined and protein-
free medium (CDPF) for continued incubation
for 48 h at 37°C. BMSCs were collected for fur-
ther culture.

Exosomes were isolated from the BMSCs cul-
ture medium through a series of centrifugation
and filtration steps at 4°C. Briefly, the condi-
tioned medium was centrifuged at 2000xg for
15 min to remove cells and cellular debris, fol-
lowed by further centrifugation at 210000xg for
30 min to remove subcellular structures.
Finally, exosomes were collected by ultracentri-
fugation for 70 min.

The extracted exosomes were suspended in
phosphate-buffered saline (PBS) and stored
at -80°C. To further verify the extracted exo-
somes, transmission electron microscope
(TEM) (JEM-1400, JEOL Ltd., Japan) was used
to detect their morphology and size distribu-
tion. Additionally, western blot was performed
to detect the levels of exosome surface mark-
ers CD63 (1:1000, Abcam, California, USA),
CD81 (1:1000, Abcam, California, USA) and
TSG101 (1:1000, Abcam, California, USA). The
protein content of the exosome suspension
was quantified using the bicinchoninic acid
(BCA) assay (Beyotime, PO010, Beijing, China),
and normalized to a total protein content of 1.1
mg/ml.

Cell culture

H9C2 cells were cultured in glucose-high
DMEM dishes (Thermo Scientific, San Jose, CA,
USA) containing 10% fetal bovine serum (Gibco,
California, USA). The cells were maintained in a
37°C, 5% CO, incubator, and culture medium
was routinely replaced. Once the cells reached
confluence, they were subcultured using 0.4%
trypsin digestion.

Exosome labeling and uptake

Laser confocal microscopy was used to detect
the uptake of BMSCs-exosomes by H9C2 cells.
Briefly, HOC2 cells were digested and seeded in
confocal laser dishes for 3 hours, after which
the medium was replaced, and the cells were
co-cultured with BMSCs-exosomes for 24
hours. CD81 and CTnl antibodies were added
overnight. The next day, the cells were stained
with DAPI for 15 min in the dark. Laser confocal
microscopy showed that the BMSCs-exosomes
were stained red by CD81 antibodies, the nuclei
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of HOC2 cells were stained blue by DAPI, and
the cytoplasm of H9C2 cells was stained green
by CTnl antibodies.

Hypoxic treatment

For establishing the hypoxic conditions, H9C2
cells were cultured in glucose-free DMEM dish-
es (Thermo Scientific, San Jose, CA, USA) in an
anaerobic chamber (1% 0,, 5% CO,) at 37°C for
the indicated hours to induce hypoxic ischemic
injury. Cells were treated with exosomes or exo-
somes transfected with miRNA-let-7i-5p inhibi-
tors 6 h after oxygen and glucose deprivation
(OGD) treatment. The cells were divided into
five groups: control, OGD, OGD+exos, OGD+
exos+miR-let-7i-5p inhibitor and OGD+exos+
miR-let-7i-5p inhibitor NC.

CCK-8 assay

Cell survival was assessed by a Cell Counting
Kit-8 assay (CCK-8, Dojindo Molecular Tech-
nologies, Gaithersburg, MD, USA). Briefly, HOC2
cells were seeded into 96-well plates with
5000 cells per well, with 5 replicate wells for
each group. Different doses of BMSCs-
exosomes (0, 5, 10, 20, 50 ug/mL) were added
to the HIC2 cells. CCK-8 solutions (Dojindo,
Kumamoto, Japan) were added and incubated
at 37°C for 1 h. The absorbance (A) value of
each well was measured at 490 nm using a
Microplate Reader (Bio-Rad, Hercules, CA,
USA). This experiment was independently
repeated three times.

