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M2 macrophage-derived exosomal miR-145-5p protects against
the hypoxia/reoxygenation-induced pyroptosis of cardiomyocytes
by inhibiting TLR4 expression
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Background: Exosomes carrying micro ribonucleic acids (miRINAs) protect against myocardial ischemic
injury. In the study, we sought to investigate the protective effect mechanism of M2 macrophage-derived
exosome miR-145-5p in hypoxia-reoxygenation (H/R)-induced cardiomyocytes.

Methods: M2 macrophages were isolated and induced from blood donated by healthy donors. M2
macrophages were transfected with or without miR-145-5p. Exosomes derived from M2 macrophages were
isolated and identified by flow cytometry, nanoparticle tracking analysis, and transmission electron microscopy
(TEM). AC16 cells were used to establish an H/R model, and cell activity was detected using a Cell Counting
Kit 8 (CCK-8). Western blot was used to detect the expression of gasdermin D (GSDMD), nucleotide-binding
domain-like receptor protein 3 (NLRP3), and caspase-1 in the H/R-induced AC16 cells to evaluate pyroptosis.
Immunofluorescence staining was used to detect the positive rates of PKH26 and caspase-1. Combined with
database prediction, dual luciferase reporter assays were used to validate toll-like receptor 4 (TLR4) as a
downstream target molecule of miR-145-5p. A real-time quantitative polymerase chain reaction (RT-gPCR)
analysis and western blot were used to detect the expression of TLR4 in the AC16 cells.

Results: Flow cytometry, western blot, nanoparticle tracking and TEM results confirmed the successful
isolation of M2 macrophage-derived exosomes. CCK-8 results showed M2 macrophage-derived exosomes
decreased the viability of the H/R-induced cells. Western blot results showed the expressions of GSDMD,
caspase-1, and NLRP3 were significantly downregulated in the H/R group. Moreover, CCK-8 results
showed the M2 macrophage-derived exosome miR-145-5p significantly ameliorated H/R-induced AC16
cellular activity. Western blot results confirmed the expressions of GSDMD, NLRP3, and caspase-1 were
significantly downregulated in the macrophage-derived exosome miR-145-5p group compared to the M2
macrophage-derived exosome NC (normal control) group. Immunofluorescence staining results displayed
the same trend in terms of the caspase-1 positivity rate. Further, we demonstrated overexpression of TLR4
partially reversed the protective effect of M2 macrophage-derived exosome miR-145-5p in the H/R-induced
AC16 cells. Additionally, overexpression of TLR4 reversed the protein expression associated with pyroptosis
in M2 macrophage-derived exosome miR-145-5p in the H/R-induced AC16 cells.

Conclusions: Our study indicated M2 macrophage-derived exosomes carrying miR-145-5p inhibited H/
R-induced cardiomyocyte pyroptosis by downregulating the expression of TLR4.
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Introduction

Cardiovascular disease is currently the most common cause
of death worldwide, and its morbidity and mortality rates
continue to increase each year (1). Some studies (2) have
predicted that the number of deaths due to cardiovascular
disease could reach 22.2 million by 2030. Myocardial
infarction, due to ischemia of the coronary vessels, leads
to myocardial necrosis, and eventually heart failure and
sudden death (3). Recently, research has shown (4) that
prompt thrombolysis, percutaneous coronary intervention,
and revascularization can save the infarcted myocardium
and slow the course of the disease. However, blood supply
restoration is accompanied by complex pathophysiological
processes, including inflammatory factor release, oxidative
stress, endothelial cell dysfunction, and energy metabolism
imbalance, which can lead to myocardial tissue reperfusion
injury (5,6). Currently, there are no effective therapeutic
strategies to mitigate myocardial ischemia-reperfusion (I/R)
injury. Thus, potential targeted therapeutic strategies that
could, to some extent, reduce patient mortality need to
urgently be explored.

