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ARTICLEINFO ABSTRACT

Article type:

Objective(s): The protective effects of acupuncture on myocardial injury have been identified in
Original

clinical trials. However, there is still a lack of comprehensive understanding of its fundamental
mechanism. This research aimed to clarify the roles of plasma exosomes in the cardioprotection of
acupuncture.

Materials and Methods: Myocardial infarcted rats were divided into control group, acupuncture
group, and acupuncture plus GW4869 group. The rats without the performance of a myocardial
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ég;’iﬁ’iﬁnzdure Results: The results showed that the effects of acupuncture on increasing the thickness of the left
ExOsOmes ventricular infarct wall and inhibiting apoptosis of the damaged heart tissue were significantly
MicroRNAS reversed by GW4869. Among the five miRNAs of plasma exosomes increased by acupuncture,

miR-142-3p was the unique miRNA up-regulated in myocardial tissue. Overexpressing miR-142-3p
retarded oxidative damage of H9c2 by anti-apoptosis. miR-142-3p directly bound to and suppressed
the expression of Cofilin 2 (CFL2). In vivo CFL2 expression was down-regulated by acupuncture and
up-regulated by GW4869.

Conclusion: Our results suggest that plasma exosomes transfer cardio-protective signals of
acupuncture to the injured heart and confer cardioprotective effects, and miR-142-3p emerges as a
prominent exosomal miRNA in the inhibition of myocardial apoptosis by targeting CFL2.
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Introduction size and patient clinical outcomes (7). Alternative therapies

Cardiovascular disease (CVD) accounts for 26.8% of
all deaths globally in 2021 (1). As a major manifestation of
coronary artery disease, myocardial infarction (MI) caused
over 3 million deaths in the United States between 1999 and
2020 (2, 3). In China, the overall MI mortality rate increased
continuously from 2002 to 2020, with a rapid upward trend
observed since 2005 (4). Severe MI kills nearly a billion
cardiomyocytes due to prolonged ischemia, which leads
to heart failure (HF) and even sudden cardiac death (5).
Inhibiting cardiomyocyte death has been proposed as one
of the therapeutic strategies for protecting MI survivors
against HF (6). However, many randomized clinical trials
have demonstrated that conditioning or cardioprotective
interventions exhibit equivocal clinical effects on infarct

for transitory treatments with cardioprotective agents have
been investigated by an increasing number of clinicians and
pharmaceutical companies. Acupuncture has been utilized
as a nonpharmacologic treatment for more than 2000 years,
and its efficacy on myocardial ischemia and heart failure
has been confirmed by many randomized clinical trials and
animal experiments (8-10). The bilateral Neiguan (PC6),
which is frequently utilized in Chinese medicine to address
cardiovascular ailments, has demonstrated its efficacy in
protecting the ischemic heart through multiple pathways,
such as activating the adenosine receptor, alleviating
mitochondrial damage, and attenuating autophagy in the
ischemic heart (11-13). However, the mechanism by which
Neiguan (PC6) triggers remote cardioprotection is still
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unclear.

Exosomes are nanoscale vesicles composed of lipid
bilayers and typically range in size from 30 nm to 100 nm,
capable of being secreted by various cell types. Recently, the
critical roles of exosomes have been uncovered in ferrying
various signaling molecules, such as proteins, mRNAs,
and miRNAs, to mediate communication between cells or
even organs (14). Several studies have demonstrated that
the cardioprotective effect of exosomes can be achieved
by delivering miRNAs. For instance, exosomes induced by
transient hindlimb ischemia can transfer miR-24, which
opposes apoptosis, to provide cardioprotection in a rat acute
ischemia/reperfusion (I/R) model (15). Plasma exosomes
derived from individuals who engaged in long-term exercise
exhibited cardioprotective effects by transferring miR-342-
5p to alleviate I/R injury (16). The findings suggest that the
cardiovascular benefits derived from remote acupuncture
may be attributed to the mechanical stimulation of Neiguan
(PC6), which triggers the release of exosomes from limbal
tissues into circulation.

Numerous studies have explored the potential
connections between acupuncture and exosomes. For
example, Chen et al. demonstrated that serum exosomes
induced by electroacupuncture exerted significantly
protective effects against lipopolysaccharide-induced
cardiomyopathy by delivering miR-381 (17). Xu et al.
demonstrated that electroacupuncture up-regulated
miR-210 expression in plasma exosomes within a middle
cerebral artery occlusion model (18). Mechanistically, these
exosomes promoted angiogenesis under hypoxic conditions
via the HIF-1a/VEGF/Notch1 signaling pathway.

In this study, the involvement of exosomes in the
cardioprotective effects of acupuncture at Neiguan (PC6)
was initially established using a rat model of MI. On this
basis, changes in miRNAs in the tissue of Neiguan (PC6)
after acupuncture were detected by small RNA sequencing,
and then the expression of these miRNAs was examined
in plasma exosomes and infarcted myocardial tissue.
Finally, exosomal miR-142-3p induced by acupuncture was
identified as a novel cardioprotective molecule by down-
regulating the expression of Cofilin 2 (CFL2).

Materials and Methods
Reagents

Antibodies against cleaved caspase 3 (9664s Lot 22),
BAX (2772s Lot 12) were obtained from Cell Signaling
Technology, Inc. (Danvers, MA, USA). Antibodies targeting
bcl-2 (26593-1-AP Lot 00113524), Cofilin 2 (11848-1-AP
Lot 00021078), and caspase 3 (19677-1-AP Lot 00103232)
were purchased from Proteintech Group (China). GW4869
(20418-50mg Lot CSN20418-003) was bought from
CSNpharm (China). Polyethylene glycol (101913398 Lot
BCBV7000) with Mn of 6000 was acquired from Sigma-
Aldrich Co., LLC. (USA).

Rat care and AMI surgery

All animal experiments conducted in this study were
approved by the Institutional Animal Care and Use
Committee at Shanghai University of Traditional Chinese
Medicine (Approval No.. PZSHUTCM2401170002). The
male Sprague-Dawley (SD) rats and Balb/c mice, aged
eight weeks, were sourced from Slaccas Laboratory Animal
Corporation in Shanghai, China. They were housed in a
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specific-pathogen-free facility at the animal experiment
center of SHUTCM and provided with ad libitum access to
food and water prior to their utilization. After a one-week
acclimation period, the rats or mice were administered
isoflurane anesthesia at a concentration of 5% for induction
and 2% for maintenance. Subsequently, they underwent
endotracheal intubation and were connected to the rodent
ventilator (model UGO BASILE 7025, Milan, Italy). After
confirming the absence of any signs of discomfort or pain,
a thoracotomy was performed to access the chest cavity
in rats or mice, specifically between the fourth and fifth
intercostal spaces on the left side. Subsequently, a dilator
was utilized to achieve optimal visualization of the heart,
following which ligation of the left anterior descending
coronary artery (LAD) was conducted 2 mm below the left
auricle to induce AMI, employing previously established
methodologies (19). The appearance of the left anterior
myocardium, which converted from rosiness to paleness,
indicated the successful establishment of an AMI model.
The same procedures were performed in the sham-operated
animals except for LAD ligation.

Acupuncture intervention

Neiguan (PC6) was located at the distal 1/6 point on
the imaginary midline connecting the palm crease and
cubital crease of the inner forelimb (20). On the second day
after AMI, the rats were divided into three groups: sham,
control, and Acu (with six rats in each group), using a
randomization method. All the animals were individually
confined in special cylindrical devices with their limbs
extended. For the Acu group rats, the sterilized Huatuo
needles (0.25 mmx13 mm; Suzhou Medical Appliance
Manufactory, Jiangsu, China) were perpendicularly inserted
in bilateral PC6 at a depth ranging from 2 to 3 mm and
manually rotated back and forth in situ for 5 min, with a
frequency of 120 times/min (21). For the control group,
similar operations were performed at the tail non-acupoint
of the rats. The sham-operated animals were only restrained
without acupuncture intervention. Acupuncture or sham
treatment was performed once daily for 6 days.

