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Abstract: As an ancient intracellular degradation pathway, the autophagy lysosome pathway exists in various cells
continuously and stably and maintains cellular homeostasis by degrading damaged organelles and misfolded pro-
teins that are prejudicial to cells. Extracellular vesicles (EVs) including microparticles and exosomes, are derived
from varieties of mammalian tissue cells such as platelets, endothelial cells, cardiomyocytes. Through large quanti-
ty of active substances carried by EVs, EVs exert momentous biological functions. Recent researches have revealed
the molecular mechanism of the interaction between extracellular vesicles and autophagy. In this review, we first
elaborate that extracellular vesicles are identified and internalized by target cells by means of receptor-ligand. Since
extracellular vesicles contain multiple functional molecules, we subsequently describe the process of intracellular
autophagy pathway induced by extracellular vesicles, which activates autophagy-related pathways or delivers au-
tophagy-associated molecules. Finally, we introduced the effects of extracellular vesicle-induced autophagy on ex-
tracellular vesicles and target cells respectively. In conclusion, this article integrates relevant theoretical knowledge
of autophagy caused by extracellular vesicles and provides a new direction for the study of extracellular vesicles in

the future.
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Introduction

Extracellular vesicles (EVs) are verified to be
ever more important to physiologic processes
and pathophysiologic changes in human beings
in recent decades. EVs, including apoptosis
bodies, microparticles, and exosomes, which
are 1-5 ym, 100-1000 nm, 30-100 nm in diam-
eter respectively, play a crucial role in both nor-
mal and pathological conditions. However, cur-
rent test methods can hardly distinguish mic-
roparticles and exosomes in an accurate way.
Therefore, we refer to exosomes and micropar-
ticles as extracellular vesicles. EVs, derived
from multiple types of cells, have a variety of
biological functions such as procoagulation [1],
proinflammatory [2], vasoconstriction [3], an-
giogenesis [4], endothelial dysfunction [5] and
sSo on.

Owing to the existence of these functions,
exploring the fate of EVs in the body is becom-
ing more and more necessary. A large number

of studies have reported that EVs can be inter-
nalized by various types of cells. Nevertheless,
the internalization process cannot fully repre-
sent the degradation of EVs, thus further inves-
tigation of the intracellular degradation path-
ways after EVs entering cells is necessary.

Autophagy is the extremely important intracel-
lular degradation pathway by which cytoplasmic
cargos like misfolded proteins, aging organelles
are degraded after being delivered into the lyso-
some [6]. Jochen Klucken et al. showed that
EVs derived from multivesicular body and were
eliminated by the autophagy lysosome pathway
[7]. Accordingly, we hypothesize that the au-
tophagy lysosome pathway plays a key role in
the clearance of extracellular vesicles.

Autophagy
The conception of autophagy

Autophagy is a unique and conserved protein
degradation pathway in cells [8], which can be
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activated by various stimuli like hypoxia, isch-
emia, tumor and so on. In the process of
autophagy, intracellular unwanted materials
are equipped into the autophagosome and
then are degraded in the lysosome for recycling
to maintain cellular homeostasis. The normally
functioned autophagy-lysosomal pathway (ALP)
can transfer cellular intrinsic or foreign sub-
stances into lysosomes for degradation where-
as the dysfunctional ALP loses the above deg-
radation function [9].

The role of autophagy in physiological or path-
ological conditions

It is a known fact that autophagy exists in nor-
mal and pathological circumstances. However,
the function of autophagy is different in differ-
ent situations. In normal situations, basal
autophagy has a role in inhibiting tumorigene-
sis by eliminating redundant oxygen free radi-
cals and unstable genomes. Autophagy can be
induced by physiological signals such as star-
vation, in order to facilitate cell survival [10].
Maurizio Battino et al. proposed that autopha-
gy has been proven to be an important regula-
tor of aging by removal of misfolded proteins,
mutant a-synuclein, damaged mitochondria as
well as tau which participate in the develop-
ment of multiple cumulative diseases and recy-
cling of cytoplasmic substance [11]. Therefore,
moderate autophagy plays a protective role
under diversified physiological situations.

