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Abstract

Angiogenesis is the process of growing endothelial capillary cells. Exosomes are extracellular vesicles that are rich in miRNAs.
Studies have shown that exosomes can carry communication between cells and various tissues by delivering miRNAs to their
target organs and cells. It has been repeatedly proven that miRNAs regulate the expression of growth factors and other proteins in
endothelial cells through paracrine signalling and participate in the physiological and pathological processes of angiogenesis. In
the diagnosis and treatment of diseases, exosome-derived microRNAs can play important roles as biomarkers and drug carriers.
In this review, we introduce the characteristics of miRNAs and exosomes and their interactions. Then, we specifically summarize
the exosome-derived miRNAs related to angiogenesis, and we discuss the potential uses of exosome-derived miRNAs for

diagnosing and treating cardiovascular diseases.
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In the early twentieth century, cardiovascular disease (CVD)
became the leading cause of death in developed countries.
Although advances in medicine have greatly reduced the mor-
tality of patients, CVD is still the main cause of morbidity and
mortality worldwide. Therefore, further understanding is
needed to help discover the molecular mechanisms of CVD
pathogenesis and apply them to prevention and treatment.
Angiogenesis is closely related to many CVDs. Regarding
ischaemic cardio-cerebrovascular diseases, such as myocardi-
al infarction (MI) and cerebral infarction, angiogenesis is a
necessary step in vascular remodelling, and the treatment of
angiogenesis through exogenous routes brings new hope for
ischaemic disease. Vascular endothelial cells (VECs) are
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important vascular barriers, and new blood vessels are formed
through a highly coordinated blood vessel germination pro-
cess [1]. Therefore, it is important to understand endothelial
cell biology, the angiogenesis process and the molecular
mechanisms involved.

microRNAs (miRNAs) are single-stranded noncoding
RNAs composed of approximately 22 nucleotides and regulate
protein expression at the transcriptional level. For example,
miRNAs can regulate the expression of angiogenesis-related
factors, regulate endothelial cell proliferation, migration and
tube formation, ultimately affecting angiogenesis, and play an
important role in the occurrence of tumours and CVDs [2].

Exosomes are small vesicles secreted into the extracellular
environment after fusion of multiple vesicles and the cell
membrane, with a lipid bilayer membrane structure of 40—
100 nm in diameter [3]. Exosomes carry internal bioactive
substances such as endogenous proteins, lipids and RNA by
internalizing target cells, interacting with receptors and li-
gands or fusing with lipid membranes and are important me-
diators for intercellular communication [4]. It was discovered
in 2007 that miRNA and mRNA were carried in exosomes [5,
6]. Later, it was reported that exosomes are enriched with a
large number of miRNAs, which are contained in exosomes
and regulate protein expression in recipient cells through para-
crine methods, thereby affecting distant angiogenesis [7].
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Therefore, it is very important to study the mechanism and
significance of exosome-derived miRNAs for angiogenesis.
In this review, we describe the formation mechanism of blood
vessels, exosomes and miRNAs, as well as factors that pro-
mote and prevent angiogenesis. We also emphasize the roles
of exosomes and miRNAs in angiogenesis, the regulatory
effect of VECs and clinical applications.

Biogenesis and Characteristics of miRNAs
and Exosomes

miRNAs

MiRNA is initially transcribed by RNA polymerase II into
a hairpin precursor pri-miRNA, which is then processed
by the Drosha complex into a stem-loop pre-RNA of ap-
proximately 70 nucleotides; then, the pre-RNA is trans-
ferred from the nucleus to the cytoplasm where it fully
matures. The pre-RNA binds to the AGO protein, sup-
ports the Dicer enzyme and cleaves it into a double-
stranded miRNA of 19-24 nucleotides. After the double-
strand unwinds, one strand degrades, and one binds to the
miRNA-induced silencing complex (miRISC). Generally,
a mature miRNA binds to the 3’ end of the target mRNA,
which leads to mRNA degradation or incomplete comple-
mentary pairing, blocking gene translation and regulating
target protein expression (Fig. 1) [8-10].

Exosomes

Exosomes were first discovered in sheep reticulocytes [11]
and were initially considered to be cell waste; however, their
function was underestimated. With the development of med-
ical technology, exosomes have been found to be involved in
the pathological treatment of various diseases as an important
medium for intercellular communication. Earlier, there were
various nomenclatures: extracellular bodies, exfoliated vesi-
cles, microparticles, microvesicles (MVs), etc. Exosomes ex-
ist in a variety of cells and body fluids, including neurons,
platelets, stem cells, tumour cells, urine, saliva and ascites
[12]. Exosomes are also separated by many laboratory
methods, such as ultracentrifugation, ultrafiltration and affin-
ity purification [13].

The formation of exosomes can be roughly divided into
early endosomes, late endosomes and secretions. The bud-
ding process inside of the cell membrane leads to the
formation of early endosomes by vesicular endocytosis
in the lipid bilayer membrane. Early endosomes have
two routes: (1) recycling back to the plasma membrane
and (2) the endosomal membrane germinates inward,
forming late endosomes or multivesicular bodies
(MVBs) [14-16]. There are many intraluminal vesicles

(ILVs) in MVBs, which are formed by vesicles germinat-
ing and breaking inward from the limiting membrane into
the internal body cavity. Studies have shown that ALG-2-
interacting protein x (Alix) and syndecans contribute to
endosomal membrane germination. The endosomal
sorting complex required for transport (ESCRT) partici-
pates in the budding of the ILV membrane, forms a strong
recognition domain and has a high affinity for the
endosomal ubiquitinated substrate, leading to membrane
germination. ESCRT is a protein family divided into
ESCRT, -I, -1I, -III and other members. Through
ESCRT-dependent or non-dependent mechanisms, it par-
ticipates in the selective sorting of proteins and isolates
the inner body boundary membrane [17-19]. After the
formation of MVBs, there are two kinds of destinations.
One is fusion with lysosomes for degradation, and the
other is fusion with the plasma membrane and exocytosis
to secrete ILVs, which are secreted into the extracellular
matrix and are called exosomes. The study found that the
secretion of MVBs depends on KIBRA. KIBRA is a
linker-like protein that stabilizes Rab27a, inhibits
Rab27a protease degradation and controls exosome secre-
tion. Knocking down Rab27a inhibits exosome secretion
(Fig. 2) [20].

miRNAs and Exosomes

Many studies have found that exosomes contain a large num-
ber of miRNAs, but the mechanism by which miRNAs enter
exosomes is rarely reported. In 2013, Carolina et al. [21] re-
ported that miRNAs contain short sequence motifs that con-
trol their order in exosomes, guiding miRNA loading into
exosomes, and their targeted mutations can regulate the
miRNA cargo in vesicles. The protein heterogeneous nuclear
ribonucleoprotein A2B1 (hnRNPA2B1) recognizes these mo-
tifs, specifically binds exosome miRNAs through
hnRNPA2B1 sumoylation and controls their loading into
exosomes.

