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Chemoresistance and metastasis are the major challenges for the current ovarian cancer treatment. Understanding the mechanisms
of ovarian cancer progression and metastasis is critically important for developing novel therapies. The advances in extracellular
vesicles (EVs) research in recent years have attracted extensive attention. EVs contain a variety of proteins, RNAs, DNAs, and
metabolites. Accumulating evidence indicates that ovarian cancer cells secrete a large amount of EVs, playing an important role in
tumor progression and recurrence. In the microenvironment of ovarian tumor, EVs participate in the information transmission
between stromal cells and immune cells, promoting the immune escape of ovarian cancer cells and facilitating cancer metastasis.
Here, we review the recent advances of EVs in chemoresistance, mechanisms of metastasis, and immune evasion of ovarian cancer.
Furthermore, we also discuss the challenges of EV research and future application of EVs as promising biomarker sources in
response to therapy and in therapy-delivery approaches for ovarian cancer patients.
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FACTS

● Chemoresistance, metastasis, and immune evasion are the
main challenges in ovarian cancer (OC) clinical treatment.

● EV cargo can regulate the progress of chemoresistance in OC
and monitor chemoresistance.

● EVs are thought to stimulate angiogenesis, extracellular matrix
remodeling, establish premetastatic niches, inhibit immune
response, and promote tumor metastasis.

● The OC-derived EVs inhibit the activation of dendritic cells
(DCs), induce the polarization of macrophages, inhibit the
cytotoxicity of natural killer (NK) cells, and regulate the
function of T cells.

● The OC-derived EVs have the potential application for OC
immunotherapy or combination therapeutic development.

● EVs are a source for candidate biomarkers for predicting and
monitoring therapeutic drug response of OC patients.

● The EV is proposed as a potential therapeutic target or carrier
to reverse OC chemoresistance.

OPEN QUESTIONS

● How EVs mediate chemoresistance in OC?
● Which mechanisms are mediated by EVs to promote OC

metastasis?

● What is the role of EVs in the regulation of tumor
microenvironment in OC?

● What role do EVs play in OC immune evasion?
● How can EVs be used in OC immunotherapy?
● How to use EVs to improve the dilemma of OC clinical

treatment?
● How can EVs be utilized as a biomarker to predict and monitor

the chemoresistance in OC patients?
● How can EVs be applied as a drug carrier or a therapeutic

target in the treatment of chemoresistant OC?
● What is the future direction for EVs-based OC therapy?

INTRODUCTION
Ovarian cancer (OC) is one of the three common cancers of the
female reproductive system. The number of new worldwide cases
of OC reached 313,959 in 2020 with 207,252 deaths recorded that
year [1]. US statistics from 2020 show that there were 21,750 new
OC cases, accounting for about 2.4% of all new cancers in women,
and 5% of the 13,940 of female cancer deaths [2]. With the large
population base in China, approximately 55,342 women were
diagnosed with OC in 2020, accounting for approximately 17.6%
of global OC cases, and approximately 37,519 patient deaths,
accounting for approximately 18.1% of global OC cases [3]. Since
OC develops deeply in the pelvic cavity, and clinical manifesta-
tions are limited in the early stage, most OC patients are
diagnosed after significant disease progression has occurred.
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Moreover, owing to its high recurrence rate after resection and
common chemoresistance [4], the mortality rate of OC is the
highest of all malignant gynecological tumors [5].
OC is classified into more than 15 different molecular and

pathological subtypes, which complicates rational treatment
decisions [6]. At present, clinical management of OC is mainly
based on maximum cytoreductive surgery and combinatorial
chemotherapy with cisplatin and paclitaxel [5]. Recently, the use of
anti-angiogenic agents and poly-ADP-ribose polymerase (PARP)
inhibitors for maintenance therapy draws a lot of attention [7].
Olaparib, a PARP inhibitor related to DNA repair, has shown
significant clinical benefit to OC patients with BRCA mutation [8].
Clinical studies have shown that the median progression-free
survival (PFS) of patients with OC in the Olaparib group reached
19.1 months, which was higher than 5.5 months in the placebo
group, and the median overall survival (OS) increased from
38.8 months to 51.7 months [9, 10]. Nonetheless, most treated
patients will eventually suffer from tumor relapse and metastasis.
Moreover, relapsed patients develop drug resistance and suffer
serious treatment side effects, and eventually die, with the most
common cause of death being intestinal obstruction [5, 11–13].
Different targeted therapies have been developed for OC, but the
outcomes have not proved satisfactory. The new generation of
immunotherapies has also been used to some extent for OC
patients [14]. For instance, Avastin (bevacizumab), a recombinant
antibody targeting VEGF/VEGFR signaling in tumor microenviron-
ment, has been approved by the Food and Drug Administration
(FDA) for the treatment of certain women with the advanced OC
[15]. However, other immunotherapies in OC remain largely
unknown, which mainly attributes to its highly heterogeneous
nature [7]. Unlike other cancers, the expression of programmed
cell death ligand 1 (PD-L1) in OC is not positively correlated to the
efficacy of programmed cell death-1 (PD-1) inhibitors [16].
Insights into the importance of extracellular vesicles (EVs) in

