S International Journal of

7
Molecular Sciences m\D\Py

Review

Role of Extracellular Vesicles in Epithelial Ovarian
Cancer: A Systematic Review

1 1 3

Alessandro Lucidi 1, Danilo Buca 1@, Carlo Ronsini 1%, Sara Tinari 1, Giuseppina Bologna 2,3,
Davide Buca 3, Martina Leombroni 1, Marco Liberati 12, Francesco D’ Antonio 1,
Giovanni Scambia %, Paola Lanuti %#3* and Marco Petrillo °

1 Obstetrics and Gynecology Clinic, University of Chieti, 66100 Chieti, Italy; lucidi.alex@gmail.com (A.L.);

danilobuca@gmail.com (D.B.); carlo.ronsini90@gmail.com (C.R.); satynari@gmail.com (S.T.);
martina.leombroni@gmail.com (M.L.); marco.liberati@unich.it (M.L.); dantoniofra@gmail.com (ED.)
Department of Medicine and Aging Sciences, University “G. d’Annunzio”, Chieti—Pescara, 66100 Chieti,
Italy; giuseppina.bologna@hotmail.it (G.B.); bucadavide@gmail.com (D.B.)

Center for Advanced Studies and Technology (C.A.S.T.), University “G. d’Annunzio”, Chieti-Pescara,
66100 Chieti, Italy

4 Department of Woman and Child Health, IRCCS Fondazione Policlinico Agostino Gemelli, 00168 Rome,
Italy; giovanni.scambia@policlinicogemelli.it

Department of Medical, Gynecologic and Obstetric Unit, University of Sassari, 07100 Sassari, Italy;
marco.petrillo@gmail.com

*  Correspondence: p.lanuti@unich.it; Tel.: +39-0871-541392

Received: 30 October 2020; Accepted: 15 November 2020; Published: 19 November 2020 el
Abstract: Extracellular vesicles (EVs) are a heterogeneous group of cell-derived submicron
vesicles released under physiological or pathological conditions. EVs mediate the cellular crosstalk,
thus contributing to defining the tumor microenvironment, including in epithelial ovarian cancer
(EOC). The available literature investigating the role of EVs in EOC has been reviewed following
PRISMA guidelines, focusing on the role of EVs in early disease diagnosis, metastatic spread,
and the development of chemoresistance in EOC. Data were identified from searches of Medline,
Current Contents, PubMed, and from references in relevant articles from 2010 to 1 April 2020.
The research yielded 194 results. Of these, a total of 36 papers, 9 reviews, and 27 original types of
research were retained and analyzed. The literature findings demonstrate that a panel of EV-derived
circulating miRNAs may be useful for early diagnosis of EOC. Furthermore, it appears clear that EVs
are involved in mediating two crucial processes for metastatic and chemoresistance development:
the epithelial-mesenchymal transition, and tumor escape from the immune system response. Further
studies, more focused on in vivo evidence, are urgently needed to clarify the role of EV assessment in
the clinical management of EOC patients.

Keywords: extracellular vesicles; tumor microenvironment; ovarian cancer; microRNAs; epithelial
mesenchymal transition; immunological escape

1. Introduction

Despite the efforts made in recent decades to improve the efficacy of therapeutic strategies,
epithelial ovarian cancer (EOC) remains the most lethal among gynecological malignancies. From a
clinical point of view, the cornerstones in the management of EOC are still represented by a combination
of surgery and chemotherapy. However, the development of innovative and more effective surgical
and medical approaches was associated with only a slight survival improvement [1,2]. The unfavorable
prognosis of OC patients is mainly due to late stage diagnosis, and the development of chemoresistance
along disease natural history [3-6].
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Focusing on diagnosis, OC remains an asymptomatic disease up to the occurrence of diffuse
peritoneal carcinomatosis, which includes abdominal bloating, and gastrointestinal symptoms [1].
Furthermore, the combination of trans-vaginal ultrasonography and dosage of CA-125 serum levels,
as screening methods, demonstrated a promising, but still limited, ability to identify EOC as early
stage disease [1,2]. As a consequence, in approximately 70% of patients, EOC is diagnosed as late stage
disease with a 5-year overall survival below 40% [4-6], thus emphasizing the need to develop highly
sensitive, non-invasive tools able to ensure an early diagnosis, addressing one of the biggest challenges
in biomarker research.

As previously highlighted, another crucial point in EOC research is certainly represented by the
development of drug resistance [6-8]. Relevant efforts have been pointed out in identifying biological
factors able to predict the development of platinum resistance, and eventually suitable as therapeutic
targets to increase response to platinum compounds.

In this context, growing attention has been focused on the role of extracellular vesicles (EVs) and
their cargoes as prognostic and predictive factors in EOC patients. In fact, these micro-environmental
structures are involved in cellular crosstalk, contributing to several physiological responses, such as
metabolism regulation and activation of stress response, but, at the same time, EVs may represent an
effective tool for cancer tissue to maintain its own pathological homeostasis [6-8].

For these reasons, we review here the available literature investigating the role of EVs in
OC patients, trying to emphasize the clinical implication in the diagnosis and treatment of this
challenging malignancy.

2. Search Strategy and Selection Criteria

The design of this systematic review of the literature followed PRISMA guidelines. Data were
identified from searches of Medline, Current Contents, PubMed, and from references in relevant
articles published from January 2010 to April 2020, using the following search terms: “ovarian cancer”,
“early-stage ovarian cancer”, “high grade ovarian cancer”, “exosome”, and “ovary”.

The research yielded 194 results. Only articles published in English were included.

We identified a total of 29 papers, 5 reviews, and 24 original research, and these data were retrieved

and analyzed (Table S1).
3. Extracellular Vesicles Subtypes and Methods of Analysis

3.1. Extracellular Vesicles: Definition and Classification

Extracellular vesicles (EVs) are a heterogeneous group of cell-derived submicron vesicles released
under physiological or pathological conditions [9-17]. In the past decade, EVs have been classified
on the basis of their size and mechanisms of biogenesis, as exosomes (30-100 nm), when generated
within endosomal compartments, microvesicles (MVs, 100-1000 nm), and apoptotic bodies (0.1-5 um),
both budding directly from the plasma membrane [18].

- Exosomes, the smallest EVs, originate within the lumen of multivesicular bodies (MVBs), and their
release process is regulated by a group of proteins called “endosomal sorting complex required for
transport” (ESCRT) or through ESCRT-independent mechanisms [19,20]. In any case, when MVB
vesicles fuse with the plasma membrane, they release their content in the extracellular milieu as
exosomes. It has been demonstrated, by immunoelectron microscopic studies, that exosomes are
enriched in tetraspanins that seem to play a key role in the exosome release as well as in exosomal
sorting of cargo molecules [21-27]. For these reasons, tetraspanins CD9, CD63, and CD81 were
pointed out as specific exosome markers [28].

