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Abstract
Purpose of Review Atherosclerosis (AS) is a chronic inflammatory disease that contributes to the development of coronary artery
disease, which has become a leading health burden worldwide. Though several strategies such as pharmacological treatment,
exercise intervention, and surgery have been used in clinical practice, there is still no effective strategy to cure AS. Exosomes are
extensively studied both as diagnostic markers as well as for therapeutic purposes due to their role in pathological processes
related to AS. To elucidate the role of exosomes in AS and thus provide a new insight into AS therapy, we review recent advances
concerning exosome targets and their function in mediating intercellular communication in AS, and expect to provide a reference
for novel effective strategies to cure AS.
Recent Findings Exosomes exert important roles in the diagnosis, development, and potential therapy of AS. For AS development,
(1) activation of CD-137 in endothelial cells represses exosomal-TET2 production, causing a phenotypic switch of vascular smooth
muscle cells (VSMC) and promoting plaque formation; (2) exosomal-MALTA1 derived from endothelial cells causes neutrophil
extracellular traps (NETs) and M2 macrophage polarization, which aggravates AS; and (3) exosomal-miR-21-3p derived from
macrophages inhibits PTEN expression and further promotes VSMC migration/proliferation, leading to AS development. For AS
diagnosis, plasma exosomal-miR30e and miR-92a are considered to be potential diagnostic markers. For AS therapy, adipose
mesenchymal stem cell-derived exosomes protect endothelial cells from AS aggravation, via inhibiting miR-342-5p.
Summary Exosome-mediated cross-talk between different cells within the vasculature exerts crucial roles in regulating endo-
thelial function, proliferation and differentiation of vascular smooth muscle cells, and platelet activation as well as macrophage
activation, collectively leading to the development and progression of AS. Exosomes can potentially be used as diagnostic
biomarkers and constitute as a new therapeutic strategy for AS.
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Introduction

Atherosclerosis (AS) is a chronic inflammatory disease caused
by lipid accumulation in the arterial vessel, which is consid-
ered a leading cause of coronary artery disease (CAD) and
peripheral vascular disease [1, 2]. The elevation of cholesterol
(low density lipoprotein, LDL) in plasma is considered to be
the main risk factor that accelerates the development of AS.
Abnormal lipid accumulation can be induced by high-fat diet
[3], smoking [4], and alcohol intake [5] etc. By contrast, in-
terventions such as physical exercise or increase in high-
density lipoprotein (HDL) can inhibit plaque formation and
AS development [6, 7]. Mechanistically, there are four stages
for AS development: (1) reversible lipid striation, (2) intimal
fibrous plaque formation, (3) atheromatous plaque establish-
ment, and (4) complicated lesion. Various cell types are in-
volved in the development of AS, including endothelial cells,
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vascular smooth muscle cells (VSMC), macrophages, and
platelets [8]. Endothelial cell dysfunction, excessive VSMC
proliferation, platelet activation, and macrophage migration
all contribute to the acceleration of AS.

Extracellular vesicles (EVs) are membrane-enclosed and
nanosized particles. They were originally reported in the
1960s by Bonucci and Anderson [9, 10]. Over the years, basic
knowledge of EVs has been extended. EVs (40–1000 nm in
diameter) are released by most kinds of cells and exert impor-
tant roles in several pathological and physiological processes.
EVs can be classified into two subgroups: exosomes and
microvesicles, based on their size, biogenesis, and properties
(differences are summarized in Table 1). Exosomes (40–
150 nm in diameter) are produced from endosome (actually,
emerging evidence shows that exosomes can also bud from
the plasmamembrane).Microvesicles (100–1000 nm in diam-
eter) are released from membrane budding. Notably, the min-
imal information for studies of extracellular vesicles 2018
(MISEV2018) guidelines recommend referring to exosomes
as small EVs (< 200 nm in diameter) to describe endosome-
origin exosomes of that particular size. Because of the overlap
in their sizes, we present exosomes in this review instead of
small EVs.