cancers have developed rapidly [17–19]. EVs are divided into
different groups based on their sizes and mechanisms of
biogenesis. The major groups that are widely investigated include
exosomes (40–160 nm in diameter, endosomal origin), ectosomes
(100–1000 nm in diameter, direct budding of the plasma
membrane, also known as microparticles/microvesicles), apoptotic
bodies (1–5 μm in diameter), large oncosomes (1–10 μm), and
other miscellaneous EV subsets [20–22]. Among these groups,
exosomes have drawn the most attention due to their unique
biogenesis and function. Exosomes contain proteins, DNAs, lipids,
and both coding and noncoding RNAs (ncRNAs), while ncRNAs
consist of microRNAs (miRNAs), long noncoding RNAs (lncRNAs)
and circular RNAs (circRNAs). According to the International
Society of Extracellular Vesicles (ISEV), the term “extracellular
vesicles” is the appropriate terminology for heterogeneous
populations of vesicles isolated from cell culture supernatants or
physiological fluids [23, 24]. Throughout this review, exosomes are
referred to as EVs.
Accumulating evidence indicates that EVs play important roles

in the progression, metastasis, and drug resistance of OC [25–27].
Fundamental research efforts have been put on investigating the
application of EVs as a diagnostic biomarker as well as exploiting
EVs as a drug-delivery vehicle in OC [28]. Moreover, the role of EVs
as immunotherapy also represents a new developing area of
research [29]. Here, we review the latest findings regarding the
roles of EVs in OC chemoresistance, metastasis, and immune
evasion. We also discuss the challenges of EV research that must
be met if EVs are to be exploited to develop new diagnostic and
therapeutic strategies for OC treatment.

EVS AND OC CHEMORESISTANCE
Chemoresistance is the main challenge in the current OC
treatment [30]. The proposed mechanisms of OC chemoresistance

are multifaceted with contributory factors attributed to cancer
stem cells (CSCs), ncRNAs, autophagy, DNA repair barriers, hypoxia
and other changes in the tumor microenvironment (TME).
Platinum or paclitaxel derivatives combined with surgical reduc-
tion are the standard first-line treatment strategy for OC [31].
Although most patients initially respond to platinum-based
chemotherapy, about 70–80% of tumors recur and become
resistant to treatment, especially the high-grade serous ovarian
carcinoma (HGSOC) histological subtype [4]. Therefore, due to the
high recurrence and chemotherapy-resistance rates, the 5-year
survival rates of stage III and IV patients are 42 and 26%,
respectively, according to the HGSOC staging of the International
Federation of Obstetrics and Gynecology (FIGO) [32]. Thus, based
on the perspective of conventional chemotherapy, finding novel
therapies to overcome drug resistance is urgently needed.
As described above, EVs carry a mixed cargo of biological

effectors and there is increasing evidence that these contribute to
drug resistance in OC. Notably, the number of EVs secreted by
cisplatin-resistant OC cells was 2.6 times that of drug-sensitive
cells [33]. Moreover, the more aggressive OC cell line is, the more
EVs they secrete [34]. Through gene ontology analysis, 12 proteins
related to cell migration in SKOV3 cell derived EVs with stronger
invasive ability were identified compared with the EV proteins in
OVCAR3 cells, such as hepatocyte growth factor receptor (HGFR),
integrin alpha-V (ITGAV) [34], suggesting that EVs from OC cells
contain a specific set of proteins that are representative of its cell
of origin and the invasive capacity. In addition, the analysis of
plasma EVs of patients with OC also found that the number of EVs
and protein content were more abundant than that in the healthy-
control group [35, 36]. Drug-resistant cells can transmit resistance
contents to sensitive cells through EVs [37]. Taken together, these
findings propose an inherent link among EVs, tumor phenotype,
drug treatment, and resistance.
One instructive study found that the EVs produced by treating

OC cells with cisplatin promoted both the platinum resistance and
the invasiveness of cells [38]. In another study, plasma gelsolin
(pGSN) transported by EVs conferred OC cells resistance to cis-
diamminedichloroplatinum (CDDP) via inducing CD8 T-cell apop-
tosis and promoting glutathione (GSH) production [39]. Regarding
the former observation, it was found that P-glycoprotein (P-gp),
which caused chemoresistance in patients with OC, was trans-
ported between cells by EVs and increased the resistance of A2780
cells to adriamycin and paclitaxel by five times in vitro [40]. High
expression of GATA3 in EVs of ascites from HGSOC patients was
reported to induce drug resistance in OVCAR3 cells [41]. The
STAT3 and FAS oncoproteins carried by EVs secreted by OC cells
isolated from the patients’ ascites significantly increased the
resistance to cisplatin and the ability of cell migration in vitro [25].
Finally, increased levels of plasma gelsolin, a form of gelsolin
secreted in EVs by OC cells, correlate with poor outcomes in
patients and were shown to act in an autocrine and paracrine
manner to confer platinum resistance to OC cells [4]. Along with
these protein examples, miRNAs carried by EVs are also involved
in the development of OC chemoresistance [42]. Here, we
summarize the relationship between EVs and chemoresistance
in OC in Fig. 1.