- MVs, released by budding from their parental cells, include a subtype of EVs released by cancer
cells, well known as “oncosomes”. The presence of larger oncosomes (1-10 um in diameter)
has been also described, with the involvement of these EVs in driving metastatic spread [29,30]
through integrin signaling regulation [29].
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- Apoptotic bodies, released by cells undergoing apoptosis, can be distinguished from other
phosphatidylserine-positive MVs based on positivity for caspases 3 and 7 and their substrates [31].

It should be also mentioned that several cell types, and resting platelets, secrete respiratory-
competent mitochondria susceptible to autonomous extracellular signaling as well as to intercellular
transfer, a finding whose implications are still unclear but that could widely expand the scope of
cell-cell communication biology [32]. To conclude, classifications mainly based on size do not fit the
heterogeneity of the EV populations and their overlaps in cargo, biodistribution, and functions [33].
Thus, in a recent position paper, the International Society of Extracellular Vesicles (ISEV) endorsed
the use of the term “extracellular vesicle” for all EV types, with a generic EV subclassification as
small, if within 100 nm, and medium/large, if above 100-200 nm [29]. Finally, it must be underlined
that despite relevant efforts made in order to establish specific phenotypes identifying the different
EV subtypes, the reliability of this classification system was not satisfying, thus leading the ISEV to
establish that it is not possible to classify each EV type through specific markers [29].

3.2. Extracellular Vesicles: Methods of Identification and Analysis

Several methods were used to identify and analyze EVs [29,34]. First, EV-specific proteins
(e.g., specific tetraspanins) have been identified and are frequently detected by immunoblotting to
confirm the presence of EVs in biological samples [29,35]. Transmission electron microscopy (TEM),
scanning EM (SEM), and cryogenic TEM are largely applied to determine EV features (diameters
and morphology) [36—41], while specific physical EV properties, such as EV stiffness and elasticity,
can be measured by atomic force microscopy (AFM) [42-44]. EV size distribution and polydispersity
in a sample can be also analyzed by dynamic light scattering (DLS), which detects the diffusion
coefficient of the scattering EVs [45]. Nanoparticle tracking analysis (NTA) allows the detection of
both EV dimensions and concentrations, through the analysis of the EV Brownian motion and the
measurement of scattered light (Sc-NTA) or emitted fluorescence (FI-NTA) [46]. Tuneable resistive
pulse sensing (TRPS) measures changes in the electrical current as each EV passes through an adjustable
nanopore [47,48]. Asymmetric flow field-flow fractionation (AF4) separates EVs on the basis of their
hydrodynamic size, making it possible to identify even the smallest compartment of EVs (a few
nanometers in diameter) [49]. However, it must be underlined that flow cytometry (FC) is currently
considered as the most appropriate technique for EV analysis [50-53]. The polychromatic FC analysis,
using tracers that stain the whole compartment of intact EVs (i.e., lipophilic carbocyanine dyes,
combined with phalloidin, that selectively bind to F-actin), accurately discriminates EVs from debris
and artefacts [13,54-57]. Polychromatic FC also allows EV immunophenotypic characterization
through the combination of specific antibodies [13,28,34,58,59]. Imaging flow cytometers combining
conventional FC with fluorescence images provide a new sensitive tool for EV studies [60,61].

3.3. Extracellular Vesicles: Biological Role

From a functional point of view, it must be underlined that EVs play relevant roles in intercellular
communication, being involved in several physio-pathological activities such as coagulation,
angiogenesis, cell survival, cancer progression, modulation of the immune response, and inflammation,
as well as in fetal-maternal communication [10,15,62,63]. It has been demonstrated that cancer cells
show an increased EV production, when compared with normal cells, and this could be related
to the specific conditions of the tumor microenvironment [64]. As critical mediators of cell-to-cell
communication, EVs may play an important role in cancer progression, by mediating the crosstalk
between tumor and stromal cells in their own environment. In addition, circulating EVs carry complex
biological information from their donor cells and should have an emerging role as a new type of
cancer biomarker [65-67].
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4. Extracellular Vesicles and OC: Focus on Diagnosis

4.1. Background

Several molecular factors have been investigated as potential biomarkers in epithelial ovarian
cancer (EOC), given their role in driving the mechanisms of oncogenesis, tumor invasion, and metastatic
spread. In the last decade, growing attention has been dedicated to the potential role of single-stranded
non-coding RNAs, that are typically 19-25 nucleotides in length, best known as microRNAs (miRNAs).
It is well established that miRNAs are endogenously expressed key regulators of post-transcriptional
gene expression [68]. The vast majority of miRNAs circulate in the body fluids of patients as cell-free
RNAs; however, in the group of cell-free RNAs, those packaged in EVs (microvesicles, exosomes,
or apoptotic bodies) are the most stable, thus being more effective in driving the process of intercellular
crosstalk. Many EV-embedded circulating miRNAs are hyper- or hypoexpressed in EOC patients
compared to healthy women, and so they may be considered as potential innovative biomarkers to be
used in clinical practice [69]. In particular, the detection of blood-circulating miRNAs located in EVs is
currently known as liquid biopsy, a minimally invasive promising blood-based approach that has the
potential of providing information on prognosis, response to therapeutic regimens, early diagnosis,
and population screening [70]. Besides miRNAs, EVs also contain proteins located on the surface or
embedded in the microvesicles, which may also retain a potential role as diagnostic biomarkers. In this
context, EVs emerge as a novel interesting research scenario, since a panel of EV-related miRNAs and
proteins may act in future as a “cancer signature”, representing a useful new weapon in EOC screening
and diagnosis.

4.2. Literature Data

This promising scenario seems to be supported by relevant evidence from the literature (Table S1),
as summarized below.

In 2019, Barnabas et al. found several biomarkers overexpressed in utero-tubal lavage (UtL) of
49 women with high-grade serous ovarian cancer (HGSOC) compared to 121 healthy women [70].
In particular, nine EV-related proteins were differentially expressed between the two groups: SERPINB5
(an epithelial cell-specific member of the SERPIN family that lacks serine protease inhibition activity),
S100A14 (a member of the S100 family lacking calcium-binding function, known to be involved in the
regulation of TP53 protein expression and of cellular motility), MYH11, CLCA4, S100A2, IVL, CD109,
NNMT, and ENPP3. The dosage of this nine-protein panel showed interesting diagnostic performance
in the early diagnosis of HGSOC, with a sensitivity and specificity of 70% and 76.2%, respectively.