Angiogenic Exosome-Derived miRNAs in CVD

MiRNAs can regulate the expression of proteins related to
angiogenesis, target VEGF, eNOS, SCF, etc., and control mi-
tochondrial function. In recent years, many articles have re-
ported that many exosome-derived miRNAs show obvious
expression changes during vascular injury and disease, and
the expression characteristics are related to ischaemia, tumour
angiogenesis, AS, proliferative vascular thickening and ob-
struction [22]. Exosome sources are divided into types of stem
cells, such as cardiac progenitor cells (CPCs), EPCs, MSCs
and other cells [23-25]. In basic research, some miRNAs can
inhibit the development of new blood vessels, i.e. they have
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Fig. T The miRNA genes in the
nucleus are transcribed to form
hairpin pri-miRNAs, which are
processed into stem-loop pre-
miRNAs by the Drosha complex.
Pre-miRNAs are transferred to the
cytoplasm and cleaved into ma-
ture double-stranded miRNAs by
the AGO protein and Dicer en-
zyme; then, the miRNAs are de-
natured, one strand is degraded
and the other is combined with
RISC to regulate the target gene

Cytoplasm

anti-angiogenic effects, as in the case of anti-miR92a treat-
ment [26]. Some miRNAs have anti-apoptotic effects and
promote angiogenesis, as in the case of miR-210 [27]. In clin-
ical studies, if miRNAs inhibit angiogenesis, anti-miR treat-
ment can improve angiogenesis and arterial formation and
reduce the area of local MI. In contrast, the injection of
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miRNAs that promote angiogenesis can promote blood vessel
formation and repair after ischaemia. Therefore, exosome-
derived miRNAs can also be divided into those that promote
and those that inhibit angiogenesis. Below, we introduce spe-
cific miRNAs by research type and effect classification
(Table 1; Fig. 3).
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Fig. 2 The cell membranes of donor cells bud into endocytic vesicles,
forming early endosomes. Some recycle and return to the plasma
membrane, and some form late endosomes or MVBs. There are many
ILVs in MVBs. Cofactors such as ESCRT and Alix contribute to the
formation of ILVs. The miRNA formed by the nucleus enters an MVB
through hnRNPA2BI1. Some MVBs are degraded by lysosomes and
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some are fused with the plasma membrane, exocytose ILV and secrete
exosomes. Rab27a in the cell membrane controls the secretion of MVBs.
Exosomes are endocytosed into the interior by receptor cells to release
miRNAs and regulate protein expression through various signalling
pathways
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Table 1 Angiogenic exosome-derived miRNAs and their functions in CVD
MiRNA Donor Targets Mechanism Ref.
cell/source
Exosome-derived miRNAs promoting angiogenesis
MiR-126 PBMC PI3K/Akt/eNOS Promotes tube formation of HAECs [28]
EPC Promotes EPC migration, inhibits apoptosis rate and ROS production, and increases [29]
VEGFR?2 expression
PLT Promotes PLT proliferation and mobility [30]
MSC Promotes EC proliferation, migration and tube formation, inhibits apoptosis, reduces [31]
caspase-3 cleavage expression, and promotes angiogenesis
MiR-21-5P  MSC PTEN/PDCD4 Improves apoptosis and reduce IRI of lung tissue in mice [32]
EPC THBSI1 Promotes the proliferation, migration and tube formation of HUVECs [33]
MiR-210 EPC Mitochondria Improves vascular dysfunction, increases tube formation and migration, and improves [34]
H/R-induced mitochondrial breakage
MiR-132 MSC RASA1 Promotes HUVECs tube formation [35]
MiR-322 CPC CUL2 Promotes the migration and tube formation of HUVECs, and increases the expression of  [36]
HIF-1 and NOX2
MiR-130a BMSC PTEN/AKT Promotes the proliferation, migration and tube formation of HUVECs and increases the [37]
expression of vascular growth factor
MiR-143 and CM Unknown Promotes EC proliferation, survival rate and capillary, germination [38]
MiR-222
MiR-214 HMEC ATM Promotes HMEC’s mobility, tube formation and germination [39]
MiR-19a-3p HUVEC  TSP-1 Promotes EC proliferation and tube formation, increases VEGFR2 expression [40]
MiR-125a adMSC DLL4 Promotes HUVECsS tube formation, regulates blood vessel regeneration [41]
MiR-199-3p  ADSC Sema3A Promotes EC proliferation and migration [42]
MiR-21 ADSC PTEN/AKT/ERK1/2 Increases tube formation and network structure of HUVECs and increased expression of ~ [43]
vascular growth factor
MiR-150 THP-1 cell c-Myb Promotes HMEC migration [44]
MiR-30b MSC Unknown Promotes HUVECs tube formation and globular germination [45]
Let-7b-5p PF TGFBR1 Promotes the proliferation of HUVECs, promotes the formation of surface capillary-like cell [46]

networks, and inhibits EC apoptosis

Exosome-derived miRNAs inhibiting angiogenesis

MiR-320 MCEC Hsp20 Inhibits EC proliferation, migration and tube formation, reduces the number of blood vessels [47]
MiR-939 Serum iNOS Inhibits EC proliferation and tube formation [48]
MiR-106b-5p hCPFs Angp2 Inhibits HUVECSs migration and tube formation [49]
MiR-155 HASMC  Unknown Inhibits EC proliferation, migration, and tube formation [50]

Exosome-Derived microRNAs in Basic Research:
Exosome-Derived miRNAs That Promote
Angiogenesis

MiR-126

In the past, many studies have reported that miR-126 is the
miRNA with the highest content in ECs and regulates angio-
genesis and endothelial cell integrity by activating the
PI3K/Akt/eNOS signalling pathway [51]. In recent years,
the number of studies on cardiovascular exosomes has in-
creased, and there are many reports of miR-126 carried by
exosomes in angiogenesis.