EV miRNAs in OC chemoresistance
Due to the important roles of EV cargo in tumors, previous studies
systematically explored EV cargo, including DNAs, mRNAs, lipids
and proteins, about its functions in cancer detection [43–45]. The
excellent performance of miRNAs in regulating changes of cell
phenotype, cytokine expression, and secretion has become a
research hotspot in TME [46]. In OC, miRNAs encapsulated in EVs
can be protected from enzyme ribonuclease, which is related to
platinum resistance and recurrence [47]. Therefore, EV miRNAs
could be used as a biomarker to monitor OC chemoresistance
[47, 48].
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A number of in vitro studies have shown that when “harmful”
EV miRNAs are taken up by tumor cells, chemoresistance will
further develop. For example, Alharbi Mona et al. found that EV
miR-21-5p activates glycolysis and increases the expression of the
ATP-binding cassette family and detoxification enzymes, thereby
promoting carboplatin resistance in OC cells [47]. In this study, the
authors also showed that miR-891-5p helps OC cells gain platinum
resistance by increasing the expression of tumor suppressor P53
(TP53) and X-ray repair cross-complementing 5 (XRCC5), resulting

in altered control of the G2/M-checkpoint proteins, which can
arrest the cell cycle when DNA is damaged, thereby providing
time for cell DNA repair [47]. Another study found that cancer-
associated fibroblasts (CAFs) and cancer-associated adipocyte
(CAA)-derived EVs isolated from HGSOC patients carry miR-21,
which lowers the expression of apoptotic protease-activating
factor 1 (APAF1) in OVCA432 and SKOV3 cells, resulting in
insensitivity to paclitaxel [49]. EVs secreted by CAFs also exert
significant biological effects with transferring miR-98-5p to OC
cells and promoting cisplatin resistance by targeting the expres-
sion of CDKN1A [50]. Nonetheless, there are also reports indicating
that EVs carrying miR-30a-5p reduce the resistance of SKOV3 cells
by targeting inhibition of SRY box-9 (SOX9) expression [51].
Some recent studies have found that EV miRNAs also play

important roles in chemoresistance of OC via different signaling
pathways. EV miRNAs, including miR-223 [52], miR-1246 [53], miR-
433 [54], miR-21 [49], and miR-1307 [55], have been shown to
promote OC cell resistance to paclitaxel by different pathways. For
instance, EV miR-223 induces chemoresistance in SKOV3 cells
through the PTEN–PI3K/AKT pathway. MiR-1246 inhibits the Cav1
gene and affects the recipient cells through the PDGFβ receptor,
while miR-433 induces senescence of OC cells. EV miR-98-5p [50],
miR-130a [56], miR-21-3p [37], miR-891-5p [47], miR-223 [52], miR-
214-3p [57], and miR-214 [58] have all been shown to be associated
with platinum resistance in OC cells. In contrast, miR-100 [59], miR-
143 [60], and miR-30a-5p [51] in EVs can induce OC cells to
resensitize to platinum. Table 1 illustrates the effects of some highly
expressed EV miRNAs on chemoresistance in OC cell lines.
Thus, from these studies, it is evident that EVs are not only

triggered by chemotherapy drugs but their mixed complement of
cargo molecules directly contributes to the chemoresistant
phenotype of OC cells. Overall, we classify the effects of EVs and
chemoresistance into four categories. First, OC cells directly
excrete drug molecules by secreting EVs; second, EVs participate
in the development of chemoresistance by transporting drug-
resistance-related ncRNA; third, EVs improve the tolerance of
target cells to chemotherapeutic drugs by transporting active
proteins; finally, EVs alter the chemoresistance of OC cells by

Fig. 1 EVs-mediated drug-resistance mechanism of OC. Drug-
resistant cells excrete chemotherapeutic drugs out of the cell by
secreting EVs to achieve the purpose of chemotherapy resistance. At
the same time, the ncRNA and active protein contained in the EVs
secreted by the drug-resistant cells enter the sensitive cells through
endocytosis, thereby transmitting the drug-resistant phenotype. We
use EV miR-21 [49] as an example to demonstrate the emergence of
this resistance mechanism. EVs secreted by drug-resistant cells also
change the tumor microenvironment, making tumor cells more
likely to survive.

Table 1. Summary of EV miRNAs in OC chemoresistance.

miRNA OC cell line Drug Possible mechanism Reference

miR-21 OVCA432, SKOV3 Paclitaxel miR-21 downregulates the expression of APAF1 [48]

miR-1246 HeyA8, SKOV3, A2780 Paclitaxel Cav1/p-gp/M2-type macrophage axis [52]

miR-433 A2780, PEO1, PEO4 Paclitaxel Induce cellular senescence [53]

miR-1307 A2780 Paclitaxel miR-1307 downregulates the expression of ING5 [54]

miR-21-5p CAOV3 Cisplatin Glycolysis /ATP-binding cassette family and detoxification enzymes [46]

miR-21-3p CAOV3 Cisplatin Upregulate the synthesis of glutathione synthase, NUCL, TPD53, MATR3
and XRCC5

[46]

miR-891-5p CAOV3 Cisplatin Increase the expression of G2/M checkpoints [46]

miR-98-5p SKOV3 Cisplatin miR-98-5p /CDKN1A, inhibit apoptosis [49]

miR-223 A2780, SKOV3 Cisplatin miR-223 inhibits the expression of PTEN to activate the PI3K/AKT
pathway