I/R can induce various pathophysiological responses,
including myocardial inflammatory responses. The
inflammatory response promotes the progression of
necrosis in the infarcted area; however, it is also involved
in the regulation of damaged tissue repair (7). In addition
to apoptosis, necrosis and autophagy, pyroptosis also
plays a crucial role in myocardial I/R injury. NOD-like
receptor protein 3 (NLRP3) inflammasome, as a participant
in inflammatory immune response, is closely related
to cardiovascular diseases (8). Zhang et al. reported (9)
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that metformin could regulate the AMPK/NLRP3
inflammasome pathway, inhibit pyroptosis, and relieve
the development of myocardial ischemia-reperfusion
injury. Numerous studies have shown that activated M2
macrophages play a key role in the immune response and
have an inhibitory effect on the development of myocardial
infarction (10,11). Exosomes are extracellular vesicles
of approximately 30-150 nm in diameter that can carry
a variety of signaling molecules, such as proteins, micro
ribonucleic acids (miRNAs) and RNAs (12,13). The
exosomes that carry miRINAs play a signaling role, regulate
multiple signaling pathways, and play a protective role in a
variety of diseases (14,15).

Exosomes are vesicles with a diameter of 30 to 150 nm
produced by a variety of cells, which have become important
mediators of intercellular communication (16). It has been
reported (17) that typical exosomes contain a large number
of nucleic acids, proteins, lipids and miRNAs, which can
regulate the function of recipient cells under various
pathophysiological conditions. Much attention has been paid
to the fact that exosomes carry miRNAs to regulate signaling
between cells in tumors and cardiovascular diseases (18,19).
Yang ez al. reported (20) that exosomal miR-487a derived from
M?2 macrophages promotes gastric cancer progression by
regulating T-cell intracellular antigen 1 (TTAL). Zhang ez 4.
found (21) that exosomes derived from M2 macrophages
carrying miR-21-5p promote renal cell carcinoma (RCC) cell
invasion by the activation of the Phosphatase and TENsin
homolog (PTEN)/protein kinase B (Akt) RCC cell signaling
pathway. Long et a/l. suggested (22) that M2 exosomes
carrying miR-1271-5p attenuate apoptosis in cardiomyocytes
and promote cardiac repair by downregulating SRY-box
containing gene 6 (SOX6) expression. An increasing number
of studies have confirmed that exosome-carrying miRNAs
inhibit disease progression, which suggests that exosome-
carrying miRINAs may be a potential therapeutic strategy.

It has been shown (23) that in hyperlipidemia, miR-145-
5p regulates lipid metabolism by targeting P21-activated
kinase 7 and regulating the B-catenin signaling pathway.
Zhou et al. reported (24) that the targeted regulation of
apoptosis-inducing factor, mitochondrion-associated, 1
by miR-145-5p attenuates hypoxia-induced myocardial
injury. However, the regulatory mechanism of the M2
macrophage-derived exosome miR-145-5p in myocardial 1/
R injury has not been examined.

In the present study, we focused on the effect of M2
macrophage-derived exosomes carrying miR-145-5p on
hypoxia-reoxygenation (H/R)-induced cardiomyocyte
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injury. We showed that M2 macrophage-derived exosomes
carrying miR-145-5p can target and regulate toll-like
receptor 4 (TLR4) expression and play a protective role in
cardiomyocyte injury. Additionally, our study found that
miR-145-5p inhibited myocardial H/R-induced pyroptosis
and attenuated cardiomyocyte injury. We present the
following article in accordance with the MDAR reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-6109/rc).