Cell transfection

MiRNA-let-7i-5p mimic, miRNA-let-7i-5p mimic
NC, miRNA-let-7i-5p inhibitor and miRNA-let-
7i-5p inhibitor NC were provided by RiboBio
(Guangzhou, China). For transfection, H9C2
cells were pre-seeded in a 6-well plate with 2
mL serum-free DMEM. MiRNA-let-7i-5p mimic,
MiRNA-let-7i-5p mimic NC, miRNA-let-7i-5p
inhibitor, miRNA-let-7i-5p inhibitor NC and FAM
control were each added to 50 uL of serum-free
DMEM medium. Meanwhile, 5 uL of Lipofecta-
mine 2000 transfection reagent (Thermo
Fisher Scientific, Waltham, MA, USA) was mixed
with 250 uL of serum-free DMEM for 5 min. The
above two solutions were mixed in a ratio of 1:1
and then transfected at room temperature for
24 h.

Flow cytometry

Cell apoptosis rate was determined using com-
mercial Annexin V fluorescein isothiocyanate
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(V-FITC)/propidium iodide (Pl) apoptosis detec-
tion kit (Sigma-Aldrich, St. Louis, MO, USA)
through flow cytometry. In brief, H9C2 cells
(1x10%) in 12-well plate were trypsinized,
washed with cold PBS, and harvested. The cells
were then double-stained with Annexin V-FITC
and Pl in the dark. Then, the apoptotic was ana-
lyzed by flow cytometry (Becton-Dickinson,
Franklin Lakes, NJ, USA), where the FITC+/PI-
fraction and FITC+/Pl+ fraction represented
apoptotic cells (early and late apoptosis,
respectively). Apoptosis rate was calculated as
the percentage of apoptotic cells.

Mice model of myocardial infarction

Animal experiments were conducted using
6-8-week-old C57B/6 male mice purchased
from the Experimental Animal Center of Xi'an
Jiaotong University. All animal procedures were
performed in accordance with the guidelines
for the Care and Use of Laboratory Animals of
the National Institutes of Health. Ml model was
established on 8-week male C57BL/6 mice.
Mice were anaesthetized by isoflurane inhala-
tion (2.5%) and ventilated using a rodent venti-
lator. Thoracotomy was performed at the 4th
intercostal space to expose the heart and left
anterior descending (LAD) coronary artery. LAD
was ligated with a 6-0 suture. Continuous ele-
vation of S-T segment confirmed the successful
establishment of MI model. Immediately after
ligation, the peri-infarct myocardial region was
injected at three different points with a total of
10 uL of exosomes or exosomes transfected
with miRNA-let-7i-5p inhibitors. In the MI group,
mice were injected with 10 uL PBS alone. In the
sham group, the LAD was not ligated. The ani-
mals were divided into five groups accordingly:
sham, MI, Mi+exos, MIl+exos+miR-let-7i-5p
inhibitor and MI+exos+miR-let-7i-5p inhibitor
NC. At the end of modeling, mice were sacri-
ficed by decapittal under pentobarbital sodium
anesthesia at 24 hours, 3 days, and 28 days,
and hearts were collected.

Echocardiography

Echocardiography was performed before and 1
week after operation to monitor cardiac func-
tion. Transthoracic echocardiography was per-
formed according to previously reported classi-
cal method [13, 14]. After anesthesia, the mice
were subjected to two-dimensional M-mode
transthoracic echocardiography to evaluate
cardiac function. The relevant parameters,
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including left ventricular ejection fraction (LVEF)
and left ventricular shortening fraction (LVFS),
were recorded.

TTC staining

Mice were sacrificed 24 h after Ml and hearts
were harvested for sectioning. Mice were anes-
thetized by intraperitoneal injection of 1.8%
sodium pentobarbital (60 mg/kg) and sacri-
ficed, and the hearts were quickly removed and
placed on dry ice. Frozen hearts from each
group were sliced into 2 mm thick sections,
which were then incubated in 1% triphenyltera-
zolium chloride (TTC) at 37°C for 20 min in the
dark. After staining, the sections were fixed and
photographed to calculate the myocardial
infarction area. Infarcted areas appeared pale,
while non-infarcted areas were in deep red.
Infarct size was calculated using the Image J
(National Institutes of Health, USA) as the ratio
of infarct size to the total heart size.

