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Backgroud: The metabolism of epicardial adipose tissue (EAT) is closely related to
coronary atherosclerotic heart disease (CAHD), but the specific mechanism is not fully
understood. In this study, we investigated the effects of EAT microenvironment on
adipose metabolism from the viewpoint of EAT-derived exosomes and epicardial adipose
stem cells (EASCs).

Methods: EAT samples from CAHD patients and non-CAHD patients were collected
to obtain exosomes via tissue culture. MiRNA sequencing was performed to analyze
differences in miRNA expression in exosomes between groups. Luciferase reporter assay
was then performed to verify the miRNA target gene. EAT was digested by collagenase
to obtain EASCs, which were induced to mature adipocytes in vitro. Immunochemical
staining and western blotting were performed to detect protein expression levels.

Results: The results showed that CAHD patients had higher levels of EASCs in
EAT, and no significant difference in the adipogenic differentiation ability of EASCs was
observed between CAHD and non-CAHD patients in vitro. This indicates that the EAT
microenvironment is a key factor affecting the adipogenic differentiation of EASCs.
The EAT-derived exosomes from CAHD patients inhibited adipogenic differentiation of
EASCs in vitro. Sequencing analysis showed that miR-3064-5p was highly expressed in
EAT-derived exosomes in CAHD patients, and its inhibitor could improve the adipogenic
differentiation of EASCs. Luciferase reporter assay results showed that the target gene
of miR-3064-5p is neuronatin (Nnat). Nnat remained silent in EASCs and was less
expressed in EAT of CAHD patients.

Conclusion: Abovementioned results suggest that Nnat is the key to regulating the
adipogenic differentiation of EASCs, and miR-3064-5p in EAT-derived exosomes can
inhibit the expression of Nnat by targeting its mRNA, thereby affecting the adipogenic
differentiation of EASCs.

Keywords: coronary atherosclerotic heart disease, epicardial adipose stem cells, exosomes, miR-3064-5p,
neuronatin
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INTRODUCTION

Atherosclerosis (AS) causes ~20 million deaths worldwide
each year. AS is a slowly progressive disease with complex
pathogenesis, and its exact etiology is still not fully understood.
It is now generally believed that AS is a chronic inflammatory
disease, closely related to hyperlipidemia, hypertension, diabetes,
and genetic factors (1). Therefore, elucidating the pathogenesis of
AS and finding new targets and treatments are the key issues in
the prevention and treatment of AS.

Epicardial adipose tissue (EAT) is the adipose tissue located
between the myocardium and the pericardium, which surrounds
and directly contacts the cardiac blood vessels. Owing to
its elasticity and compressibility, EAT can protect coronary
arteries from excessive distortion caused by arterial pulsation
and myocardial contraction (2). EAT, as a local storage site of
excess free fatty acids, maintains myocardial energy supply and
prevents the toxic effects of high circulating free fatty acids on the
myocardium and coronary arteries (3). There is no connective
tissue or aponeurotic tissue between EAT and myocardium,
indicating a close and strong interaction between them. Unlike
pericardial fat, EAT angiogenesis depends on the branches of the
coronary arteries, further indicating a close relationship between
EAT and myocardial tissue (2). Although not fully elucidated,
a growing body of evidence supports that EAT with metabolic
disorders promotes the progression of coronary atherosclerotic
heart disease (CAHD) (4). Thus, correcting the disordered EAT
metabolism may be a potential method for the prevention and
treatment of CAHD.

Histological analysis of EAT showed that it is a mixed cell
structure, mainly comprising adipose stromal cells, and contains
a large number of inflammatory cells including lymphocytes,
macrophages, and mast cells (5). Studies have confirmed that
EAT is rich in adipose stem cells (ASCs), which express stem
cell markers (6). Epicardial adipose stem cells (EASCs) have
higher myocardial and angiogenic potential compared with
stem cells derived from pericardial and omental adipose tissues
(5, 6). However, few studies have analyzed the existence and
the functions of EASCs, in both animal and human studies,
and the relationship between EASCs and CAHD is also rarely
reported. In the preliminary experiments, we found that the
abundance of EASCs in EAT of CAHD patients was higher
than that in the EAT of non-CAHD patients. We speculate
that the abnormal adipogenic differentiation of EASCs may be
the cause of the metabolic disorder of EAT in CAHD patients,
and have explored EAT-derived exosomes form that perspective
in this study.