Methods
Cell culture and cell transfection

Human ACI16 cells (XY-XB-2181) were obtained from
American Type Culture Collection (AT'CC) and cultured in
Dulbecco’s Modified Eagle Medium (DMEM) containing
10% fetal bovine serum (FBS), and 1% streptomycin/
penicillin. The AC16 cells were seeded in 6-well plates
and incubated in a 37 °C incubator with 5% carbon
dioxide (CO,) at an appropriate humidity. The small-
interfering RNA negative control (si-NC), miR-145-
5p mimics, miR-145-5p inhibitor, TLR4-overexpressing
lentiviral vector, and empty vector (NC) were designed
and synthesized by Shanghai Sangon Biotech. Cell
transfection was performed using Lipofectamine 3000
following the kit’s instructions. After 48 h of transfection,
the cells were collected for the subsequent experiments.
The sequences of miR-145-5p mimics and miR-145-5p
inhibitors were as follows: 5'-GUCCAGUUUUCCCA
GGAAUCCCUGGAUUCCUGGGAAAACUGGAC
UU-3" and 5'-AGGGAUUCCUGGGAAAACUGGAC-3'".
The negative control (miR-NC) was 5'-UUCUCCGAA
CGUGUCACGUTT-3".

Hypoxia/reoxygenation model

The AC16 cells were first cultured in DMEM (free of
glucose and serum) and exposed to a humidified culture
chamber with 95% nitrogen and 5% CO, for 12 h at 37 °C.
Subsequently, the AC16 cells were transferred to DMEM
containing 10% FBS and cultured for another 4 h.

Cell Counting Kit 8§ (CCK-8)

Standardization was performed according to the instructions
of the CCK-8. (Solarvio, CA1210). The absorbance value

at a wavelength of 450 nm was detected using a microplate

© Annals of Translational Medicine. All rights reserved.

Page 3 of 13

reader to calculate the cell viablity.

Western blot

We used ristocetin-induced platelet aggregation lysate to
extract the protein from the AC16 cells, and we used a
bicinchoninic acid assay kit (Solarbio, PC0020) to determine
protein concentration. As previously reported (25), western
blot was performed to detect the protein expression of the
ACI16 cells. The following primary antibodies were used: ant-
CD9, anti-CD63 (Abcam, ab134045), anti-CD68 (Abcam,
ab283316), anti-CD206 (Abcam, ab252921), anti-TSG101
(Tumor Susceptibility Gene 101) (Abcam, ab125011), anti-
caspase-1 (Abcam, ab207802), anti-Gasdermin D (GSDMD)
(Abcam, ab209845), anti-nucleotide-binding domain-like
receptor protein 3 (NLRP3) (Abcam, ab264468), and anti-
TLR4 (Abcam, ab13556).

Real-time quantitative polymerase chain reaction
(RT-qPCR) analysis

As previously reported (26), TRIzol reagent was used
to extract the total RNA from the ACI16 cells. The
complementary deoxyribonucleic acid (cDNA) was
synthesized by reverse transcription using miScript RT 11
Buffer. The RT-qPCR was performed using the miScript
HiSpec Bufer using an ABI7500 quantitative PCR
instrument. The primers were synthesized and provided by
Shanghai Sangon Biotech. The relative expression levels
of miRNA/messenger RNA (mRNA) were calculated
“4CT method. Glyceraldehyde 3-phosphate
dehydrogenase or U6 (small nuclear RNA) was used as the

using the 2

endogenous control. The following primers were used:
miR-145-5p forward, TGTCCAGTTTTCCCAGGAATC;
reverse, CTCAACTGGTGTCGTGGAGTC; TLR4
forward, 5'-AGT TGA TCT ACC AAG CCT TGA GT-
3", reverse, 5'-GCTGGTTGTCCCAAAATCACTTT-3";
U6, forward, CCT GCTTCGGCAGCACAT, reverse,
AACGCTTCACGAATTTGCGT; GAPDH forward,
S-TGTTCGTCATGGGTGTGAAC-3', reverse,
5'-ATGGCATGGACTGTGGTCAT-3".

