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Abstract

Accumulation studies confirmed that oxidative stress caused by ischemia after myocardial infarction (MI) is an important
cause of ventricular remodeling. Exosome secretion through hypoxic pretreatment adipose-derived mesenchymal stem cells
(ADSCs) ameliorates myocardial damaging post-MI. However, if ADSCs exosome can improve the microenvironment
and ameliorate cardiac damage post-MI still unknown. Next-generation sequencing (NGS) was used to study abnormally
expressed circRNAs in hypoxic pretreatment ADSC exosomes (HExos) and untreated ADSC exosomes (Exos). Bioinformat-
ics and luciferase reporting were used to elucidate interaction correlation related to circRNA, mRNA, and miRNA. HL-1
cells were used to analyze the reactive oxygen species (ROS) and apoptosis under hypoxic conditions using immunofluo-
rescence and flow cytometry. An MI mouse model was constructed and the therapeutic effect of Exos was determined using
immunohistochemistry, immunofluorescence, and ELISA. The results showed that HExos had a more pronounced treatment
effect than ADSC Exos on cardiac damage amelioration after MI. NGS showed that circ-Stt3b plays a role in HExo-mediated
cardiac damage repair after MI. Overexpression of circ-Stt3b decreased apoptosis, ROS level, and inflammatory factor expres-
sion in HL-1 cells under hypoxic conditions. Bioinformatics and luciferase reporting data validated miR-15a-5p and GPX4
as downstream circ-Stt3b targets. GPX4 downregulation or miR-15a-5p overexpression reversed protective effect regarding
circ-Stt3b upon HL-1 cells after exposure to a hypoxic microenvironment. Overexpression of circ-Stt3b increased the treat-
ment effect of ASDSC Exos on cardiac damage amelioration after MI. Taken together, the study results demonstrated that
Exos from hypoxic pretreatment ADSCs ameliorate cardiac damage post-MI through circ-Stt3b/miR-15a-5p/GPX4 signaling
activation and decreased ferroptosis.
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Introduction

Myocardial ischemia (MI) is among the main mortality
Handling Editor: Yajing Wang. causes worldwide, which often causes sudden death [1]. An
increased number of studies has found that reactive oxygen
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species (ROS) induced by MI have an important function
in myocardial damage. One recent investigation has further
demonstrated that ferroptosis regulates chemotherapy fate
and MI/R-caused cardiomyopathy [2]. Ferroptosis has now
been appreciated as a type of oxidative cell death with dis-
tinct properties and functions, and is prominently charac-
terized by the accumulation of lethal lipid ROS which is
initiated by the peroxidation of phospholipids having poly-
unsaturated fatty acid (PUFA) chains [3]. Ferroptosis results
in a novel class of programmed cell death that depicted via
iron-dependent aggregation of lipid peroxides in toxic ranges
[4, 5]. Therefore, uncovering the specific ferroptosis mech-
anism may provide an approach for reducing myocardial
injury after MI [6, 7].

Accumulated studies confirm that hypoxia-elicited mes-
enchymal stem cells possess cardiac repair effects after
myocardial infarction (MI) [8]. Adipose-derived stem cell
(ADSC) transplantation can attenuate ischemic disease-
induced damage by promoting cell repair along with regen-
eration abilities [9]. Seeking to avoid the safety risks of
stem cell transplantation, former investigations found that
exosomes from ADSCs have a therapeutic effect [10]. For-
mer investigations showcased that exosomes from ADSCs
ameliorate cardiac damaging post-MI via S1P/S1PR1/
SK1 signaling activation and macrophage M2 polarization
promotion [11]. Exosomes from ADSCs prevent oxidative
stress-induced cardiomyocyte apoptosis [12].

Exosomes are microvesicles 40—150 nm in diameter that
carry ncRNAs [13, 14]. circular RNAs (circRNAs) belong
to a class of closed ncRNA molecules that produced via
back splicing of exons in eukaryote precursor mRNAs [15].
Previous investigations have found that circFndc3b modu-
lates cardiac repair post-MI through the FUS/VEGF-A
axis [16]. circRNA 010567 enhances MI rats through sup-
pressing TGF-betal [17]. Nevertheless therapeutic effect of
ADSC exosomes on Ml related to circRNA delivery remains
unclear. Therefore, the present investigation aimed to vali-
date specific ADSC-derived exosomal circRNA effects on
MI-induced ferroptosis and myocardial damage.