[51]

miR-214 A2780 Cisplatin cell apoptosis [57]

miR-214-3p OV90, ES2 Cisplatin, Paclitaxel miR-214-3p inhibits the expression of LHX6 [56]

miR-1270 A2780, SKOV3 Cisplatin miR-1270 downregulates the expression of SCAI [66]

miR-143 A2780, SKOV3 ↓Cisplatin miR-143 downregulates the expression of FOSL2 [59]

miR-30a-5p SKOV3 ↓Cisplatin miR-30a-5p downregulates the expression of SOX9 [50]

miR-100 SKOV3 ↓Cisplatin Inhibit cell proliferation, promote cell apoptosis and cell cycle arrest [58]

Abbreviations: AKT also known as PKB, protein kinase B, APAF1 apoptotic protease-activating factor 1, CDKN1A cyclin dependent kinase inhibitor 1A, EV
extracellular vesicles, FOSL2 Fos-like antigen 2, ING5 inhibitor of growth 5, LHX6 LIM homeobox 6, MATR3 matrin 3, NUCL nucleolar protein, PI3K
phosphatidylinositol 3-kinase, PTEN Phosphatase and tensin homolog, SCAI the suppressor of cancer cell invasion, SOX9 SRY box 9, TPD53 tumor P53, XRCC5
X-ray repair cross-complementation 5. ↓ Reversed the resistance of OC cells to chemotherapy drugs.
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regulating the TME. The results of these studies provide the basis
for exploring the future directions for EVs as biomarkers as well as
the basis for novel anticancer treatments, as discussed
further below.
Last, it must be mentioned that OC chemoresistance mechan-

isms involving EVs do not stand alone since there are many other
contributing factors, involving changes in cell metabolism and
epigenetics [61, 62].

EV noncoding RNA biomarkers for monitoring OC
chemoresistance
EVs found in plasma or serum fractions are not only derived from
blood cells but also from all body tissues. Some articles have
proposed the utility of EVs as circulating biomarkers for
monitoring OC chemoresistance [4, 53, 63, 64]. All major types
of EV cargo have been considered, but unsurprisingly, miRNAs
feature prominently as potential analytes, given the abundance of
studies involving EV miRNAs.
Several studies have found that the high expression of miRNAs

in circulating EVs is associated with platinum resistance and
recurrence of OC [47, 57]. For instance, miR-891a-5p was found to
be highly expressed in patients with recurrent OC
(n= 6) compared with patients that were alive without disease
(n= 11). Epithelial ovarian cancer (EOC) cells transfected with miR-
891a-5p increased the expression of G2/M-checkpoint proteins
involved in the DNA repair mechanism, which might be related to
the indication of platinum resistance and high risk of relapse [47].
Another study examined the expression of EV miRNAs from the
serum of 29 patients after primary debulking surgery, miR-214-3p
was found to be positively correlated with EOC malignancy. The
target gene of EV miR-214-3p is LHX6. The inhibition of LHX6
reduced the rate of EOC cell apoptosis induced by cisplatin,
suggesting that LHX6 is associated with resistance to platinum-
based chemotherapy [57]. EV miR-223 and miR-484 are also
proposed to predict the chemoresistance and prognosis of OC
patients [52, 65]. The expression of EV miR-223 was significantly
higher than that of patients with primary tumors [52], in a group
of OC patients (n= 12) who received paclitaxel and cisplatin
chemotherapy after the first surgery and relapsed within 6 months.
In another study, the researchers examined the levels of EV miR-
484 in the serum of OC patients (n= 113) and healthy individuals
(n= 60), and found that the expression of serum EV miR-484 in OC
patients was significantly reduced. At the same time, they found
that the low expression of serum EV miR-484 usually predicts
shorter OS and PFS [65]. However, the above studies are all based
on findings in cells, which revealed potential mechanisms that can
be used in determining patients’ responses.

Other forms of ncRNAs have also been considered as EV
biomarkers to monitor the progression and chemoresistance of
OC. The high expression of lncRNA MALAT1 and lncRNA UCA1 in
serum EVs usually indicates that OC is at an advanced stage and
the occurrence of cisplatin resistance [60, 66]. CircRNA Foxp1 was
upregulated in serum EVs of cisplatin-resistant OC patients [67], in
contrast, circRNA Cdr1as was downregulated [68]. In platinum-
resistant OC cells, the significantly increased expression of EV
pGSN has been proposed as a biomarker of chemoresistance [4].
The EV noncoding RNA biomarkers proposed for monitoring OC
chemoresistance are summarized in Table 2.

EVS IN OC METASTASIS
The role of EVs in cell communication has been widely recognized
[22, 69]. Tumor metastasis is also closely related to the secretion of
EVs [70, 71]. In Table 3, we summarize some EV cargos related to
OC metastasis. Sharma Shayna et al. confirmed that 12 proteins
related to proliferation, invasion, and metastasis exist in EVs
secreted by SKOV3 cells [34]. Others found that EV-mediated
metastasis of cancer-secreting miR-105 disrupts the integrity of
the vascular endothelial barrier [72]. In contrast, miR-6126 [73] and
miR-7 [74] in EVs were shown to inhibit the proliferation and
metastasis of OC. Analogously, EVs in human adipose mesench-
ymal stem cell (hAMSC)-derived conditioned medium (CM) were
shown to inhibit the proliferation of A2780 and SKOV3 OC cells
[75]. In addition, SKOV3-derived EVs promoted the transformation
of normal stromal fibroblasts into CAFs in vitro, and CAFs in turn
enhanced the migration ability of SKOV3 cells [76]. EVs are
thought to stimulate angiogenesis, extracellular matrix (ECM)
remodeling, establish premetastatic niches, inhibit immune
response, and promote tumor metastasis. The role of EVs in OC
metastasis promoted by the different factors is shown in Fig. 2.