Nevertheless, excessive autophagy is detri-
mental and results in programmed cell death
[12]. An ever increasing number of researchers
have linked autophagy to pathological condi-
tions [13]. Zhang et al. demonstrated that
autophagy was considerably enhanced in hy-
poxia diseases including OSAHS, traumatic
brain injury and myocardial infarction [14].
Myocardial ischemia-reperfusion injury increa-
sed the expression of autophagy markers like
LC3Il/I, Atgb and Atg7, whereas above protein
changes were reversed by silencing of IncCRNA
AK139328, thereby protecting cardiomyocytes
away from autophagy and apoptosis [15].
These findings suggest that severe autophagy
aggravates the onset and progression of relat-
ed diseases and ultimately leads to a poor
prognosis. Hence, the regulation of intracellular
autophagy is extremely meaningful.
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Recognition and internalization of extracellu-
lar vesicles by target cells

Cells that recognize EVs

EVs are small vesicles that are detached from
the cell membrane after cell injury, activation or
apoptosis. These nano vesicles carried a vari-
ety of biologically active substances such as
proteins, lipids and RNAs [16]. In recent years,
the multiple effects of extracellular vesicles
outside the cells have been investigated, but
the role in cells is largely unclear. Many studies
have shown that extracellular vesicles can be
recognized by a number of cells such as endo-
thelial cells [17], macrophages [18], dendritic
cells [19], cardiomyocytes [20] and tumor cells
[24]. This may be the premise that extracellular
vesicles are internalized by target cells and
activate intracellular biological signals.

The approach in which EVs are internalized by
target cells

A 52-kDa glycoprotein called Developmental
endothelial locus-1 (Del-1) is secreted by endo-
thelium. Del-1 is expressed by endothelial cells,
as well as exists in a certain subset of macro-
phages. Its amino terminus contains three EGF-
like repeats which can combine with integrins
aVB3 and aVB5 on endothelial cells, meanwhile
its C-terminus consists of two discoidin I-like
domains which enable Del-1 to bind phosphati-
dylserine on the surface of EVs [22]. Con-
sequently, Del-1 is one of the most significant
mediators for internalizing extracellular vesi-
cles. As mentioned above, lactadherin, a 41-
46 kDa glycoprotein secreted by macrophages,
tethers PS-enriched extracellular vesicles to
macrophage integrins. Namely, lactadherin
also has an epidermal growth factor-like do-
main including a RGD sequence at N-terminal,
which can combine with integrins of macro-
phages and two discoidin I-like domains that
bind PS closely at C-terminal [23]. In summary,
as a bridge between extracellular vesicles and
target cells, lactadherin plays a critical role in
the clearance of extracellular vesicles.

Another major discovery is annexin I/PSR
dependent pathway. Nikos Werner et al. indi-
cated that annexin | was highly expressed in
microparticles derived from endothelial cells
(EMP) meanwhile the PSR was expressed on
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Figure 1. The approach in which EVs are internalized by target cells. This figure summarizes the fact that extracel-
lular vesicles are recognized and internalized by target cells in a variety of receptor-dependent manners. In these
ways, phosphatidylserine (PS) exposed to the surface of extracellular vesicles acts the most important role. For
example, PS-Developmental endothelial locus-1 (Del-1)-integrin, PS-lactadherin-integrin and PS-Gas6-MerPK are
shown in the figure. In addition, the annexin |I/PSR pathway and Rab5 on the surface of extracellular vesicles also
partially mediate the extracellular vesicles being internalized by target cells. Apart from these receptor-dependent
ways, some previously reported endocytosis and macropinocytosis also promote uptake of extracellular vesicles.

the surface of HCAEC. Blockage of annexin | or
PSR significantly inhibited EMP endocytosis by
target cells [24]. These findings demonstrate
that the annexin I/PSR pathway is indispens-
able for HCAEC to take up EVs.