GW4869 treatment in the acupuncture-intervened rats

GW4869 was used to inhibit exosome secretion to clarify
the roles of exosomes following the effects of acupuncture.
It was dissolved in DMSO (0.005%). On the second day after
AM]I, the rats were divided into four groups: sham, control,
Acu, and Acu plus GW4869 (with six rats in each group),
employing a randomization method. The first three groups
were treated as above. The rats in the Acu plus GW4869
group were administered a single intraperitoneal injection
of GW4869 at a dose of 1.5 mg/kg (22), one hour prior to
daily acupuncture.

Histological examination

Seven days after AMI, all the animals were anesthetized
with isoflurane as described above. The rats were subjected
to transcardial perfusion with 0.1 M PBS, followed by
fixation with a 4% paraformaldehyde solution. The hearts
were then cut transversely at the widest parts of the
infarcted regions. The tissues were immersed in Tissue-Tek
OCT compound (Sakura, Tokyo, Japan), promptly frozen
in liquid nitrogen, and stored at -80 ‘C. The blocks were
pre-placed in the freezing microtome (Thermo Scientific,
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USA) to ensure temperature stabilization, and then
serially sliced into 5-um sections at -20 °C. Ten consecutive
sections from each block underwent Masson’s trichrome
(Masson) staining. The images were obtained utilizing a
light microscope manufactured by Olympus in Japan. The
assessment of infarct size and left ventricular wall thickness
was performed according to established protocols (19).

In situ identification of apoptotic myocytes

Seven days after AMI, the Terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP nick-end labeling
(TUNEL) assay was utilized to identify apoptotic cells in
the infarcted hearts, following the protocols provided by
Beyotime (Shanghai, China). The frozen sections, which
were prepared as above, underwent three rounds of PBS
washing, followed by a 5-minute incubation at room
temperature with 0.5% TritonX-100. Subsequently, the
specimens were exposed to the TUNEL reaction mixture
containing TdT and FITC-dUTP for 60 min in a dark,
humid environment (23).

Following nuclear staining with DAPI, the results of
the TUNEL assay were visualized using a fluorescence
microscope (model IX50) manufactured by Olympus in
Japan.

Western blot analysis

Seven days after AMI, rats were anesthetized with
isoflurane as described above, and the hearts were quickly
removed. The left ventricular anterior wall of hearts was
promptly frozen with liquid nitrogen and maintained
at a temperature of -80 °C for subsequent examinations.
For western blot analysis(24), the samples of tissues and
cells were homogenized in ice-cold RIPA lysis buffer,
supplemented with a combination of protease inhibitors and
phosphatase inhibitors. The tissue lysates were subjected to
centrifugation at 12,000xg for 20 min at a temperature of
4 °C. After performing BCA analysis (Beyotime, Shanghai,
China) to determine the protein concentration in the
supernatants, 40 pug of proteins were separated on a 12%
SDS-polyacrylamide gel and subsequently transferred
onto an NC membrane (Merck, Darmstadt, Germany).
The primary antibodies, including anti-cleaved caspase 3
(CC3) antibody (1:1000), anti-caspase 3 antibody (1:3000),
anti-Bcl-2 antibody (1:1000), anti-BAX antibody (1:1000)
and anti-Cofilin 2 antibody (1:1000), were applied to the
membrane and incubated overnight at a temperature of 4
‘C. Subsequently, the secondary antibodies conjugated with
peroxidase were incubated with the membrane for one hour
at room temperature. The bands on the membrane were
subsequently detected using enhanced chemiluminescence
western blot detection reagents (NCM Biotech, Suzhou,
China) for visualization. Meanwhile, all images were
obtained by using a Molecular Imager system (Bio-Rad,
California, USA). The relative value of the band density was
analyzed by Image] software.

MiRNA sequencing and analysis of PC6 acupoint

The rats were sacrificed by euthanasia on the seventh day
after MI to clarify the changes in the miRNA expression of
PC6 acupoint. The PC6 tissues, including skin, subcutaneous
tissue, and muscle tissue, were harvested and stored in a -80
‘C ultra-low temperature freezer after snap-freezing in liquid
nitrogen. A total of nine samples from the sham, control,
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and Acu group were promptly cryopreserved in liquid
nitrogen and transported to Shanghai Majorbio Bio-pharm
Technology Co., Ltd. for miRNA sequencing. Total RNA
was extracted from the samples by using TRIzol Reagent
(Majorbio, Shanghai, China) following the manufacturer’s
guidelines. The RNA quality was then assessed using the
5300 Bioanalyser (Agilent, USA) and quantified with the
ND-2000 (NanoDrop Technologies). Only high-quality
RNA samples meeting the following criteria were utilized
for library construction: 0D260/280=1.8-2.0, 0D260/230 >
2.0), RNA Integrity Number (RIN) 26.5), 285:18S 2 1.0, and
concentration of 22 pg. A small RNA-seq transcriptome
library was generated according to the manufacturer’s
instructions, utilizing the QIAseq miRNA Library Kit
(Qiagen, Hilden, Germany) and employing 1 pg of total
RNA per sample. Subsequent sequencing was conducted on
an Illumina NovaSeq X plus platform. The bioinformatics
data were analyzed using the cloud-based platform provided
by Majorbio Bio-Pharm Technology Co., Ltd (25).

Plasma exosome isolation and identification

Exosomes were isolated from rat plasma as described
(26). Seven days after AMI, a blood sample was collected
from the anesthetized rats’ abdominal aorta prior to their
sacrifice and subsequently centrifuged for 30 min at 1000
g in a tube containing anticoagulant. The plasma was
subsequently transferred to a fresh tube and subjected to
centrifugation at 2000 g for 15 min at 4 ‘C to remove cellular
debris. Thereafter, it underwent further centrifugation at
10,000 g for 30 min at the same temperature to eliminate
large microvesicles. The supernatant was supplemented
with an equal volume of 16% polyethylene glycol (PEG)
with a molecular weight of 6000 (Sigma, USA). After
thorough mixing, the mixture was incubated undisturbed
overnight at 4 ‘C. The following day, the samples were
subjected to centrifugation at 16,000 g for one hour at 4 °C.
The precipitation was collected in 1 ml of PBS and subjected
to ultracentrifugation at 100,000 g for 70 min to remove any
particles associated with the contaminated protein and PEG.
The resulting pellet was resuspended in 50 pl of particle-free
PBS (pH 7.4) and stored at -80 °C for future utilization.

The ultrastructure of the acquired exosomes was
examined utilizing the Tecnai G2 Spirit Biotwin
transmission electron microscope (FEI, Hillsboro, USA).
Both the size distribution and concentration of the 10 times
diluted exosomes were determined using nanoparticle
tracking analysis (NTA) with Zeta View Particle Metrix
110 (Particle Metrix, Meerbusch, Germany. The marker
proteins of exosomes (CD9, CD63, CD81, and Alix) were
detected by western blot. The quantity of exosomes was
identified utilizing a BCA kit (YEASEN, Shanghai, China)
for measurement of total protein.

Cell culture and exosome treatment

H9¢2 cells (Cobioer, Nanjing, China, catalogue number:
CBP60588, RRID: CVCL_0286), derived from embryonic
rat cardiomyoblasts, were cultured in a 96-well plate at
a seeding density of 1x10* per well. The culture medium
consisted of DMEM supplemented with 10% exosome-
depleted fetal bovine serum (FBS), 100 U/ml penicillin,
and 100 ug/ml streptomycin. Incubation was conducted at
a temperature of 37 °C in an environment containing 5%
CO, for a duration of 24 hr. Cells were then incubated with

Iran J Basic Med Sci, 2025, Vol. 28, No. 12



Acupuncture-induced exosomes protect Ml

different concentrations of exosomes (10, 20, 40, and 80 ug/
ml) isolated from the sham, control, and Acu groups for 24
hr. The viability of H9¢2 cells was evaluated using the CCK-
8 assay (YEASEN, Shanghai, China)(27).