In the present study, we propose that Exos from hypoxic
pretreatment ADSCs ameliorate cardiac damage post-MI
through circ-Stt3b/miR-15a-5p/GPX4 signaling activation
and decreased ferroptosis. Our findings provide new insights
into the pathogenic mechanisms of myocardial ischemia
injury and identify potential therapeutic targets for MI.

Materials and Methods
ADSC Isolation

Adipose tissue were obtained from normal mice and sub-
sequently washed with phosphate-buffered saline (PBS)
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and mechanically chopped prior to digestion with 0.2% col-
lagenase I (Sigma—Aldrich, Milwaukee, WI, USA) for 1 h
at 37 °C with intermittent shaking. Tissues were digested
in Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma-
Aldrich) with 15% fetal bovine serum (FBS), which were
centrifuged at 1000Xg for 10 min to eliminate mature adipo-
cytes. Cell pellet were resuspended in DMEM supplemented
with 15% FBS, 100 pg/mL streptomycin, 100 U/mL peni-
cillin that incubated at 37 °C with 5% CO,. After achiev-
ing 80-90% confluency, we treated ADSCs utilizing 0.02%
EDTA/0.25% trypsin (Sigma—Aldrich) for 5 min at room
temperature as well as replated afterwards. Phycoerythrin
was used in phenotypic analysis. The CD29, CD90, CD44,
CD105, CD34, and von Willebrand factor (vWF) expres-
sions were also studied. ADSCs were cultured under nor-
moxic conditions in 5% CO, and 95% air (20% O,). For
hypoxic pretreatment, ADSCs were cultured in hypoxic
conditions of 5% CO,, 93% N, and 2% O, [18].

ADSC Multilineage Differentiation

To characterize ADSCs’ ability for multilineage differentia-
tion, we cultured 3rd passage mice ADSCs under differentia-
tion conditions. For adipocyte differentiation, ADSCs were
cultured in adipogenic differentiation medium followed by
Oil Red O staining and detection of adipocyte differentiation
after 2 weeks. For osteoblast differentiation, ADSCs were
cultured in osteogenic differentiation medium that stained
with alizarin red to detect osteogenesis after 3 weeks.

ADSC-EXO Isolation and Identification

The ADSCs were cultivated in EGM-2MV medium with
no FBS, which we supplemented with 1X serum replace-
ment solution (PeproTech, New Jersey, USA) for 2 more
days and then rinsed with PBS after achieving 80-90% con-
fluency. Conditioned medium from ADSCs was first cen-
trifuged at 300xg for 10 min, followed by centrifugation at
2000xg for 10 min to eliminate cellular debris and apoptotic
cells. Finally, supernatant samples, after centrifugation at
12,000xg for 0.5 h, were filtered with 0.22-pm filters (Mil-
lipore, Billerica, MA, USA). We added a total of 15 mL
supernatant to 100 kDa Amicon Ultra-15 Centrifugal Fil-
ter Unit (Millipore) which were centrifuged at 4000xg, to
obtain a 1-mL sample. Ultrafiltration liquid was cleaned two
times using PBS, followed by ultracentrifugation at 4000xg
to again obtain 1-mL samples. The experiments were per-
formed at 4 °C. We defined protein exosome content apply-
ing Pierce BCA Protein Assay Kit (Thermo Fisher Scientific,
MA, USA) and stored ADSC EXOs at — 80 °C or utilized
for downstream experiments. Western blotting along with
transmission electron microscopy were applied to character-
ize exosomes.
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Myocardial Cell Culture and Hypoxia Injury Model
Preparation

We obtained HL-1 cell line from Shanghai Cell Bank, Chi-
nese Academy of Medical Sciences. We cultured cells in
25-cm? cell culture flasks (Corning, USA) in DMEM (Inv-
itrogen, Waltham, MA, USA) with 10% FBS (Invitrogen) at
37 °C with 5% CO, and 95% air for the following experi-
ments. For hypoxic environment, we stored cells at 37 °C
with 93% N,, 5% CO,, and 2% O, for 1 day.