TAM receptors including tyro3, Axl, and Mer
were able to recognize PS on apoptosis cells
[25]. Interestingly, Gas6 and protein S secreted
by microparticles could act as bridge molecules
between TAM and PS. Mer highly expressed by
Alveolar macrophages promoted macrophages’
uptake of PS-containing microparticles [26].
These evidences suggest that MerTK is a key
signaling molecule in the process of macro-
phage uptake of microparticles (Figure 1).

In addition, a special protein Thyl expressed
on the surface of mesenchymal stem cells can
be secreted from cells by extracellular vesicles.
More importantly, Thyl were able to interact
with integrins on the EVs and mediated extra-
cellular vesicles by fibroblast internalization
[27]. Recently, studies have also found that
Rabb, a GTPase that regulates endosome for-
mation and fusion of endogenous vesicles with
endosomes was in a position to mediate the
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internalization of microvesicles derived from
erythrocyte by lung endothelial cells. After
silencing Rab5 in endothelial cells, its ability to
ingest microparticles was markedly reduced
[28]. Furthermore, endocytosis and macropino-
cytosis were also engaged in the endocytosis of
extracellular vesicles [29]. Of course, there are
still numerous recognition modes that need
further exploration.

Activation of intracellular degradation path-
way by extracellular vesicles

The signal pathways

In recent decades, with the in-depth study of
autophagy pathway, cellular autophagy has
been understood commonly. However, the dis-
covery of extracellular vesicles with multiple
physiological or pathological effects once again
arises numerous researches in the field of
autophagy.

Akt/mTOR signal pathway

It is well known that autophagy is related to
numerous signaling pathways, and among
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these autophagic pathways, the PISK/AKT/
mTOR pathway is one of the most studied path-
ways, which acts as an important role in vari-
ous cellular processes such as transcription,
growth, proliferation, survival and angiogene-
sis [30]. PI3K recruited and activated down-
stream signaling targets such as AKT after con-
verting  phosphatidylinositol-4,5-bisphospha-
te to phosphatidylinositol-3,4,5-triphosphate
[31]. Structurally, mTOR is a complex composed
of mMTORC1 and mTORC2, of which mTORC1l is a
key negative regulator of autophagy [32]. Re-
cently, in vivo experiments have found that
compared with pure diabetic nephropathy (DN)
mice, mesenchymal stem cell-derived exo-
somes significantly increased the expression of
Beclin-1 and LC3-ll in the kidney of DN mice
through the induction of mTOR signaling path-
way, which delayed the progression of DN. The
renal protection of exosomes was repeatedly
verified by changes in blood biochemistry and
renal histology [33]. A large number of reports
have already explained the importance of mTOR
and its downstream molecule p70S6K in regu-
lating autophagy [34]. As a major downstream
target of PIBK/AKT, mTOR is deemed to be a
key molecule regulating mammalian growth
and metabolism [35]. Mitofusin2 activated
autophagy process of pancreatic cancer by
suppressing the PI3BK/AKT/mTOR pathway [36].
Perfluoroalkyl acid exposure initiated protec-
tive autophagy through inhibiting the PI3K/AKT
pathway [37]. A recent research has shown that
exosomes from mesenchyme stem cells inhib-
ited myocardial remodeling after ischemia/
reperfusion injury by activating PI3K/AKT sig-
naling pathway in vitro [38]. Shen et al. found
that the level of autophagy increased signifi-
cantly after MSC-derived exosomes being in-
ternalized by H9C2 cell. Simultaneously, the
expression levels of p-mTOR/mTOR and p-AKT/
AKT were dramatically reduced whereas the
ratio of p-AMPK and AMPK was significantly
increased in the H,O, +exosomes group com-
pared with H,O,-only group. In consequence,
activated intracellular autophagy by MSC-
exosomes was at least partially mediated by
these two autophagy pathways [39]. According
to several experiments, induction of the PI3K/
AKT/mTOR signaling pathway can reduce im-
moderate autophagy that leads to cell death
and enables to promote cell survival. In addi-
tion, inhibition of mMTORC1 can stimulate au-
tophagy of harmful substances and reduce
intracellular toxicity.
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STAT3/BCL-2/Beclin-1 pathway