EVs affect the regulation of OC angiogenesis
As we know, blood vessels not only provide oxygen and nutrients
for the development of tumors, but are also considered essential
for supporting tumor metastasis [77]. Indeed, the cargo molecules
in tumor-derived EVs are involved in angiogenesis in vitro, which
play an important role in promoting tumor metastasis [78, 79]. In
clinical work, the combination of anti-angiogenic drugs such as
Apatinib and Nintedanib and chemotherapy drugs can signifi-
cantly improve the prognosis of OC patients [80, 81]. These anti-
angiogenic drugs can selectively inhibit vascular endothelial
growth-factor (VEGF) receptors. However, it is also reported that
in certain cases, some can promote endothelial cells to release
EVs enriched with VEGF to promote tumor angiogenesis [82].

Table 2. EV noncoding RNA biomarkers proposed for monitoring OC chemoresistance.

Cargo type Sample origin EV cargo Pathway/Mode of action Reference

MiRNA Serum MiR-214-3p Inhibit the expression of LHX6 [56]

Plasma MiR-891-5p Increase the expression of G2/M checkpoints [46]

Serum MiR-484 Regulate angiogenesis [63]

Macrophages MiR-223 Inhibit the expression of PTEN to activate the PI3K/AKT pathway [51]

LncRNA SKOV3.ip1, HO8910.PM LncRNA MALAT1 Regulate angiogenesis [64]

Serum LncRNA UCA1 Inhibit the expression of miR-143 thereby upregulating FOSL2 [59]

CircRNA Serum CircRNA Cdr1as Inhibit the expression of miR-1270thereby upregulating SCAI [66]

SKOV3 CircRNA Foxp1 Upregulate the expression of CEBPG and FMNL3 through miR-22 and
miR-150-3p

[65]

Abbreviations: AKT also known as PKB, protein kinase B; Cdr1as cerebellar degeneration-related protein 1 antisense RNA, CEBPG CCAAT enhancer binding
protein gamma, EV extracellular vesicles, FMNL3 formin like 3, FOSL2 Fos-likeantigen2, Foxp1 forkhead box P1, LHX6 LIM homeobox 6, MALAT1 metastasis
associated lung adenocarcinoma transcript 1, PI3K phosphatidylinositol 3-kinase, PTEN Phosphatase and tensin homolog, UCA1 urothelial cancer associated 1.
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EV MiR-141-3p secreted by OC cells was reported to promote the
generation of vascular endothelial cells by activating the JAK/
STAT3 signaling pathway, thereby accelerating the metastasis of
OC [78]. Liuqing et al. found that circulating EV miR-205 was
highly expressed in OC patients [79], and induced angiogenesis
through the PTEN–AKT pathway, which had been shown to
promote OC metastasis and invasion [79, 83]. In SKOV3 cells, miR-
205 overexpressed in EVs can target vascular endothelial growth
factor A (VEGF-A) to change its biological characteristics [84].
The lncRNA carried by EVs from SKOV3 cells can activate the

phosphorylation of NF-κB in human umbilical vein endothelial
cells (HUVECs), thereby promoting endothelial cell migration [85].
CD147 was found to be expressed in EVs derived from OVCAR3 OC
cells, and CD147-positive vesicles released by OC cells could
induce angiogenesis in vitro [86, 87]. Moreover, EV prokineticin-
receptor 1 (PKR1) was shown to promote angiogenesis in A2780
and HO8910 OC cells in vitro and the mechanism may be related
to the phosphorylation of STAT3 [88]. Soluble E-cadherin (sE-cad),
which is located on the surface of EVs, is highly expressed in the
malignant ascites of patients with OC and has been proven to be
an effective angiogenesis inducer [89]. Most of these studies are
limited to in vitro experiments, but demonstrate in principle that
OC EVs regulate the formation of blood vessels in tumors.

How do EVs promote OC metastasis?
Different tumor types tend to metastasize to specific sites, for
example, prostate cancer mainly metastasizes to bone [90], while
uveal melanoma usually metastasizes to the liver [91]. Cancer cells
directly influence this process, for example, midkine secreted by
cutaneous melanoma cells produces long-range changes in the
endothelium, creating a premetastatic niche for lymphatic
metastasis [92]. It has also been reported that tumor-derived EVs
taken up by organ-specific cells similarly create a premetastatic
niche [71]. Different EV cargoes, including proteins, nucleic acids,

and lipids, are transported to specific organs, transforming the
recipient’s tissue microenvironment, to assist the process of
targeted metastasis [70, 93]. For OC, metastasis usually involves
the spread of cancer cells to the omentum [49].
One of the fundamental ways in which EVs promote metastasis