TUNEL assay

Apoptosis in mice myocardial tissue sections
and in H9C2 cells were determined using a
TUNEL assay according to the instructions pro-
vided by the In Situ Cell Apoptosis Detection Kit
(Servicebio, Wuhan, China). Briefly, three days
after induction of MI, mice were sacrificed by
decapittal after anesthesia, and hearts were
rapidly removed. The hearts were rinsed in ice-
cold PBS to remove blood. Myocardial tissue
from the ischemic area was collected for exper-
iments. After various treatments, the myocar-
dial cells were incubated with fresh TUNEL
solution for 1 h at 37°C in the dark. The cells
were then re-stained with 100 ng/ml DAPI for
10 min. Phase images, TUNEL signals, and
DAPI signals were observed using fluorescent
microscopy. For each sample, five randomly
selected fields were observed for counting
TUNEL positive cells (green) and DAPI stained
nucleus (blue). Cell apoptosis was quantified
using Image J software to calculate the per-
centage of TUNEL-positive cells.

Real-time quantitative polymerase chain reac-
tion (RT-gPCR)

Four weeks post-operation, the mice were sac-
rificed after anesthesia, and the hearts of mice
were taken, and the heart chambers were
repeatedly washed with PBS. The myocardial
tissue was collected from the ischemic area.
MiRNA from both the in vitro and vivo experi-
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mental groups was extracted using Trizol
reagent (Invitrogen, USA). The extracted miRNA
was analyzed using the miRcute Enhanced
miRNA Fluorescence Quantitative Detection
Kit. PCR was carried out using a fluorescence
real-time quantitative PCR instrument (Roche,
Switzerland) under the following conditions:
pre-denaturation for 3 min at 95°C, followed by
38 cycles of denaturation for 15 s at 95°C,
annealing for 60 s at 60°C, and extension for
40 s at 72°C. Relative let-7i-5p expression level
was determined using the 2-22Ct method, with
normalization to U6 RNA levels.

Western blot

The expression of apoptosis-related proteins
was measured using western blot following
total protein extraction. Protein from both the in
vitro and in vivo experimental groups was
extracted using a Cells Protein Extraction Kit
(Jiangsu Biyuntian Company, China). Protein
concentrations of each sample were deter-
mined using a BCA protein Concentration
Determination Kit (Jiangsu Biyuntian Company,
China). Then, 20 ug of protein sample was used
for standard western blot procedures. Primary
antibodies targeting Bax and Bcl-2 (1:1000,
Abcam, USA), as well as the secondary antibody
targeting rabbit 1gG (1:5000, Servicebio,
Wuhan, China) were used. Finally, the signal
was detected by enhanced chemiluminescence
using a Bio-rad western blotting imaging sys-
tem (Bio-rad, Hercules, USA). The relative
expression of proteins was normalized to
B-actin.

Statistical analysis

Data were expressed as Mean + SD. Statistical
Product and Service Solutions (SPSS) 21.0
statistical software (IBM, Armonk, NY, USA)
was used for data processing and analysis.
GraphPad Prism 9 (GraphPad Prism, USA) was
used for figure editing. A t-test was used to
compare the mean values of two independent
samples, while one-way analysis of variance
(ANOVA) was employed for multiple group com-
parisons. A P<0.05 was considered statistically
significant.

Results

Extraction and identification of BMSCs-
exosomes

Exosomes were isolated from the BMSCs-
conditioned medium and characterized by TEM
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Figure 1. Identification of BMSCs-exosomes and uptake of BMSCs-exosomes by HI9C2 cells. A. Transmission elec-
tron micrographs of exosomes. Scale bar-200 nm. B. Western blot analyses of exosome surface markers, CD63,
CD81 and TSG101. C. The uptake of BMSCs-exosomes by HI9C2 cells, and the localization of labeled BMSCs-exo-
somes (red) in HOC2 cells cytoplasm (green) and the nucleus (blue). Scale bar-20 um. D. Relative expression of
miR-let-7i-5p in HOC2 cells transfected with miR-let-7i-5p mimic, miR-let-7i-5p mimic NC, miR-let-7i-5p inhibitor,
or miR-let-7i-5p inhibitor NC (n=6/group). *P<0.05. Data are presented as mean + SEM. BMSCs: Bone marrow

mesenchymal stem cells.