Focusing on EV-related miRNAs, Chi et al. in 2018 showed a statistically significant overexpression
of miR-23a, miR-92a, miR-21, miR-100, and miR-200b in exosomes from the plasma of EOC patients
when compared with healthy women [71]. At the same time, the authors observed reduced expression
of miR-320, miR-16, miR-93, miR-126, and miR-223. In particular, miR-21 showed a sensitivity of 61%
and a specificity of 82% in discriminating between EOC patients and healthy women. At the same time,
miR-100 and miR-200b presented a sensitivity of 62% and 64%, respectively, with a specificity of 73%
and 86%. Unfortunately, the combination of those values did not increase the related detection power.
In 2018, Cindy et al. demonstrated a hyperexpression of NANOG; SPINT2; ZEB2 in EOC patients [2].
Furthermore, NANOG; SPINT2; ZEB2 were found to be significantly overexpressed in ascitic fluids of
eight EOC patients compared with peritoneal fluids of 10 healthy patients. On the other hand, miR29a;
miR30d; miR205; CA11; LAMA4 and MEDAG have been proved to be hypoexpressed in ascites
samples. A combination of LAMA4, CA11, MEDAG, NANOG, SPINT?2, let-7b, miR23b, and miR29a
was finally investigated, showing promising diagnostic performances, but the small sample size does
not allow us to draw reliable conclusions.
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In the same year, Akihiko Yoshimura et al. showed an overexpression of miR-99a-5p in the
serum of 62 OC patients compared with 20 healthy controls [72]. It also significantly decreases after
debulking surgery (p = 0.003), thus showing a potential correlation with tumor burden. The authors
established a cut-off value for miR-99a-5p expression levels and, using this threshold, the diagnostic
performances for detecting EOC were promising, with a sensitivity of 85%, and a specificity of 75%.
Interestingly, the abovementioned data were significantly different according to tumor histology
(sensitivity and specificity: 84% and 40%, for serous EOC; 33% and 91%, for clear-cell EOC; 67% and
82%, for endometrioid EOC; 33% and 91%, for mucinous EOC), which also strongly suggests the need
for tailored approaches in diagnostic evaluations. Finally, when compared with the CA125 dosage,
miR-99a-5p showed an improved sensitivity (87 vs. 54), with a comparable specificity (73 vs. 75) in the
early detection of EOC, thus deserving further investigations on its clinical role.

Wang et al. demonstrated that five miRNAs in plasma exosomes (miR-205-5p, miR-145-5p,
miR-10a-5p, miR-346, and miR-328-3p) were significantly overexpressed in patients with EOC
(32 women) when compared with a control group (32 healthy women) [62]. When those five miRNAs
were combined, the diagnostic accuracy was higher (AUC: 0.760; 95% CI: 0.691-0.828) compared with
the dosage of one miRNA alone.

Masaki Kobayashi et al. [73] in 2018 demonstrated that miR-1290 was highly expressed in exosomes
detectable in sera of 70 EOC patients. Among these, 72% of women showed advanced stage (FIGO
stage III/IV) and 27% early stage (FIGO stage I/II) disease, but, when these data were compared with
healthy controls (13 patients), no statistically significant difference was observed (p = 0.89).

In 2017, Reiner et al. showed a hyperexpression of cellular fibronectin (FN1-EDA), protectin (CD59),
epithelial cell adhesion molecule (EpCAM), 3-catenin, and the gelatinases matrix metalloproteinase 2
and 9 (MMP2/9) in EOC patients, compared with healthy women [74]. FN1-EDA, also called cellular
fibronectin, is a splice variant of fibronectin and a crucial component of the extracellular matrix. It is
highly expressed during embryogenic development, but barely found in adult tissues in contrast to
the soluble fibronectin isotype, which is constantly produced by hepatocytes and generally present in
plasma [75]. FN1-EDA was detected in the exosomes in the ascites of EOC patients.

In this context, special attention needs to be focused on EpCAM serum levels. After the results
published by Reiner et al. [74], the role of EpCAM as promising biomarker was also confirmed in the
study published by Zhang et al. [76], in which the authors performed a quantitative proteomic analysis
(iTRAQ) of circulating EVs in a group of 10 EOC patients, and 10 healthy controls. Proteomic analysis
revealed that 200 proteins were upregulated and 208 proteins were downregulated in the EOC group.
The most interesting results are represented by the overexpression of four serum EV proteins: EpCAM,
Clq, ApoE, and plasminogen, with a downregulation of serpin C1. ApoE multiplexed with EpCAM,
Plg, serpin C1, and C1q provides optimal diagnostic performance for EOC with an impressive area
under the curve (AUC ) of 0.913 (95% confidence interval (CI) = 0.848-0.957, p < 0.0001). However,
these very promising data must be validated in larger study groups prior to being considered in
clinical practice.

In 2012, Liang et al. demonstrated that EOC-derived exosomes carried a protein expression
signature that was also overexpressed in EOC tissues, including epithelial cell adhesion molecule
(EpCAM), proliferation cell nuclear antigen (PCNA), tubulin beta-3 chain (TUBB3), epidermal growth
factor receptor (EGFR), apolipoprotein E (ApoE), claudin 3 (CLDN3), fatty acid synthase (FASN),
ERBB2, and L1 cell adhesion molecule (LICAM), suggesting that these proteins could be used as
diagnostic markers for OC [77].

In 2017, Stope et al. [78] found a high in vitro expression of heat shock protein 27 (HSP27) in the
OVCAR-3 cell line (1004.9 + 137.4 pg/mL). HSP27 directly interacts with other oncoproteins to regulate
cell survival. As is well known, increased levels of HSP27 in tumor cells are due to the loss of p53
functions along with higher expression of proto-oncogenes; furthermore, HSP27 appears to play a role
in angiogenesis and inflammation [77,79]. The authors also demonstrated increased HSP27 levels in
EVs of EOC patients and, following this evidence, HSP27 has been proposed as a potential biomarker
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of peritoneal carcinomatosis in women with EOC [80]. In fact, HSP27 serum levels in patients with
peritoneal metastasis (23 patients) were significantly higher than those in patients without peritoneal
metastasis (25 patients) (5.475 ng/mL vs. 3.276 ng/mL, p = 0.032,) or in healthy women (2.46 ng/mL,
p = 0.005). Therefore, EV-derived HSP27 appears as a potentially useful biomarker, which deserves
further investigations as a promising tool in liquid biopsies to achieve early diagnosis of EOC.