MATERIALS AND METHODS

Reagents

The antibodies for CD9, CD44, CD81, calnexin, neuronatin
(Nnat), and GAPDH were all purchased from Proteintech
(Rosemont, IL, USA). The Oil red O stain was commercially
obtained from Solarbio (Beijing, CHN). Lipofectamine 2000 was
purchased from ThermoFisher (Waltham, MA, USA).

TABLE 1 | Characteristics of patients.

non-AS group  AS group  P-value

(n=15) (n=24)
Age (year) 62.47 £213 67.13+1.39 0.0636
Male/Female 5/10 16/8 0.0549
Body mass index (kg/m?) 2441 £0.49 25.81+£0.48 0.0605
Clinical diagnosis
Rheumatic heart disease 15 -
Coronary atherosclerotic heart disease - 24
Reason for surgery
Valvular lesion 15 -
Multivessel coronary stenosis - 24

Sample Acquisition

The patients signed an informed consent form, which was
approved by the hospital ethics committee, and the study
complied with the Declaration of Helsinki. The patient samples
were collected in accordance with the relevant Chinese laws
and regulations, and the samples obtained were registered with
the relevant government departments. From January 2020 to
December 2020, there were 39 planned cardiac surgery patients
in total (Table 1). According to clinical diagnosis, the patients
were divided into the AS group (n = 24) and non-AS group
(n = 15). During the operation, an EAT biopsy sample (0.5-
1.0 g) was collected from the aortic root near the right coronary
artery and divided into two parts. One part was put in the
sample preservation solution and transported to the laboratory
and stored at a low temperature, and the other part was fixed
with formaldehyde.

EASCs Culture

In the biosafety cabinet, fresh EAT samples were washed with
PBS, and then digested with 0.075% type I collagenase by
shaking at 37°C for 1h. Following this, the same volume of cell
culture medium was added, with repeated blow and mix. After
centrifugation, the supernatant and residual fat were discarded to
obtain cell sediment. The primary cell culture medium (Procell,
Wuhan, CHN) was added to resuspend the cells and inoculated
into T25 culture bottle. The cells were cultured in a humidified
atmosphere with 5% CO,. After 24 h, the medium was discarded
to remove the non-adherent cells. The cells were then fed every
3 days, and sub-cultured at 70-80% confluency. CD44 and
CD45 were detected in EASCs via immunofluorescence and
flow cytometry.

Exosomes Extraction

In the biosafety cabinet, fresh EAT tissue sample was divided into
2 x 2 x 2mm tissue blocks, and transferred into the culture
bottle. Turning over the culture bottle gently, an appropriate
amount of culture medium prepared with exosome-free fetal
bovine serum was added to the bottle. After 2 h, the culture bottle
was turned back gently and the culture medium slowly covered
the tissue blocks which would be cultured in the incubator
conventionally. The culture medium was collected regularly to
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separate the exosomes by high-speed centrifugation, and the
morphology of exosomes was observed by transmission electron
microscopy (HITACHI, Tokyo, Honshu, JPN).

Oil Red O Staining

EASCs from CAHD patients or non-CAHD patients were
induced differentiation into mature adipocytes using an
adipogenic differentiation medium (Procell, Wuhan, HB, CHN)
according to the instruction of manufacturer. EAT-derived
exosomes were categorized into the non-AS group and AS
group, and inoculated with EASCs from CAHD patients at a
concentration of 20 wg/mL, which was determined based on
preliminary experiments. After 21 days of adipogenic induction,
the culture medium was discarded and the cells were stained
with oil red O dye as reported previously (7).

Immunohistochemical Analysis

Briefly, paraffin sections of EAT samples and climbing slices of
EASCs were incubated with target antibodies. All sections were
photographed at 20 x magnification (Leica Microsystems Inc., IL,

USA), and analyzed using the Image Pro Plus 6.0 software (Media
Cybernetics, Rockville, MA, USA) accordingly.

MiRNA Sequencing

The total RNA in exosomes was extracted using the
miRNA isolation kit (mirVana, Austin, TX, US), qualified
by electrophoresis, and sequenced accordingly. The sequencing
reagent was prepared according to user guide of Illumina (San
Diego, CA, USA), and the sample was analyzed by an Illumina
sequencer. The single-read program was used for single-end
sequencing. The sequencing process was controlled by the data
collection software provided by Illumina, and real-time data
analysis was carried out.