Accumulating evidence shows that exosomes as well as
their molecular cargo are closely associated with the occur-
rence and development of AS [11, 12]. In this review, we take
an insight into the role of exosomes in the development of AS.
In addition to discussing the complexity of origin of the
exosomes, we also summarize the cellular targets of exosomes
derived from AS patients or experimental animal models, as
well as their mechanistic role in AS diagnosis, development,
and therapy (Fig. 1).

Pathophysiological Basis of Atherosclerosis

AS is a systemic chronic disease, which is characterized by
abnormal deposition of lipid in the arterial wall. When the
hemostatic balance is disturbed, the excess of lipids deposited
in the blood vessels will penetrate into the arterial wall, accu-
mulating in the endarterium, leading to plaque formation and
arterial thickening [13]. AS results from various causes such
as dyslipidemia, hypertension, smoking, and genetic heredity
causes. Clinically, pharmacological treatments, exercise

interventions, and surgical approaches are used to attenuate
AS development. However, there is no therapy that can cure
AS [14–16]. Exercise improves physical capacity and cardio-
vascular health [17, 18], yet it is not a perfect method to cure
AS. Therefore, there is an unmet need for new effective strat-
egies for AS treatment.

Exosomes

Exosome, 40–150 nm in diameter, is a subtype of EVs and
encloses with lipid membrane. Exosomes can be produced by
almost all cell types and they can be isolated from a variety of
biofluids, such as urine, blood, and saliva. Upon direct fusion
of the exosomes to the plasmamembrane of the recipient cells,
molecular contents of the exosomes are transferred to the re-
cipient cell resulting in modulation of signaling pathways and
gene expression. Exosomes can contain a variety of molecular
cargo (miRNAs, proteins, lipids), and given that they mediate
intercellular cross-talk, exosomes play a crucial role in regu-
lating various physiological or pathological processes such as
signal transfer, cell survival, and apoptosis. Notably, a large
body of research indicates that miRNAs in the exosomesmod-
ulate expression of target genes in the recipient cells.

In recent years, exosomes have received extensive attention
as a potential therapeutic strategy for CVDs owing to their
high abundance, biocompatibility, non-immunogenicity, and
plasticity [19, 20]. Exosomes are considered to be a potential
therapeutic tool for many pathologies, including cardiovascu-
lar diseases [21]. For example, intravenous administration of
mesenchymal stem cell (MSC)-derived exosomes can cause
macrophage polarization to M2 phenotype and reduction of
their infiltration to the vascular wall, which significantly at-
tenuate plaque area in AS [22].

Biogenesis of Exosomes

Briefly, the biogenesis of exosomes involves 3 steps: (1) early
endosome formation by inward invagination of the plasma
membrane; (2) intraluminal vesicles (ILVs) and
multivesicular bodies (MVBs) formation by further inward
budding of the endosomal membrane; (3) release of exosomes
by fusion of MVBs with the plasma membrane. MVB forma-
tion is driven by two different mechanisms: endosomal sorting

Table 1 The major differences
between exosome and
microparticles

Vesicles Exosome Microparticles

Size 40–150 nm 100–1000 nm

TEM appearance Cup shape or spherical morphology Irregular shape

Origin Endosome Plasma membrane

Biogenesis description Inward budding of endosomal
membrane to form MVBs

Outward budding and fission
of the plasma membrane
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complexes required for transport machinery (ESCRT)-depen-
dent and ESCRT-independent pathway [23•, 24••].