In vitro and in vivo fluorescence tracing of exosomes

For in vitro tracing of exosomes in H9c2 cells, red
fluorescent dye PKH26 was used to label plasma exosomes,
following the guidelines provided by the manufacturer (28).
The H9¢2 cells were exposed to PKH26-1abeled exosomes for
three hours. Subsequently, the cells underwent three rounds
of PBS washing and were fixed using 4% paraformaldehyde
for 10 min. Finally, the cells were washed twice again
with PBS. The cellular internalization of exosomes was
visualized using a fluorescence microscope (Olympus IX50,
Japan). The ex vivo fluorescence tracking of exosomes was
conducted by labeling plasma exosomes with Dil, following
the manufacturer’s guidelines. Then, the mice from both the
control and acupuncture groups received a tail intravenous
injection of 200 pg of Dil-labeled exosomes, following the
previously described protocol (29, 30). The IVIS® Lumina IT
in vivo imaging system (PerkinElmer, Thermo Fisher, USA)
was employed to visualize the localization of exosomes in
various organs four hours later.

RT-PCR detection

The RNAiso Plus and RNAiso for Small RNA kit (Takara,
Dalian, China) were used to extract total RNA from H9c2
cells and small RNA from exosomes and tissues stored in
an ultra-low temperature freezer seven days after AMI, as
described in a previous study (31). The Fermentas cDNA kit
(Fermentas, USA) was used to transcribe mRNA into cDNA.
The Mir-X miRNA First-Strand Synthesis Kit (Takara,
Dalian, China) was employed for reverse transcription of
first-strand cDNA. For the quantification of cDNA, real-time
RT-PCR was performed using TB Green Advantage RT-PCR
Premix (Takara, Dalian, China). The relative expression
of each mRNA and miRNA to the level of B-actin and U6
snRNA was determined using the delta-delta Ct method.
All specimens were analyzed in triplicate. The forward and
reverse primers for the Cofilin 2 are as follows: Forward:
5" TTGTGAAGTTGCTACCTCTGAATG3'; Reverse: 5
TTAAAGGTGCACTTTCAGGAGCC 3. The forward
primers utilized for the miRNAs of interest are as follows:
miR-21-5p 5 ACGTTGTGTAGCTTAT CAGACTG 3';
miR-21-3p 5 TGCGCCAACAGCAGTCGA TGGG 3
miR-27-5p 5 GCGGCGGAGGGCTTAGCTGCTTG 3';
miR-31-5p 5 CGGCGGAGGCAAG ATGCTGGCA 3';
miR-142-5p 5" GGCCCATAAAGTAGAA AGC 3'; miR-
142-3p 5" CTCCTGTAGTGTTTCCTAC 3'; miR-223-5p 5’
TCGC GTGTATTTGACAAG CTGAGTTG 3'; miR-223-
3p 5 GAAGTTCGTCCTGTC AGTTTGTC 3'. The reverse
primer for miRNA was the mRQ 3’ Primer (Takara, Dalian,
China).

Cytoprotectivity of exosomes

The potential protective effects of exosomes against
H,O,-induced oxidative stress were evaluated by pre-
treating H9¢2 cells with exosomes isolated from the sham,
control, and Acu groups for 24 hr. After replacing the
complete culture medium with a serum-free medium, the
plate underwent a 2-hour incubation period with H,O, at
a concentration of 400 uM (32). The viability of H9¢2 cells
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was evaluated utilizing the CCK-8 assay. To investigate
the protein expression of H9c2 cells after H,O, treatment,
the cells were cultured in a six-well plate by seeding 5x10°
cells per well, and similar experiments were performed as
described above.

Prediction and identification of the target gene

The prediction of target genes for rat miR-142-3p
was performed utilizing bioinformatics tools including
miRanda, miRDB, and TargetScan(16). Among the possible
miR-142-3p target genes, the focus of this research was
primarily on CFL2, which plays a pivotal role in MI and the
apoptotic pathway. A dual-luciferase reporter gene assay
was performed in 293 T cells to determine the target gene.
In short, the 3" UTR and its site-specific mutated variants
of CFL2 were cloned into the Xbal/Xbal site of the GV272
vector (GeneChem Biotechnology Company, Shanghai,
China), which contained firefly luciferase reporter genes.
Then, 293 T cells were cultured in a 24-well plate by seeding
1x10° cells per well. The plasmid constructs that have
undergone recombination (CFL23’-UTR and CFL23'-UTR-
mut, 0.1 pg) were separately transfected into the 293 T cells
with Renilla luciferase internal control plasma (pRL-TK,
0.02 pg) and miR-142-3p (0.4 pg) or the negative control of
mimic plasma (NC mimic, 0.4 pg) by X-tremegene HP DNA
transfection reagents (1 pl, ROCHE, Basel, Switzerland)
as follows: Luc-CFL2 3'-UTR-NC+miR-142-3p-NC, Luc-
CFL2 3'-UTR-NC+miR-142-3p, Luc-CFL2 3'-UTR+miR-
142-3p-NC, Luc-CFL2 3'-UTR+miR-142-3p, Luc-CFL2
3'-UTR-Mut+miR142-3p-NC, and Luc-CFL2 3'-UTR-
Mut+miR142-3p. The dual-luciferase reporter assay system
(Promega, Madison, USA) was employed to evaluate the
activity of firefly luciferase and Renilla luciferase 48 hr post-
transfection, following the manufacturer’s guidelines. The
experimental treatments were replicated three times, with a
minimum of three replicates per treatment.

Lentivirus preparation and transfection

To further verify the inhibition of CFL2 expression by
miR-142-3p and the effect of overexpressing miR-142-3p
on cell apoptosis induced by H,O,, miRNA-142-3p mimic,
miR-142-3p sponge, and scrambled control lentiviruses were
designed and synthesized by GeneChem Biotechnology
Company (Shanghai, China). The H9¢2 cells were evenly
distributed into 24-well plates at a concentration of 5x10*
cells per well. When the cells reached 70% confluence,
lentiviral vectors were added to the culture medium at an
MOI of 50, followed by 5 pg/ml polybrene. The miRNA-142-
3p-overexpressing cells, miR-142-3p sponge-expressing
cells, and scrambled control cells were selected using
either puromycin or neomycin. The expression of CLF-2
in infected H9¢2 cells was examined by RT-PCR, and the
viability of H9c2 cells was evaluated after incubation with
H,0, using a CCK-8 assay as described above.

Statistical analysis

Each experiment was independently repeated at least
three times, and the mean+SEM was used to represent all
derived statistical values. GraphPad Prism 6 (GraphPad,
San Diego, CA, USA) software was used to determine the
statistical significance between datasets. Students t-test
was used for comparing two groups, while ANOVA,
followed by Tukey’s multiple comparison test, was utilized
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for comparing multiple groups. Statistical significance was
considered when the P-value was less than 0.05.

Results
Acupuncture at Neiguan (P6) attenuates heart injury after
MI

The infarcted hearts were subjected to Masson’s trichrome
staining to examine the histological changes. Seven days
after MI, a decrease in the left ventricular wall thickness
was apparent in the control group (0.90+0.12) compared
with the sham group (2.34+0.16). Acupuncture increased
the left ventricular wall thickness (1.69+0.19), where more
cardiocytes survived compared with the control group
(Figures 1A and B). However, the size of the infarct showed
no discernible disparity between the control and Acu groups
(Figure 1C). The expression levels of caspase 3 and CC3
were evaluated by western blot to investigate apoptosis of
the infarcted heart. The results revealed an up-regulation of
both caspase 3 and CC3 in the control group, while a down-
regulation was observed in the Acu group (Figures 1D-F).
This data indicated that acupuncture at Neiguan (P6) could
improve the survival of cardiac cells after MI through anti-
apoptosis.