Strand-Specific NGS Library

Total RNA samples from ADSC exosomes and hypoxic pre-
treatment ADSC exosomes were obtained using the TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). About 3 pg total
RNA from each sample were processed using VAHTS Total
RNA-seq (H/M/R) Library Prep kits from Illumina (Vazyme
Biotech Co., Ltd, Nanjing, China) to eliminate ribosomal
RNA as well as retain mRNAs and ncRNAs. RNA samples
were treated with 40 U of RNase R (Epicenter) for 3 h at
37 °C followed by TRIzol purification. The RNA-seq lib
were generated using KAPA Stranded RNA-Seq Library
Prep kits (Roche, Basel, Switzerland), which were applied
for NGS (Illumina HiSeq 4000 at Aksomics, Inc., Shanghai,
China).

Quantitative Reverse Transcription-PCR (qRT-PCR)

RNA were extraction following TRIzol protocols for cDNA
synthesis utilizing TagMan Reverse Transcription Reagents
kit (Applied Biosystems, Foster City, CA, USA). The prim-
ers were: circ-Stt3b, 5'-CAGCAAGAGAGTC-3' and 5'-CAA
GATGATGTGTTG-3"; miR-15a-5p, 5" TAGCAGCACATA
ATGGTTTGTG-3' and 5'-CTCAACTGGTGTCGTGGA
-3'; GPX4, 5'-AGTACAGGGGTTTCGTGTGC-3" and
5'-CATGCAGATCGACTAGCTGAG-3"; U6, 5'-CTCGCT
TCGGCAGCACA-3' and 5-ACGCTTCACGAATTTGCG
TGTC-3'; and GAPDH, 5'-GCACCGTCAAGCTGAGAA
C-3" and 5-TGGTGAAGACGCCAGTGGA-3". ABI 7900
thermocycler (Applied Biosystems) was applied to make
qRT-PCR. Each cDNA sample were tested in triplicate.
Relative mRNA expression quantifications were performed
employing 2722 method. The result were normalized data
to U6 and GAPDH.

ELISA

TNF-a, IL-1p, and IL-6 inflammatory cytokine levels in
conditioned HL-1 cell medium and animal circulation were
defined utilizing ELISA kits following manufacturer proto-
cols. ELISA kits were purchased from Multi Sciences Bio-
tech (Hangzhou, China).

MI Model

Acute MI was induced in mice. Female rats aged 6 weeks
were anesthetized with pentobarbital at concentration of
30 mg/kg body weight via intraperitoneal injection. Thora-
cotomy was performed post-anesthesia to expose the left
ventricle. Left anterior descending artery was ligated
between left atrium and pulmonary artery outflow tract.
Mice were randomly divided into three subgroups after MI
surgery as follows: mice with intravenous tail vein injec-
tions of 500 pL of PBS (PBS group), 2 x 10'° particles
of ADSC-derived exosomes, and hypoxic pretreatment
ADSC:s or circ-Stt3b overexpression ADSCs suspended in
500 pL of PBS. The mice were anesthetized and murdered,
the heart were isolated for immunohistochemical detection
on day 28 post-MI.

Histological Examination

To assess apoptosis, myocardial tissues or cardiomyocytes
were labeled and fixed using a terminal deoxynucleoti-
dyl transferase-mediated dUTP-biotin nick end labeling
(TUNEL) and In Situ Cell Death Detection Kit (Roche
Diagnostics) to identify apoptotic cell nuclei. To charac-
terize myocardial tissue damage, myocardial tissue sam-
ples were stained using Masson. We examined sections
utilizing Axiophot light microscope (Zeiss, Oberkochen,
Germany) and photographed with digital camera.

ROS Activity

Intracellular ROS generation was assessed using the
dichloro-dihydro-luorescein diacetate (DCFH-DA) assay
(Beyotime, China). We incubated HL-1 cells or myocar-
dial tissue samples with DCFH-DA for 30 min at 37 °C in
the dark. Fluorescence were measured at 525 nm emission
and 488 nm excitation utilizing fluorescence microplate
reader (PerkinElmer, USA).