Quantitative Polymerase Chain Reaction
(qPCR) Assay

in vitro delivery of miR-3064-5p inhibitor-loaded exosomes
to EASCs by incubating in culture medium. After 24h, the
expression of miR-3064-5p in EASCs was detected using
qPCR. Briefly, total RNA was reverse transcribed using the
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FIGURE 1 | The expression of CD44 in EAT of CAHD or non-CAHD patients. (A) The expression level of CD44 in EAT of non-CAHD patients. (B) The expression level
of CD44 in EAT of CAHD patients. (C) The comparison of the number of CD44 positive cells in EAT of CAHD or non-CAHD patients. non-AS: the EAT of non-CAHD
patients. AS: the EAT of CAHD patients. *P < 0.05 vs. non-AS.
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MicroRNA Reverse Transcription Kit (Haoqinbio Inc., Shanghai,
China) with specialized primers according to the manufacturer’s
instruction. RNU6 was used as a housekeeping reference.
The synthesized first-strand ¢cDNA samples were subjected
to qPCR using hsa-miR-3064-5p specific TagMan primer
(Applied Biosystems, Foster City, USA) and TagMan Universal
PCR Master Mix in an ABI Prism 7700 Sequence Detector
(ThermoFisher, Waltham, MA, USA). The oligonucleotide
primer sequence of Nnat was designed using Primer 5.0 software
and GAPDH was used as an internal control. The synthesized
first-strand cDNA samples were subjected to qPCR using a SYBR
Green PCR Master Mix (Toyobo Bio-Technology, Shanghai,
CHN) and the qPCR reaction was also performed on the ABI
Prism 7700 Sequence Detector (ThermoFisher).

Luciferase Reporter Assay

The EASCs were cultured in vitro to induce differentiation into
mature adipocytes. The reporter plasmid and miRNA mimics
were co-transfected into adipocytes using the Lipofectamine 2000
(ThermoFisher, Waltham, MA, USA) transfection reagent, and
the Dual-Luciferase Reporter Assay System (Promega, Madison,
WI, USA) was used to observe luciferase activity. Furthermore,
RT-PCR and western blotting were sequentially performed to
further verify mRNA and protein levels.

Western Blotting
Proteins extracted from EAT or EASCs using
radioimmunoprecipitation assay (RIPA) lysis buffer and

were

size fractionated by SDS polyacrylamide gel electrophoresis.
Membranes were incubated with target antibodies at 4°C
overnight. Then, membranes were incubated with horseradish
peroxidase-conjugated secondary antibodies for 2h at room
temperature and washed with tris-buffered saline and Tween
20. The immune complexes were visualized by enhanced
chemiluminescence after washing again, and the band intensity
was measured quantitatively and analyzed with the Image
] v2.1.4.7 software (National Institutes of Health, Bethesda,
MD, USA).

Statistical Analysis

All data are presented as means =+ standard error of the mean
and analyzed using SPSS version 20.0 (IBM Corp., Armonk, NY,
USA). Two-tailed Student’s t-tests were performed to compare
means between two groups. A P-value < 0.05 was considered to
be statistically significant.

RESULTS

EASCs in EAT of CAHD Patients Are More
Abundant Than Those in the EAT of
Non-CAHD Patients

The EAT from CAHD patients (AS group) and non-
CAHD patients (non-AS group) were collected to perform
immunohistochemical staining for CD44, one of biomarkers
of EASCs. As shown in Figure 1, the number of CD44-positive
cells in the EAT of CAHD patients was significantly higher than
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FIGURE 2 | Primary culture of EASCs and its identification. (A) Morphology of EASCs under microscope. (B) Flow cytometry of CD44 positive cells in EASCs. (C)
Flow cytometry of CD45 positive cells in EASCs. (D) Immunofluorescence staining of CD44 in EASCs climbing slices.
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that in the EAT of non-CAHD patients (P < 0.05), indicating
that CAHD patients show a higher abundance of EASCs than
non-CAHD patients. Human EAT was digested with collagenase
to screen out adherent cells, and the cell morphology was
found to be mesenchyma-like (Figure 2A). The positive rate of
anti-CD44 on the cell surface detected by flow cytometry was
95.4% while the CD45 was 0.41% (Figures 2B,C), which was
consistent with the characteristics of adipose stem cells. The
CD44 antibody was used for immunofluorescence staining of
cell slides, showing >90% positive cells (Figure 2D).