As a negative regulatory molecule of autopha-
gy, STAT3 was previously reported to act a cru-
cial impact on the autophagy process by reduc-
ing the activity of protein kinase R [40].
Mesenchymal stem cells suppressed the ex-
pression of STAT3 and promoted the occur-
rence of autophagy. However, MSCs could not
augment autophagy of HIiBECs treated with
Glycochenodeoxycholate after silencing STAT3.
This phenomenon also proved that the autoph-
agy and STAT3 had opposite trends [41]. We all
know that apoptosis and autophagy are two
important processes to maintain the homeo-
stasis of the body. A growing number of re-
searches have proved that the crosstalk of
autophagy and apoptosis is quite complicated
[42]. Bcl-2, an anti-apoptotic protein, can inter-
act with Beclin-1. The interaction between Bcl-2
and Becline-1 is a major inducer of autophagy
[43]. With the gradual deepening of extracellu-
lar vesicles research, many researchers are
wondering whether extracellular vesicles can
activate autophagy by activating certain signal-
ing pathways. Lu et al. showed that the expres-
sion of STATS5 and Bcl-2 in HSC-T6 cells was
down-regulated by exosomes containing miR-
181-5p whereas the Beclin-1 expression was
up-regulated by miR-181-5p-rich exosomes.
These evidence also strongly suggests that
exosomes can activate autophagy through the
STAT3/BCL-2/Beclin-1 pathway [44].

Toll-like receptor-ligand signal pathway

TLRs are largely expressed in a variety of tis-
sues like renal tissue and inflammatory cells,
which act as a vital constituent on the induction
of autophagy. Especially TLR2, one of the TLR
family members, exerted a protective effect by
up regulating autophagy in acute kidney injury
induced by cisplatin [45]. Another study found
that the expression of TLR2 and TLR4 in hippo-
campus neurons of epilepsy mice was signifi-
cantly up regulated. Overexpression of miR-421
in hippocampus neurons of epilepsy mice could
inhibit autophagy process by inhibiting TLR/
MYDS8S8 signal pathway [46]. A previous study
demonstrated that Lipoprotein contained in
mycobacteria had a dazzling ability to activate
autophagy of monocytes via TLR2/1/CD14 sig-
nal [47]. A recent surprising discovery by Garcia
et al. was that TLR2/6 ligands were discover-
ed in EV-TB (extracellular vesicles released by
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Figure 2. Activation of autophagy process by extracellular vesicles. This figure summarizes the activation of au-
tophagy process by extracellular vesicles. After the extracellular vesicles carrying a variety of biologically active
substances enter the cells, the autophagy is initiated mainly by two ways. One of them is that extracellular vesicles
directly release active substances that activate autophagy, such as MiR-7, 14-3-3, Beclin-1, ATG7, etc. Another
more important way is that extracellular vesicles activate multiple autophagy signaling pathways. A large number of
autophagosomes form after autophagy is activated by extracellular vesicles. These autophagosomes then encap-
sulate harmful substances such as extracellular vesicles, multivesicular bodies, and damaged mitochondria, which
are ultimately delivered to lysosomes for dissolution to maintain cell homeostasis.

human neutrophils infected with mycobacte-
ria), moreover, the TLR2/6-rich EVs successful-
ly activated autophagy of macrophages after
internalization [48].

AMPK/mTOR signal pathway

AMP-activated protein kinase, an important
cell homeostasis regulator, is indispensable for
autophagy regulation. AMPK is positively corre-
lated with autophagy while mTOR is negatively
correlated with autophagy. Lee et al. proved
that ezetimibe successfully activated autopha-
gy via the AMPK-TFEB pathway [49]. Activation
of AMPK significantly inhibits mTOR and acti-
vates autophagy. Research manifested that
hydrogen sulfide protected ischemic myocardi-
um by AMPK-mediated autophagy [50]. Zang's
experiment showed that the phosphorylation of
AMPK prominently increased whereas the
mTOR phosphorylation was declined sharply in
H/R myocardium treated with Ach [51]. A com-
pelling discovery is that exosomes produced by
mesenchyme stem cells induce autophagy of
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cardiomyocytes via AMPK/mTOR pathways to
relieve myocardial ischemia/reperfusion injury
[39].