4.3. Take Home Message

In conclusion, EV-derived miRNAs and proteins appear as a promising biomarker to achieve the
challenging goal of improving early detection of EOC. The critical evaluation of the published studies
strongly suggests that a panel of EV biomarkers may be more useful than a single one. However, even if
literature data appear promising, several limitations do not allow us to draw definitive conclusions,
including: the small sample size of investigated cohorts of patients, with no external validation, and the
lack of studies evaluating the role of the mentioned biomarkers when integrated in clinical algorithms
(including symptom evaluation, CA125 dosage, and ultrasound findings). The future horizon is
certainly represented by addressing these issues proposing, in the clinical scenario, the most reliable
panel of EV biomarkers.

5. Extracellular Vesicles and OC: Focus on Prognosis

5.1. Literature Data

In 2018, Zhou et al. analyzed by immunofluorescence techniques the ovarian tissue samples
from 124 EOC patients and 26 women with benign ovarian tumors in order to identify the prognostic
relevance of Treg and Th17 infiltration in tumor tissues [3]. Interestingly, the authors showed a
statistically significant higher Treg/Th17 ratio in EOC patients’ tumor tissues, blood samples, and ascitic
fluids compared to women with benign ovarian disease (p < 0.001) [4]. Furthermore, the authors
observed that EVs released from tumor-associated macrophages (TAMs, type M2) induce an imbalance
in Treg/Th17 cells, favoring Treg differentiation. The pathway which promotes these mechanisms is
linked with an exosomal overexpression of hsa-miR-21-5p (p = 0.001); hsa-miR-24-3p (p = 0.0037);
hsa-miR-29a-3p (p = 0.037); hsa-miR-146b-5p (p = 0.037) and hsa-miR- 660-5p (p = 0.032). These miRNAs
could bind to the STAT3 3’ UTR, which in turn promotes CD4+ T cell differentiation into Treg or
Th17 cells. Focusing on prognostic data, the authors analyzed a cohort of women retrieved from
The Cancer Genome Atlas (TCGA), showing statistically significant shorter overall survival (OS) in
EOC patients with a higher Treg/Th17 ratio (40 vs. 51 months, p = 0.043); a similar trend toward a
reduced OS was also observed in women showing increased expression levels of EV miR-29a-3p and
miR-21-5p. Furthermore, an increased Treg/Th17 ratio was also associated with poorer histological
grade of differentiation.

A study published in 2017 (1582 patients) by Yokoi et al. [5] found that EVs carrying MMP1 mRNA
(matrix metalloproteinase 1 mRNA) are involved in peritoneal dissemination. The ascites-derived EVs
carrying MMP1 miRNAs were responsible for a destructive phenotype in mesothelial cells, inducing
their apoptosis and leading to the beginning of peritoneal dissemination. MMP1 expression levels
could be a potential biomarker of poor prognosis (hazard ratio (HR), 1.24; log-rank test, p = 0.013).
This topic has been recently addressed in a literature review by Nakamura et al. [6], in which
several exosome-derived molecules were identified as involved in invasion, migration, and metastatic
spread and therefore identified as unfavorable prognostic biomarkers in malignant ascites, including:
STAT3/Fas; epithelial cell adhesion molecule (EpCAM); membrane-type 1, 2, and 9 MMP (MMP-1;
MMP-2; MMP-9); urokinase-type plasminogen activator; and soluble L1 adhesion molecule
(CD171). Shimizu et al. [80,81] paid particular attention to the relationship between cancer-derived
exosomes and the cancer microenvironment. Indeed, ovarian cancer cell-derived exosomes convert
fibroblasts into cancer-associated fibroblasts (CAFs). Thereafter, CAF-derived exosomes promote the
epithelial-mesenchymal transition to ovarian cancer cells through the production of transforming
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growth factor 1 (TGFp 1), that in turn activates SMAD signaling. Moreover, cancer-derived exosomes
produce activating transcription factor 2 (ATF2), metastasis-associated protein 1(MTA1), and CD147,
all angiogenic factors, in response to the hypoxic noxa given by tumor growth, and the associated
increased metabolic demand. Additionally, metastasis-associated lung adenocarcinoma transcript 1
(MALAT1) performs the same function. It has also been recently demonstrated that the hyperexpression
of MALAT1 may play a role in several malignancies, including ovarian, cervical, and breast
cancer [82-84]. In particular, MALAT1 is a long non-coding RNA, which promotes angiogenesis
and metastatic spread in EOC, being transferred through EVs from cancer cells to recipient healthy
cells, where it acts by enhancing angiogenesis-related gene expression. Additionally, elevated serum
levels of EV-derived MALAT1 have been correlated with advanced and metastatic stages of disease,
thus being suitable as a prognostic factor in EOC patients [84]. In 2017, Lutgendorf et al. reported the
presence of a difference between plasma-derived exosomes from EOC patients with low and high social
support (more or less than USD 80,000 annual income) [84]. Specifically, exosomes from patients with
low social support showed increased expression of epithelia-mesenchymal transition (EMT)-related
gene transcripts in comparison with their counterparts with high social support, and this reflected the
increased expression of a composite of mesenchymal genes, but no difference in the expression of the
epithelial gene composite. These data support the possibility of using exosomes as a non-invasive
liquid biopsy to assess the effects of bio-behavioral factors and help to direct personalized treatment
approaches for cancer that optimize patient-level physiological influences on cancer biology.

5.2. Take Home Message

Despite the high lethality of EOC, only few prognostic biomarkers have successfully entered
clinical practice (CA125, BRCA1/2, etc.). The available literature strongly supports the role of several
EV-derived miRNAs and protein as being involved in driving the process of EMT and metastatic
development, thus suggesting that in the future, a panel of these biological factors may be used to
achieve a more accurate prognostic characterization of EOC patients.

6. Extracellular Vesicles and OC: Therapeutic Issues

6.1. Actionable Therapeutic Targets

EOC is currently treated with a combination of cytoreductive surgery and adjuvant or neoadjuvant
platinum/taxane-based chemotherapy [7,85-87]. Furthermore, in recent years, the inhibitors of poly
(ADP-ribose) polymerases (PARPis) emerged as an exciting therapeutic option and demonstrated
an outstanding activity in EOC, and is currently changing clinical practice in BRCA mutant and
high-grade serous ECO patients [7,85-87]. This relevant achievement is attributable to the increased
knowledge of the biological mechanisms sustaining OC development. In this landscape, miRNAs are
emerging as actionable targets for novel therapies, given their role in driving angiogenesis, invasion,
metastasis, chemoresistance, and immunological escape. In this new therapeutic frontier, several EVs
have been recognized as key regulators of tumor progression, given their ability to suppress system
response, and in particular T cell activation.