In 2013, Sun et al. [28, 52] found that the peripheral blood
mononuclear cell (PBMC) subgroup CD34* had the strongest
angiogenic effect, and miR-126 was the most differentially
expressed in CD34". MiR-126 is secreted by PMBCs in the

form of microvesicles/exosomes, is taken up by ECs and stim-
ulates angiogenesis. High glucose treatment or diabetes leads to
loss of miR-126 expression. In vitro high-glucose treatment of
human aortic endothelial cells (HAECs) downregulated miR-
126 expression and reduced tube formation. Transfection of the
miR-mimic-126 gene can promote angiogenesis. In 2016, Wu
et al. [29] cocultured EPCs from healthy patients with EPCs
from diabetic patients and found that under high-glucose con-
ditions, miR-126 and VEGFR2 expression were downregulat-
ed, EPC migration decreased, and the apoptosis rate and reac-
tive oxygen species (ROS) production increased. However,
EPCMIR-mimic-126 N1y can ameliorate adverse effects, reduce
vascular oxidative stress and improve EPC function and sur-
vival. Both of the above studies have led to therapeutic targets
for diabetic vascular complications.

Angiogenic exosome-derived miR-126 is derived from a
variety of cells, in addition to PBMCs and EPCs, platelets and
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Fig. 3 Exosome-derived miRNA experiments related to angiogenesis.
(1) In vitro experiment: exosomes isolated from stem cells were
cocultured with ECs, and miRNA was transfected into ECs. (2) In vivo
experiment: exosome-derived miRNAs were injected into the body of an
ischaemic mouse model. The miRNAs of the two experiments inhibited
related gene expression, which manifested as an increase or inhibition of
blood vessel proliferation, migration, tube formation and the improve-
ment or aggravation of cardiac ischaemia, ultimately promoting or
inhibiting blood vessel regeneration, respectively

MSCs. In 2018, researchers cocultured PLT-EXOs with hu-
man umbilical vein endothelial cells (HUVECS) in patients
with acute coronary syndrome (ACS). The levels of miR-
126 and angiogenic factors in HUVECs activated by PLT-
EXOs were increased. The scratch test and proliferation test
proved that the proliferation and migration rate of HUVECs
are increased [30]. In 2019, Pan et al. [31] isolated miR-126-
enriched exosomes from MSCs and incubated them with
hypoxia/reoxygenation (H/R)-injured EC. PCR and Western
blot (WB) detection revealed that miR-126 and pro-
angiogenic factor expression were upregulated. Transfection
of overexpressed or silenced miR-126 into MSCs increased
the vitality, migration and tube formation of ECs cocultured
with MSC-EXQs MiR-mimic-126 - while those cocultured with
MSC-EXOs ™Rs126 had the opposite effect, and apoptosis
increased. Afterwards, researchers also confirmed that miR-
126 reduces the expression of caspase-3 cleavage and
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activates angiogenesis by activating the PI3K/Akt/eNOS sig-
nalling pathway.

Various studies have shown that miR-126 may be an im-
portant target for pro-angiogenesis or anti-angiogenesis ther-
apy and play an important role in diagnosis and treatment in
the future.

MiR-21-5P

MiR-21-5P is a widely studied miRNA with cancer-
promoting and anti-apoptotic effects. Li et al. [32] found that
the increase or decrease in miR-21-5P expression in MSC-
EXOs can increase or decrease inflammation in an employed
murine lung ischaemia/reperfusion (I/R) model, and in an
in vitro hypoxia/reoxygenation (H/R) model, treatment with
MSC-EXOs or a miR-21-5P mimic can significantly improve
apoptosis and reduce I/R injury (IRI) in mouse lung tissue.
MSC-EXOs and miR-21-5P reduce oxidative stress-induced
apoptosis by targeting PTEN and PDCD4.

In the same year, Hu et al. [33] cocultured exosomes iso-
lated from EPCs with human microvascular endothelial cells
(HUMECsS). CCK8, wound healing experiments and tube for-
mation assays demonstrated that HUVECs have increased
proliferation, migration and tube formation capabilities.
RNA sequencing and PCR analysis confirmed that miR-21-
Sp is the most abundant miRNA in EPC-EXOs. Through data
analysis, the miR-21-5p/THBS1 pathway was screened to
play an independent role in EPC-EXO-mediated VECs.
Knocking down THBS1 promotes the migration and tube for-
mation of HUVECs. The mRNA and protein levels of THBS1
were reduced, and the inhibition of miR-21-5p could rescue
THBS1 expression and counteract the increased effects of
EPC-EXOs on proliferation, migration, tube formation and
wound healing. In vitro experiments confirmed that the
EPC-eXO/miR-21-5p/THBS1 pathway can regulate
angiogenesis.

MiR-210

There are many reports in the literature that miR-210 can
reduce EC apoptosis and angiogenesis disorders, and its over-
expression can increase blood vessel density and angiogenesis
[53]. Evidence suggests that miR-210 promotes cell survival
by reducing H/R-induced mitochondrial ROS overproduction
[54]. Later, Ma et al. [34] found that exosomes isolated from
EPCs contained miR-210. Incubation of EPC-EXOs™R!
with H/RI EC found that EPC-EXOs™R210 effectively
inhibited H/R-induced EC apoptosis and ROS overproduc-
tion, improved vascular dysfunction, increased tube formation
and mobility H/R-induced mitochondrial breakage. Therefore,
EPC-EXOs can protect ECs from H/R damage, and miR-210
can improve mitochondrial function to enhance angiogenesis
function.
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MiR-132

Multiple lines of evidence indicate that miR-132 regulates
many processes in ECs [55]. Ma et al. [35] cocultured
exosomes isolated from MSCs with HUVECs. PCR detection
showed that miR-132 was increased in HUVECS, indicating
that exo-miR-132 can be effectively taken up by HUVECs.
Increased tube formation and mesh number of HUVECs treat-
ed with miR-132 and the effect of miR-132 inhibitors were
reversed, indicating that miR-132 can promote angiogenesis
in vitro. Dual-luciferase reporter assays showed that the target
of miR-132 was RASAI, and its expression was reduced in
HUVEC:s. This result indicated that miR-132 electroexosomes
can promote angiogenesis.

MiR-322

Seock-Won et al. [36] transfected miR-322 into CPC-eXOs
in vitro and incubated them with HUVECs. The modified
Boyden chamber and Matrigel experiments proved that
CPC-ex0-322 can significantly promote EC migration and
tube formation. It was previously reported that the target of
miR-322 is CUL2, and HIF-1 mediates miR-322 expression
[56, 57]. The test found that CUL2 expression in HUVECs
decreased, HIF-1x expression increased, NOX2 was upregu-
lated, and the ROS production increased. The miR-322/
CUL2/HIF-1x axis enhances EC angiogenesis. This experi-
ment suggests that miRNA bioengineering of CPCexo carry-
ing angiogenesis-related factors may be a therapeutic method
to promote vascularization and regeneration of ischaemic
diseases.