Dual luciferase reporter assays

Based on the database predictions, the binding site of miR-
145-5p to TLR4 was cloned into a plasmid containing
a dual luciferase reporter vector, which was provided by
Shanghai GenePharma Co., Ltd. The TLR4-wt (wild
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type)/mut (mutant type) with miR-145-5p mimics were co-
transfected into the AC16 cells using Lipofectamine 3000.
After 48 h of transfection, the relative luciferase activity was
assayed according to the manufacturer’s protocol.

Differentiation and polarization of macrophages

The monocytes were isolated from the peripheral blood of
healthy donors. Using a previously reported method (27),
Isolated monocytes were cultured for 7days to develop into
MO macrophages in a mixture of DMEM medium (Thermo)
supplemented with 20 % FBS (Gibco), 1% penicillin/
streptomycin (Gibco) and 100 ng/mL macrophage-colony-
stimulating factor (M-CSEF, Solarbio). Interleukin (IL)-
4 (20 ng/mL) was then added to induce and simulate the
activation in the M2 macrophages for 2 days. The positive
rate and expression of CD68 and CD206 on the cell
membrane surface were then detected by flow cytometry
and western blot to identify the activated M2 macrophages.
Our study was approved by the Hospital Ethics Committee
and was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The donors signed an
informed consent form.

Exosome extraction and identification

The M2 macrophage culture medium was ultracentrifuged
to obtain the exosomes. Briefly, the conditions for
extraction were 500 xg centrifugation for 10 min, followed
by supernatantion at 3,000 xg for 15 min, and further
supernatantion at 140,000 xg for 90 min to obtain the
precipitate as the purified exosomes. Western blot was used
to detect the expression of exosome specific marker (CD9,

CD63, and TSG101) and identify the exosomes.

Nanoparticle tracking analysis

As previously reported (28), 30 pg of exosomes was
dissolved in 1 mL phosphate buffered solution and vortexed
for 30 s to mix well. The distribution sizes of the exosomes
were analyzed by the NanoSight nanoparticle tracking
analyzer.

TEM

The exosomes were observed by transmission electron
microscopy (TEM). In brief (29), after being fixed with 4%

paraformaldehyde, the exosomes were placed on Formvar
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carbon-coated electron microscopy grids and fixed with
1% glutaraldehyde for 10 min. The samples were stained
with a 2% solution of uranyl acetate. Finally, using a Tecnai
transmission electron microscope, images of the exosomes
were captured at 163 kV.

Hoechst 33342 /propidium iodide (PI) staining

Hoechst 33342/PI staining was used to evaluate the
pyroptosis-induced cell membrane damage. Briefly, AC16
cells were collected after H/R treatment, and Hoechst
33342 and PI staining solution were mixed. The cells were
then incubated with Hoechst 33342/PI at 37 °C in the dark
for 20 min. The nuclei were marked by Hoechst staining.
Finally, the cells were observed under a fluorescence
microscope and photographed.

Immunofluorescent staining

As described previously (30), the AC16 cells were fixed in
4% paraformaldehyde and permeabilized with 0.25% Triton
X-100. Next, the AC16 cells were blocked with goat serum
for 30 min at room temperature, incubated with a primary
antibody (anti-caspase-1, or anti-PKH26) overnight at
4 °C. The next day, the cells were washed 3 times with
phosphate-buffered saline (PBS) and then incubated with
Immunoglobulin G secondary antibody for 1 h at room
temperature. The nuclei were stained with 4’,6-diamidino-
2-phenylindole. Finally, the cells were randomly observed
and photographed under a fluorescence microscope.

Statistical analysis

The data in the study are presented as the mean =+ standard
deviation. SPSS 22.0 statistical software package was
used for the data analysis. The in vitro experiments were
replicated 3 times. Comparisons between two groups
were made using an independent-sample #-test, while
comparisons between multiple groups were made using a
univariate analysis of variance followed by Tukey’s post-hoc
test. P values <0.05 were considered statistically significant.