and protein marker expression. The morpholo-
gies of exosomes under TEM are shown in
Figure 1A. The diameter of the exosomes
ranged from 30 to 150 nm, consistent with pre-
viously reported sizes [15]. We randomly mea-
sured the diameters of 20 BMSCs-exosomes,
and they had an average diameter of 97 nm.
The exosomes appeared as round vesicles with
a complete structure, light-stained center, and
clear margin. Western blot analysis of lysed
exosomes confirmed the presence of exosome
markers, CD63, CD81 and TSG101 (Figure 1B).
To further understand how BMSCs-exosomes
interact with H9C2 cells, H9C2 cells were co-
cultured with BMSCs-exosomes. Laser confo-
cal microscope revealed a large amount of
punctate red fluorescence (BMSCs-exosomes)
within the cytoplasm of H9C2 cells (green fluo-
rescence), while the nuclei of HOC2 cells were
stained blue (Figure 1C). These results indicat-
ed that BMSCs-exosomes were successfully
incorporated into H9C2 after 24 hours of
incubation.

To further explore the roles of miRNA-let-7i-5p
mimic and miRNA-let-7i-5p inhibitor in H9C2
cells, cell transfection was performed. H9C2
cells were transfected with miRNA-let-7i-5p
mimic, miRNA-let-7i-5p mimic NC, miRNA-let-
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7i-5p inhibitor or miRNA-let-7i-5p inhibitor NC
before hypoxia treatment, and the transfection
efficiency was evaluated. As demonstrated in
Figure 1D, RT-gPCR demonstrated that trans-
fection with miRNA-let-7i-5p inhibitor efficiently
reduced the level of miRNA-let-7i-5p in H9C2
compared with the control (all P<0.05).
Conversely, transfection with miRNA-let-7i-5p
mimic efficiently increased the level of miRNA-
let-7i-5p in H9C2 compared with other groups
(all P<0.05). These results indicated successful
transfection, laying the foundation for further
research.

Effect of exosome concentration and exo-
somes-miRNA-let-7i-5p on H9C2 cell survival

Different concentrations of BMSCs-exosomes
were added to HI9C2 cells treated with OGD.
The optical density (OD) measurements showed
that the concentration of BMSCs-exosomes
was positively correlated with the cell survival
rate. HO9C2 cells treated with 50 pg/ml of
BMSCs-exosomes showed the best survival
rate, and the cells in O uyg/ml were the lowest.
Additionally, the cell survival rate in 5 pug/mi
BMSCs-exosome group was significantly higher
than that of the O ug/ml group (P<0.05, Figure
2A).
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Figure 2. BMSCs-exosomes inhibited hypoxia-induced apoptosis of H9C2 cells through upregulating miRNA-let-7i-
5p. (A) CCK-8 assay showed OD values of hypoxic HOC2 cells treated with different concentrations of exosomes
(n=6/group). (B) CCK-8 assay showed OD value of hypoxic HOC2 cells treated with exosomes or exosomes trans-
fected with miRNA-let-7i-5p inhibitors (n=6/group). (C) Apoptosis rate was detected by flow cytometry after Annexin
V-FITC/PI staining. (D) Apoptotic HOC2 cells detected by TUNEL staining. Scale bar-100 nm. (E) Statistical results of
(C) (n=6/group). (F) Statistical results of (D) (n=6/group). (G) Western blot analyses of Bax and Bcl-2 in each group.
(H, 1) Statistical results of (G), expression of protein levels of Bax (H) and Bcl-2 (l) (n=6/group). *P<0.05. Data are
presented as mean + SEM. BMSCs: Bone marrow mesenchymal stem cells.