MiR-130a

It has been widely reported that the chemical signals of bio-
materials can not only promote the osteogenic differentiation
of bone marrow stromal cells (BMSCs) but also enhance the
pro-angio-genic capacity of ECs. Researchers with the appro-
priate concentration of Li-incorporated bioactive glass ceram-
ic (Li-BGC) extract can significantly promote the prolifera-
tion, migration and tube formation of HUVECs and increase
the expression of vascular growth factor (VEGF/ANG1/KDR/
HIF-«). The exosomes released by BMSCs were isolated and
treated with Li-BGC extracts. The proliferation, migration and
tube formation of HUVECsS treated with Li-BGC-exos in-
creased, and the pro-angiogenic factors also increased. After
PCR and WB detection, it was found that the expression of
miR-130a in Li-BGC-exos increased, the miR-130a in
HUVEC:s after treatment increased, the expression of PTEN
endogenous protein decreased, and AKT phosphorylation in-
creased [37]. MiR-130a has been reported before and can
regulate endothelial cell angiogenesis [58]. Knocking out

miR-130a can attenuate Li-BGC-exos-mediated angiogene-
sis, increase PTEN protein and reduce angiogenic factors.
This experiment proves that the exosome-derived miR-
130a/PTEN/AKT axis released by BMSCs may be involved
in Li-BGC-mediated angiogenesis, and it also makes it possi-
ble for biomaterials to be better used in medical treatment.

MiR-143 and MiR-222

Many studies have shown that cardiomyocytes (CMs) can
release exosomes to affect the heart and various tissues of
the body [59]. Studies have found that exosomes released by
ischaemic CMs (EXO™™) can promote EC proliferation, the
survival rate and capillary and germination formation during
oxidative stress. Enrichment analysis and PCR screened the
two miRNAs with the highest content in exosomes: miR-143
and miR-222. Mouse cardiac endothelial cells (MCECs) were
cultured in vitro, and miR-143 increased EC proliferation and
migration and promoted capillary-like structure formation and
cell germination, while miR-222 had no such changes.
Similarly. in HUVECs, miR-222 promotes capillary-like for-
mation and germination, but miR-143 has no such changes.
This experiment is the first to show that exosomes released by
ischaemic CMs promote angiogenesis [38].

MiR-214

Bas W. et al. [39] isolated exosomes from human microvas-
cular endothelial cells (HMECS) and incubated them with ECs
and found that EC migration, tube formation and germination
were all increased. PCR detection showed that the miR-124
content of HMEC exosomes is very large, which inhibits the
expression of miR-124. EC migration, tube formation and
germination will be reduced, indicating that exosome-
mediated EC migration and angiogenesis stimulation in vitro
depend on the expression of miR-124 in exosomes. The lucif-
erase reporter assay confirmed that ATM was a target gene of
miR-124, inhibited exosome-derived miR-124, and increased
ATM expression, cell cycle arrest and senescence.

MiR-19a-3p

Can et al. [40] stimulated the release of exosomes in HUVECs
through shock wave therapy (SWT) stimulation. When SWT-
treated HUVECs were cocultured with ECs, EC proliferation
and tube formation increased. Through RNA sequencing, it
was found that miR-19a3p was the most enriched in
exosomes, and it was previously confirmed that miR-19a
has a pro-angiogenic effect in breast cancer [60]. The experi-
ment also proved that SWT-treated exosome miR-19a3p can
increase the proliferation and tube formation ability of
HUVEC:s cocultured in vitro. The test found that in cocultured
HUVECs, TSP-1 mRNA and protein were reduced, and
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VEGFR?2 expression increased. The experiment shows that
exosome-derived miR-19a3p can promote angiogenesis.
Stimulating the release of exosomes through physical methods
also provides new methods for future exosome treatment.

MiR-125a

Liang et al. [41] treated adipose-derived MSCs (adMSC-
Exos) with HUVECs and found that this treatment promoted
the formation of HUVECs. Microarray analysis and qPCR
detection showed that miR-125 was enriched in adMSC-
Exos, and fluorescent substance detection proved that
exosomes released miR-125 into HUVECs. Overexpression
of miR-125 increases tube formation in HUVECsS, increases
the expression of Angl and Kdr and reduces the anti-
angiogenic genes TSP-1 and Vashl. Silencing miR-125 has
the opposite effect. miR-125 mediates adMSC-Exo angiogen-
ic activity. Afterwards, a luciferase reporter assay showed that
DLL4 was the direct target gene of miR-125. HUVECs were
treated with adMSC-Exos. WB showed that DLL4 protein
expression was reduced and EC proliferation was increased,
while flow cytometry showed that the proportion of CD34*
endothelial tip cells increased, which proved that adMSC-
Exos and miR-125 inhibit DLL4 expression, promote endo-
thelial cell formation, and regulate angiogenesis.

MiR-199-3p

Adipose-derived stem cells (ADSCs) are a class of
multipotent cells. It has been reported that ADSCs can allevi-
ate ischaemic injury by secreting paracrine factors and
exosomes [61]. Researchers co-cultivated ADSC-EXOs with
ECs, and by CCK8 and migration assays, EC proliferation and
the migration capacity increased significantly. WB results
showed that miR-199-3p was highly expressed in exosomes.
Overexpression and silencing of miR-199-3p and incubation
with ECs increased the expression of miR-199-3p in ECs of
the EXO'”’™™M group, and increased EC proliferation and
migration. The EXO'?7™Mr oroun had the opposite effect.
Bioinformatics analysis and luciferase reporter assays showed
that Sema3 A was the target of miR-199-3p. In ADSC-EXOs
and EXQ'?7mhibitor gema3A expression was reduced, while
overexpression of Sema3A inhibited the stimulation of EC
proliferation and migration by the EXO'?9™™ic [42].
Therefore, the ADSC-EXO-miR-199-3p/Sema3A axis may
be a pathway to promote angiogenesis, and ADSCs are ex-
pected to become a treatment tool for CVDs.