Figure 1. Acupuncture at Neiguan (P6) thickened the infarcted left
ventricular wall and inhibited apoptosis of the infarcted heart in rats

A. photograph of the heart transverse section at the widest parts of the infarcted
regions (bar=5 mm). The second and third rows show partial enlarged views of the
infarcted regions in the upper row (bar=100 pm). B and C. Statistical analysis of the
left ventricular wall thickness and scar size of the infarcted hearts from various groups
of rats (*P<0.05; ***P<0.001 versus sham group; *P<0.01 versus control group, n=6).
D-F Western blot and quantified data for the expression of caspase 3 and cleaved
caspase 3 (CC3) in infarcted cardiac tissue from various groups of rats. (*P<0.05,
***P<0.001 versus sham group; #P<0.05, “P<0.01 versus control group, n=6)
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Cardioprotective impact of acupuncture is attenuated by
the inhibition of exosome release

For clarification of the role of exosomes in acupunctural
cardioprotection, their secretion was blocked by
intraperitoneal injection of GW4869 (1.5 mg/kg, qd) one
hour before daily acupuncture. After a week following MI,
Masson’s trichrome staining showed that the thickness of
the left ventricular wall in the Acu plus GW4869 group
obviously decreased (1.23+0.13) compared with that in the
Acu group (1.75£0.15). The surviving cardiocytes in the
infarcted region were fewer in the Acu plus GW4869 group
compared to the Acu group (Figures 2A-B). Similar to the
above results, no difference in the infarct size was observed
in the control, Acu, and Acu plus GW4869 groups (Figure
2C). The TUNEL staining results revealed a significantly
higher presence of apoptotic cells in the infarcted area of
the heart within the control group, whereas a comparatively
lower number of apoptotic cells were observed in the Acu
group. In addition, apoptotic cells were more evident in the
Acu plus GW4869 group than in the Acu group (Figure 3A).
The apoptosis-associated protein was assessed via western
blot analysis. The results revealed that the Acu group
exhibited up-regulated expression of Bcl-2 and down-
regulated expression of BAX, caspase 3, and CC3 compared
to the control group. Importantly, GW4869 injection
effectively restored the altered expression levels of these
proteins induced by acupuncture treatment. (Figures 3B-E).
Collectively, this data indicated that inhibition of exosome
generation with GW4869 diminished acupuncture-induced
myocardial protection.

Plasma exosomes from acupuncture accumulate in the
infarcted heart and ameliorate cardiocyte injury induced
by H,0,

The plasma exosomes of MI rats were isolated with or
without acupuncture (Exo-Con and Exo-Acu) at Neiguan

Figure 2. GW4869 weakened the cardioprotective effects of acupuncture
in rats

A. Photographs of the heart transverse section at the widest parts of the infarcted
regions (bar=5 mm). The second and third rows are the partial enlarged views of the
infarcted regions in the first row (bar=100 pm). B and C. Statistical analysis of the
LV wall thickness and scar size of the infarcted hearts from various groups of rats
(***P<0.001 versus the sham group; *P<0.01 versus control group; #P<0.05 versus
acupuncture group, n=6)
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Figure 3. Anti-apoptosis effect of acupuncture on an infarcted heart was
dampened by GW4869 in rats

A. TUNEL staining of the heart cross-section from various groups of rats. The third
row shows a partial enlarged view of the infarcted regions in the box of the second
row (bar=100 pm). B-E. western blot and quantified data for the expression of Bcl-2,
BAX, caspase 3, and cleaved caspase 3 (CC3) in infarcted cardiac tissue from various
groups of rats (*P<0.05, ***P<0.001 versus control group; *P<0.05, *"P<0.001 versus
acupuncture group, n=6)

(PC6) by using ultracentrifugation methods. Transmission
electron microscopy (TEM) analysis of isolated pellets
revealed a typical rounded bilayer-membrane structure
with diameters of ~100 nm (Figure 4A). To determine the
size of the pelleted structures, nanoparticle tracking analysis
(NTA) was used, and the results showed that exosomes
(Exo-Con and Exo-Acu) were approximately 90 nm in
diameter, accounting for nearly 98% of the population,
while the remaining particles ranged from 30 nm to 250 nm.
Furthermore, the plasma concentration of Exo-Con was
almost as much as that of Exo-Acu from the same amount
of plasma (3.6x10" versus 4.2x10"/ml, Figure 4B). Then,
the Exo-Con and Exo-Acu samples underwent western blot
analysis, revealing the presence of the exosome markers
Alix, CD63, CD81, and CD9 (Figure 4C).

To clarify the tissue distribution of plasma exosomes,
an IVIS® Lumina II small animal imaging system was used
four hours after exosome administration via the tail vein.
The signal produced by the Dil-labeled exosomes induced
by acupuncture was primarily detected in the heart region
of the MI mouse. The signal was also observed in the distal
limbs and feet, perirhinal and perioral regions, external
genitals, and tail. There was no noticeable difference in
signal distribution between exosomes of the acupuncture
and control groups. No signal was detected in the negative
control mouse, which was injected with PBS via the tail vein
(Figure 4D).

To confirm whether exosomes could be internalized
through endocytosis, the Exo-Con and Exo-Acu were
labeled with PKH26 dye and incubated separately with
cultured H9c2 cells. Six hours later, an intense red
fluorescence was observed in the H9¢2 cells’ cytoplasm of
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Figure 4. Characterization and functional validation of plasma exosomes
derived from MI rats with and without acupuncture treatment

A. Transmission electron micrograph of plasma exosomes. B. western blot assessing
the presence of Alix, CD63, CD81, and CD9 in plasma exosomes. C. Nanoparticle
trafficking analysis of the diameters and concentration of plasma exosomes. D.
Biodistribution of Dil-labeled plasma exosomes. E. Uptake of PKH26-labeled plasma
exosomes (red spots) by H9¢2 cells. F. Cell viability of H9¢2 incubated with different
concentrations of exosomes. G. CCK-8 assay for detecting the viability of H9c2 cells
incubated with 0.4mM H,O, for two hours after pretreatment with Exo-Con or Exo-
Acu (* P<0.05; ** P<0.001, n=6)

the two groups, indicating the similar entry of Exo-Con and
Exo-Acu into H9¢2 cells (Figure 4E).

To evaluate the influence of plasma exosomes on the
viability of H9¢2 cells, the CCK-8 assay was performed after
incubating cells with different concentrations of exosomes
(10, 20, 40, and 80 pg/ml) for 24 hr. Exo-Acu exhibited a
concentration-dependent enhancement in the viability of
H9¢2 cells compared to Exo-Con, demonstrating superior
efficacy. Given that the viability of H9¢2 cells was enhanced
at the highest concentration of 40 pg/ml Exo-Con, a similar
concentration of Exo-Acu was employed for subsequent
experiments. (Figure 4F).

For investigation of the cardioprotective effects of plasma
exosomes, the H9c2 cells were pretreated with phosphate-
buffered saline (PBS), Exo-Con, or Exo-Acu for 24 hr and
subjected to H,0, (0.4 mM) or PBS treatment for two hours.
The evaluation of cellular viability was performed using the
CCK-8 assay. The results showed an obvious increment of
cell viability in the Exo-Acu-treated H9¢c2 cells. Notably,
the viability of the H,O_-treated cells did not benefit from
Exo-Con, similarly to that of the PBS-treated cells (Figure
4G). These results suggest that circulating exosomes could
accumulate in the infarcted heart and be internalized into
cardiomyocytes through cardiocytic endocytosis. However,
only the exosomes induced by acupuncture at PC6 afforded
cytoprotective effects to cardiomyocytes.