ESCRT-Dependent Pathway ESCRT, a driver of membrane
shaping and scission, constitutes the main sorting machinery
during MVB maturation. ESCRT is composed of four com-
plexes (ESCRT-0, ESCRT-I, ESCRT-II, and ESCRT-III) plus
other associated proteins (Alix, VPS4 etc.). ESCRT-0 has
ubiquitin-binding domains, which is responsible for
ubiquitylated protein recognition, cargo clustering, and initiate
the ESCRT machinery. The complex then interacts with
ESCRT-I and ESCRT-II, inducing bud formation. The total
complex then recruits and combines with ESCRT-III.
Subsequently, ESCRT-III drives vesicles abscission with en-
ergy supplement by VPS4 ATPase [25]. Besides, several
members of ESCRT were required for MVB formation and
exosome secretion. For example, Tsg101 (member of
ESCRT-I) has been reported to be associated with endosomal
membrane budding and cargo clustering. Deletion of Tsg101
can significantly reduce exosome secretion in tumor cells [26].
ARF6 (small GTPase ADP ribosylation factor 6) and PLD2
(phospholipase D2) play important roles in exosome biogen-
esis via affecting MVB formation. Additionally, the role of
syndecan–syntenin–ALIX in regulating exosomes biogenesis
was investigated by Maria et al. in the previous research [27].
Inhibitors, such as manumycin A, can block ESCRT-
dependent exosome biogenesis and lead to inhibition of
exosome release [24••]. Notably, in mammalian cells,

ESCRT complex drives not only exosome biogenesis but also
cytokinesis release and virus budding [28]. Hence, it is neces-
sary to take the side effects into consideration when we choose
ESCRT inhibition as a method of inhibiting exosome secre-
tion [25].

ESCRT-Independent Pathway Susanne Stuffers et al. found
that ESCRT-associated protein (Tsg101, Hrs, Vps22, and
Vps24) deletion did not affect the multivesicular endosome
formation, indicating that MVB formation and exosome bio-
genesis can be driven by an ESCRT-independent pathway
[29]. Three mechanisms were found to drive the MVB forma-
tion and exosome biogenesis in an ESCRT-independent way:
lipid rafts, the tetraspanin family, and heat shock proteins. (1)
Neutral sphingomyelinase (nSMase) inhibition leads to de-
creased exosome secretion via ceramide reduction in oligo-
dendroglial cells [24••]. Ceramide, a rigid lipid, can induce
inward curvature of the MVBs membrane. Hence, GW4869
was used as an inhibitor for exosome release upon its effects
on nSMase inhibition [30]. (2) The tetraspanin family (CD9,
CD63, and CD81) was shown to be associated with
endosomal particle sorting in the absence of ESCRT complex.
These four-transmembrane domain proteins play important
roles in cargo selection. For example, CD63 takes participate
in cargo (such as melanosomes) sorting into ILVs in a
ceramide-independent manner [31]. (3) Chaperone hsc70 me-
diates cargo selection via recruiting the transferrin receptor
(TFR) toMVB and interacting with the endosomal membrane

Fig. 1 Exosomes as a multifaceted messenger in atherosclerosis.
Exosomes and exosomal molecules exert important roles in the
diagnosis, development, and therapy for atherosclerosis (AS). Plasmatic
exosomal-miR30e and miR-92a are significantly increased in AS
patients, which is a potential biomarker for AS diagnosis. Exosome-
mediated endothelial cell-vascular smooth muscle cell (VSMC),
endothelial cell-macrophage, and macrophage-VSMC cross-talk
contribute to AS aggravation. Besides, exosomes derived from adipose

tissue mesenchymal stem cell (ADSC) protect endothelial cells against
apoptosis and AS development, via inhibiting miR-342-5p. AS,
atherosclerosis; TET2, ten-eleven translocation 2; VSMC, vascular
smooth muscle cell; MALTA1, metastasis associated in lung
adenocarcinoma transcript 1; PTEN, phosphatase and tensin homolog
deleted on chromosome 10; ADSC, adipose-derived mesenchymal stem
cell; PPP1R12B, protein phosphatase 1 regulatory subunit 12B
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[32]. Therefore, both ESCRT-dependent and -independent
pathways can mediate sorting and release of exosomes, and
the contribution of these two pathways depends on the
exosomal machinery and cell type of origin.