EGFR/Akt/mTOR signal pathway

Studies have suggested that EFGR (epidermal
growth factor receptor) is an essential mole-
cule for many life processes such as prolifera-
tion, differentiation or survival of mammalian
cells [52]. As an upstream signal of Akt/mTOR,
EFGR also has an important role in autophagic
regulation. Zhou et al. found in the experiment
that exosomes containing miRNA were capable
of inducing autophagy, which was associated
with EGFR/Akt/mTOR pathways [53]. Therefore,
this pathway can also serve as a bridge between
extracellular vesicles and autophagy (Figure 2).

The active substance contained in extracel-
lular vesicles

EVs are heterogeneous nano vesicles shed
from almost all of the cell. They carry a variety
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of biologically active substances, such as car-
bohydrates, lipids, proteins and a series of dif-
ferent nucleic acids including DNA, mRNA, and
microRNAs [54, 55]. Autophagy of target cells
is activated after the extracellular vesicles con-
taining certain specific active molecules are
internalized by cells. Therefore, we believe that
bioactive molecules at least partially mediate
intracellular autophagy caused by extracellular
vesicles.

MiR-7

Unlike mRNA, MicroRNAs are small, short and
non-coding RNAs [56]. MicroRNAs were highly
conserved and first discovered in 1993 [57].
The role of microRNAs is to regulate post-tran-
scriptional protein expression and life process-
es [58]. It has previously been reported that
miR-7 inhibited the expression of a-Syn by bind-
ing to the 3’-untranslated region of a-synaptic
protein mRNA while it could also scavenge
a-Syn by activating autophagy [59]. More and
more studies show that microRNA is closely
related to the regulation of autophagy, such as
miR-181-5p [44], miR-30d-5p [60], miR-221/
222 [61], miR-30a [62] and so on. Chen et al.
discovered that exosomes derived from X-ray
irradiated astrocytes contained large amou-
nts of miR-7. Moreover, miR-7-rich exosomes
enhanced autophagy of lung by targeting Bcl-2
in vitro and in vivo after partial brain irradiation
[63]. Another research found miR-7-5p-contain-
ing exosomes derived from human bronchial
epithelial cells treated with %°Co y-rays could
induce autophagy of unirradiated recipient
cells [53]. In this way, extracellular vesicles can
activate autophagy in target cells by transmit-
ting specific miRNAs, which play a fateful role in
a series of biological processes.

MRNA of autophagy-associated molecule

Beclin-1 is considered to be a mammalian
homologous gene of the yeast ATG6 gene,
which plays a decisive role in the process of
autophagosome formation by interacting with
Vps34 and Atgl4d [57, 64]. Previous studies
have suggested that beclin-1 was a component
of the lipid kinase complex and was closely
related to the accumulation of intracellular lip-
ids [65]. We are also aware that autophagy is a
strict intracellular degradation process that
requires the biosynthesis of autophagosomes
and the fusion of autophagosomes with lyso-
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somes to degrade unwanted substances like
proteins, lipids and so on. The increasing ratio
of LC3-1I/LC3-I generally represents an increase
in autophagy [66]. A lot of research evidence
has also proved that LC3-related phagocytosis
is indispensable in eliminating excess sub-
stances in cells [67]. Recently, research has
found that young microvesicles (MVs) derived
from MSCs contained a large number of
autophagy-related mRNAs such as LC3, Be-
clin-1 and ATG7, which enhance the autophagy
of aging hematopoietic stem cells and further
improve the function of hematopoietic stem
cells. However, this phenomenon was reversed
when RNase treatment was given, which fur-
ther proved that RNA in MVs acts a major role
[68]. These results provide us with a novel sug-
gestion that extracellular vesicles may initiate
autophagy through autophagy-related mole-
cules carried by themselves after entering the
target cells.