Exosomes Derived From EAT of CAHD
Patients Inhibit the Adipogenic
Differentiation of EASCs

The EAT tissue blocks were cultured with exosome-free serum
in vitro, and the exosomes were extracted from the medium.
As shown in Figure 3A, vesicle-like structures with obvious
lipid bilayers could be observed via electron microscope. The
total proteins of vesicles were extract, and the expression levels
of the exosome markers CD9 and CD81 and the endoplasmic
reticulum-specific molecule Calnexin were detected by Western
blotting. Total proteins of EASCs were used as a control. As
shown in Figure 3B, the expressions of CD9 and CD81 were
detected in the total proteins of vesicles, whereas Calnexin
was negatively expressed, suggesting that the vesicle structures
are exosomes.

The adipogenic induction medium was used to induce
adipogenic differentiation of EASCs and no significant difference
in the level of adipogenic differentiation of EASCs in EAT
was observed between CAHD patients and non-CAHD patients
according to the results of oil red O staining (data not shown).
However, intervention with exosomes derived from the EAT
of CAHD patients could significantly inhibit the adipogenic
differentiation of EASCs (Figure4, P < 0.05 vs. non-AS),
suggesting that EAT-derived exosomes are a key regulatory factor
in the adipogenic differentiation of EASCs.

MiR-3064-5p Is a Key miRNA in
EAT-Derived Exosomes and Targets Nnat
The total RNAs of exosomes derived from EAT of CAHD
patients and non-CAHD patients were extracted and subjected

to miRNA sequencing. As shown in Figure5, 63 miRNAs
(fold-change > 2) with significant differences in expression
levels were screened. The mimics or inhibitors of these
abovementioned miRNAs were synthesized and transfected
into EAT-derived exosomes of CAHD patients to observe the
effects of modified exosomes on the adipogenic differentiation
of EASCs. The results showed that the knock-down of miR-
3064-5p, which was obviously up-regulated in the exosomes
derived from the EATs of CAHD patients compared with
those derived from non-CAHD patients, in exosomes could
significantly improve the adipogenic differentiation of EASCs
(Figures 6A-D). TargetScan 7.2 was employed to determine
the predicted target genes of miRNA-3064-5p, and it showed
562 target genes for miRNA-3064. Among these, we focused
on Nnat, with a target score of 95. Furthermore, protein
expression of Nnat was detected to be significantly up-regulated
in induced EASCs after intervention with miR-3064 knock-
down exosomes (Figures 6E,F). The luciferase reporter assay
showed no effect on luciferase activity in cells transfected with
wtNnat 3° UTR or empty vectors (Figure7A). In addition,
compared with the cells transfected with Ctrl mimics, those
transfected with miR-3064-5p mimics showed significant down-
regulation in mRNA and protein expression levels of Nnat
(Figures 7B-D).

Nnat Is Silent in EASCs and Shows
Low-Level Expression in EAT of CAHD

Patients

The immunofluorescence double-labeling method was used to
detect protein expression levels of GAPDH and Nnat in EASCs
cell slides. As shown in Figure 8A, extensive expression of
GAPDH was shown in EASCs, but Nnat did not show significant
fluorescence, indicating silenced expression of Nnat in EASCs.
Immunofluorescence staining was further performed to observe
the expression level of Nnat in EAT of CAHD patients and
non-CAHD patients. As shown in Figures 4B-D, the expression
level of Nnat in EAT of CAHD patients was significantly down-
regulated comparing with that in EAT of non-CAHD patients
(P < 0.05). Western blotting further verified this result as
shown in Figures 8E,F.
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FIGURE 4 | Effect of EAT-derived exosomes on adipogenic differentiation of EASCs. Here the EASCs were derived from the EAT of CAHD patients. (A) The
representative image of oil red O staining in non-AS group. (B) The representative image of oil red O staining in AS group. (C) Oil red O was extracted and absorbance
was determined spectrophotometrically at 450 nm to quantify adipogenic differentiation. non-AS: the group of EASCs intervened with the EAT-derived exosomes of
non-CAHD patients. AS: the group of EASCs intervened with the EAT-derived exosomes of CAHD patients. Data are presented as the means =+ standard error of the

mean for six independent experiments. ‘P < 0.05 vs. non-AS.
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FIGURE 5 | Heatmap of differential miRNAs in EAT-derived exosomes. non-AS: EAT-derived exosomes of non-CAHD patients. AS: EAT-derived exosomes of CAHD
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DISCUSSION