In 2019, Feng et al. [7] summarized the pathogenetic issue of EVs released by primary ovarian
malignancies. In fact, EOC-derived exosomes promote pre-metastatic niche formation via
immunosuppression, angiogenesis, stromal cell remodeling, and oncogenic reprogramming.
In particular, miR-31 and miR-214 downregulation with miR-155 upregulation promote the
transformation of fibroblasts in cancer-associated fibroblasts (CAFs), which are unique, reprogrammed
stromal cells with roles in cancer initiation, extracellular matrix remodeling, pre-metastatic niche
formation, and metastatic spread [85]. In the pre-metastatic niche, the tumor-derived exosomes
convert local fibroblasts into CAFs, which support tumorigenesis through their exosome secretion.
When ovarian cancer cells take up TGFf1-enriched CAF exosomes, they upregulate TGF31 expression,
activating migration and invasion through an SMAD signaling cascade [86]. CAFs also enhance
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basement membrane permeability, allowing tumor cells to better invade the local uninvolved stroma.
Ovarian cancer-associated exosomes can also induce the production of IL-6 within monocytes through
Toll-like receptor (TLR) activation. IL-6 then activates the signal transducer and activator of transcription
3 (STAT3) pathway in immune cells, stromal cells, and tumor cells, which supports the overall immune
escape of cancer cells. In addition to reprogramming the immune cell gene profile, ovarian cancer cells
release Fas ligand (FasL)-carrying exosomes which downregulate the expression of the surface T cell
receptors/CD3-zeta (C) and promote T cell apoptosis [87]. Furthermore, proteomic analysis revealed
metastasis-associated protein 1 (MTA1), activating transcription factor 2 (ATF2), and E-cadherin
(sE-cad) housed within ovarian cancer exosomes as being involved in upregulating angiogenesis [88].
Finally, ovarian cancer cells release exosomes with specific miRNAs (miR-21 and miR-29a) into the
ascites that remodel the mesothelial cell layer, thus enhancing peritoneal penetration [88]. Therefore,
these EV-derived miRNAs appear as actionable targets for tailored therapies, which could in principle
selectively interrupt the carcinogenesis pathways [89].

In 2011, Peng Peng et al. [8] reported that exosomes derived from ascites of EOC patients
express immunological cell surface antigens, which means that ascites-derived EVs are released by
immunological cells [8]. In particular, Nakamura et al. clearly summarized evidence suggesting that
phosphatidylserine and FasL derived from EVs are responsible for the inhibition of T cell activity and
T cell apoptosis, being increased in ascites of EOC patients [6]. Taken together, these results strongly
suggest that EVs are involved in mediating the apoptotic processes in EOC tissues, being therefore
suitable for future anticancer therapies. More recently, Kuzmicz et al. demonstrated that EVs obtained
from the plasma of patients with EOC contained more arginase 1 (ARG-1) than the control group [90],
with an increased plasma arginase activity. It should be noted that ARG-1 is a well-known inhibitor
of T cell function in cancer patients, thus suggesting other mechanisms of EV-mediated immune
suppression in women with EOC. Furthermore, the authors demonstrated a reduced proliferation
of peripheral blood CD4+ and CD8+ T cells when incubated with EOC ascitic fluid-isolated EVs
compared to benign cyst fluid-isolated EVs.

In 2018, Xin Chen et al. showed that SKOV3 cells lines, after a hypoxic shock, synthesize
miR-21-3p; miR-125b-5p; miR-181d-5p [91]. These three miRNAs were involved in activating the
SOCS/STAT3 pathway. In particular, the related western blot analysis demonstrated that, compared
with the normal cell line, SKOV3 transfection with miR-21-3p, miR-125b-5p, and miR-181d-5p increased
the phosphorylation of STAT3. p-STAT3 acts in turn induces M2 polarization of tumor-associated
macrophages, which ultimately contribute to the development of the metastatic phenotype of EOC
cells [92]. This evidence further confirms that EVs derived from EOC patients are deeply involved
in promoting the cancer-related immune-tolerogenic milieu, opening the horizon for future tailored
therapeutic strategies.

It must be underlined that, in adult life, epithelial-mesenchymal transition (EMT) may occur
during cancer development. The intercellular communication between stem cells, stromal cells,
and epithelial cells is a key event for the induction of EMT reprogramming and the acquisition
of a mesenchymal stem cell (MSC) phenotype. Interestingly, EVs have been demonstrated to be
EMT inducers for target cells, which are capable of reprogramming recipient cells [93]. In 2015,
Enriquez et al. demonstrated that in vitro human embryonic kidney 293 cells (HEK293) overexpress
genes driving EMT when exposed to LIN28A-containing EVs secreted by ovarian cancer cell lines
(IGROV1) [94]. EV exposition resulted in significantly increased expression of 45 EMT-related genes,
including ZEB1, NOTCH1, WNT5A, NODAL, and SNAI2. LIN28A and miRNAs can reprogram cells
and are well-known regulators of cell differentiation, and these data further confirm that this type of
EV could be used as a target to block tumor spread [95].
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Hu et al. demonstrated that exosomes derived from tumor necrosis factor (TNF)-like weak
inducer of apoptosis (TWEAK) were able to inhibit the metastatic spread of EOC cells through
the shuttling of miR-7. In particular, TWEAK is a regulator of immune response and mediates
an anti-tumor effect through the exosomal transfer from macrophages [96]. Furthermore, TWEAK
stimulation increased miRNA-7 exosomal secretion, that consequently inhibits ovarian cancer metastasis
via EGFR/AKT/ERK1/2 pathway suppression. In conclusion, the exosome-derived TWEAK/miR-7
pathway represents a promising therapeutic target.

These mechanisms are summarized in Figure 1.
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Figure 1. Extracellular vesicles and miRNAs as therapeutic targets in epithelial ovarian cancer (EOC).
6.2. EVs and Platinum Resistance

Platinum resistance mechanisms deserve a particular focus. Regardless of the initial response to
treatment, resistance to platinum compounds develops along the disease natural history in around
20% of EOC patients, being one of the most relevant clinical challenges. Nowadays, it is not possible to
predict which patients will develop platinum resistance, but accumulating evidence supports the role
of EVs in these biological mechanisms [97].