14-3-3¢

Cell survival and death are precisely regulated
by various signaling pathways [69]. The 14-3-3
protein family contains seven subtypes namely
B,V, € (, n,o0and T, which are transcribed and
translated by different genes and located in
various tissue cells [70]. The 14-3-3s play a
protective role in a variety of recipient cells by
interacting with several signaling proteins impli-
cated in cell regulation [71]. Among the seven
subtypes that have been reported, 14-3-3( has
the function of protecting target cells from
stress damage such as ischemia and hypoxia
[72]. Meanwhile, 14-3-3( can regulate a variety
of signaling pathways related to autophagy
such as PI3K and mTOR. Studies have also
found that 14-3-3( were able to interact with
ATGOA via Ser761 phosphorylation in the 14-3-
3 binding site of the C-terminal domain of the
ATGOA. In the case of normalcy, this phosphory-
lation was regulated by ULK1 and AMPK, there-
by maintaining a low level of interaction.
However, AMPK was fully activated, resulting in
a markedly increase in phosphorylation of
Ser761 and 14-3-3C binding [73]. Therefore,
14-3-3( is largely involved in the regulation of
autophagy [69]. Qian et al. found that hucMSC-
exosomes actived autophagy of recipient cells
through a large number of 14-3-3( proteins car-
ried by themselves. The protective effect of
exosomes was greatly diminished after knock-
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ing out the 14-3-3( gene in hucMSC or HK-2
cells. Although autophagy was not entirely bl-
ocked after gene knockout, it also indicated
that 14-3-3( at least partially mediated the pro-
cess of autophagy induced by extracellular
vesicles [74].

The effect of autophagy on extracellular
vesicles

Some previous experiments have found that
extracellular vesicles carry a variety of sub-
stances that are detrimental to target cells.
When these extracellular vesicles are internal-
ized, a series of pathological changes occur in
the target cells. For instance, high dose of mic-
roparticles derived from human umbilical vein
endothelial cells exposed to hypoxia/reoxygen-
ation conditions significantly increased the
activity of caspase-3 while dramatically reduc-
ing the proportion of bcl-2/bax in HOC2 cells. In
addition, the endothelial microparticles could
also produce large amounts of ROS to cause
apoptosis and oxidative stress of target cell
[54]. Another study found that chronic myeloid
leukemia-derived exosomes were in favor of
tumor cell survival and proliferation through
TGF-B1 receptor-ligand manner [75]. However,
there are quite a few experiments that have
demonstrated the potential therapeutic effects
of extracellular vesicles produced by certain
cells or specific stimuli. At the same time, many
studies have shown that the dual role of extra-
cellular vesicles is closely related to the level of
autophagy in target cells. From the above, the
autophagy of target cells caused by extracellu-
lar vesicles has an extraordinary significance
for cells and the entire body.