MiR-142-3p is a pivotal constituent present in circulating
exosomes after acupuncture treatment

The changes of miRNAs in the tissue of Neiguan (PC6)
were tested by small RNA sequencing. First, to analyze
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the miRNA profiles among nine samples of PC6 acupoint
tissues, principal component analysis (PCA) was conducted.
The results showed that seven samples were categorized
into sham, control, and acu groups; two samples from
the sham and control groups (sham 3 and control 1) were
more correlated than samples from the same group (Figure
5A). An analysis of differentially expressed genes (DEGs)
was subsequently conducted, and eight differentially up-
expressed miRNAs (miR-21-5p, miR-21-3p, miR-27-5p,
miR-31-5p, miR-142-5p, miR-142-3p, miR-223-5p, and
miR-223-3p; fold change >2.0; P<0.05; Figure 5B) were
detected in the acupunctured PC6 acupoint tissue compared
to the tissue without acupuncture. Third, a heatmap of
the eight up-regulated miRNAs was generated; the results
showed that the samples from the sham, control, and acu
groups were clustered separately (Figure 5C).
Reinforcement of the small RNA sequencing data was
achieved through real-time polymerase chain reaction (RT-
PCR) analysis. Among eight up-expressed miRNAs, six
(miR-21-5p, miR-21-3p, miR-27-5p, miR-142-3p, miR-223-
5p, and miR-223-3p) were identifiably up-regulated in the
Acu group compared with the control group (Figure 5D).
The changes of these eight miRNAs in plasma exosomes
were also investigated by RT-PCR analysis, and five of them
(miR-21-5p, miR-21-3p, miR-27-5p, miR-142-5p, and miR-
142-3p) were up-regulated in the Acu group compared
with the control group (Figure 5E). Finally, the differential
expression of these eight miRNAs in the heart was verified.
The results demonstrated a unique up-regulation of miR-
142-3p in the Acu group compared to the control group
(Figure 5F). Interestingly, GW4869 reversed the miRNA

Figure 5. MiR-142-3p is a crucial exosomal miRNA induced by
acupuncture in rats

A. principal component analysis (PCA) analysis of 9 tissue samples of PC6. B.
Differentially expressed genes (DEGs) analysis of sham, control, and Acu group.
C. Expression heatmap showing the relative abundance of eight miRNAs in the
tissue of Neiguan (PC6) treated with acupuncture (n=3). D. RT-PCR analysis of
eight differentially expressed miRNAs in the tissue of Neiguan (PC6) from various
groups of rats (n=6). E. RT-PCR analysis of eight differentially expressed miRNAs in
exosomes from various groups of rats (n=6). E. RT-PCR analysis of eight differentially
expressed miRNAs in the infarcted region of hearts from various groups of rats (n=6).
***P<0.001 versus control group; **P<0.001 versus acupuncture group
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changes in these tissues induced by acupuncture (Figures
5D-F). Collectively, these findings suggest that miR-142-3p,
induced by acupuncture at Neiguan (PC6) and enriched
in plasma exosomes as well as in the injured heart, plays
an essential role in distal acupuncture-mediated remote
cardioprotection.

CFL2 is a target gene of miR-142-3p in acupuncture-
induced cardioprotection

Bioinformatics-based analysis (miRanda, miRDB, and
TargetScan) was employed to predict potential target genes
of miR-142-3p in acupuncture-induced cardioprotection.
The focus of this study lies on CFL2 (Figure 6A. Based on the
bioinformatics analysis, miR-142-3p was predicted to bind
the CFL2 3'-untranslated region (UTR), which contains
a highly conserved binding site (652-658, Figure 6B).
After the co-transfection of a luciferase reporter plasmid
harboring either the wild type or mutant form of CFL2
3'-UTR, along with an miR-142-3p mimic or a scrambled
miRNA into the 293 T cells, we evaluated the activity of
luciferase. The results of the dual luciferase reporter assay
indicated that introduction of the miR-142-3p mimic
resulted in a specific suppression of CFL2 3'-UTR luciferase
activity, whereas no inhibition in the mutant construct was
observed (Figure 6C). Meanwhile, H9¢2 cells were infected
with a lentiviral vector to express a miRNA-142-3p mimic,
amiR-142-3p sponge, or their respective controls, further to
confirm the inhibition of CFL2 expression by miR-142-3p.
The RT-PCR results showed a 100-fold increase in miRNAs
induced by infection. The RT-PCR and western blot results
revealed a significant decrease in CFL2 induced by the miR-
142-3p mimic lentivirus and an increase in CFL2 induced
by the miR-142-3p sponge lentivirus in H9¢2 cells (Figure
6D-G). The in vivo expression of CFL2 was also assessed

Figure 6. CFL2 is a target gene of miR-142-3p in cardioprotection of
acupuncture in H9¢2 cells

A. Screening scheme for putative target genes that may contribute to the antiapoptotic
effects of miR-342-5p. B. Luciferase reporter constructs containing wild-type or
mutated 3'-UTR of rat CFL2 mRNA. The sequence in red indicates the predicted
binding site for miR-142-3p, aligning with the miR-142-3p seed sequence. C. Relative
luciferase activity normalized to negative control of miR-142-3p mimic (NC mimic)
(CFL2, **P<0.01, n=3). D. RT-PCR analysis of miR-142-3p and miR-142-3p sponge
expression in H9¢2 infected by lentiviral vector expressing miRNA-142-3p mimic or
miR-142-3p sponge (***P<0.01 versus negative control, n=3). E. RT-PCR analysis
of CFL2 expression in H9¢2 infected by lentiviral vector expressing miRNA-142-3p
mimic or miR-142-3p sponge (*P<0.05; **P<0.01, n=3). F and G. western blot and
quantified data for the expression of CFL2 in H9¢2 cells infected by lentiviral vector
expressing miRNA-142-3p mimic or miR-142-3p sponge (*P<0.05; ***P<0.001, n=3).
H and L. western blot and quantified data for the expression of CFL2 in infarcted
cardiac tissues from various groups of rats (***P<0.001, n=6)
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Figure 7. Overexpressing miR-142-3p retarded oxidative damage by anti-apoptosis in H9c2 cells
H9c2 cells were infected with a lentiviral vector expressing miRNA-142-3p mimic or miR-142-3p sponge. A. Morphological change in H9¢2 cells incubated with 0.4mM H, 0O, for
two hours. B. CCK-8 assay assessing the viability of H,0,-incubated H9c2 cells (*P<0.05, n=6). C-E. western blot and quantified data for the expression of caspase 3 and cleaved

caspase 3 (CC3) in H,O,-incubated H9c2 cells (***P<0.001, n=6)

following acupuncture treatment, and the western blot
analysis revealed a significant reduction in CFL2 levels in
the Acu group compared to the control group. Conversely,
an evident increase in CFL2 expression was observed in the
Acu plus GW4869 group when compared to the Acu group
(Figures 6H and I). The collective data suggest that CFL2
serves as a downstream target gene of miR-142-3p in the
context of acupuncture-induced cardioprotection.

Up-regulation of miR-142-3p attenuates the apoptotic
effects induced by H,0, in H9c2 cells

H9c2 cells overexpressing miR-142-3p mimic or sponge
induced by lentivirus were incubated with 0.4 mM H,0, for
two hours to further investigate the functional impact of
miR-142-3p on cardioprotection. Distinctive morphological
changes were observed in the H9¢2 cells of the control, mimic
NC, and sponge NC groups, characterized by shrunken,
rounded, and distorted cell shapes. These morphological
changes were partly ameliorated in the miR-142-3p mimic
group and worsened in the miR-142-3p sponge group (Figure

7A). The results of the CCK-8 assay showed that the miR-
142-3p mimic increased the viability of H9c2 cells, whereas
the miR-142-3p sponge decreased it (Figure 7B). To detect
apoptosis of miR-142-3p overexpressing H9c2 cells treated
by H,0,, caspase 3 and CC3 were assessed using western blot
analysis. The results showed that miR-142-3p overexpression
did not alter caspase-3 levels but reduced CC3 expression
at the protein level in H9¢2 cells, whereas the miR-142-3p
sponge reversed this effect (Figures 7C-F). This data suggests
that miR-142-3p has a protective effect on H,O,-induced
injuries in H9¢2 cells via anti-apoptotic mechanisms.