Flow Cytometry

Cytometry were employed to detect HL-1 cell apoptosis
rate. We differentiated apoptotic cells from necrotic or
viable cells via a combination of propidium iodide (PI)
staining and annexin V (AV)-FITC. Technician washed
cells twice to achieve 1 x 10° cells/mL concentration with
cold D-Hanks buffer. Technician added 10 pL PI and equal
volume of AV-FITC to 100-pL cell suspension as well as
incubated for 15 min at room temperature in dark. Lastly,
400 pL binding buffer were added to every sample without
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washing, which were then analyzed utilizing flow cytom-
etry. Each experiment was repeated three times.

Luciferase Reporter Assay

To determine if miR-15a-5p regulated GPX4 expression
directly and to study regulation between circ-Stt3b and miR-
15a-5p, the 3'-untranslated region (UTR) sequences for circ-
Stt3b and GPX4 were inserted into the downstream Renilla
luciferase open reading frame in pGL3-CMV vector (Pro-
mega, Madison, WI, USA). We transfected HEK293T cells
utilizing pGL3-basic constructs via scrambled control or
miR-15a-5p mimic from Lipofectamine 2000 (Invitrogen).
After 2 days, we harvested cells to measure their luciferase
activities. Data were expressed by the rate for Renilla lucif-
erase over firefly luciferase activity. We carried experiments
out at Yingbai Corporation (Shanghai, China).

Statistics Analyses

We expressed data by mean + SD. We determined statistical
significance applying variance analysis and Tukey—Kramer
multiple comparison test along with Student’s z-test. P <0.05
was regarded as statistical significance.

Results
ADSC-Exosome Characterization

The present study isolated ADSCs with classical cobble-
stone-like morphology (Fig. 1A). Immunofluorescence
staining revealed positive cell surface expression for mes-
enchymal cell markers CD29, CD105, CD90, and CD44,
and negative expression for endothelial markers CD34 and
vWEF (Fig. 1B-G). Oil red O and alizarin red staining results
validated osteoblast and adipocyte differentiation (Fig. 1H,
I). The exosomes were then isolated from ADSCs. ADSC
exosomes were with sphere- or cup-shaped morphologies
on transmission electron micrographs (Fig. 1J), which were
similar to those in previous reports [19]. Exosome marker
protein expression of CD63 and CD81 was obtained using
Western blotting (Fig. 1K). Outcomes confirmed that the
nanoparticles were exosomes.

Hypoxic Pretreatment ADSC Exosomes (HExos)
have Greater Treatment Effect than ADSC Exosomes
(Exos) on Ameliorating Cardiac Damage Post-MI

Exosomal protective effects on MI were assessed using his-
tological analysis. Masson’s trichrome staining was utilized
to calculate infarcted tissue size after 4 weeks of treatment.
The fibrotic area was stained blue in the imaging results,
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showing that HExos have a greater therapeutic effect by
decreasing the MI-induced myocardial damage compared
to Exos (Fig. 2A, B). Immunofluorescence ROS detection
results showed that HExos have a greater therapeutic effect
by decreasing the MI-induced myocardial ROS level in the
infarction area (Fig. 2C, D). TUNEL staining showed that
HExos have a greater therapeutic effect by decreasing MI-
induced myocardial apoptosis (Fig. 2E, F). ELISA demon-
strated that HExos have greater therapeutic effects than Exos
by reducing MI-induced inflammatory cytokines TNF-a,
IL-6 and IL-1p expression in serum (Fig. 2G-I).

Circ-Stt3b Functions in HExo-Mediated Cardiac
Damage Repairing After Mi

The accumulated evidences showcase that circRNAs func-
tion importantly in ADSC exosome-mediated disease
treatment [20]. In order to reveal whether the high level of
the therapeutic HExo effect relates to circRNA delivery,
NGS analysis was employed to identify circRNA expres-
sions among ADSC Exos and HExos (Fig. 3A). RT-qPCR
experiments showed the upregulated circRNA expres-
sion of mmu_circ_0001852, mmu_circ_0001090, mmu_
circ_0001774, mmu_circ_0006764, mmu_circ_0001053,
mmu_circ_0001732, mmu_circ_0000713, and mmu_
circ_0000905. Results revealed that mmu_circ_0001852
expression incremented significantly in HExos comparing
to Exos (Fig. 3B). qRT-PCR data showcased that mmu_
circ_0001852 expression decremented in MI mouse serum
(Fig. 3C). Then, the mmu_circ_0001852 overexpression
vector was constructed and transfected into HL-1 cells. Data
showcased that mmu_circ_0001852 expression increased
significantly in the mmu_circ_0001852 overexpression
group (Fig. 3D).