Characterization of Exosomes

To characterize exosomes, many aspects should be taken into
consideration according to MISEV2018 guidelines [33•]. In
brief, transmission electron microscopy is the gold standard
for exosome characterization and morphological observation.
TEM imaging shows that EVs have cup-shaped or spherical
morphology and membrane-enclosed structures. To quantify
exosomes or extracellular vesicles, light scattering technolo-
gies have been extensively used in experimental practice, in-
cluding nanoparticle tracking analysis (NTA) [34] and flow
cytometry [35–37]. Additionally, detection of exosomal pro-
tein markers such as tetraspanins (CD9, CD63, CD81) and
tumor susceptibility gene 101 (Tsg101) is also suggested to
identify exosomes. Notably, when analyzing the function of
exosomes, comparing their activity with that of other subtypes
(for instance, either large EVs or exosome-depleted fractions)
should be kept in mind in functional studies.

Biological Roles of Exosomes

The biological function of exosomes can be summarized in
the following three aspects. (I) Cell polarity. Cell polarity is
important in organ development, cell migration, and epithelial
function. The posterior pole biogenesis can direct cell polarity
and migration. Shen et al. reported that posterior pole biogen-
esis is associated with exosomes biogenesis based on the
exosome protein-sorting pathway [38]. (II) EVs affect extra-
cellular matrix (ECM) composition. Exosomes have been
found to affect ECM function and composition in neurode-
generative diseases, such as plaques and tangles [39]. (III)
Message delivery. The better understood function of
exosomes is its role in mediating cell to cell communication
and message transfer, which contributes to multiple physio-
logical (such as exercise-induced increase in cardiac function
[40]) and pathological processes (such as allergic airway dis-
eases [41] and metabolic disorders [42]).

Dual Roles of Exosomes in AS

Exosomes play central roles in message transfer between dif-
ferent cells and tissues, contributing to systemic communica-
tion as well as progression of pathological conditions. In this
section, we will review the role of exosomes in AS progres-
sion, whereby they are considered multifaceted messengers
not only transferring “bad news” to exacerbate atherogenesis
but also delivering “positive signal” for AS diagnosis.

Exosomes Exacerbate Inflammation and Lipid
Metabolism Dysfunction During AS

Abnormal lipid metabolism and inflammation are considered
boosters for the development and progression of AS and
“sweet spots” for AS therapeutic target, attracting extensive
attention [43].

AS-related inflammatory response is promoted by cyto-
kines, adhesion molecules, inflammatory factors, and
inflammation-related pathways such as NF-κB [44].
Exosomes play a critical role in pro-inflammatory response
during AS, due to their capacity to deliver pro-inflammatory
factors and miRNA to recipient cells [45•]. Exosomes can
deliver inflammation-related regulatory molecules to endothe-
lial cells, activating the leukocyte recruitment cascade and
promoting inflammatory cell infiltration [46]. Exosomes pro-
duced from macrophages, VSMC, and platelets can carry
miRNAs (such as miR-155 and miR-223) and trigger activa-
tion of the NF-κB pathway, and enhance local inflammation
and endothelial cell activation. Subsequently, exosome-
induced immune cell infiltration across the endothelial cells
exacerbates AS and promotes its progression [47]. In response
to inflammatory stimuli, exosomes from endothelial cells
transfer miR-92a-3p to VSMC resulting in cell proliferation
and migration, which further exacerbates inflammatory re-
sponse [48].

Besides, exosomes and their cargo are associated with al-
tered lipid metabolism and homeostasis, which contribute to
the development of AS [49]. At the early stage of AS,
exosomes are considered “scavengers” to remove excess cho-
lesterol from the cell. Macrophages are considered to play a
crucial role in maintaining lipid homeostasis via exosome re-
lease. However, with the development of inflammation and
lipid accumulation, the elevated lipid content in the exosomes
may exacerbate the development of AS. Exosomes enriched
wi th l ip ids such as cho les te ro l , ce ramide , and
glycerophospholipids have been shown to be important in
causing cell apoptosis and migration during AS [50].