Discussion
This study revealed two major findings. Firstly,
acupuncture-induced circulating exosomes  transfer

cardioprotective signals to the injured heart, thereby
conferring cardioprotective effects. Secondly, miR-142-3p is
a major exosomal miRNA in inhibiting apoptotic signals by
targeting CFL2. The aims, procedures, and methods were
presented schematically in Figure 8.

Figure 8. Schematic diagram illustrating the experimental design of the present study in rats and H9c2 cells
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The acupoint Neiguan (PC6) is the most commonly used
in Chinese acupuncture theory for treating heart conditions.
A wealth of evidence has shown the benefits of Neiguan
(PC6) acupuncture in attenuating cardiac injury through
multiple pathways, including the inhibition of apoptosis,
alleviation of mitochondrial damage, and reduction in the
degree of inflammation (12, 33, 34). In the present study,
acupuncture at Neiguan (PC6) thickened the left ventricular
wall in a rat model of MI and down-regulated the expression
of caspase 3 and CC3. These results indicated that ischemic
cardiocytes could benefit from remote stimulation via
acupuncture and survive severe damage through the anti-
apoptotic effects of acupuncture. However, the mechanism
of distant acupuncture associated with protecting the
injured heart remains unclear.

Recent studies have discovered that circulating exosomes
can transfer their signal molecules to recipient cells in the
infarction area and enhance the hearts function (15, 16,
35). Circulating exosomes represent a potentially central
role of distance communication from Neiguan (PC6) to
the injured heart. For confirmation of this assumption,
exosome secretion of an MI rat was inhibited by consecutive
intraperitoneal injections of GW4869 before each needling.
The application of GW4869 significantly attenuated the
beneficial impact of acupuncture on the infarcted heart, as
evidenced by the noticeable reduction in protective effects
observed through Masson’s trichrome staining, with a
thinner left ventricular wall and fewer cardiocytes than
the Acu group without GW4869 injection. Meanwhile,
with the reduction in exosome secretion by GW4869, the
acupuncture-induced inhibition of apoptosis in injured
cells was attenuated, specifically manifesting as an increase
in TUNEL-positive cells, upregulation of Bax, caspase 3,
and CC3, and down-regulation of Bcl-2. Furthermore,
H,0,-induced apoptosis was used to determine the
cryoprotection of plasmatic exosomes on apoptosis in H9¢2
cells. Consistent with the in vivo results, H9c2 cells incubated
with exosomes from acupuncture rats exhibited higher
viability than those incubated with exosomes from model
rats. These results demonstrated the anti-apoptosis effects
of exosomes induced by acupuncture at PC6 on myocardial
tissue after MI. To further clarify the biodistribution of
circulating exosomes, we harvested plasma exosomes of
MI rats acupunctured at PC6 and non-acupoint separately,
and labeled them with Dil. Four hours after exosome
administration via the tail vein, most of the Dil-labeled
exosomes accumulated in the heart region of the MI mouse.
No noticeable difference in organ distribution was observed
between Exo-Con and Exo-Acu. The similar entry of Exo-
Con and Exo-Acu into H9¢2 cells was also observed in vitro.
These results implied that the cargo of circulating exosomes
induced by acupuncture at PC6 might play pivotal roles in
cardioprotection after MI.

MiRNAs have received more interest for their dramatic
effects with minute quantities than proteins and mRNAs,
which are also harbored in the exosome (36). A series of
studies has clarified that circulating exosomes after acute
MI carry myocardial miRNAs (such as miR-1, miR-208,
miR-499, etc.) to regulate myocardial repair (37, 38). These
studies suggest a novel therapeutic strategy for MI based
on regulating the cargo of circulating exosomes (39). Based
on the cardioprotective effects of acupuncture at PC6, we
investigated changes in miRNAs in the PC6 tissue using
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small RNA sequencing. First, eight differently expressed
miRNAs were found in the acupunctured tissue of PC6
compared with the non-acupunctured tissue of PC6. Among
them, six miRNAs were verified by RT-PCR. To further
explore whether these miRNAs were harbored in circular
exosomes, RT-PCR was performed. The results showed that
five miRNAs were differently expressed in the exosome, and
the expression of miR-142-3p exhibited a significant increase
among these miRNAs. Interestingly, miR-142-3p was found
to be the unique up-regulating miRNA in the myocardial
tissue of the Acu group. In addition, these miRNA changes
induced by acupuncture were reversed by GW4869
injection. The results demonstrated that acupuncture affects
the quality of circulating exosomes, and exosomes with
miR-142-3p enrichment induced by acupuncture may exert
a cardioprotective effect. The inhibitory effect of miR-142-
3p on cardiomyocyte apoptosis following cardiac injury
has been demonstrated to involve the activation of multiple
signaling pathways. Su et al. reported that overexpression of
miR-142-3p using agomiR improved cardiac function in a
model of coronary microembolization-induced myocardial
injury and attenuated the myocardial inflammatory
response by targeting IRAK-1 (40). Similarly, Zhao et al.
demonstrated that miR-142-3p exerted anti-apoptotic
effects on cardiomyocytes in a murine ischemia-reperfusion
(IR) model by inhibiting the TLR4/NF-«B axis (41).

Theoretically, a miRNA could target many different
mRNAs. In the present study, the bioinformatics analysis
revealed that miR-142-3p specifically targeted the mRNA
of CFL2, as verified by the dual luciferase reporter system.
CFL2 is the primary form of the actin-binding protein
family in differentiated cardiocytes (42). CFL2 undergoes
translocation to the mitochondria, inducing significantly
enhanced apoptosis and playing a role in the response of
myocardiocytes to oxidative stress (43, 44). A recent study
indicated that CFL2 promotes apoptosis by translocating to
the mitochondria, which leads to the release of cytochrome
c and caspase activation (45). In this study, CFL2 expression
was confirmed to be down-regulated by an miR-142-3p
mimic and up-regulated by a miR-142-3p sponge in H9¢2
cells. Moreover, acupuncture at Neiguan (PC6) decreased
CFL2 expression in infarcted myocardium, and GW4869
injection reversed the suppression effect of acupuncture
on CFL2. MiR-142-3p exhibits a pleiotropic role in CVDs,
and it has been proven to be an important regulator for
inhibiting inflammation, apoptosis, and autophagy in
injured cardiomyocytes (40, 46). Through up- and down-
expression of miR-142-3p, miR-142-3p was proven to
protect H9¢2 cells treated with H,O, and down-regulate the
expression of CC3. These findings indicate that miR-142-
3p possesses anti-apoptotic effects, partly through down-
regulation of CFL2 and the subsequent inhibition of caspase
3 in MI hearts.

There are some limitations in our study. Firstly, only
Neiguan (PC6) was chosen in the present experiments to
clarify the effect of acupuncture on miRNA expression, as
this was the original purpose of the study. The impact of
other acupoints with similar cardioprotective effects (such
as ST36 and BL15) on exosomal miRNAs will be compared
in further research. Secondly, we measured the changes
in miRNAs in the tissue of Neiguan (PC6) induced by
acupuncture; however, the cellular source of these miRNAs
was not further analyzed because they have been proven
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to be expressed by many cells in the acupoint, such as
keratinocytes, mast cells, lymphocytes, and others.