MiR-21
An et al. [43] isolated exosomes from ADSCs and cocultured

them with HUVECs. The detection found that the level of
miR-21 in HUVECsS increased, the expression of HIF-1c,
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VEGF, and SDF-1 increased, and EC tube formation and the
network structure increased, indicating that highly expressed
ADSC-derived exosome miR-21 can promote HUVEC vas-
cularization. Recent evidence also suggests that miR-21 plays
a role in tumour angiogenesis [62, 63]. Through WB detec-
tion, it was found that the content of the tumour suppressor
gene PTEN in HUVECs decreased, and the expression of the
oncogenes AKT and ERK1/2 was upregulated. Studies have
shown that miR-21 can be used as a biomarker for tumours
and cardiovascular circulation.

MiR-150

Zhang et al. [44] found that exosomes isolated from the plas-
ma of AS patients and those from the purchased human
monocyte/macrophage cell line THP-1 have increased
miRNA levels, and miR-150 is increased in its exosomes.
FITC-labelled miR-150 was transfected into THP-1 cells,
and THP-1 cells were incubated with HMECs. Flow cytome-
try showed that miR-150 was taken up and retained in
HMEGCs, proving that miRNA was transported to the target
through exosome cells. THP-1-treated HMECs increased their
migration ability. After exogenously adding miR-150, its mi-
gration ability increased significantly, and WB showed that c-
Myb expression decreased. C-Myb is a transcription factor
related to cell proliferation, apoptosis, and tumorigenesis
[64]. A luciferase reporter assay showed that knocking down
miR-150 and c-Myb activity was normal. In addition, in-
creased levels of miR-150 in plasma exosomes of AS patients
reduced c-Myb expression and enhanced cell migration, sug-
gesting that an increase in secreted miR-150 may play a role in
regulating endothelial cell function and angiogenesis.

MiR-30b

Gong et al. [45] cultured miR-30b with HUVECs using MSC-
derived conditioned medium (CAM™MS®), and EC tube formation
and globular germination increased, while PCR showed that
miR-424, miR-30b, miR-30c and let-7f decreased in CdM and
increased in HUVECs, proving that miRs secreted by MSCs
were transferred into HUVECs. If the release of exosomes was
inhibited, then the miR content in both CdM and HUVECs
decreased, indicating that the exosomes released by MSCs me-
diate miR transport. The researchers chose the highest content of
miR-30b in exosomes and then overexpressed and knocked
down miR-30b, causing HUVEC tube formation to increase
and decrease, respectively, thereby proving that exosome-
derived miR-30b promotes angiogenesis.

Let-7b-5p

Cristina et al. [46] performed nanoparticle tracking analyses
(NTA) from the pericardial fluid (PF), which showed
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enrichment of exosomes in human PF and plasma, and micro-
array analysis of Chinese PCR showed that miRNAs were
enriched in exosomes. Exosomes contain Dicer and AGO-2,
which also confirms that miRNAs are present in exosomes.
PF-derived exosomes were cocultured with HUVECs. Under
hypoxic conditions, compared with those in the PBS control
group, the exosomes in the treatment group promoted EC
proliferation, promoted the formation of surface capillary-
like cell networks and inhibited EC apoptosis. PCR found that
let-7b-5p was highly expressed in PF-derived exosomes.
Overexpressed and silenced let-7b-5p transcripts were
transfected into ECs, and it was found that the simulated group
promoted EC proliferation and capillary-like formation and
reduced TGFBR1 expression, while the inhibited group had
the opposite effect. Experiments have shown that PF-derived
exosomes can enter ECs through let-7b-5p and mediate
angiogenesis.

Exosome-Derived miRNAs That Inhibit Angiogenesis
MiR-320

It has been reported previously that miR-320 can inhibit an-
giogenesis [65]. W Wang et al. [47] cocultured MCECs with
myocytes from Goto-Kakizaki (GK) rats and established
MCECs and myocytes from Wistar (WT) rats as a control
group. The MTS method detected that GK rat myocytes
inhibited EC proliferation and reduced the number of blood
vessels, while WT rat myocytes promoted responder cell (RC)
proliferation. ECs were cocultured with exosomes of GK and
WT rats, and MTS experiments, scratch experiments and tube
formation experiments were successively performed. The ex-
periment showed that GK-exo proliferation, migration and
tube fulcrum number were all reduced, and the effect of
WT-exo was the opposite. The PCR results showed that
miR-320 in GK CMs was higher than that in WT CMs. A
luciferase reporter assay showed that GK-exo can strongly
inhibit Hsp20 gene activity and the protein levels in
MCECs, while WT-exo has the opposite effect. WB detection
found that GK-exo can reduce the protein levels of the pro-
angiogenic factors IGF-1 and Ets2 in MCECs, indicating that
the Hsp20 gene is a target gene of miR-320 and that miR-320
can inhibit angiogenic factors. After overexpression of miR-
320, the researchers found that the proliferation, migration and
tube formation of ECs were inhibited, and the protein levels of
Hsp20, IGF-1 and Ets2 were also reduced, indicating that
miR-320 can inhibit angiogenesis.

Taken together, miR-320 relies on GK-exo from CMs and
ECs. The increased level of miR-320 in diabetic CMs leads to
an increase in the level of miR-320 in ECs under high glucose
conditions, which leads to the sparseness of diabetic heart
microvascularization. This study opens up a new way to treat
abnormal angiogenesis caused by diabetes.

MiR-939

The researchers purified the serum of MI patients by ultracen-
trifugation to obtain exosomes and incubated the exosomes
with HUVECs in vitro to internalize them. The ischaemic
exosome group had a more significant increase in EC prolif-
eration, migration and tube formation than the normal group,
indicating that exosomes derived from coronary serum are
regulators of angiogenesis. A model of hindlimb ischaemia
in mice was established. Exosomes were injected intramuscu-
larly after the operation. There was no significant difference in
blood flow irrigation in the normal group, and scar formation
occurred. The density of blood vessels increased significantly,
which promoted ischaemic repair of damage. Microarray anal-
ysis showed that miR-939-5p was downregulated in ischemic
exosomes (isc-exos). A luciferase reporter assay confirmed
that iNOS is a target of miR-939-5p. Transfection of
overexpressed and inhibited miR-939-5p into HUVECs
showed that EC proliferation and tube formation in the simu-
lated group were significantly inhibited, and the mRNA and
protein levels of iNOS decreased. The effect of the inhibition
group was reversed. Previous studies have also confirmed that
miR-939 can destroy blood vessel integrity and inhibit blood
vessel regeneration [66]. After incubation of isc-exos with
HUVECs, the effect was the same as that of the inhibition
group, indicating that inhibition of miR-939-5p can promote
blood vessel regeneration, and the lower miR-939-5p level in
isc-exos can release miR-939-5p to a large extent. The Sp/
iNOS signalling pathway promotes blood vessel regeneration
[48].