HL-1 cell apoptosis was evaluated using flow cytometry,
and data showcased that hypoxic conditions enhanced HL-1
cell apoptosis. However, mmu_circ_0001852 upregulation
decreased hypoxia-induced cell apoptosis (Fig. 3E, F).
ELISA detection of inflammatory cytokine IL-1f, TNF-a
and IL-6 expressions demonstrated that mmu_circ_0001852
upregulation decreased hypoxia-induced inflammatory
cytokine expression (Fig. 3G—I). The mmu_circ_0001852
was generated by cyclizing four exons from the Stt3b gene
at chr9:115175211-115189637. Stt3b is 14,426 bp in length,
while the spliced mature circRNA is 563 bp in length, so
we also named mmu_circ_0001852 as circ-Stt3b (Fig. 3J).

miR-15a-5p and GPX4 are circ-Stt3b Downstream
Targets

Bioinformatics data discovered that circ-Stt3b may interact
with miRNAs, such as miR-15a-5p. Luciferase reporter data
verified that miR-15a-5p suppressed luciferase activity in
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Fig. 1 Characterization of exosomes released by adipose-derived
mesenchymal stem cells. A ADSCs showed a typical cobblestone-
like morphology. Scale bar: 30 pm. B—-G Immunofluorescence stain-
ing of cell surface markers. The antibodies were labeled with either
fluorescein isothiocyanate (FITC, green) or phycoerythrin (PE, red).
CD29, CD90, CD44, and CD105 are positive. CD34 and von Wille-

wild-type (WT) cells, though not in mutated (MUT) cell
lines (Fig. 4A, B), revealing that miR-15a-5p is circ-Stt3b
target.

Bioinformatics data also suggested that GPX4 is a
miR-15a-5p downstream target. To further verify cor-
relations between GPX4 and miR-15a-5p, WT or MUT
3'UTR-GPX4 sequences, including miR-15a-5p binding

CD29 C CD44

CD105 F

brand Factor (vWF) are negative. PE labeled mouse IgG isotype con-
trols are shown. Differentiation potential of ADSCs assessed by oil
red O (H) and alkaline phosphatase staining (I). J Transmission elec-
tron micrographs showing ADSC-exosome morphology. Scale bar:
150 nm. K Western blots of CD63 and CD81 expression in exosomes
from ADSCs

sequence, were incorporated into a luciferase reporter
vector (Fig. 4C). It was then transfected into HEK293
cells combined with or without the miR-15a-5p mimic.
Luciferase reporter outcomes showed that miR-15a-5p
suppressed the luciferase activity in WT cells, but not in
MUT cell lines (Fig. 4D), demonstrating that GPX4 is an
miR-15a-5p target.
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Fig.2 Hypoxic pretreatment ADSCs exosome (HExo) have more
treatment effect than ADSCs exosome (Exo) in ameliorate car-
diac damage after myocardial infarction (MI). A, B The myocardial
pathological morphology by masson staining. Data are means +SD;
#xkP < (0.001 vs. NC. ¥ P <0.001 vs. MI. C, D Immunofluorescence
for DCFH-DA staining show the ROS level. Data are means+SD;

qRT-PCR outcomes showed that circ-Stt3b expression
incremented post-transfection with circ-Stt3b overexpression
vector. The miR-15a-5p overexpression or GPX4 silencing
did not affect circ-Stt3b expression in HL-1 cells (Fig. 4E),
suggesting that both GPX4 and miR-15a-5p are the circ-
Stt3b downstream targets. qRT-PCR outputs demonstrated
that circ-Stt3b overexpression decreased miR-15a-5p expres-
sion. GPX4 silencing did not restored miR-15a-5p expression
level after si-circ-Stt3b (Fig. 4F), advising that miR-15a-5p is
located downstream of circ-Stt3b. The results also showed that
GPX4 silencing decreased the GPX4 expression. However,
miR-15a-5p upregulation reversed the promotion effects of
circ-Stt3b to GPX4 expression. GPX4 expression was signifi-
cantly decreased post-transfection with GPX4 silencing vector
(Fig. 4G) saying that circ-Stt3b promoted GPX4 expression
via sponging miR-15a-5p.
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##4P <0,001 vs. NC. #P<0.001 vs. ML. E, F Immunofluores-
cence for TUNEL staining show the apoptosis of myocardial tissue
at the ischemic site. Data are means+SD; ***P<(0.001 vs. NC.
###p <0.001 vs. MI. G-I ELISA detection show the inflammatory
cytokines TNF-a, IL-6, and IL-1p expression in serum. Data are
means + SD; *##P <0.001 vs. NC. # P <0.001 vs. MI