Exosomal-miRNAs Are Potential Diagnostic
Biomarkers or “Therapy” for AS

Several miRNAs that are potential therapeutic targets have
been identified from AS patients or animal models. Though
most of the experimental evidence focuses on the role of
exosomes as pro-inflammatory, proliferative, and migratory
mediators during AS progression, emerging data indicate that
several exosomal miRNAs are associated with a lower risk for
AS, such as miR-126, miR-199a [48], and miR-30e [51•]. In a
clinical study reported by Wang Z. et al. [51•], plasma
exosomal miRNA content was analyzed in 42 AS patients.
MiR-30e and miR-92a were found to be increased in the plas-
ma exosomes from AS patients compared with healthy
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subjects. MiR-30e and miR-92a were found to target and in-
hibit the expression of ATP-binding cassette A1 (ABCA1),
subsequently regulating cholesterol metabolism [51•]. The ob-
servation led to the conclusion that these miRNAs could be
used as novel biomarkers for AS diagnosis [51•]. It was addi-
tionally found that exosomes derived from adipose-derived
mesenchymal stem cell (ADSC) effectively protected endo-
thelial cell from AS development by inhibiting endothelial
miR342-5p and upregulating PPP1R12B (protein phospha-
tase 1 regulatory subunit 12B) [52••].

Exosome-Mediated Intercellular
Communication in AS

AS is a consequence of several cellular pathological changes,
including inflammation and endothelial cell dysfunction, pro-
liferation and de-differentiation of VSMC, activation of plate-
lets, and macrophage migration. Briefly, (1) endothelial cell
dysfunction contributes to an impairment of vasodilator ca-
pacity. During endothelial injury, the elevation of vascular cell
adhesion molecule-1 (VCAM-1) promotes recruitment of leu-
kocytes, contributing to plaque formation. Besides,
transforming growth factor beta (TGFβ)-induced transition
of endothelial cells to mesenchymal cells also exacerbates
the progression of AS [53]. (2) Macrophages are considered
as “scavengers” for clearance of oxidized low-density lipopro-
tein (oxLDL) via phagocytosis [54, 55], whose necrosis pro-
motes formation of the necrotic core, leading toplaque insta-
bility in AS [16]. Once the excess of lipid is phagocytosed,
activated macrophages accelerate intercellular lipid accumu-
lation and foam cell formation, which promote the secretion of
cytokines (IL-1, IL-6, TNF-α [56] etc.) and inflammation,
causing lesional necrotic core expansion [8, 57]. (3) Under
physiological conditions, a moderate activation of VSMCpro-
liferation can improve vascular wall repair, while excessive
activation, senescence, secondary necrosis, and differentiation
promote inflammation and extracellular matrix formation/
fibrosis in AS [58, 59]. Besides, VSMC can communicate
with other cells to exacerbate AS progression by producing
inflammatory factors. It is therefore crucial for these cells to
communicate and transfer information effectively with each
other. Under this situation, increasing interest is emerging in
the role of exosome-mediated cell-cell communication in AS.
It is well accepted that multiple types of cells such as endo-
thelial cells, platelets, VSMC, and macrophages can produce
exosomes to exchange information with each other.
Regardless of the source of exosomes among these cells,
exosomes generally target endothelial cells and VSMC. To
shed light into the mechanism mediating information ex-
change in AS development, studies concerning exosomes as
well as exosomal-cargo-dependent cell to cell cross-talk are
reviewed next.