Although the researchers are expected to ex-
plore the fate of extracellular vesicles, there
are still not adequate researches. However,
there is no denying that extracellular vesicles
can indeed play a cytoprotective role by caus-
ing intracellular autophagy. In turn, autophagy
also plays an indispensable role in the synthe-
sis and degradation of extracellular vesicles. As
one of the two major protein degradation path-
ways, which included the ubiquitin-proteasome
pathway and the autophagolysosomal pathway,
autophagosomes could fuse with multivesicles
in advance and formed amphisomes before
fusion with lysosomes, eventually leading to
degradation of lysosomal contents such as
extracellular vesicles [76]. Prior to this, the
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most important thing was that the extracellular
vesicles were transported to lysosomes. It has
been reported that extracellular components
can be delivered to the degradation pathway
via the endo-/exosomal pathway, while intracel-
lular components can be delivered to lyso-
somes via autophagy process [77]. Therefore,
extracellular components such as extracellular
vesicles are very likely to be transported to
lysosomes by the above two methods and sub-
sequent degradation. It is well known that the
maturation of early endosomes further leads to
the formation of multivesicular bodies contain-
ing large numbers of intraluminal vesicles.
These intraluminal vesicles called exosomes
are released after the fusion of the multivesicu-
lar body and the plasma membrane [78]. Gorski
et al. reported that autophagosomes had a
strong ability to fuse with lysosomes and then
cleaved their engulfed contents. Alternatively,
autophagosomes were able to fuse with multi-
vesicular bodies to form navel organelles na-
med amphisomes, which was thought to even-
tually fuse with lysosomes and dissolve internal
substances such as intraluminal vesicles (ILVs)
[79]. The content of ILVs was significantly de-
creased after the multivesicular body was
fused with lysosomes. In macro-autophagy, the
entire cytoplasmic region was enveloped inside
autophagosomes, followed by fusion of auto-
phagosomes with endocytic vesicles (as multi-
vesicular bodies) or lysosomes, which provided
a mass of hydrolytic enzymes that would de-
grade the content of autophagosome [80].
When extracellular vesicles entered the cell,
the cargo they carried must exit that inherent
degradation pathways such as endosomes into
lysosomes, or be released by MVB-plasma
fusion pattern [81] (Figure 3). Therefore, intra-
cellular autophagy plays a decisive role in the
number and fate of extracellular vesicles pro-
duced by various stimuli. Increased levels of
autophagy significantly inhibit the release of
exosomes, which is due to the increased fusion
of multivesicular bodies with autophagic vacu-
oles [82]. Previous experiments have found
that exosomes from central or peripheral neu-
rons of mice contained large amounts of pri-
ons. Up-regulating the level of autophagy in
neuronal cells could inhibit the release of pri-
ons in exosomes, which in turn provided a new
therapeutic target for related diseases [83].
Conversely, the inhibition of autophagy promot-
ed the release and transfer of SNCA/a synucle-
in in EVs [7]. In contrast to the release of extra-
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Figure 3. Degradation of extracellular vesicles by autophagy lysosome pathway. This figure summarizes degrada-
tion of extracellular vesicles by autophagy lysosome pathway. As the extracellular components, part of EVs can be
delivered to the degradation pathway via the endo-/exosomal pathway. Another part of the EVs contained in the
multivesicular body (MVB) is fused with the autophagosome to form amphisome, which is then delivered to lyso-
somal degradation. At the same time, EVs internalized by target cells can also be directly delivered to lysosomes via
autophagy process for degradation. The detailed mechanism of each path in the figure requires us to further study
in future work.

cellular vesicles, multivesicular body (MVB), the
precursor of exosome, could be cleared by the
autophagy-lysosomal pathway by direct fusion
with lysosomes or autophagosomes. This is
due to the fact that the multivesicular body
directly enters the autophagy pathway after
activation of autophagy and then significantly
reduces the release of exosomes [84]. At pres-
ent, although no studies have directly reported

some lysosome pathway. Therefore, the in-
depth degradation mechanism of extracellular
vesicles by the autophagosome pathway may
become one of the future research hotspots.

At present, we have realized that aging mito-
chondria produce more reactive oxygen spe-
cies (ROS) that can cause oxidative stress to
nucleic acids, lipids and proteins. Therefore,

the detailed degradation process of extracellu-
lar vesicles by autophagy, some experiments
have linked the degradation of extracellular
vesicles and their contents to the autophago-
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mitochondrial autophagy is an indispensable
degradation system of the body, which can
maintain the survival of cells by selectively
removing defective mitochondria that produce

Am J Transl Res 2019;11(3):1170-1183
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excessive ROS [85]. The accumulation of a deal
of misfolded proteins in the endoplasmic reticu-
lum would damage the function of the endo-
plasmic reticulum and cause endoplasmic re-
ticulum stress, so the endoplasmic reticulum
autophagy acts a key role in the morphology
and quality of the endoplasmic reticulum [86].
Therefore, we speculate whether autophagy
caused by extracellular vesicles is a special
autophagy differing from mitochondrial autoph-
agy or endoplasmic reticulum autophagy and
has a decisive effect on the content as well as
the quantity of extracellular vesicles. Just say-
ing this, the extracellular vesicles can be de-
graded by the autophagolysosomal pathway.
However, in addition to the autophagy lysosom-
al pathway, intracellular degradation pathways
also include the ubiquitin-proteolytic pathway,
the caspase pathway etc. Therefore, the ques-
tion of whether the extracellular vesicle can be
degraded by these pathways requires further
research.