For a long time, adipose tissue has been considered to be an
energy storage site and endocrine organ. However, in the past
few decades, adipose tissue has also been found to be a rich
source of mesenchymal stem cells, and is currently a research
hotspot in the field of induced spontaneous regeneration and

cell therapy. ASCs are easy to obtain and have a strong ability
to proliferate in vitro and differentiate into other cell types,
such as adipocytes, osteoblasts, cardiomyocytes, and hepatocytes
(5, 8). Similar to the adipose tissue, abundant ASCs were also
found in EAT. In this study, we found that the abundance
of EASCs in EATs of CAHD patients was significantly higher
than that in EATs of non-CAHD patients. We isolated human
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FIGURE 6 | Effect of miR-3064-5p on adipogenic differentiation of EASCs. Here the EASCs were derived from the EAT of CAHD patients. (A) Inhibition of
miR-3064-5p after adding exosome-shuttling miR-3064-5p inhibitors to the cell culture medium of EASCs. 24 h after incubation, the expression of miR-3064-5p in
EASCs was detected using gPCR. (B) The representative image of oil red O staining in Ctrl inhibitor group. (C) The representative image of oil red O staining in

miR-3064-5p inhibitor group. (D) Oil red O was extracted and absorbance was determined spectrophotometrically at 450 nm to quantify adipogenic differentiation. (E)
The protein expression level of Nnat in groups of Ctrl inhibitor and miR-3064-5p inhibitor. (F) Semi quantitative analysis of western blotting in (E). Data are presented
as the means =+ standard error of the mean for six independent experiments. P < 0.05 vs. Ctrl inhibitor.

EASCs and cultured them in vitro, and found that there
was no significant difference in the adipogenic differentiation
ability of EASCs between CAHD and non-CAHD patients.
Thus, we speculated that the abnormal microenvironment of
EAT in CAHD patients resulting from various triggers (such
as inflammation and insulin resistance) inhibited the normal
differentiation of EASCs into mature adipocytes. As a result, the
normal metabolism of EAT would be disturbed, leading to the
dysfunction of EAT, and its autocrine and paracrine cytokines
would further deteriorate the EAT microenvironment, forming
a vicious circle, and aggravating the formation and progress of
AS through the fat-vascular axis. However, there is a fact that
CAHD patients have a thicker EAT than non-CAHD patients.
One possibility is that when EASCs are induced to differentiate
into adipocytes, the differentiation of EASCs into other cell
types can be inhibited to a certain extent, and these cell types
may be the key to CAHD. This is worth exploring in the
further experiments.

Exosomes are a type of extracellular vesicle produced by
cellular exocytosis, with a diameter of 30-100nm, and are
composed of lipid bilayers. These vesicles contain a wide range of
degradable molecules such as proteins, lipids, and RNA, among
others, which can be directly be endocytosed by target cells
affecting their biological behavior (9). MicroRNA (miRNA) is
the most abundant component among the contents of exosomes.
MiRNA is a type of short non-coding RNA, which regulates
the transcription and synthesis of proteins by interfering with
mRNA transcription and translation. In adipocytes, miRNA can
act on multiple targets, affecting adipocyte differentiation and
metabolic homeostasis (10, 11). In EAT, miRNA may be involved
in the regulation of inflammatory responses and can affect the
occurrence and development of coronary artery disease (12). In
this study, we cultured EAT blocks in vitro and isolated EAT-
derived exosomes from the culture medium. We found that the
adipogenic differentiation ability of EASCs after intervention
with EAT-derived exosomes obtained from CAHD patients
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mimics or miR-3064 mimics plasmid into mature adipocytes. After 24 h, firefly luciferase activity in each sample was measured and normalized to control luciferase
activity. (B) The mRNA transcription level of Nnat after intervention of miR-3064-5p mimics. (C) The protein expression level of Nnat after intervention of miR-3064-5p
mimics. (D) Semi quantitative analysis of western blotting in (C). Data are presented as the means + standard error of the mean for six independent experiments.
"P < 0.05 vs. Ctrl mimics.

was significantly attenuated compared with that of EASCs
after intervention EAT-derived exosomes from non-CAHD
patients. Thus, we hypothesized that EAT-derived exosomes
were involved in the regulation of adipogenic differentiation of
EASCs. When a pathological microenvironment is formed in
EAT, the composition and quantity of miRNAs carried by the
exosomes produced by EAT changes accordingly. After being
endocytosed by EASCs, the miRNAs in exosomes interfere with
the expression levels of key proteins, which ultimately leads to
abnormal adipogenic differentiation of EASCs.