Further results showed that the cell survival
rate in the OGD group was lower than in the
control group. However, treatment with exo-
somes significantly increased cardiomyocyte
survival after OGD treatment compared to the
OGD alone group. A similar increase in survival
was observed in the miR-let-7i-5p inhibitor NC
group. However, the protective effect of exo-
somes was reversed when the cells were treat-
ed with miRNA-let-7i-5p inhibitor (all P<0.05,
Figure 2B). These findings indicate that BMSCs-
exosomes protected HIC2 cell survival through
MiRNA-let-7i-5p.

BMSCs-exosomes inhibited apoptosis of H9C2
cells after hypoxia by upregulating miRNA-
let-7i-5p

Coculture with BMSCs-exosomes partially pro-
tected H9C2 cells from OGD-induced cell
death. This was further supported by the
V-FITC/PI apoptotic assay results (Figure 2C).
Compared to the control group, OGD signifi-
cantly increased early and late apoptosis in car-
diomyocytes. The OGD-induced injury was sig-
nificantly mitigated in cells co-cultured with
BMSCs-exosomes. As shown in Figure 2E, both
the OGD+exos group or OGD+exos+miR-let-7i-
5p inhibitor NC group exhibited significantly
reduced early and late apoptosis compared to
the OGD group. In contrast, increased apoptot-
ic rates were observed in the cardiomyocytes
treated with OGD alone or OGD+exos+miR-let-
7i-5p inhibitor group (all P<0.05).

The same conclusion was confirmed by TUNEL
assay. The micrographs showed an increased
number of TUNEL-positive myocytes due to
hypoxia, which was abated in cells co-treated
with BMSCs-exosomes (Figure 2D). In compari-
son with OGD+exos+miR-let-7i-5p inhibitor
group, cell apoptosis rate in the OGD+exos
group was suppressed. The apoptosis rate in
the miR-let-7i-5p inhibitor group was also high-
er than that in the miR-let-7i-5p inhibitor NC
group (all P<0.05, Figure 2F). These results
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suggest that BMSCs-exosomes can inhibit
hypoxic-induced apoptosis in H9C2 cells
through the upregulation of miRNA-let-7i-5p.

In addition, western blot analysis indicated that
Bax expression was lower in the exos group
compared to the OGD group and the exos+miR-
let-7i-5p inhibitor group (Figure 2G). No signifi-
cant differences in Bax expressions were
observed between the OGD group and the miR-
Let-7i-5p inhibitor group (all P>0.05, Figure
2H). The expression of Bcl-2 was opposite to
that of Bax in each group (all P>0.05, Figure 21I),
suggesting that BMSCs-exosomes inhibited
expressions of pro-apoptotic proteins to pro-
tect HOC2 cells through miRNA-let-7i-5p.

BMSCs-exosomes reduced infarcted area and
improved myocardial function in MI mice by
upregulating miRNA-let-7i-5p

The expression of miRNA-let-7i-5p was com-
pared across different groups. RT-gPCR data
demonstrated that the relative expression of
MiRNA-let-7i-5p in the Sham and exos groups
was significantly higher than that in the M
group. Compared to the exos group, the expres-
sion level of miRNA-Iet-7i-5p in the miR-let-7i-
5p inhibitor group was significantly decreased.
Additionally, the miRNA-let-7i-5p expression
in the miR-let-7i-5p inhibitor NC group was
increased when compared to the miR-let-7i-5p
inhibitor group (all P<0.05, Figure 3A).