MiR-106b-5p

Li et al. [49] coincubated exosomes isolated from human
cholesteatoma perimatrix fibroblasts (hCPFs) with
HUVECs. The presence of hCPFs-exo promoted the forma-
tion of HUVECs and increased the expression of pro-
angiogenic genes (Angp2, Flk1, HIF-«, etc.). Microarray
analysis and PCR showed that miR-106b-5p was significantly
downregulated in hCPFs-exo. miR-106b-5p mimics and in-
hibitors were transfected into cultured HUVECs. Transwell
migration assays showed that the inhibition group had higher
migration and tube formation forces than the simulated group,
indicating that hCPFs-exo regulate angiogenesis through
miR-106b-5p. The TargetScan program screened the down-
stream target of miR-106b-5p as Angp2. A luciferase reporter
assay confirmed that miR-106b-5p overexpression can inhibit
Angp2 gene activity. Inhibition of Angp2 expression reduced
HUVEC migration and tube formation. These results show
that miR-106b-5p can inhibit the expression of Angp2 in
hCPFs-exo and promote angiogenesis by inhibiting miR-
106b-5p expression in hCPFs-exo and increasing Angp2
expression.
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MiR-155

Kriippel-like factor 5 (KLFS5), a zinc-finger-containing tran-
scription factor, mediates the proliferation and migration of
smooth muscle cells and has a central role in CVD [67]. It
was previously reported that miR-155 can promote the occur-
rence and development of AS [68]. In response to the above
findings, Zheng et al. [50] exposed human aortic smooth mus-
cle cells (HASMCs) to oxLDL-induced injury and detected
increased expression of KLF5 and miR-155 in HASMCs. The
vesicles in HASMCs overexpressing KLF5 were isolated, and
microarray analysis found that miR-155 was enriched in ves-
icles. This proves that KLF5 overexpression can upregulate
the expression and secretion of miR-155 in HASMCs. After
co-cultivation of HASMCs and ECs, KLF5 promoted the
transfer of miR-155 in exosomes from SMCs to ECs, and
the proliferation, migration and tube formation of ECs were
reduced. Inhibition of miR-155 can counteract the above ef-
fects. This shows that in SMCs induced by KLF5,
overexpressed miR-155 has an anti-angiogenic effect. Taken
together, anti-miR-155 therapy is expected to be applied to
CVDs, which can effectively prevent AS and restore EC vas-
cular integrity.

Exosome-Derived microRNAs in Clinical Studies:
Exosome-Derived miRNAs That Promote
Angiogenesis

MiR-21-5P

Hu et al. [33] established a balloon-induced rat vascular injury
model. Compared with the control group, the EPC-¢XO treat-
ment group showed significantly reduced neointimal hyper-
plasia, which promoted revascularization after vascular injury.

MiR-132

The researchers injected treated HUVECs into MI mice, and
the Matrigel plug was bright red, which showed the promotion
of tube formation. The capillary density in the infarcted area
increased significantly, except for decreases in the left ventri-
cle ejection fraction (LVEF) and fractional shortening (FS),
indicating that miR-132 electroexosomes can effectively pro-
tect the cardiac function of MI mice [35].

MiR-322

Seock-Won et al. [36] established a mouse model of MI, and
CPCex0-322 was injected into the mouse model. Compared
with the control group, the fibrosis area and the infarct area
were reduced, and the capillary density was significantly in-
creased, indicating that CPCexo0-322 can promote myocardial
angiogenesis in the infarct area.
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MiR-143 and MiR-222

Researchers established a mouse MI model, and EXO™" was
delivered to the hearts of MI mice. It was found that the ejec-
tion fraction increased and the number of blood vessels in the
infarct area increased, indicating that EXO™" can promote the
regeneration of MI blood vessels [38].

MiR-214

Using a migration assay in vivo, the researcher found that in
the plug of anti-miR-124 exosomes, the number of ECs de-
creased, the number of functional blood vessels decreased and
the average blood vessel area decreased, indicating that
exosomes containing miR-124 can inhibit cell cycle arrest to
stimulate blood vessel formation in the body [39].

MiR-19a-3p

Can et al. [40] performed the Matrigel plug experiment. When
exosomes released by SWT-treated HUVECs were injected
into nude mice, the number of small arteries and capillaries
in the emboli increased, fibrosis in the MI area decreased, and
the cardiac ejection fraction in the injection group increased
significantly compared with those in the control group. This
proved that exosomes greatly promote angiogenesis and im-
prove cardiac function after ML

Let-7b-5p

Cristina et al. [46] established a mouse ischaemia model.
When exosomes were injected into the ischaemic area of
mice, let-7b-5p expression increased, and TGFBRI1 expres-
sion decreased. In vivo experiments also proved that PF-
source exosomes can promote angiogenesis and improve
blood stream recovery.

Exosome-Derived miRNAs That Inhibit Angiogenesis
MiR-155

Experiments confirmed that miR-155 derived from SMCs im-
paired EC barrier function by inhibiting TJ protein expression.
The researchers also injected exosomes secreted by KLF5-
transfected HASMCs (miR-155-rich exosomes) into apoE-1-
mice fed a high-fat diet and found that the plaque coverage of
the aortic area was significantly increased and the endotheli-
um was intact and not damaged. The results proved that miR-
155 inhibits the regeneration of blood vessels in the body and
promotes the occurrence and development of AS [50].
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Angiogenic Exosome-Derived miRNAs
in Tumours and Other Organizations

There has always been an inseparable connection between
tumours and CVD because tumour metastasis and growth
are a vascular-dependent process, and tumour growth mainly
depends on the formation of new blood vessels; therefore,
biotherapy of tumours is targeted to inhibit angiogenesis and
has become a research hotspot in recent years. Many studies
have reported that miRNAs in exosomes can regulate tumour
angiogenesis and regulate exosome-derived miRNAs in tu-
mours, which can be used as emerging therapies for tumour
treatment.

In 2013, Nobuyoshi et al. [69] cocultured metastatic breast
cancer cells with HUVECs. The exosomes in cancer cells
were transferred to ECs in paracrine form, promoting EC pro-
liferation, migration and tube formation. Microarray analysis
showed that many miRNAs are enriched in exosomes in can-
cer cells, most notably miR-210. Overexpression of miR-210
in exosomes, EC proliferation, migration and tube formation
were significantly increased, indicating that exosome miR-
210 can enhance angiogenic activity in vitro. This experiment
was the first to link cancer metastasis to exosomal miRNA
in vitro.