Exosome-Mediated VSMC-Endothelial Cell Cross-talk

VSMC are the primary cellular component of arterial blood
vessels and they are major promoters of AS plaque progres-
sion and extracellular matrix deposition [60]. Endothelial cells
constitute the innermost structure of arterial vessels and are
considered as the barrier keeping circulating cells separated
from the neighboring tissues. Due to their unique physiolog-
ical characteristics, endothelial cells and the basement mem-
brane exert important roles in regulating blood flow.
Functionally, endothelial cells are central in controlling blood
flow, vascular endothelial inflammation, and angiogenesis,
whose dysfunction is the main reason for AS development
[61, 62]. In AS, endothelial dysfunction is characterized by
impaired vascular function, loss of anti-thrombotic function,
and pro-inflammation [2]. The information exchange between
VSMC and endothelial cell is bidirectional, exchanging infor-
mation with each other.

Endothelial cell-derived exosomes can regulate proliferation
and migration of VSMC. Endothelial dysfunction in response
to inflammatory stimuli leads to activation of VSMC and AS
progression. Under shear stress conditions, the increase in
VSMC proliferation and migration is endothelial-cell indepen-
dent, which is mediated by elevation of fibroblast growth
factor-4 (FGF-4) and vascular endothelial growth factor-A
(VEGF-A), thereby promoting extracellular signal-regulated
kinase (ERK)1/2 phosphorylation in endothelial cells. This en-
dothelial cell-VSMC cross-talk directly affects VSMC prolifer-
ation and accelerates AS progression [63]. Ten-eleven translo-
cation 2 (TET2), a member of methylcytosine dioxygenase, is a
DNA demethylation that can oxidize 5-methylcytosine to 5-
hydroxymethylcytosine [64]. TET2 is considered as a molecu-
lar key to switch the phenotype of VSMC, reduction of which
causes VSMC de-differentiation. TET2 is also expressed in
endothelial cells protecting them against stress stimuli. Co-
culture systems were used to investigate the influence of endo-
thelial cells on VSMC cells isolated from mice. In response to
pro-inflammatory stimuli, endothelial CD137 pathway was ac-
tivated and endothelial exosomal-TET2 content was repressed,
which upon transfer to VSMC promoted VSMC phenotype
switch, eventually leading to plaque formation and AS devel-
opment [65••].

Furthermore, VSMCs can influence endothelial function
via exosomal cargo transfer. Recent research demonstrated
that VSMC-derived exosomes promote the transfer of miR-
155 to endothelial cells, resulting in an increase of endothelial
permeability and AS development [66].

Exosomes Mediate Macrophage-Endothelial Cell
Communication

Endothelial cells mediate inflammatory cell migration the ath-
erosclerotic region, which is associated with macrophage

Page 5 of 9     57Curr Atheroscler Rep (2020) 22: 57



activation. OxLDL is a primary factor that contributes to en-
dothelial injury. It was found that in AS patients and animal
models, the long noncoding RNA-growth arrest-specific 5
(lncRNA GAS5) is increased in plaque as well as in THP-1-
derived exosomes. Over-expression of GAS5 showed to pro-
mote oxLDL-induced THP-1 apoptosis. Furthermore,
exosomes isolated fromGAS5-knockdown THP-1 cells atten-
uated endothelial cell apoptosis via inhibiting the expression
of pro-apoptotic proteins, such as P53, Caspase 3, Caspase 7,
and Caspase 9 [67]. Consistent with that, exosomes derived
from oxLDL-treated endothelial cells promoted M2 macro-
phage polarization via transferring exosomal-MALAT1 (me-
tastasis associated in lung denocarcinoma transcript 1) [68•].
Notably, endothelial cells with ox-LDL treatment produced
MALAT1-containing exosomes which contributed to neutro-
phil extracellular traps and aggravation of AS [69•].