The role of autophagy induced by extracellular
vesicles

After the phenomenon that extracellular vesi-
cles can be internalized and activate intracel-
lular autophagy is discovered, we further dis-
cuss the function of autophagy caused by
extracellular vesicles. Some studies have dem-
onstrated that autophagy has the opposite
effect in different pathological contexts.

Beneficial effect

In the past few decades, cardiovascular dis-
ease (CVD) has been a major concern in the
world. Among the multiple CVD, acute myocar-
dial infarction is the main cause of death [87].
Mesenchymal stem cell-derived exosomes acti-
vated autophagy in H9C2 cardiomyocytes and
reduce cardiomyocyte apoptosis after H,O,
exposure [39]. Microvesicles with a diameter of
30 to 1000 nm were found to be involved in a
variety of cancer processes [88]. The microves-
icles secreted by human embryonic stem cell
derived-mesenchymal stem cells significantly
up-regulated the autophagy activity of K562
and HL60 cells and promoted apoptosis of leu-
kemia cells, in other words, inhibited prolifera-
tion of tumor cells [89]. Other studies have
found that ezetimibe can reduce liver steatosis
and fibrosis by activating autophagy [49]. The
above findings can prove that moderate autoph-
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agy caused by extracellular vesicles can play a
protective role, which also provides a novel
idea for the treatment of diseases.

Harmful effect

Under physiological conditions, autophagy un-
dergoes orderly degradation of excess compo-
nents in the cytosol by lysosomal means. In
contrast, under certain pathological situations,
inappropriate autophagy can damage normal
cells and lead to aging and death [90]. Exo-
somes derived from acute myocardial infarc-
tion caused autophagy disorder in target cells
by transmitting miR-30a. Nonetheless, inhibi-
tion of miR-30a in exosomes significantly re-
duced cardiomyocyte apoptosis [62]. Therefore,
we speculate that the effect of extracellular
vesicles on autophagy depends on its parental
cells and the conditions that stimulate the pro-
duction of extracellular vesicles.

Summarize and perspective

In this review, we summarize the ability of extra-
cellular vesicles to active intracellular autopha-
gy lysosome pathways after being internalized
by various cells. This ability to active autophagy
of extracellular vesicles is achieved by activat-
ing intracellular autophagy-related signaling
pathways or by transferring active substances.
After the extracellular vesicles activate autoph-
agy of the target cells, the entire cytoplasm is
enveloped in autophagosomes. Subsequently,
the multivesicular body is delivered to the lyso-
some and the intraluminal vesicles such as
exosomes are rapidly degraded by hydrolases.
We also found that autophagy achieved by
extracellular vesicles can dramatically reduces
cell damage and abnormal cell proliferation
under stress and tumor. We hypothesize that
this protective effect is due to the degradation
of extracellular vesicles containing harmful
substances. The findings described in this
review provide a novel view into the powerful
therapeutic effect of EVs and EVs-induced
autophagy. Although this curative effect has
been discovered by numerous researchers, the
molecular mechanisms involved in autophagy
by active substances in extracellular vesicles
are unclear. We must clearly understand that
current technology does not distinguish exo-
somes from microparticles well. At the same
time, whether the degradation of extracellular
vesicles can directly determine the fate of cells
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requires further exploration in the study of
extracellular vesicles. Therefore, additional re-
search is warranted to verify the potential
issues. In any case, the therapeutic effects of
autophagy caused by extracellular vesicles
cannot be ignored and these findings may lead
to a better disease treatment strategy to pro-
tect normal tissue cells from stress damage.
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