In summary, plasma exosomes are distinctively ferrying
carriers for cardioprotection of acupuncture. Exosomal miR-
142-3p has been identified as a pivotal molecule possessing
cardioprotective properties, effectively inhibiting apoptosis
in cardiomyocytes. Moreover, the gene CFL2 was identified
as a target of miR-142-3p. These findings presented a novel
cardioprotective mechanism of remote acupuncture by
inducing exosomal miR-142-3p, revealing the therapeutic
potential of miR-142-3p in the prevention and repair of
damage caused by ischemic heart disease (Figure 9).

Conclusion

Our results suggest that plasma exosomes transfer
cardio-protective signals from acupuncture to the injured
heart, conferring cardioprotective effects. Furthermore,
miR-142-3p emerges as a prominent exosomal miRNA in
the inhibition of myocardial apoptosis by targeting CFL2.

Acknowledgment

The authors would like to thank Dr. Don Green for his
help with language. The results presented in this paper were
part of a student’s thesis. This study was supported by the
National Natural Science Foundation of China (81873366,
82174120) and the Science and Technology Development
Project of Shanghai University of Traditional Chinese
Medicine and Shanghai Institute of Traditional Chinese
Medicine (24KFL023).

Authors’ Contributions

QL W and HD G planned and supervised the project. QL
W, Y Z, Y W, and R L designed the experiments. Y Z, Y W,
CR G, QY S, and PP L performed the experiments. QL W, Y
Z, and S] S analyzed the data. QL W and HD G validated the
data, wrote the original draft, and revised the manuscript.

Zhao et al.

Conflicts of Interest
All the authors declare that they have no conflicts of
interest.

Declaration
We have not used any Al tools or technologies to prepare
this manuscript.

References

1. Tan SCW, Zheng BB, Tang ML, Chu H, Zhao YT, Weng C.
Global burden of cardiovascular diseases and its risk factors, 1990-
2021: A systematic analysis for the global burden of disease study
2021. QJM 2025:hcaf022.

2. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ,
Bittencourt MS, et al. Heart disease and stroke statistics-2022
update: A report from the american heart association. Circulation
2022; 145: €153-e639.

3. Gonuguntla K, Badu I, Duhan S, Sandhyavenu H, Chobufo MD,
Taha A, et al. Sex and racial disparities in proportionate mortality
of premature myocardial infarction in the United States: 1999 to
2020. ] Am Heart Assoc 2024; 13: e033515-35527.

4. Hu SS. Epidemiology and current management of cardiovascular
disease in China. ] Geriatr Cardiol 2024; 21: 387-406.

5. Laflamme MA, Murry CE. Heart regeneration. Nature 2011;
473:326-335.

6. Hadas Y, Vincek AS, Youssef E, Zak MM, Chepurko E, Sultana
N, et al. Altering sphingolipid metabolism attenuates cell death and
inflammatory response after myocardial infarction. Circulation
2020; 141: 916-930.

7. Heusch G, Rassaf T. Time to give up on cardioprotection? a
critical appraisal of clinical studies on ischemic pre-, post-, and
remote conditioning. Circ Res 2016; 119: 676-695.

8. Wang Q, Liang D, Wang F, Li W, Han Y, Zhang W, et al. Efficacy of
electroacupuncture pretreatment for myocardial injury in patients
undergoing percutaneous coronary intervention: A randomized
clinical trial with a 2-year follow-up. Int J Cardiol 2015; 194: 28-35.
9. Mehta PK, Polk DM, Zhang X, Li N, Painovich ], Kothawade
K, et al. A randomized controlled trial of acupuncture in stable
ischemic heart disease patients. Int ] Cardiol 2014; 176: 367-374.

Figure 9. Proposed mechanisms of acupuncture cardioprotection on the infarcted heart by inducing exosomes
Plasma exosomes induced by acupuncture offer cardioprotection through anti-apoptosis, and exosomal miR-142-3p is a pivotal molecule that suppresses Cofilin 2 expression in

the infarcted heart and inhibits apoptosis of the infarcted myocardium

Iran ] Basic Med Sci, 2025, Vol. 28, No. 12

1665



Zhao et al.

10. Zhao TT, Liu JJ, Zhu J, Li H, Wang YC, Zhao Y, et al.
SDF-1/CXCR4-mediated stem cell mobilization involved in
cardioprotective effects of electroacupuncture on mouse with
myocardial infarction. Oxid Med Cell Longev 2022; 2022:
4455183-4455199.

11. Ren Y, Chen Z, Wang R, Yu Y, Li D, He Y. Electroacupuncture
improves myocardial ischemia injury via activation of adenosine
receptors. Purinergic Signal 2020; 16: 337-345.

12. Wang C, Liang X, Yu Y, Li Y, Wen X, Liu M. Electroacupuncture
pretreatment alleviates myocardial injury through regulating
mitochondrial function. Eur ] Med Res 2020; 25: 29-39.

13. Han YL, Chen S, Peng X. Electroacupuncture pretreatment
at neiguan (PC6) attenuates autophagy in rats with myocardial
ischemia reperfusion through the phosphatidylinositol 3-kinase-
Akt-mammalian target of rapamycin pathway. ] Tradit Chin Med
2021; 41: 455-462.

14. Kalluri R, LeBleu VS. The biology, function, and biomedical
applications of exosomes. Science 2020; 367: eaau6977-7017.

15. Minghua W, Zhijian G, Chahua H, Qiang L, Minxuan X,
Lugiao W, et al. Plasma exosomes induced by remote ischaemic
preconditioning attenuate myocardial ischaemia/reperfusion
injury by transferring miR-24. Cell Death Dis 2018; 9: 320-334.
16. Hou Z, Qin X, Hu Y, Zhang X, Li G, Wu J, et al. Longterm
exercise-derived exosomal miR-342-5p: A novel exerkine for
cardioprotection. Circ Res 2019; 124: 1386-1400.

17. Chen Y, Chen S, Zhang J, Hu X, Li N, Liu Z, et al
Electroacupuncture pre-treatment exerts a protective effect on
LPS-induced cardiomyopathy in mice through the delivery of
miR-381 via exosomes. Biochim Biophys Acta Mol Basis Dis 2024;
1870: 167208-167218.

18. Xu SY, Ni SM, Zeng CL, Peng YJ. Electro-acupuncture
Promotes Angiogenesis via Exosomal miR-210 in the Hypoxia-
induced HUVECs Mediated HIF-1lalpha/VEGF/Notch 1 Signal
Pathway. Curr Neurovasc Res 2022; 19: 406-417.

19. Wang QL, Wang HJ, Li ZH, Wang YL, Wu XP, Tan YZ.
Mesenchymal stem cell-loaded cardiac patch promotes epicardial
activation and repair of the infarcted myocardium. J Cell Mol Med
2017; 21: 1751-1766.

20. Yin CS, Jeong HS, Park HJ, Baik Y, Yoon MH, Choi CB, et al.
A proposed transpositional acupoint system in a mouse and rat
model. Res Vet Sci 2008; 84: 159-165.

21. Yang ZK, Wu ML, Xin JJ, He W, Su YS, Shi H, et al. Manual
acupuncture and laser acupuncture for autonomic regulations in
rats: Observation on heart rate variability and gastric motility. Evid
Based Complement Alternat Med 2013; 2013: 276320-276327.

22. Coblentz PD, Ahn B, Hayward LE Yoo JK, Christou DD,
Ferreira LF. Small-hairpin RNA and pharmacological targeting
of neutral sphingomyelinase prevent diaphragm weakness in rats
with heart failure and reduced ejection fraction. Am J Physiol
Lung Cell Mol Physiol 2019; 316: L679-L690.

23. Luo Y, Li WX, Zheng QS, Yan JQ, Yang YD, Shen SR, et al.
OTUD1 deficiency attenuates myocardial ischemia/reperfusion
induced cardiomyocyte apoptosis by regulating RACKI
phosphorylation. Acta Pharmacol Sin 2025. Online ahead of print.
DOI: 10.1038/s41401-025-01567-x.