GPX4 Downregulation or miR-15a-5p
Overexpression Reversed circ-Stt3b Protective
Effects Upon HL-1 Cells After Exposure to Hypoxic
Microenvironment

ELISA detection of inflammatory cytokine IL-6, IL-1§
and TNF-a expressions showed that GPX4 downregu-
lation or miR-15a-5p mimic (overexpression) reversed
inhibitory effects regarding circ-Stt3b on inflammatory
cytokine expression in HL-1 cells after exposure to a
hypoxic microenvironment (Fig. 5SA-C). HL-1 cell apop-
tosis evaluation results using flow cytometry showed
that GPX4 downregulation or miR-15a-5p mimic (over-
expression) reversed circ-Stt3b protective effect upon cell
apoptosis after exposure to hypoxic conditions (Fig. 5D,
E). ROS detection via immunofluorescence showed that
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Fig.3 Circ-Stt3b play a role in HExo-mediated cardiac damage
repair after MI. A High-throughput sequencing analysis identi-
fied a series of upregulated and downregulated circRNAs between
ADSCs exosome (Exo) and hypoxic pretreatment ADSCs exosome
(HExo0). B RT-gqPCR detection show the expression of upregulation
circRNA between Exo and HExo. Data are means+SD; **P <0.01,
##%P <0.001 vs. Exo. C RT-qPCR detection show the expression of
circ-Stt3b between NC and MI mice serum. Data are means+SD;
*#%P<0.001 vs. NC. D RT-qPCR detection show the expression

of circ-Stt3b in HL-1 cells after transfected with circ-Stt3b overex-
pression vector (circ-Stt3b) or negative control vector (NC). Data
are means+SD; ***P<0.001 vs. NC. E, F HL-1 cells apoptosis
was assayed by flow cytometry after annexin V-FITC staining. Data
are means +SD; **#P <0.001 vs. NC. #¥P<0.01 vs. hypoxia. G-I
ELISA detection show the inflammatory cytokines TNF-a, IL-6,
and IL-1p expression. Data are means+SD; ***P<0.001 vs. NC.
##P <0.001 vs. hypoxia. J The genomic loci of the Stt3b gene and
circ-Stt3b
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Fig.6 Overexpression circ-Stt3b increased treatment effect of
ADSCs Exo in ameliorate cardiac damage after MI. A, B The myo-
cardial pathological morphology by masson staining. Data are
means+£SD; *¥%P<0.001 vs. ML *P<0.001 vs. MI+HExo.
C, D Immunofluorescence for DCFH-DA staining show the ROS
level. Data are means+SD; *#%P<0.001 vs. ML. *P<0.001 vs.
MI+HExo. E, F Immunofluorescence for TUNEL staining show

GPX4 downregulation or miR-15a-5p overexpression
reversed inhibitory effect of circ-Stt3b upon hypoxia-
induced ROS (Fig. 5F, G).

circ-Stt3b Overexpression Increased the ASDSC Exo
Treatment Effect of Ameliorating Cardiac Damage
After MI

Masson’s trichrome staining to detect the infarcted tissue
size after 28 days identified the fibrotic areas in blue. The
results showed that Exos from circ-Stt3b overexpression
ADSCs (circ-Stt3b-Exo) held greater therapeutic effects
by reducing the MI-induced myocardial damage compared
to HExos (Fig. 6A, B). Immunofluorescence ROS analysis

Apoptosis ratio (%)

-
=]