involves their ability to mediate cell–cell interactions [94]. For
example, the cell-adhesion molecule CD44 that regulates the
process of OC metastasis in an organ-specific manner [95], was
reported to be transferred to the peritoneal mesothelial cells from
OC cells via EVs to assist in their invasion [96]. Alharbi Mona et al.
found that the EVs secreted by SKOV3 cells were rich in proteins
that regulated cancer signaling through ACTN4, CD44, and type-
IV collagen [97]. ACTN4 is an actin-binding protein that plays a
key role in the movement of cancer cells [98]. There is also
evidence that sE-cad-positive EVs are associated with the
formation of malignant ascites and the extensive peritoneal
metastasis of OC cells [89]. Keller Sascha et al. found that the EVs
derived from malignant ascites carry proteins related to tumor
progression, such as L1CAM, CD24, ADAM10, and EMMPRIN [26].
Their animal experiments proved that using EVs derived from
malignant ascites to stimulate tumor-bearing mice caused the
tumor to spread in the abdomen [26]. RNA-type EV cargos also
influence targeted metastasis in OC. For instance, MMP1 mRNA
carried by EVs leads to OC peritoneal metastasis by inducing
apoptosis of human mesothelial cells [44]. The EV circRNA
CircPUM1 and circWHSC1 promote OC peritoneal metastasis
through the sponging of miRNAs, which are essential for the
mesothelial-to-mesenchymal transition (MMT) and epithelial-to-
mesenchymal transition (EMT) processes of peritoneal mesothe-
lial cells, respectively [99, 100].
Collectively, these studies suggest that EVs affect the metastasis

of OC to the peritoneum. By acting on the peritoneum, EVs
transform part of the microenvironment to make it suitable for the
planting and growth of OC cells.

Fig. 2 The role of EVs in OC metastasis. OC-derived EVs promote OC metastasis by promoting angiogenesis, affecting the EMT process,
producing immunosuppression, directly stimulating OC cells, and participating in the construction of premetastatic niches. A It shows the
general structure, size, content, and markers of EVs [22, 24]. B The VEGF carried by EVs binds to the VEGFR of vascular endothelial cells to
promote angiogenesis [79]. C EVs promote the process of EMT [84]. D PD-L1 is expressed on the surface of EVs, which inhibits the activation of
immune cells [120]. E EVs directly stimulate OC cells, causing them to metastasize [25]. F EVs are involved in the construction of the niche
before OC peritoneal metastasis [96].
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Roles of EVs EMT and CSCs working together in promoting OC
metastasis
The EMT is associated with cancer metastasis and resistance to
treatment by enhancing cancer-cell plasticity [101]. In studies of
OC, downregulation of TRAP1 evident in OC metastases is
functionally associated with EMT and promoting OC invasion
[102]. Furthermore, MUC4 mucin overexpression in ovarian
tumors similarly induces EMT as in OC cells and enhances their
invasiveness [103]. EVs also influence EMT through paracrine
mechanisms [69], for example, miR-205 from OC-derived EVs
regulates EMT in OC cells [84], while LIN28, an RNA-binding
protein that is highly expressed in OC cell EVs, causes the
increased EMT gene expression in HEK293 cells [104]. Ascite-
derived EVs promote EMT by delivering miR-6780b-5p to OC
cells [105]. The above results indicate that EVs regulate the
process of OC EMT through multiple pathways.
Cancer stem cells (CSCs) are thought to be the core reason

behind tumor clonal evolution [106], and thus widely believed
to be the driving force behind tumor progression [107]. Cells
with CSC characteristics have been isolated from OC cell lines
[108, 109]. EMT is also thought to relate to tumor “stemness”
and may represent a functional characteristic of CSCs [110]. In
OC, CSCs can survive the first-line chemotherapy and develop
drug-resistant metastases [111]. These CSCs are present in the
ascites in the form of single or multicellular spheroids [112],
and then disseminate to new locations with the ascites’
movement [111], forming extensive abdominal metastases. A
study has shown that the EVs from MDA-MB-231 breast cancer
cell line released miR-454 to disrupt the Wnt pathway, thereby
promoting CSC stemness in SKOV3 and CoC1 OC cells in vitro
[113]. This may imply that EVs and CSCs have certain
relationship that jointly regulates the spread and resistance
of OC. More deep investigation is required for the following
study in this area.

EVS INFLUENCE OC IMMUNE EVASION
With the advent of immune-checkpoint inhibitors, immunother-
apy is reemerging as the next wave of promising anticancer
treatments. The proportion of patients benefiting from immu-
notherapy in the clinic is still not high since tumors utilize multiple
ways to escape the immune system [114]. The TME plays a very
important role in cancer immune evasion, and comprises various
immune and stromal cells that have profound effects on immune
responses. Notably, cancer cells can escape immune surveillance
by overexpression of antiphagocytic surface proteins such as
CD47, PD-L1, and the beta-2 microglobulin subunits of major
histocompatibility class-I (MHC-class-I) complex (B2M) [115]. OC
usually has limited immune-cell infiltration or extensive immuno-
suppressive T-cell infiltration, making it a low immunoreactive
cancer [116]. EVs are found to contribute to the process of
immune evasion in a multifaceted manner that involves the
effects on both the innate and adaptive immune response by
regulating the function of immune cells [117]. For instance, PD-L1
expressed in EVs inhibits the antitumor immune response [118]. At
the same time, the interaction between EV PD-L1 and PD-1
inhibits the function of T cells and promotes the adaptive immune
escape of tumor [119, 120]. Immune evasion is usually associated
with tumor metastasis. In Fig. 3, we show the potential role of EVs
in regulating immune cells in OC. The following sections discuss
how EVs contribute to immune escape in OC in detail.