24. Li L, Cheng H, Zhou Y, Zhao D, Zhang X, Wang Y, et al.
METTL3 regulates autophagy of hypoxia-induced cardiomyocytes
by targeting ATG?7. Cell Death Discov 2025; 11: 37-50.

25. Qian BJ, Tian CC, Ling XH, Yu LL, Ding FY, Huo JH, et
al. miRNA-150-5p associate with antihypertensive effect of
epigallocatechin-3-gallate revealed by aorta miRNome analysis of
spontaneously hypertensive rat. Life Sci 2018; 203: 193-202.

26. Rider MA, Hurwitz SN, Meckes DG, Jr. ExtraPEG: A
polyethylene glycol-based method for enrichment of extracellular
vesicles. Sci Rep 2016; 6: 23978-23992.

27. Zou A, Xiao T, Chi B, Wang Y, Mao L, Cai D, et al. Engineered
exosomes with growth differentiation factor-15 overexpression
enhance cardiac repair after myocardial injury. Int ] Nanomedicine
2024; 19: 3295-3314.

28. Meng WT, Zhu ], Wang YC, Shao CL, Li XY, Lu PP, et al.

1666

Acupuncture-induced exosomes protect M|

Targeting delivery of miR-146a via IMTP modified milk exosomes
exerted cardioprotective effects by inhibiting NF-kappaB
signaling pathway after myocardial ischemia-reperfusion injury. J
Nanobiotechnology 2024; 22: 382-400.

29.Wan Z, Zhao L, Lu F, Gao X, Dong Y, Zhao Y, et al. Mononuclear
phagocyte system blockade improves therapeutic exosome delivery
to the myocardium. Theranostics 2020; 10: 218-230.

30. Bu T, Li Z, Hou Y, Sun W, Zhang R, Zhao L, et al. Exosome-
mediated delivery of inflammation-responsive I1-10 mRNA for
controlled atherosclerosis treatment. Theranostics 2021; 11: 9988-
10000.

31.Qin HL, Han Y, Li JQ Wu QH, Du YP, Li QH, et al. piRNA28846
has the potential to be a novel RNA nucleic acid drug for ovarian
cancer. NPJ Precis Oncol 2025; 9: 65-80.

32. Yu Y, Su FE Xu C. Maximakinin reversed H,0, induced
oxidative damage in rat cardiac H9¢2 cells through AMPK/Akt
and AMPK/ERK1/2 signaling pathways. Biomed Pharmacother
2024; 174: 116489-116500.

33.WangN,MaJ,MaY,LuL,MaC, QinP, et al. Electroacupuncture
pretreatment mitigates myocardial ischemia/reperfusion injury
via XBP1/GRP78/Akt pathway. Front Cardiovasc Med 2021; 8:
629547-629557.

34. Zhang T, Yang WX, Wang YL, Yuan J, Qian Y, Sun QM, et al.
Electroacupuncture preconditioning attenuates acute myocardial
ischemia injury through inhibiting NLRP3 inflammasome
activation in mice. Life Sci 2020; 248: 117451.

35. Liu S, Chen X, Bao L, Liu T, Yuan P, Yang X, et al. Treatment
of infarcted heart tissue via the capture and local delivery of
circulating exosomes through antibody-conjugated magnetic
nanoparticles. Nat Biomed Eng 2020; 4: 1063-1075.

36. Garcia-Martin R, Wang G, Brandao BB, Zanotto TM, Shah
S, Kumar Patel S, et al. MicroRNA sequence codes for small
extracellular vesicle release and cellular retention. Nature 2022;
601: 446-451.

37. Cheng M, Yang J, Zhao X, Zhang E, Zeng Q, Yu Y, et al.
Circulating myocardial microRNAs from infarcted hearts are
carried in exosomes and mobilise bone marrow progenitor cells.
Nat Commun 2019; 10: 959-968.

38. Nian W, Fu C. Exosomes in myocardial infarction: Therapeutic
potential and clinical application. ] Cardiovasc Transl Res 2023;
16: 87-96.

39. Jung SE, Kim SW, Choi JW. Exploring cardiac exosomal RNAs
of acute myocardial infarction. Biomedicines 2024; 12: 430-447.
40.SuQ, LvX, Ye Z, Sun Y, Kong B, Qin Z, et al. The mechanism of
miR-142-3p in coronary microembolization-induced myocardiac
injury via regulating target gene IRAK-1. Cell Death Dis 2019; 10:
61.

41. Zhao Z, Qu E, Liu R, Xia Y. Differential expression of miR-142-
3p protects cardiomyocytes from myocardial ischemia-reperfusion
via TLR4/NFkB axis. ] Cell Biochem 2020; 121: 3679-3690.

42. Subramanian K, Gianni D, Balla C, Assenza GE, Joshi M,
Semigran MJ, et al. Cofilin-2 phosphorylation and sequestration
in myocardial aggregates: novel pathogenetic mechanisms for
idiopathic dilated cardiomyopathy. ] Am Coll Cardiol 2015; 65:
1199-1214.

43. Chua BT, Volbracht C, Tan KO, Li R, Yu VC, Li P. Mitochondrial
translocation of cofilin is an early step in apoptosis induction. Nat
Cell Biol 2003; 5: 1083-1089.

44. Nguyen K, Chau VQ, Mauro AG, Durrant D, Toldo S, Abbate A,
et al. Hydrogen sulfide therapy suppresses cofilin-2 and attenuates
ischemic heart failure in a mouse model of myocardial infarction.
] Cardiovasc Pharmacol Ther 2020; 25: 472-483.

45. Hu J, Zhang H, Li J, Jiang X, Zhang Y, Wu Q, et al. ROCK1
activation-mediated mitochondrial translocation of Drpl and
cofilin are required for arnidiol-induced mitochondrial fission and
apoptosis. ] Exp Clin Cancer Res 2020; 39: 37-53.

46.SuQ, Liu Y, Lv XW, Ye ZL, Sun YH, Kong BH, et al. Inhibition of
IncRNA TUGI up-regulates miR-142-3p to ameliorate myocardial
injury during ischemia and reperfusion via targeting HMGB1- and
Racl-induced autophagy. ] Mol Cell Cardiol 2019; 133: 12-25.

Iran J Basic Med Sci, 2025, Vol. 28, No. 12



	bookmark0
	OLE_LINK82
	OLE_LINK83
	OLE_LINK128
	OLE_LINK127
	_GoBack
	OLE_LINK3
	OLE_LINK6
	_Hlk200524395
	OLE_LINK16
	_Hlk200524421
	_Hlk199713176
	_Hlk199713099
	_Hlk199745269
	_Hlk126104135
	OLE_LINK20
	_Hlk174220946
	OLE_LINK35
	OLE_LINK10
	_Hlk118289511
	_Hlk117182295
	_Hlk172560540
	_Hlk172560165
	_Hlk172560193
	_Hlk169255018
	_Hlk171522275
	_Hlk117720556
	_Hlk118123203
	OLE_LINK15
	OLE_LINK26
	_Hlk120887646
	OLE_LINK17
	OLE_LINK18
	OLE_LINK2
	OLE_LINK5
	OLE_LINK7
	OLE_LINK1
	_Hlk117631171
	OLE_LINK23
	_Hlk172580573
	OLE_LINK24
	OLE_LINK25
	_Hlk117629147
	_Hlk120250175
	_Hlk172582566
	OLE_LINK13
	OLE_LINK14
	OLE_LINK29
	OLE_LINK30
	OLE_LINK8
	OLE_LINK37
	OLE_LINK36
	OLE_LINK12
	_Hlk120251586
	OLE_LINK19
	OLE_LINK9
	_Hlk120252090
	_Hlk172582653
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_ENREF_44
	_ENREF_45
	_ENREF_46
	_GoBack