Results

Isolation and identification of M2 macrophage-derived
exosomes

The M2 macrophages were isolated from peripheral blood
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Figure 1 Isolation and identification of M2 macrophage-derived exosomes. (A) Flow cytometry was used to identify the exosomes derived

from the M2 macrophages. (B) The expression of CD206 and CD68 in the exosomes was detected by western blot. (C) The exosomes were

collected from the macrophage supernatants and observed using TEM (200,000x). (D) A nanoparticle tracking analysis was conducted to
determine the particle sizes of the exosomes. (E) Western blot was used to detect the expression of CD9, CD63, and TSG101. *P<0.05,

**P<0.01, vs. control group. GAPDH, glyceraldehyde-3-phosphate

donated by healthy blood donors. First, the flow cytometry
results (Figure 1A) revealed that the M2 macrophage
markers CD68 and CD206 were positive. The western blot
results (Figure 1B) confirmed that the protein expression
of CD68 and CD206 was significantly upregulated in
the M2 macrophages compared to the MO macrophages,
which confirmed the successful isolation and induction
of M2 macrophages. To study the M2 macrophage-
derived exosomes, nanoparticle tracking and TEM were
used to analyze the size and morphology of the exosomes,
respectively. The TEM results (Figure 1C) for the secretion
showed that the exosomes had typical morphological
features, including spherical structures formed by lipid

© Annals of Translational Medicine. All rights reserved.

dehydrogenase; TEM, transmission electron microscopy.

bilayers. The exosome particle size was approximately
100 nm. (Figure 1D). The western blot results (Figure 1E)
showed that the marker proteins (CD9, CD63, and
TSG101) were significantly upregulated in the exosome
group compared to the control group. The above results
confirmed the successful isolation and induction of the
exosomes derived from the M2 macrophages.

M2 exosomes protect against H/R-induced pyroptosis in
AC16 cells

Next, we investigated the effects of M2 exosomes on H/
R-induced pyroptosis in the AC16 cells. Immunofluorescence

Ann Transl Med 2022;10(24):1376 | https://dx.doi.org/10.21037/atm-22-6109
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Figure 2 M2 exosomes protects against H/R-induced pyroptosis in AC16 cells. (A) The expression of PKH26 was detected by
immunofluorescence staining (200x). (B) CCK-8 was used to detect cell viability. (C) The protein expression of caspase-1, GSDMD, and
NLRP3 was detected using western blot. (D) PI staining was performed to detect pyroptosis. Nuclei were marked with Hoechst staining
(blue). Necrotic cells were marked by PI staining (red), 100x. **P<0.01, ***P<0.001, vs. control group. "P<0.05, *P<0.01, vs. H/R group. NC,
normal control; H/R, hypoxia-reoxygenation; PI, propidium iodide; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; CCK-8, Cell

Counting Kit 8.

staining (Figure 2A4) showed that PKH26 positivity was the control group. After co-culture with M2 exosomes,
more pronounced in the exosome group compared to the the expression of caspase-1, GSDMD, and NLRP3 in the
control group, revealing that AC16 cells could absorb AC16 cells was significantly decreased. Additionally, the
exosomes from the M2 macrophages. The CCK-8 assay immunofluorescence staining results (Figure 2D) confirmed
results (Figure 2B) showed that cell viability was partially a significant increase in PI positivity in the H/R group cells;
restored in the H/R + M2 exosome group relative to the however, the PI positivity in the AC16 cells decreased in H/

H/R group. The western blot results (Figure 2C) showed R+M2-Exo group compared to the H/R group. The results
that the expression of caspase-1, GSDMD, and NLRP3 confirmed that M2 exosomes protected against H/R-induced
was significantly upregulated in H/R group compared to pyroptosis in the AC16 cells.
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Figure 3 Exosomal transfer of miR-145-5p protects against H/R-induced pyroptosis in AC16 cells. (A-C) A RT-qPCR analysis was used to

detect the levels of miR-145-5p. (D) CCK-8 was used to detect cell viability. (E) Western blot was used to detect the expression of caspase-1,