TTC staining indicated that compared to the Ml
group, a significantly smaller myocardial infarc-
tion area was observed in mice myocardial tis-
sues of the Sham group and exos group (Figure
3B). However, the infarct size was significantly
larger in the miR-let-7i-5p inhibitor group com-
pared to the exos group. Moreover, the infarct
size was notably smaller in the miR-let-7i-5p
inhibitor NC group than in the miR-let-7i-5p
inhibitor group (all P<0.05, Figure 3C). These
findings suggest that BMSCs-exosomes can
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Figure 3. BMSCs-exosomes reduced infarcted area and improved myocardial function in MI mice by upregulating miRNA-let-7i-5p. (A) Relative expression of miRNA-
let-7i-5p in infarct myocardium after injecting exosomes or exosomes transfected with miRNA-let-7i-5p inhibitors (n=6/group). (B) TTC staining showed the effect of
exosomes or exosomes transfected with miRNA-let-7i-5p inhibitors on infarct size of myocardial tissues in mice. (C) Statistical results of (B), myocardial infraction
area ratio (n=6/group). (D) Representative photographs of M-mode echocardiography. (E) Statistical results of (D); LVEF (E) and LVFS (F) (n=6/group). *P<0.05. Data
are presented as mean + SEM. BMSCs: Bone marrow mesenchymal stem cells; LVEF: Left ventricular ejection fraction; LVFS: Left ventricular fractional shortening.
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Figure 4. BMSCs-exosomes inhibited cardiomyocyte apoptosis after Ml by upregulating miRNA-let-7i-5p. (A) Cell
apoptosis index of cardiomyocytes was detected by TUNEL staining. Scale bar-100 nm. (B) Statistical results of (A),
apoptosis index (n=6/group). (C) Western blot analyses of Bax and Bcl-2 in each group. (D, E) Statistical results of
(C); Protein expression of Bax (D) and Bcl-2 (E) (n=6/group). *P<0.05. Data are presented as mean + SEM. BMSCs:

Bone marrow mesenchymal stem cells.

significantly reduce myocardial infarction area
through miRNA-let-7i-5p.

In addition, we examined the effect of exosom-
al miRNA-let-7i-5p on cardiac function in Ml
mice (Figure 3D). Compared to the Sham group,
much lower left ventricular ejection fraction
(LVEF) and left ventricular shortening fraction
(LVFS) were found in mice of the MI group, exos
group, and miR-let-7i-5p inhibitor group.
However, the exos group exhibited markedly
higher LVEF and LVFS when compared with Ml
group. Furthermore, LVEF and LVFS were nota-
bly lower in the miR-let-7i-5p inhibitor group
compared to the exos group (all P<0.05, Figure
3E, 3F). These results indicate that miRNA-let-
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7i-5p in exosomes secreted by BMSCs contrib-
utes to improved cardiac function in mice with
MI.

BMSCs-exosomes inhibited cardiomyocyte
apoptosis after Ml by upregulating miRNA-
let-7i-bp

TUNEL results showed that the number of
TUNEL-positive myocytes was increased follow-
ing myocardial infarction (Figure 4A). Compared
to the MI group, the number of positive myo-
cytes was significantly reduced in the Sham
and exos groups. Compared to the miR-let-7i-
5p inhibitor group, the number of positive myo-
cytes was significantly lower than that of exos
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group and miR-let-7i-5p inhibitor NC group (all
P<0.05, Figure 4B). Western blot analysis
(Figure 4C) showed that, compared to the
Sham group, the MI group exhibited significant-
ly higher Bax protein expression and significant-
ly lower Bcl-2 protein expression. In addition,
the Bcl-2 expression was significantly lower and
the Bax expression was obviously higher in
myocardial tissues of the MI group compared
with exos group. More importantly, compared
to the exos group, the miR-let-7i-5p inhibitor
group displayed significantly lower Bcl-2 and
higher Bax protein expression (all P<0.05,
Figure 4D, 4E). These findings suggest that
BMSCs-exosomes inhibit cardiomyocyte apop-
tosis after myocardial infarction through
MiRNA-let-7i-5p.