Furthermore, exosomes derived from lipopolysaccharide
(LPS)-treated monocytes showed to elevate expression levels
of intercellular adhesionmolecule 1 (ICAM-1) and interleukin
6 (IL-6) in endothelial cells, which triggered macrophage
transmigration across the endothelium. Therefore, increased
monocyte/macrophage-derived exosomal transfer to the endo-
thelial cells resulted in endothelial inflammation and AS via
activating the nuclear factor kappa-B (NF-κB) signaling path-
way [70].

Exosomes Mediate Platelet-Endothelial Cell Message
Transfer

Platelet activation is an important process in the progression of
AS, leading to pro-inflammatory reaction and AS exacerba-
tion [71]. In a platelet-activated mouse model induced by
thrombin, the production of exosomes by platelets was rapidly
increased. MiRNA analysis demonstrated that miRNAs such
as miR-223, miR-339, and miR-21 were significantly in-
creased in activated platelet-derived exosomes. The elevation
of exosomal miR-223 suppressed TNF-α-induced ICAM-1
expression after exosome uptake by endothelial cells.
Mechanistically, endothelial cell uptake of platelet-derived
exosomes inhibited the phosphorylation of mediators of the
MAPK signaling pathways (JNK, ERK) as well as the activa-
tion of NF-κB [72].

Exosome-Mediated Communication Between
Dendritic Cells and Endothelial Cells

Experimental work based on dendritic cell (DC)-derived
exosome intravenous administration into apolipoprotein E
knockout (ApoE−/−) mice demonstrated that exosomes isolat-
ed from DC significantly aggravate arterial injury and endo-
thelial inflammation, via accelerating tumor necrosis factor
alpha (TNFα) production and thereby activating NF-κB path-
way [73]. The finding suggests exosomal-TNFα exerts

important roles in DC-endothelial cell communication, lead-
ing to endothelial dysfunction and AS deterioration.

Exosome-Mediated Macrophage-VSMC Cross-talk

Cigarette smoking is a big threat to cardiovascular health be-
cause of nicotine. Nicotine can induce endothelial cells injury
and inflammatory reaction, contributing to increase incidence
and progression of AS. Nicotine aggravates high-fat diet-in-
duced atherosclerotic lesions in mice and exosome produc-
tion. In nicotine-treated macrophages, miR-21-3p was found
significantly enriched in their exosomes, which upon uptake
by VSMC, caused reduction in its target gene phosphate and
tension homolog (PTEN) on chromosome ten. This investiga-
tion revealed that exosomal-miR-21-mediated macrophage-
VSMC cross-talk promotes VSMC proliferation and migra-
tion via inhibition of PTEN expression, which exacerbates
atherosclerosis progression [74••].

Exosome-Mediated Macrophage Polarization

Of note, exosome-mediated cell communication happened not
only in the different types of cells but also in the same types.
Purified macrophage-derived exosomes containing miR-146a
can be taken up by neighboring macrophages, exacerbating
macrophage entrapment and AS development [75].
Additionally, it has also been reported that adipose cell-
derived exosomes can also influence macrophage polariza-
tion, thereby promoting atherosclerosis development [76].

Conclusion

AS is an intricate process. Mechanistically, secondary inflam-
mation after endothelial dysfunction, macrophage activation,
andVSMCdifferentiation contributes to plaque formation and
rupture, promoting AS progression. Several strategies such as
surgical, pharmacological, and physical interventions have
been extensively used in clinical therapy now. However, there
is still no optimal strategy to cure AS. Exosomes are a newly
popular small extracellular vesicles subtype with lipid bilayer
structure and accessible to most barrier space with non-
immunogenic properties. During AS development, the inter-
cellular cross-talk mediated by exosomes as well as exosomal-
cargos exerts central roles in intercellular communication. In
addition to mediating AS progression in most conditions,
exosomes can also have a protective function attenuating AS
development, being multifaceted messengers in AS.
Altogether, exosomes and exosomal miRNA have the poten-
tial to be used as diagnostic markers and as a novel therapeutic
strategy for AS.
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