EVs contribute to macrophage phenotypic differentiation in
OC
Tumor-associated macrophages (TAMs) are the most abundant
immune cells in the TME [121]. They can be broadly categorized
into two functional classes according to their polarization:
inflammatory M1 and anti-inflammatory macrophage M2 pheno-
types [121]. EOC cell-derived EV miR-940 plays a tumor-promoting
role in EOC by driving macrophages to activate the M2 phenotype

Fig. 3 The role of EVs in OC immune evasion. OC-derived EVs inhibit the activation of DC cells, induce the polarization of macrophages,
inhibit the cytotoxicity of NK cells, and regulate the function of T cells. The miRNAs carried in EVs secreted by OC cells promote the conversion
of macrophages into M2 phenotype [124], and the FasL carried on the surface induces the apoptosis of DCs [128]. EV cargo also inhibits the
proliferation of CD4+ and CD8+ T cells through the presentation of DCs [145]. EV cargo directly stimulates T cells and NK cells as well as
inhibits their functional activation [136, 144]. EVs help OC cells produce immune evasion through these mechanisms of action.
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[122]. Macrophages of M2 phenotype activated by EVs help
immune evasion of OC cells by releasing immunosuppressive
factors [123]. EOC-derived EVs, including miR-21-3p, miR-125b-5p,
and miR-181d-5p, have all been shown to induce M2 macrophage
polarization, thereby promoting EOC occurrence and transfer
[124]. TAM-derived EVs are rich in miR-29a-3p and miR-21-5p,
which interact with T cells to create an immunosuppressive
environment [125]. In addition, EVs isolated from ascites may also
have a role in impairing the cytotoxic activity of peripheral blood
mononuclear cells (PBMCs) [86]. Thus, there is abundant evidence
from the above reports to suggest that EVs induce immune
escape of OC by affecting the polarization of macrophages.

Functions of EVs are associated with dendritic cells in OC
Dendritic cells (DCs) play a specialized role in antigen presentation
that links the regulation of the innate and adaptive immune
response. Several mechanisms have now been disclosed to show
that cargo molecules in EVs produced by OC cells impact the
function of DCs. For example, EV miR-212-3p promotes immune
tolerance of DCs by inhibiting the expression of regulatory factor
X-related protein (RFXAP) and major MHC class II [122]. Another
study showed that OC EVs rich in miR-203 inhibit DC activation
[126]. Tumor-derived EVs induced immunosuppression by deliver-
ing heat-shock proteins (HSP72 and HSP105) to DCs [127]. In vitro
studies also showed that FAS-L and TRAIL expressed by OC-
derived EVs in patients’ ascites inhibited DC activation by inducing
apoptosis [128].
EVs produced by DCs have also been shown to express natural

killer (NK) cell activation ligands and induce antigen-specific T-
and B-cell responses [129]. Other recent research has confirmed
that EVs are necessary for DCs to activate T-cell function [130].
Thus, OC-derived EVs inhibit the activation of DCs or EVs from the
DCs act to suppress the immune response.

Effects of tumor-derived EVs on NK cells
NK cells are a key antitumor effector cell that can spontaneously
detect and lyse transformed or stressed cells [131]. Advanced
pleural malignant mesothelioma cell-derived EVs were reported to
inhibit the stimulation of IL-2 on lymphocyte proliferation, and
significantly inhibited the cytotoxicity of NK cells [132]. Melanoma
cell-derived EVs also downregulate NK-cell function and induce
apoptosis in cytotoxic CD8+ T cells [133]. In contrast, in
neuroblastoma, EVs secreted by NK cells restore the cytotoxic
effects of NK cells [134].
Specifically, EVs from ascite-derived patients promote the

progression of OC in vivo, and play a role in regulating immune
responses in the TME. These EVs could also be taken up by NK and
B cells [135]. OC-derived EVs expressing the NK receptor NKG2D
ligands (MICA / B and ULBP1–3) were shown to interfere with NK-
mediated tumor cell targeting [136], thereby reducing NK-cell
function. Although there is presently limited evidence available,
the fact that EVs antagonize NK function would seem to represent
an obvious opportunity for improving the effectiveness of OC
immunotherapy.

EVs regulate lymphocyte function in tumor microenvironment
Regulatory T (Treg) cells play an important role in maintaining
immune homeostasis, and are recruited in a large number in the
TME, creating obstacles to tumor immunity [137]. OC-derived EVs
suppress T-cell immunity and promote tumor progression
[138, 139]. In a low-glucose environment, miR-451 encapsulated
in gastric cancer-derived EVs was reported to promote the
differentiation of T-helper 17 (Th17) cells [140]. It was found that
melanoma-derived EVs reduced T-cell responses by reducing
T-cell receptor (TCR) signaling and reducing cytokine and
granzyme secreted by B cells, thereby reducing the cytotoxic
activity of the cells [141]. Similarly, when hepatocellular
carcinoma-derived EVs activated B cells, B cells showed the strong

expression of the TIM-1 protein and inhibited CD8 T-cell activity
[142]. In addition, EVs secreted by metastatic melanoma with PD-
L1 expression inhibit CD8 T-cell function and promote tumor
growth [120]. The abundant contents in EVs also mediate the
transfer of OC cells through interaction with immune cells.
A range of specific inhibitory mechanisms from OC-derived EVs