GSDMD, and NLRP3 in the cells. (F) PI staining was used to detect pyroptosis. Nuclei were marked with Hoechst staining (blue). Necrotic
cells were marked by PI staining (red), 100x. **P<0.01, ***P<0.001, vs. NC/NC-exosome/control group; "P<0.05, #P<0.01, vs. miR-145-5p

mimic-exosome/H/R group; “P<0.05, vs. H/R + mimic-exosome group. NC, normal control; H/R, hypoxia-reoxygenation; PI, propidium

iodide; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RT-qPCR, real-time quantitative polymerase chain reaction; CCK-8, Cell

Counting Kit 8.

MiR-145-5p exosomal transfer protects against
H/R-induced pyroptosis in AC16 cells

Exosomes may be involved in the regulation of cell-to-
cell interactions and the delivery of signaling proteins,
RNAs, and miRNAs. Exosome-carrying miRNAs have
been reported (31) to target the regulation of myocardial I/
R-induced cardiomyocyte injury. In this study, we analyzed
the role of exosome-carrying miR-145-5p in H/R-induced
cardiomyocyte injury. The RT-qPCR results (Figure 3A)

© Annals of Translational Medicine. All rights reserved.

showed that compared to the NC group, the expression of
miR-145-5p was significantly increased in the miR-145-
5p mimic group, while the expression of miR-145-5p was
significantly decreased in the miR-145-5p inhibitor group.
Similarly, after co-culture with exosomes, the RT-qPCR
results (Figure 3B) displayed the same trend. Additionally, the
RT-qPCR results (Figure 3C) showed that compared to the
H/R group, the expression of miR-145-5p was significantly

increased in the H/R + NC-exosome group. Compared to

Ann Transl Med 2022;10(24):1376 | https://dx.doi.org/10.21037/atm-22-6109
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Figure 4 TLR4 was a potential target of miR-145-5p. (A) The predicted binding sites of miR-145-5p and TLR4. (B) Dual luciferase
reporter assays verified the targeted binding of miR-145-5p to TLR4. (C) RT-qPCR analysis was used to detect the expression of miR-145-
5p. (D) RT-qPCR analysis and western blot (E) were used to detect the expression of mRNA and protein of TLR4. **P<0.01, ***P<0.001,
vs. NC group; TLR4, toll-like receptor 4; NC, normal control; WT, wild type; mut, mutant type; GAPDH, glyceraldehyde-3-phosphate

dehydrogenase; RT-qPCR, real-time quantitative polymerase chain reaction.

the H/R + NC-exosome group, the expression of miR-145-
5p was significantly increased in the H/R + mimic-exosome
group and decreased in the H/R + inhibitor-exosome group.
As Figure 3D shows, cell viability was significantly increased
in the H/R + NC-exosome group compared to the H/R
group. Compared to the H/R + NC-exosome group, cell
viability was significantly increased in the H/R + mimic-
exosome group and decreased in the H/R + inhibitor-
exosome group. The western blot results (Figure 3E) showed
that the expression of caspase-1, GSDMD, and NLRP3 was
significantly downregulated in the H/R + mimic-exosome
group compared to the H/R + NC-exosome group, but
significantly upregulated in the H/R + inhibitor-exosome
group. The immunofluorescence staining results (Figure 3F)
showed that the PI positive rate was higher in the H/R +
mimic-exosome group than the H/R + NC-exosome group,
while, the H/R + inhibitor-exosome group had less positivity.
Taken together, we hypothesized that the exosomal transfer
of miR-145-5p protects AC16 cells from H/R-induced

pyroptosis.