Discussion

In recent years, with the increasing prevalence
and mortality of coronary atherosclerotic heart
disease (CHD), the roles of exosomes on car-
diomyocytes have been extensively studied,
especially in myocardial infarction (MI). Nu-
merous studies showed that exosomes secret-
ed by mesenchymal stem cells (MSCs) can
reduce myocardial infarction area, promote
angiogenesis, reduce inflammation, and impro-
ve cardiac function [16-18]. MSCs-exosomes
are rich in cytokines, phospholipids, ribonucleic
acid (RNA) and proteins enabling them to play a
crucial role in the pathophysiologic regulation
of the cardiovascular system. In addition to
MSCs-exosomes, exosomes secreted from
other sources also affect CHD [19]. Different
cytoprotective factors may exert various pro-
tective effects. Among these factors, the role of
mMiRNA contained in exosomes is particularly
important. Studies have confirmed that miRNA
regulates vascular smooth muscle cells, vascu-
lar endothelial cells, myocardial cells and
inflammatory cells. Moreover, miRNAs reduce
myocardial infarction size, reduce myocardial
cell apoptosis, inhibit myocardial fibrosis, sup-
press ventricular remodeling, and promote
angiogenesis, thereby improving cardiac func-
tion after Ml [20-23]. Let-7 family has been
shown to play key roles in heart hypertrophy,
cardiac fibrosis, MI, heart failure, dilated car-
diomyopathy, angiogenesis, and atherosclero-
sis [24]. Zhang et al. found that hypoxic cardio-
myocyte H9C2 cells could induce the secretion
of exosomes containing miRNA-let-7i-5p, which
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had potential anti-apoptotic and pro-survival
effects under hypoxic stress [25]. However, Hu
et al. pointed out that the suppression of miR-
NA-let-7i-5p significantly promoted cardiomyo-
cyte proliferation and improved cardiac func-
tion [26].

We established the hypoxia cardiomyocytes by
glucose-free DMEM and an MI model in mice by
LAD ligation, followed by the injection of
BMSCs-exosomes or BMSCs-exosomes trans-
fected with miRNA-let-7i-5p inhibitors in each
group. First, we observed that exosomes-miR-
NA-let-7i-5p improved the survival rate of
hypoxic cardiomyocytes, with cell survival rate
positively correlated with exosome concentra-
tion. Second, in vivo experiments showed that
miRNA-let-7i-5p expression in the infarcted
area decreased after the coronary artery liga-
tion but increased after BMSCs-exosome injec-
tion, indicating that BMSCs-exosomes are rich
in MiRNA-let-7i-5p. Then, exosomes-miRNA-let-
7i-5p reduced the infarcted size and improved
mice myocardial function in mice.

To investigate whether the up-regulation of
miRNA-let-7i-5p contributes to the protective
effect of BMSCs-exosomes on cardiomyocytes
through anti-apoptosis, we conducted TUNEL,
Annexin V-FITC/Pl and western blot assays in
both in vivo and in vitro experiments. The
results confirmed the anti-apoptotic effect of
BMSCs-exosomes-miRNA-let-7i-5p. A limitation
of this study is that we did not explore the con-
crete mechanism by which miRNA-let-7i-5p
exerts its anti-apoptotic effect in MI. Our re-
sults, however, revealed that BMSCs-exosomes
significantly inhibit the apoptosis of cardiomyo-
cytes, attenuate MI progression, and protect
myocardial infarction by upregulating miRNA-
let-7i-5p expression. Further investigation is
needed to determine whether BMSCs-exo-
somes protect infarcted cardiomyocytes
through additional mechanisms, and to clarify
the precise pathways involved. Notably, the
innovative aspect of this study lies in the exper-
imental injection of BMSCs-exosomes and
BMSCs-exosomes transfected with miRNA-let-
7i-5p inhibitors into the peri-infarction myocar-
dial region, ensuring their effectiveness.

In conclusion, our study shows that BMSCs-
exosomes represent a promising therapeutic
modality for MI, offering new insight into Ml
treatment and providing a rationale for the
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development of new therapeutic approaches
and techniques. Investigation on the relation-
ship between miRNA-let-7i-5p from BMSCs-
exosomes and apoptosis in myocardial infarc-
tion is essential to advance our understanding
for preventing and treating MI in clinical
practice.
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