have recently been reported. T cells treated with EVs derived from
OC ascites are functionally suppressed and interestingly, the
inhibitory effect is reversible if exposed to EVs for a short time
(2 h), but longer exposures (1–4 days) result in the gradually but
irreversible loss of T-cell function [143]. GD3, a ganglioside
expressed on the surface of OC EVs, directly inhibited the
activation of T cells [144]. The effects were also observed in the
lymphatics where EVs from OC are dispersed long distance to
draining lymph nodes and transfer arginase 1 to DCs, thereby
inhibiting the proliferation of CD4+ and CD8+ T cells [145].
Furthermore, OC-derived EVs help promote immune escape by
inhibiting the release of IL-2 and IFN-γ of CD4+ and CD8+ T cells
[143]. Moreover, siglec-10 on the surface of T cells is upregulated
by EVs secreted from OC cells, and acts to inhibit T-cell activation
[146]. All the results indicate that OC cells regulate the function of
T lymphocytes through the contents of EVs to achieve the purpose
of immune evasion.

The potential application of EVs in OC immunotherapy
As described above, EVs produced by tumor cells have a variety of
negative effects on the immune response. Equally, there are some
reports showing that the EVs isolated from ascites of OC patients
stimulate cytokine secretion by monocytes that may enhance
immune responses [147]. Conceptually therefore, using EVs to
reactivate anti-tumor immunity, e.g., pancreatic cancer-cell EVs
reverting macrophages M2 to an M1 phenotype, may represent an
alternative mode of treatment [148]. Conejo-Garcia and his team
verified that FSHR (follicle stimulating hormone receptors) are a
safe and effective immunotherapy target for the treatment of OC,
and proposed that the FSHR carried in ascite-derived EVs
specifically activate FSHCER (follicle-stimulating hormone receptor
chimeric endocrine receptor) T cells [149]. Another opportunity
may involve manipulating the potential of EVs to alter antigen-
presenting functions in the TME [150]. EVs released from OC
ascites present antigens to DCs and may activate cytotoxic T cells
[151]. Therefore, the antigen-presentation capability of EVs may
provide a new direction for the development of OC vaccines.
However, further research is necessary to study the related
mechanisms in more detail, especially to identify specific EVs and/
or EV cargo that contribute to enhancing immunotherapy or other
treatment options for OC.

NOVEL THERAPEUTIC APPROACHES USING EVS FOR OC
TREATMENT
Chemoresistance is currently the main difficulty in clinical
treatment of OC and EVs play various roles in the manifestation
of drug resistance. Researchers in the United States have
proposed a device, similar to a hemodialysis machine, that can
separate circulating EVs from the body to reduce the circulating
levels of EVs, with the idea to suppress the development of drug
resistance in tumor cells [152]. This bold concept is yet to be
proven, but in support, GW4869, which is a pharmacological agent
that inhibits EV generation, was shown to reverse the resistance of
drug-resistant OC cells and restored its sensitivity to cisplatin
[153].
In addition, to be a potential therapeutic target, EVs can also be

used as carriers for drugs and other forms of therapies [28]. Jin
et al. reported that EVs secreted by breast cancer or OC
contributed to the pharmacodynamics between nearby cells
where they transfered drugs from one cell to another [154]. In this
application, EVs have the advantages of low immunogenicity,
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better biocompatibility, and targeted efficacy [155]. For example,
Mohamad et al. found that encapsulating doxorubicin with EVs in
mice avoided cardiotoxicity and improved the therapeutic effect
on OC [156]. Moreover, Xiaohui et al. transferred cisplatin into EVs,
which significantly improved the cytotoxic effect of cisplatin in
drug-resistant A2780/DDP cells in vitro [157]. EVs can also be
adapted to mimic their natural effects on gene regulation. EVs
secreted by OC designed by Chenglong and colleagues carrying
both MDR1–siRNA and paclitaxel were shown to restore sensitivity
to paclitaxel both in vitro and in vivo [158]. Most recently, Simone
et al. described immune derived exosome mimetics (IDEM) that
carried chemotherapeutic drugs. Compared with natural EVs, this
system has higher yields, lower side effects, and more precise
targeting [159]. Similarly, Jang et al. designed an EV loaded with
the STimulator of InterferoN Genes (STING) agonist cyclic
dinucleotide (CDN), named ExoSTING, which had a 100–200-fold
increase in effectiveness and could effectively activate immune
cells [160]. Therefore, while using EVs to treat chemoresistance in
OC has not yet reached the clinic, progress has been made to
identify both the right targets and the approaches to deliver
the EVs.

CONCLUSIONS AND PERSPECTIVES
The resistance, metastasis, and immune evasion of OC are highly
correlated with EVs, which provides a new idea for clinical
management of this disease. In this review, we describe the role of
EVs and their contents in OC resistance, abdominal metastasis,
and immune evasion. In view of various problems in the clinical
management of OC, many scientific research teams have
conducted a number of investigations related to EVs, which
provides new insights and theoretical guidance for future clinical
treatment. In the meantime, there are also some unsolved
problems in the study of EVs. For example, the gold standard
for EV isolation has not been established, and clinical testing is not
practically used. The obstacles for EVs from the laboratory
research to clinical transformation also exist. With the deepening
understanding on EVs, it may be available to indicate the
prognosis of patients based on the expression of EV contents,
and develop the personalized treatment strategies to benefit OC
patients in the future.
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