To further explore which miRNAs play a major regulatory
role, miRNA sequencing was performed to analyze the

differential expression of miRNAs in EAT-derived exosomes. At
present, there are relatively few research reports on miR-3064-
5p, and the studies mainly focus on tumor-related fields. In
our study, we noticed that miR-3064-5p was significantly up-
regulated in EAT-derived exosomes from CAHD patients, and its
inhibitor could obviously improve the inhibitory effect of CAHD-
derived exosomes on the adipogenic differentiation of EASCs
(13, 14). Further analysis showed that Nnat is the target gene of
miR-3064-5p in EASCs. Exosomes modified with the miR-3064-
5p inhibitor showed significant up-regulation in the expression
of Nnat protein in induced EASCs. The abovementioned
preliminary experimental results suggest that miR-3064-5p
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FIGURE 8 | The protein expression level of Nnat in EASCs and EAT. (A) Immunofluorescence staining of Nnat in EASCs climbing slices. (B) Immunofluorescence

staining of Nnat in EAT of non-CAHD patients. (C) Immunofluorescence staining of Nnat in EAT of CAHD patients. (D) Relative fluorescence density analysis of Nnat in
EAT of CAHD and non-CAHD patients. (E) The representative western blotting bands of Nnat in EAT of CAHD and non-CAHD patients. (F) Semi quantitative analysis
of western blotting in (E). non-AS: the EAT of non-CAHD patients. AS: the EAT of CAHD patients. Data are presented as the means + standard error of the mean for
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in EAT-derived exosomes participates in the regulation of
adipogenic differentiation of EASCs by targeting Nnat.

Nnat is a gene related to neurodevelopment, and is involved
in pathophysiological processes such as neurodevelopment and
metabolism (15). Nnat mainly expresses in adult cerebral cortex,
endocrine tissue, placenta, and adipose tissue, and its abnormal
expression is associated with diabetes, obesity, and Lafora disease,
which may be caused by an Nnat-mediated abnormality in Ca
signaling abnormality, inflammation response, glucose exchange,
or Nnat misfolding (16, 17). Yang et al. previously reported
that the knockdown of Nnat expression reversed the effects of
adiponectin on promoting the differentiation of 3T3-L1 cells into
mature adipocytes, and inhibiting the release of inflammatory
factors and oxidative stress through NF-kB signaling pathway
(7). Inflammation and oxidative stress affect adipose metabolism
and participate in the incidence and development of various
diseases, such as AS, obesity, hypertension, and diabetes (18-
21). Analysis of clinical EAT samples in this study showed
that the expression of Nnat protein in EAT of CAHD patients
was significantly down-regulated compared that in EAT of
non-CAHD patients. Interestingly, in isolated EASCs, Nnat
protein was almost not expressed and was in a silent state.

We speculated that the silent state of Nnat may be the key
for EASCs to maintain the characteristics of stem cells without
adipogenic differentiation. Nnat activates when EASCs receive
an adipogenic signal in the microenvironment, thus promoting
the adipogenic differentiation of EASCs. However, the exosomes
produced in the metabolically disordered EAT show miR-3064-
5p over-expression, which can inhibit the protein transcriptional
expression of Nnat after acting on EASCs, in turn resulting
in the inability of EASCs to normally differentiate into mature
adipocytes even after receiving adipogenic differentiation signals.
Nevertheless, this is only a reasonable speculation, and further
experimental research is still needed to verify this.

CONCLUSION

In conclusion, this study found that CAHD patients contained
higher levels of EASCs in EAT, and no difference in the
adipogenic differentiation ability of EASCs in vitro was reported
regardless of whether the EASCs were CAHD or non-CAHD
derived. This suggested that the microenvironment of EAT
was affecting the normal adipogenic differentiation of EASCs.
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We isolated exosomes from EAT, and confirmed that EAT-
derived exosomes from CAHD patients inhibited the adipogenic
differentiation of EASCs. We further reported that miR-3064-5p
may be the key miRNA for EAT-derived exosomes to regulate
the adipogenic differentiation of EASCs, which may play a
regulatory role by targeting Nnat. In contrast, Nnat was shown
to have a low expression in EAT of CAHD patients and was not
expressed in EASCs, suggesting that Nnat is a key regulatory
protein for the adipogenic differentiation of EASCs. However,
the exact mechanism of Nnat in the regulation of adipogenesis
of EASC:s still needs to be further explored. In addition, future
studies should also focus on the cell types derived from exosomes
showing a high expression of miR-3064-5p to have a deeper
understanding of the influence of the EAT microenvironment on
the occurrence and development of CAHD.
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