In 2011, Yin et al. highlighted that patients with resistance to platinum-based chemotherapy
(30 patients) show high levels of annexin A3 in sera when compared with drug-sensitive controls
(20 patients) [98]. Annexin A3 is a phospholipid-binding protein involved in cellular processes such as
vesicle trafficking and exocytosis. The authors demonstrated that annexin A3 promotes the formation
of multivesicular bodies that are secreted with exosomes, allowing the development of drug resistance.
In conclusion, serum annexin A3 levels may be a prognostic biomarker of resistance to platinum-based
chemotherapy in EOC patients with reasonable sensitivity (63%) and specificity (80%).
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Another protein, called RAB7A, was identified by Guerra et al. [99] as a potential biomarker
of cisplatin resistance. This molecule is a key regulator of the late endocytic pathway, with a role
relevant in controlling early and late endosome maturation, lysosomal biogenesis, and acidification,
and also promoting the clustering and fusion of late endosomes and lysosomes in the perinuclear
region. It has been also demonstrated that downregulation of RAB7A protein in chemoresistant cells
could determine alterations in drug sequestration, resulting in increased drug efflux [99].

In 2018, Kuhlmann et al. [100] analyzed plasma levels of exosomal miRNAs in 30 EOC patients,
showing a reduced expression of the following miRNAs, compared to healthy controls: hsa-miR-128-3p;
hsa-miR- 99a-5p; hsa-let-7i-5p; hsa-miR-148a-3p; hsa-miR-129-5p; hsa-miR-381-3p; hsa-miR-9-3p;
hsa-miR-9-5p; hsa-miR-433-3p; hsa-let-7b-5p; miR-181a; miR-1908; miR-486; and miR-223. Furthermore,
the authors suggest for the first time that the following miRNAs, which have been previously associated
with platinum resistance in cell culture and in primary ovarian cancer tissue [101,102], could be relevant
as blood-based biomarkers of platinum resistance: miR-181a, miR-1908, miR-21, miR-486, and miR-223.

7. Conclusions

In the last decade, experimental achievements have clearly demonstrated that the microenvironment
also plays a crucial role in driving tumor development, and metastatic spread, in EOC. In this context,
it is well known that EVs, with their molecular cargo, mediate the intercellular crosstalk, thus being a
relevant tool to maintain the homeostasis of cancer tissue. Focusing on EOC, the results of our literature
review demonstrate that a panel of EV-derived circulating miRNAs may be useful in the following years
for early diagnosis, and disease monitoring during cancer therapy. Furthermore, it appears clear that EVs
are involved in mediating two crucial processes for metastatic development: the epithelial-mesenchymal
transition, and tumor escape from immune system response. Finally, growing evidence strongly suggests
that molecules carried by EVs promote the development of resistance to platinum compounds in EOC
tissue, favoring an adaptative pathologic response of cancer cells to drug exposure. In conclusion,
taken together, the reviewed evidence confirms that targeting EV crosstalk in EOC tissue is a novel
promising therapeutic strategy. Further studies, more focused on in vivo evidence, are urgently needed to
clarify the role of EV assessment in the clinical management of EOC patients.

Supplementary Materials: The following are available online at http://www.mdpi.com/1422-0067/21/22/8762/s1,
Figure S1: Extracellular vesicles and miRNAs as therapeutic targets in epithelial ovarian cancer (EOC), Table S1:
Established roles of EVs in Ovarian Cancer.

Author Contributions: Conceptualization, A.L., D.B. (Danilo Buca), S.T.; writing—original draft preparation, A.L.,
D.B. (Danilo Buca), C.R., M.L. (Martina Leombroni), G.B., D.B. (Davide Buca), S.T.; writing—review and editing,
M.L. (Marco Liberati), ED.; G.S., PL., M.P; supervision, M.L. (Marco Liberati), ED., G.S.; project administration,
M.L. (Marco Liberati), ED., G.S.; funding acquisition, G.B., P.L. All authors have read and agreed to the published
version of the manuscript.

’

Funding: The authors are grateful for financial support from the “Fondazione Ricerca Fibrosi Cistica-Onlus’
(grant code: FFC#29/2018), the “Cystic Fibrosis Foundation (CFF)” (Application #: 622009), and to the “Fondazione
Celiachia Onlus” (Grant FC Fellowship_004_2016_Bologna).

Conflicts of Interest: The authors declare that there is no conflict of interest regarding the publication of this article.

References

1. Cortez, AJ; Tudrej, P; Kujawa, K.A; Lisowska, K.M. Advances in ovarian cancer therapy.
Cancer Chemother. Pharmacol. 2018, 81, 17-38. [CrossRef]

2. Yamamoto, C.M.; Oakes, M.L.; Murakami, T.; Muto, M.G.; Berkowitz, R.S.; Ng, S.W. Comparison of benign
peritoneal fluid- and ovarian cancer ascites-derived extracellular vesicle RNA biomarkers. J. Ovarian Res.
2018, 11, 20. [CrossRef]

3. Zhou,J,;Li, X; Wu, X,; Zhang, T.; Zhu, Q.; Wang, X.; Wang, H.; Wang, K ; Lin, Y.; Wang, X. Exosomes released
from tumor-associated macrophages transfer mirnas that induce a treg/th17 cell imbalance in epithelial
ovarian cancer. Cancer Immunol. Res. 2018, 6, 1578-1592. [CrossRef] [PubMed]


http://www.mdpi.com/1422-0067/21/22/8762/s1
http://dx.doi.org/10.1007/s00280-017-3501-8
http://dx.doi.org/10.1186/s13048-018-0391-2
http://dx.doi.org/10.1158/2326-6066.CIR-17-0479
http://www.ncbi.nlm.nih.gov/pubmed/30396909

Int. ]. Mol. Sci. 2020, 21, 8762 110f 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Zhu, Q.; Wu, X.; Wu, Y.; Wang, X. Interaction between Treg cells and tumour- associated macrophages in
the tumour microenvironment of epithelial ovarian cancer. Oncol. Rep. 2016, 36, 3472-3478. [CrossRef]
[PubMed]

Yokoi, A.; Yoshioka, Y.; Yamamoto, Y.; Ishikawa, M.; Ikeda, S.; Kato, T.; Kiyono, T.; Fumitaka Takeshita, F.;
Kajiyama, H.; Kikkawa, F.; et al. Malignant extracellular vesicles carrying MMPImRNA facilitate peritoneal
dissemination in ovarian cancer. Nat. Commun. 2017, 8, 14470. [CrossRef] [PubMed]

Nakamura, K.; Sawada, K.; Kobayashi, M.; Shimizu, A.; Yamamoto, M.; Kinose, Y.; Kimura, T. Role of the
exosome in ovarian cancer progression and its potential as a therapeutic target. Cancers 2019, 11, 1147.
[CrossRef]

Feng, W.; Dean, D.C.; Hornicek, EJ.; Shi, H.; Duan, Z. Exosomes promote pre-metastatic niche formation in
ovarian cancer. Mol. Cancer 2019, 18, 124. [CrossRef]

Peng, P; Yan, Y.; Keng, S. Exosomes in the ascites of ovarian cancer patients: Origin and effects on anti-tumor
immunity. Oncol. Rep. 2011, 25, 749-762.