TLR4 was a potential target of miR-145-5p
To identify the target genes regulated by miR-145-5p, we

© Annals of Translational Medicine. All rights reserved.

used bioinformatics databases to predict the binding sites
between miR-145-5p and TLR4 (Figure 4A4). The dual
luciferase gene report assay results (Figure 4B) confirmed
the binding relationship between miR-145-5p and TLR4.
Compared to the WT + NC group, the relative luciferase
activity of the WT + miR-145-5p mimic group was
significantly decreased. The RT-qPCR results (Figure 4C)
showed that compared to NC group, the expression of miR-
145-5p was significantly increased in the miR-145-5p mimic
group, while the expression of miR-145-5p was significantly
decreased in the miR-145-5p inhibitor group. As Figure 4D
shows, compared to the NC group, the mRNA expression
of TLR4 was significantly decreased in the miR-145-5p
mimic group; however, it was significantly upregulated in
the miR-145-5p inhibitor group. Similarly, the western
blot results (Figure 4E) displayed the same trend. Thus, we
confirmed TLR4 was a potential target of miR-145-5p.

TLR4 overexpression reversed the protective effects of M2
exosomes in H/R-induced pyroptosis

We also investigated the effect of TLR4 on M2 exosomes
in H/R-induced pyroptosis. The western blot results
(Figure 5A) showed that compared to the control group,
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Figure 5 TLR4 overexpression reversed the protective effects of M2 exosomes in H/R-induced pyroptosis. (A) Western blot was used to
assess the expression of TLR4. (B) Cell viability was detected using CCK-8. (C) The expression of caspase-1, GSDMD, and NLRP3 was
detected by western blot. (D) The pyroptosis of the cells was detected by PI staining, 100x. *P<0.05, **P<0.01, vs. control group; "P<0.05, vs.
H/R group; “P<0.05. TLR4, toll-like receptor 4; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; H/R, hypoxia-reoxygenation; PI,
propidium iodide; CCK-8, Cell Counting Kit 8.

the expression of TLR4 was significantly increased in the exosome group compared to the H/R group, and the TLR4
H/R group. However, the TLR4 expression levels were levels in the H/R + pcDNA3.1-TLR4 + M2 exosome group
significantly downregulated in the H/R + pcDNA3.1 + M2 were increased compared to those in the H/R + pcDNA3.1 +
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M2 exosome group. Based on the CCK-8 results (Figure 5B),
we found that compared to the H/R group, the cell
viability of the H/R + pcDNA3.1 + M2 exosome group
was significantly enhanced. Cell activity was significantly
inhibited in the H/R + pcDNA3.1-TLR4 + M2 exosome
group. In addition, western blot was used to detect the
expression of the pyroptosis-related proteins. The results
(Figure 5C) showed that the expression of caspase-1,
GSDMD, and NLRP3 was significantly downregulated in
the H/R + pcDNA3.1 + M2 exosome group compared to
the H/R group. The expression of caspase-1, GSDMD,
and NLRP3 was significantly upregulated in the H/R +
pcDNA3.1-TLR4 + M2 exosome group compared to the
pcDNA3.1 + M2 exosome group. The immunofluorescence
staining results (Figure 5D) showed that the PI positivity
rate of the H/R + pcDNA3.1 + M2 exosome group was
significantly lower than that of the H/R group; however,
compared to the H/R + pcDNA3.1 + M2 exosome group,
the PI positivity rate of the H/R + pcDNA3.1-TLR4 + M2
exosome group was significantly increased. In summary,
we confirmed that TLR4 overexpression reversed the
protective effect of M2 exosomes against H/R-induced
pyroptosis.

Discussion

The gradual upgrading of medical technology has led
to fruitful advances in treatment strategies for ischemic
cardiovascular diseases. Thrombolytic therapy and
adjunctive treatment with anti-platelet agents can partially
restore blood supply and I/R injury exacerbates myocardial
tissue necrosis. Several forms of cell death have been
reported to accompany I/R injury (32,33), among which
caspase-1-mediated pyroptosis has received widespread
attention. In recent years, it has reported (34) that M2
macrophage-derived exosomes represent a potential
treatment for myocardial I/R injury. In the present study,
we found that M2 macrophage-derived exosomes carrying
miR-145-5p significantly mitigated injury in H/R-induced
cardiomyocytes. Our results confirmed that the M2
macrophage-derived exosome miR-145-5p targets and
regulates the expression of TLR4 and inhibits pyroptosis in
H/R-induced cardiomyocytes.