Since then, more cancer diseases related to exosome
miRNAs have been reported. In addition to cancer and
CVD, some studies have reported that the regeneration of
blood vessels in other human tissues is also related to
exosome-derived miRNAs (Table 2).

Exosome-Derived miRNAs in the Heart

Although there are few studies on exosomes in angiogenesis,
the heart itself has many reports in the literature. Studies have
shown that exosomes may provide a basic mechanism by
which damaged hearts communicate with other tissues and
organs to initiate the repair process and how stem/progenitor
cells repair and regenerate the heart muscle [92]. Treatment of
heart injury by regulating exosome-derived miRNAs also pro-
vides a new reference for the study of angiogenesis (Table 3).

Although some studies have shown that some exosome-
derived miRNAs can simultaneously promote angiogenesis
in tumours and protect the heart, these effects seem to be
contradictory. However, when tumour cells are present in
the body, exosome-derived miRNAs are generally derived
from tumour cells themselves, and miRNAs act on vascular
endothelial cells to promote angiogenesis. When the heart is
damaged, exosome-derived miRNAs are derived from MSCs
and act on cardiac stem cells or cardiomyocytes to avoid cell
damage [69, 102]. Therefore, when the two diseases exist at
different times, the inhibition of angiogenesis and anti-tumour
effects will not affect the protection of the heart. The two are

not contradictory. Of course, if cancer and heart disease exist
at the same time, whether the same miRNAs have different
effects due to different disease states and exosome sources
will need to be confirmed by additional research in the future.

Clinical Application of Exosome-Derived
miRNAs

With the in-depth study of exosomes and miRNAs, it has been
found that exosome-derived miRNAs have an important role
in the regulation of tissues and cells, and there are an increas-
ing number of reports on the diagnosis and treatment of dis-
eases through exosome-derived miRNAs. For example, the
miRNAs may be used as diagnostic markers and drug carriers.

Diagnosis of Exosome-Derived miRNAs

Some miRNAs are differentially expressed between tissues or
developmental stages, and changes in the levels of several
miRNAs in plasma, serum, urine and saliva are associated
with different diseases. These miRNAs are expected to serve
as diagnostic markers or therapeutic targets for specific dis-
eases in tissues or biological stages. For example, the replica-
tion of hepatitis C virus (HCV) requires miR-122, and the
detection and regulation of miR-122 levels are helpful for
the diagnosis and treatment of HCV [103]. The plasma level
of miR-499 (a heart-specific miRNA) in patients with MI
showed a perfect correlation with the level of calcitonin
[104]. The decreased levels of miR-125a and miR-200a in
saliva are related to oral squamous cell carcinoma [105].

The content of exosomes derived from different cells
varies. The molecular composition of exosomes reflects the
special function of their original cells. Moreover, under differ-
ent disease states, the expression levels of the exosome con-
tents are also different [106]. The presence of biomarker
exosomes in body fluids (plasma, urine, bronchoalveolar) as-
sists in the early detection of disease states [17].

Because exosomes can act as carriers of miRNAs,
exosome-derived miRNAs are increasingly regarded as circu-
lating diagnostic markers for intercellular communication, im-
mune regulation, disease diagnosis and prognosis. Exosome-
derived miRNAs can perform multiple functions in many
pathological and physiological states, such as tumour diagno-
sis, immune response, CVD, acute organ damage, regenera-
tive medicine and stem cell therapy [107]. For example, cir-
culating exosome-derived miRNAs can appear in the urine
through the kidney excretory system and have been identified
as a new set of biomarkers [108]. The level of miR-146a in
patients with peripartum cardiomyopathy (PPCM) was signif-
icantly higher than that in healthy postpartum controls, indi-
cating the diagnostic role of miRNA in cardiovascular medi-
cine [109].

@ Springer



834

J. of Cardiovasc. Trans. Res. (2021) 14:824-840

Table 2 Angiogenic exosome-

derived miRNAs in tumours and Disease MiRNA Targets Effects on Ref.
other organs angiogenesis
Inhibit— promote:
+

Multiple myeloma (MM) miR-340 HGF/c-MET — [70]
miR-135b HIF-FIH + [71]
Nasopharyngeal carcinoma (NPC) miR-9 MDK — [72]
miR-23a TSGA10 + [73]
Cervical cancer (CC) miR-221-3p MAPKI10 + [74]
THBS2 [75]
Glioma miR-21 VEGF/ + [76]

VEGFR2
miR-26a PTEN + [77]
Breast cancer miR-100 mTOR/HIF-1«/VEGF  — [78]
miR-210 nSMase2 + [69]
Gastric cancer (GC) miR-155 FOXO3a + [79]
c-MYB + [80]
miR-135b FOXO1 + [81]
miR-130a c-MYB + [82]
Ovarian cancer (OC) miR-205 PTEN/AKT + [83]
miR-141-3p JAK-STAT3 + [84]
Hepatocellular carcinoma (HCC) miR-155 Unknown + [85]
Colorectal cancer (CRC) miR-1229 HIPK2 + [86]
Pancreatic cancer (PC) miR-27a BTG2 + [87]
Osteonecrosis of the femoral head miR-224-3p FIP200 — [88]
(ONFH) miR-26a Unknown + (89]
Stroke miR-181b-5p  TRPM7 + [90]
Spinal cord injury (SCI) miR-126 SPRED1/PIK3R2 + [91]

Exosome-Derived miRNA Therapeutics

Many studies have reported the role of miRNAs in angiogen-
esis, so inhibiting or mimicking miRNA is expected to enable
the targeted treatment of CVDs related to miRNA. miRNAs
can be delivered into the body through drug delivery systems,
such as cholesterol modification, liposomes, viral vectors and
synthetic nanocarriers [110, 111]. However, these technolo-
gies have potential problems such as toxicity, immunogenic-
ity, manufacturing problems and the inability to cross special
barriers [112].