=
in

MI+circ-Stt3b-Exo

Relative ROS level

e
=

K

Relative miR-15a-5p level
Relative mRNA level
of GPX4

the apoptosis of myocardial tissue at the ischemic site. Data are
means + SD; *#*P <0.001 vs. ML. #¥P<0.001 vs. MI+HExo. G-I
ELISA detection show the inflammatory cytokines TNF-a, IL-6,
and IL-1P expression in serum. Data are means=+SD; ***P <(.001
vs. MI. #¥P <0.001 vs. MI+HExo. J, K RT-qPCR detection show
the expression of miR-15a-5p and GPX4. Data are means=+SD;
##xP <0.001 vs. ML #¥P <0.001 vs. MI+HExo

showed that circ-Stt3b-Exos had a greater therapeutic effect
by decreasing MI-induced myocardial ROS levels in the
infarction area (Fig. 6C, D). TUNEL staining showcased
that circ-Stt3b-Exo held greater therapeutic effects by reduc-
ing MI-induced myocardial apoptosis (Fig. 6E, F). ELISA
data validated that circ-Stt3b-Exo had greater therapeutic
effects than HExos by reducing MI-induced inflammatory
cytokine IL-6, IL-1p and TNF-a expression levels in serum
(Fig. 6G-I). The RT-qPCR data showcased that circ-Stt3b-
Exo treatment held greater effects by decreasing miR-15a-5p
(Fig. 6J) and increasing GPX4 expression than HExos
(Fig. 6K).
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Discussion

The present investigation successfully isolated ADSCs and
ADSC exosomes. Exosomes from ADSCs and especially
those with hypoxic pretreatment had a greater therapeutic
effect on cardiac damage amelioration post-MI. Accumula-
tion studies verified that circRNAs have an indispensable
function in microenvironmental regulations [21]. CircRNA
delivery was utilized to define if ADSC exosomes influ-
ence MI-induced myocardial damage. NGS analysis identi-
fied the abnormally expressed circRNAs among Exos and
HExos. Data showcased that circ-Stt3b levels increased
within the exosomes from hypoxic pretreatment ADSCs.
The circ-Stt3b downregulation decreased the therapeu-
tic effect of HExos on MI-induced myocardial damage,
including apoptosis, ROS level, and inflammatory factor
expression. The circ-Stt3b overexpression decreased the
hypoxia-induced myocardial cell apoptosis, ROS level, and
inflammatory factor expression, suggesting that circ-Stt3b
plays a role in HExo-mediated cardiac damage repair after
MI.

Bioinformatics and luciferase report analysis of circ-Stt3b
showed that it can interact with miR-15a-5p. Furthermore,
circ-Stt3b overexpression decreased miR-15a-5p expression.
Prior research has shown that miR-15a-5p was upregulated
after MI [22]. The miR-15a-5p inhibitor significantly inhib-
ited inflammatory factor secretion [23]. Current investi-
gations also illustrated that miR-15a-5p downregulation
decreased stress-induced cell apoptosis [24]. Downregulat-
ing miR-15a-5p decreased the ROS production [25]. The
current investigation also found that miR-15a-5p overex-
pression reversed protective effect regarding circ-Stt3b upon
HL-1 cells after exposure to a hypoxic microenvironment.

Further investigation using bioinformatics and luciferase
reporter data showed that GPX4 is a miR-15a-5p down-
stream target. In addition, circ-Stt3b overexpression pro-
moted GPX4 expression. Previous studies have found that
glutathione peroxidase 4 (GPX4) was downregulated in
early and middle MI stages, which protects cells from ferrop-
tosis [25]. The study also found that GPX4 downregulation
reversed protective effect regarding circ-Stt3b upon HL-1
cells post exposing to hypoxic conditions. Overexpression
of circ-Stt3b incremented treatment effect of ADSC Exos
on ameliorating cardiac damage after MI by decreasing the
level of ROS, inflammatory factors, and myocardial apopto-
sis. This suggests that circ-Stt3b expression promotes GPX4
by sponging miR-15a-5p. The upregulated GPX4 expression
decreased the level of MI-induced ROS and ferroptosis.

@ Springer

Conclusion

In summary, our study determined that exosomes from
hypoxic pretreatment ADSCs ameliorate cardiac damage
after MI through activation of circ-Stt3b/miR-15a-5p/GPX4
signaling and decreased ferroptosis. With the wide inter-
est in exosome from both academia and the pharmaceuti-
cal industry, there is no doubt that clinical application will
continually evolve and improve, which will help to advance
exosome studies in cardiovascular science.
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