Exosomes of different origins can encapsulate signaling
molecules and play regulatory roles in a variety of
pathological disease processes (35,36). M2 macrophage-
derived exosomes are closely associated with cellular
processes, such as angiogenesis (37), cell proliferation,
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and apoptosis (38). In addition, M2 macrophage-derived
exosomes could deliver miRNAs to receptors that play
the regulatory roles in tumors, pulmonary fibrosis,
and cardiovascular disease. Li et al. found (39) that M2
macrophage-derived exosome miR-27a-3p promotes
cancer stemness in HCC through the downregulation
of thioredoxin-interacting protein (TXNIP). The
overexpression of miR-328 by M2 macrophage-derived
exosomes has been shown to exacerbate the development
of pulmonary fibrosis by regulating the expression
level of FAM13A (family with sequence similarity 13,
member A) (40). It has been reported (34) that M2
macrophage-derived exosomes can carry miR-148a and
alleviate MI/R injury by downregulating TXNIP and
inhibiting the activation of the TLR4/NF-xB/NLRP3
inflammasome signaling pathway. In our study, we showed
that exosomes secreted by M2 macrophages improved H/
R-induced cardiomyocyte activity. In addition, the western
blot and immunofluorescence staining results confirmed
that exosomes secreted by M2 macrophages partially
reversed the pyroptosis in H/R-induced cardiomyocytes.
Myocardial I/R may be accompanied by a sustained
inflammatory response, and inflammatory injury leads to
the activation of the caspase-1-dependent programmed
death pathway, also known as pyroptosis. Different from
apoptosis, pyroptosis is dependent on the activation of
caspase-1 by inflammasomes to mediate rapid cell death
and promote inflammatory response. The immune system
promotes the release of toll-like receptors (TLRs), tumor
necrosis factor receptors, and other inflammatory factors
during the initiation of pyroptosis. Xuan et 4l. (41) found
that the long non-coding RNA Sox2OT binds to miR-
23b, which affects the ability of the TLR4/NF-«B signaling
pathway to regulate pyroptosis, which in turn promotes
myocardial injury. Trimetazidine has been reported (42) to
attenuate myocardial I/R-induced pyroptosis by modulating
the TLR4/MyD88 (myeloid differentiation factor 88)/
NF-«B/NLRP3 inflammatory pathway. Interestingly, we
confirmed that TLR4 was a downstream target molecule
of miR-145-5p. In addition, our results suggested that
M2 macrophage-derived exosomes carrying miR-145-
Sp downregulate the level of TLR4 in H/R-induced
cardiomyocytes. Additionally, M2 exosomes carrying miR-
145-5p significantly inhibit the expression of GSDMD,
NLRP3, and caspase-1 in H/R-induced cardiomyocyte.
We hypothesized that the protective mechanism of the M2
macrophage-derived exosome miR-145-5p in myocardial
injury is related to its targeted regulation of TLR4-
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mediated pyroptosis.

Conclusions

In conclusion, our study confirmed that M2 macrophage-
derived exosome miR-145-5p may play a protective role in
myocardial I/R injury. We found that miR-145-5p targeted
the regulation of TLR4 expression, inhibits pyroptosis, and
mitigates H/R-induced myocardial injury. Our findings
may lead to the development of a new therapeutic strategy
for the treatment of myocardial I/R injury, and more
specifically, to the development of an exosome-related
targeted therapy. The main limitation of this study is the
absence of in vivo experiments, which will be conducted in
the future to verify the findings of this study.
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