Franzago, M.; Lanuti, P.; Fraticelli, F.; Marchioni, M.; Buca, D.; Di Nicola, M.; Liberati, M.; Miscia, S.;
Stuppia, L.; Vitacolonna, E. Biological insight into the extracellular vesicles in women with and without
gestational diabetes. |. Endocrinol. Investig. 2020. [CrossRef]

Buca, D.; Bologna, G.; D’Amico, A.; Cugini, S.; Musca, E,; Febbo, M.; D’Arcangelo, D.; Buca, D.; Simeone, P.;
Liberati, M.; et al. Extracellular vesicles in feto-maternal crosstalk and pregnancy disorders. Int. J. Mol. Sci.
2020, 21, 2120. [CrossRef]

Goossens, N.; Nakagawa, S.; Sun, X.; Hoshida, Y. Cancer biomarker discovery and validation.
Transl. Cancer Res. 2015, 4, 256-269. [PubMed]

Di Tomo, P,; Lanuti, P; Di Pietro, N.; Baldassarre, M.P.A.; Marchisio, M.; Pandolfi, A.; Consoli, A.; Formoso, G.
Liraglutide mitigates TNF-o induced pro atherogenic changes and microvesicle release in HUVEC from
diabetic women. Diabetes Metab. Res. Rev. 2017, 33. [CrossRef] [PubMed]

Pieragostino, D.; Lanuti, P.; Cicalini, I.; Cufaro, M.C.; Ciccocioppo, E; Ronci, M.; Simeone, P.; Onofrj, M.;
Van derPol, E.; Fontana, A.; et al. Proteomics characterization of extracellular vesicles sorted by flow
cytometry reveals a disease-specific molecular crosstalk from cerebrospinal fluid and tears in multiple
sclerosis. . Proteom. 2019, 204, 103403. [CrossRef] [PubMed]

Grande, R.; Dovizio, M.; Marcone, S.; Szklanna, P.B.; Bruno, A.; Ebhardt, H.A.; Cassidy, H.; NiAinle, E;
Caprodossi, A.; Lanuti, P; et al. Platelet-derived microparticles from obese individuals: characterization
of number, size, proteomics, and crosstalk with cancer and endothelial cells. Front. Pharmacol. 2019, 10, 7.
[CrossRef] [PubMed]

Pieragostino, D.; Cicalini, I.; Lanuti, P.; Ercolino, E.; di Ioia, M.; Zucchelli, M.; Zappacosta, R.; Miscia, S.;
Marchisio, M.; Sacchetta, P; et al. Enhanced release of acid sphingomyelinase-enriched exosomes generates
a lipidomic signature in CSF of multiple sclerosis patients. Sci. Rep. 2018, 8, 3071. [CrossRef] [PubMed]
Codagnone, M.; Recchiuti, A.; Lanuti, P.; Pierdomenico, A.M.; Cianci, E.; Patruno, S.; Mari, V.C.; Simiele, F,;
Di Tomo, P; Pandolfi, A.; et al. Lipoxin A4 stimulates endothelial miR-126-5p expression and its transfer via
microvesicles. FASEB |. 2017, 31, 1856-1866. [CrossRef]

Zhang, W.; Lu, S; Pu, D.; Zhang, H.; Yang, L.; Zeng, P; Su, F,; Chen, Z.; Guo, M.; Gu, Y,; et al. Detection
of fetal trisomy and single gene disease by massively parallel sequencing of extracellular vesicle DNA in
maternal plasma: A proof-of-concept validation. BMC Med. Genom. 2019, 12, 151. [CrossRef]

Cufaro, M.C.; Pieragostino, D.; Lanuti, P.; Rossi, C.; Cicalini, I.; Federici, L.; De Laurenzi, V.; Del Boccio, P.
Extracellular vesicles and their potential use in monitoring cancer progression and therapy: The contribution
of proteomics. J. Oncol. 2019, 2019, 1639854. [CrossRef]

Van Niel, G.; Charrin, S.; Simoes, S.; Romao, M.; Rochin, L.; Saftig, P.; Marks, M.S.; Rubinstein, E.;
Raposo, G. The tetraspanin CD63 regulates ESCRT-independent and -dependent endosomal sorting during
melanogenesis. Dev. Cell. 2011, 21, 708-721. [CrossRef]

Andreu, Z.; Yanez-Mo6, M. Tetraspanins in extracellular vesicle formation and function. Front. Immunol.
2014, 5, 442. [CrossRef]

Krause, M.; Rak-Raszewska, A.; Naillat, F.; Saarela, U.; Schmidt, C.; Ronkainen, V.P,; Bart, G.; Yld-Herttuala, S.;
Vainio, S.J. Exosomes as secondary inductive signals involved in kidney organogenesis. | Extracell. Vesicles
2014, 7, 1422675. [CrossRef] [PubMed]


http://dx.doi.org/10.3892/or.2016.5136
http://www.ncbi.nlm.nih.gov/pubmed/27748885
http://dx.doi.org/10.1038/ncomms14470
http://www.ncbi.nlm.nih.gov/pubmed/28262727
http://dx.doi.org/10.3390/cancers11081147
http://dx.doi.org/10.1186/s12943-019-1049-4
http://dx.doi.org/10.1007/s40618-020-01262-0
http://dx.doi.org/10.3390/ijms21062120
http://www.ncbi.nlm.nih.gov/pubmed/26213686
http://dx.doi.org/10.1002/dmrr.2925
http://www.ncbi.nlm.nih.gov/pubmed/28753251
http://dx.doi.org/10.1016/j.jprot.2019.103403
http://www.ncbi.nlm.nih.gov/pubmed/31170500
http://dx.doi.org/10.3389/fphar.2019.00007
http://www.ncbi.nlm.nih.gov/pubmed/30723407
http://dx.doi.org/10.1038/s41598-018-21497-5
http://www.ncbi.nlm.nih.gov/pubmed/29449691
http://dx.doi.org/10.1096/fj.201600952R
http://dx.doi.org/10.1186/s12920-019-0590-8
http://dx.doi.org/10.1155/2019/1639854
http://dx.doi.org/10.1016/j.devcel.2011.08.019
http://dx.doi.org/10.3389/fimmu.2014.00442
http://dx.doi.org/10.1080/20013078.2017.1422675
http://www.ncbi.nlm.nih.gov/pubmed/29410779