Exosomes can act as effective drug carriers because of their
own characteristics. The special lipid composition of exosomes
has overall biocompatibility [113]. The size of exosomes can
escape the immune system and lack immunogenicity.
Exosomes provide RNase-free vesicles, which can protect cir-
culating miRNA from RNase degradation and have the charac-
teristics of preventing drugs from being degraded [7]. For in-
stance, exosomes can be used to package doxorubicin, which
targets cancer cells and can penetrate the blood-brain barrier
(BBB) to be delivered to glioblastoma cells [113].
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Therefore, exosome delivery of miRNA is expected to be-
come an important tool for the treatment of various diseases.
Luo et al. [114] introduced miRNA into stem cell-derived
exosomes, which has therapeutic value in the reprogramming
and enhancement of the acute myocardial infarction (AMI)
microenvironment and induces a good prognosis for CVD.
Exosomal miR-30c was shown to induce the degradation of
microsomal triglyceride transfer protein (MTP) mRNA to in-
terfere with high cholesterol and high LDL concentrations. A
feasible treatment procedure can increase the liver miR-30c
levels and reduce the risk of high cholesterol, lipids and AMI
[115].

miRNA and Circular RNA (circRNA)

CircRNA is a type of noncoding RNA. Many researchers have
reported that circRNA can be used as a miRNA sponge to
regulate the function of miRNA. CircRNA also exists in
exosomes and can be used as a marker for the diagnosis and
treatment of diseases.
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Table 3 Exosome-derived miRNAs in the heart
Disease Donor cell/Source MiRNA Mechanism Ref.
Ml ESC miR-294 Cardiac regeneration ability, regulates heart-based repair procedures based [93]
on CMs and CPCs
CPC miR-210 Inhibits CM apoptosis and improves cardiac function after MI [25]
CDC miR-146a  Inhibits CM apoptosis and promotes proliferation, enhances angiogenesis [94]
AS Ox-LDL treated miR-505 Aggravates AS by inducing NET formation [95]
VECs
MI/R injury Plasma miR-342-5p Circulating exosomes caused by long-term exercise inhibit cardiac apo-  [96]
ptosis and provide long-lasting anti-MI/R myocardial protection
BMSC miR-125b  Enhances the viability of I/R CMs, inhibits their apoptosis and [97]
inflammation, and restores I/R cardiac function
Heart failure Cardiac stromal cells miR-21-5p  Enhances angiogenesis and myocardial cell survival, helps heart repair [98]
Peripartum cardiomyopathy EC miR-146a 16K PRL induces miR146a expression in EC, reduces angiogenesis, and  [99]
(PPCM) protects CMs
Ischaemic cardiomyopathy ~ MSC miR-21 Protects C-kit + cardiac stem cells from oxidative damage via [100]
PTEN/PI3K/Akt
CM hypertrophy Fibroblasts miR-21%* Exosomes shuttle through CMs, causing cell hypertrophy by affecting [101]
target genes
Heart disease MSC miR-210 Enhances myocardial repair, and cardioprotective effect [102]

Wang et al. [116] cultured CMs under hypoxic conditions
and isolated exosomes to obtain CM-exo. A cardiovascular
endothelial cell (CMVEC) apoptosis model was established
after oxidative stress was induced by H202. Exosomes were
cocultured with CMVECs, PCR showed that the level of
circHIPK3 increased, and the anti-apoptotic ability of
CMVECs increased. Luciferase reporter assay and Shengxin
analysis showed that circHIPK3 is a miR-29a sponge and that
IGF-1 is a target of miR-29a in CMVECs. Overexpression of
miR-29a can inhibit IGF-1 expression and reverse the anti-
apoptotic effect of circHIPK3 on CMVECs. This proves that
exosomal circHIPK3 regulates the oxidative damage of
CMVECs through the miR-29a/IGF-1 axis.

Linking exosomes, circRNAs and miRNAs together can
regulate the function of ECs in multiple ways and provide
additional methods to treat angiogenesis.

Conclusion and Perspectives

Exosome-derived miRNAs have been widely reported as di-
agnostic markers and therapeutic targets. Exosome research
has elucidated new mechanisms for communication between
cells and between organs. However, as a new technology, it
still faces many problems: (1) exosomes are extremely small,
and it is difficult to study them under physiological conditions.
The dynamic release and uptake of vesicles in tissues and
fluids create some practical challenges in exosome research.
(2) The selection of exosome sources, the improvement of
purification, the use of targeting peptides, pharmacokinetic
properties and the role of drugs to modify the surface of
exosomes are complex obstacles that must be overcome. (3)

The specific downstream molecular mechanism of exosomes
promoting angiogenesis is not fully understood, and it is un-
clear which functional protein or nucleic acid components are
involved. These functional components and which signal
paths exist in “cross-talk” are also worth studying further.
(4) Romain et al. [117] showed that an injection of CDC
exosomes into the myocardium 30 min after coronary artery
occlusion and reperfusion can significantly reduce infarct size
in small pigs, while coronary exosomes have no such effect,
and poor delivery and efficacy in the coronary artery may be
the main clinical limitation of exosomes.

Although the use of exosome-derived miRNA faces many
problems, the advantages of exosomes themselves have be-
come an important basis for the diagnosis and treatment of
diseases. (1) The physicochemical stability of exosomes
in vivo and their multidimensional packaging are excellent
models for therapeutic drugs. (2) Stem cells sometimes pose
serious safety risks due to potential tumour formation. Stem
cell-derived exosomes do not affect efficacy, have low immu-
nogenicity, and provide safety advantages. (3) According to
the established procedures, exosomes can be easily mass pro-
duced in a laboratory environment. (4) miRNAs, proteins and
other components loaded in exosomes are not prone to cell
degradation. (5) The specific biophysical properties of
exosomes make them suitable for in vitro research and
manipulation.

To overcome the problem of drug delivery, scientists have
proposed new technologies. For example, Yang et al. reported
the large-scale production of functional mRNA-encapsulated
exosomes through cell nanoperforation [112]. The miRNA in
exosomes is generally released by itself according to the phys-
iological changes in the body. Researchers use chemical or
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physical stimulation to release exosomes to achieve treatment.
For example, Rick F et al. [118] used the new technology of
ultrasonic perforation by ultrasound to destroy the
microbubbles triggered by ultrasound and successfully
targeted gas-filled albumin shell microbubbles containing
antagomiR to the ischaemic myocardium, thereby increasing
myocardial localization and the permeability of blood vessels
and cells.

In summary, exosome-derived miRNAs play an important
role in the diagnosis and treatment of diseases and have
attracted increasing attention. Although the downstream
mechanism of action of exosome-derived miRNAs is unclear
and there are major challenges in drug loading, the develop-
ment of medical technology, especially for CVDs, has led to
the expectation that exosome-derived miRNAs are emerging
diagnostic and therapeutic tools for angiogenesis.
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