Int. ]. Mol. Sci. 2020, 21, 8762 12 0of 16

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Helwa, I; Cai, J.; Drewry, M.D.; Zimmerman, A.; Dinkins, M.B.; Khaled, M.L.; Seremwe, M.; Dismuke, W.M.;
Bieberich, E.; Stamer, W.D.; et al. Comparative study of serum exosome isolation using differential
ultracentrifugation and three commercial reagents. PLoS ONE 2017, 12, €0170628. [CrossRef] [PubMed]
Chairoungdua, A.; Smith, D.L.; Pochard, P.; Hull, M.; Caplan, M.]. Exosome release of 3-catenin: A novel
mechanism that antagonizes Wnt signaling. . Cell. Biol. 2010, 190, 1079-1091. [CrossRef] [PubMed]
Buschow, S.I; Nolte-'t Hoen, E.N.; van Niel, G. MHC II in dendritic cells is targeted to lysosomes or T
cell-induced exosomes via distinct multivesicular body pathways. Traffic 2009, 10, 1528-1542. [CrossRef]
Escola, ]. M.; Kleijmeer, M.].; Stoorvogel, W.; Griffith, ].M.; Yoshie, O.; Geuze, H.]. Selective enrichment of
tetraspan proteins on the internal vesicles of multivesicular endosomes and on exosomes secreted by human
B-lymphocytes. J. Biol. Chem. 1998, 273, 20121-20127. [CrossRef]

Nazarenko, I; Rana, S.; Baumann, A.; McAlear, ].; Hellwig, A.; Trendelenburg, M.; Lochnit, G.; Preissner, K.T.;
Zoller, M. Cell surface tetraspanin Tspan8 contributes to molecular pathways of exosome-induced endothelial
cell activation. Cancer Res. 2010, 70, 1668-1678. [CrossRef]

Villarroya-Beltri, C.; Baixauli, F.; Gutiérrez-Vazquez, C.; Sinchez-Madrid, E; Mittelbrunn, M. Sorting it out:
Regulation of exosome loading. Semin. Cancer Biol. 2014, 28, 3-13. [CrossRef]

Théry, C.; Witwer, KW.; Aikawa, E.; Alcaraz, M.].; Anderson, J.D.; Andriantsitohaina, R.; Antoniou, A.;
Arab, T.; Archer, F.; Atkin-Smith, G.K; et al. Minimal information for studies of extracellular vesicles 2018
(MISEV2018): A position statement of the International Society for Extracellular Vesicles and update of the
MISEV2014 guidelines. J. Extracell. Vesicles 2018, 7, 1535750. [CrossRef]

Ciardiello, C.; Leone, A.; Lanuti, P.; Roca, M.S.; Moccia, T.; Minciacchi, V.R.; Minopoli, M.; Gigantino, V.;
De Cecio, R.; Rippa, M.; et al. Large oncosomes overexpressing integrin alpha-V promote prostate cancer
adhesion and invasion via AKT activation. J. Exp. Clin. Cancer Res. 2019, 38, 317. [CrossRef]

Van der Pol, E.; Boing, A.N.; Harrison, P,; Sturk, A.; Nieuwland, R. Classification, functions, and clinical
relevance of extracellular vesicles. Pharmacol. Rev. 2012, 64, 676-705. [CrossRef]

Poon, I.; Parkes, M.; Jiang, L.; Atkin-Smith, G.K.; Tixeira, R.; Gregory, C.D.; Ozkocak, D.C.; Rutter, S.F,;
Caruso, S.; Santavanond, J.P. Moving beyond size and phosphatidylserine exposure: Evidence for a diversity
of apoptotic cell-derived extracellular vesicles in vitro. J. Extracell. Vesicles 2019, 8, 1608786. [CrossRef]
[PubMed]

Al Amir Dache, Z.; Otandault, A.; Tanos, R.; Pastor, B.; Meddeb, R.; Sanchez, C.; Arena, G.; Lasorsa, L.;
Bennett, A.; Grange, T.; et al. Blood contains circulating cell free respiratory competent mitochondria: Blood
contains extracellular mitochondria. FASEB J. 2020, 34, 3. [CrossRef]

Coumans, EA.W.,; Brisson, A.R.; Buzas, E.I; Dignat-George, F.; Drees, E.E.E.; El-Andaloussi, S.; Emanueli, C.;
Gasecka, A.; Hendrix, A.; Hill, A.F; et al. Methodological guidelines to study extracellular vesicles. Circ. Res.
2017, 12, 1632-1648. [CrossRef] [PubMed]

Cossarizza, A.; Chang, H.D.; Radbruch, A.; Acs, A.; Adam, D.; Adam-Klages, S.; Agace, W.W.; Aghaeepour, N.;
Akdis, M.; Allez, M; et al. Guidelines for the use of flow cytometry and cell sorting in immunological studies
(second edition). Eur. J. Immunol. 2019, 49, 1457-1973. [CrossRef]

Hartjes, T.A.; Mytnyk, S.; Jenster, G.W.; van Steijn, V.; van Royen, M.E. Extracellular vesicle quantification
and characterization: Common methods and emerging approaches. Bioengineering 2019, 6, 7. [CrossRef]
[PubMed]

Park, Y.H.; Shin, HW.; Jung, A.R. Author correction: Prostate-specific extracellular vesicles as a novel
biomarker in human prostate cancer. Sci. Rep. 2019, 9, 6051. [CrossRef] [PubMed]

Linares, R.; Tan, S.; Gounou, C.; Brisson, A.R. Imaging and quantification of extracellular vesicles by
transmission electron microscopy. Methods Mol. Biol. 2017, 1545, 43-54.

Sokolova, V.; Ludwig, A K.; Hornung, S.; Rotan, O.; Horn, P.A.; Epple, M.; Giebel, B. Characterisation of
exosomes derived from human cells by nanoparticle tracking analysis and scanning electron microscopy:.
Colloids Surf. B Biointerfaces 2011, 87, 146-150. [CrossRef] [PubMed]

Casado, S.; Lobo, M.; Paino, C.L. Dynamics of plasma membrane surface related to the release of extracellular
vesicles by mesenchymal stem cells in culture. Sci. Rep. 2017, 7, 6767. [CrossRef]

Nanou, A.; Crespo, M.; Flohr, P.; De Bono, ].S.; Terstappen, L. Scanning electron microscopy of circulating
tumor cells and tumor-derived extracellular vesicles. Cancers 2018, 10, 416. [CrossRef]

Cizmar, P; Yuana, Y. Detection and characterization of extracellular vesicles by transmission and
cryo-transmission electron microscopy. Methods Mol. Biol. 2017, 1660, 221-232. [PubMed]


http://dx.doi.org/10.1371/journal.pone.0170628
http://www.ncbi.nlm.nih.gov/pubmed/28114422
http://dx.doi.org/10.1083/jcb.201002049
http://www.ncbi.nlm.nih.gov/pubmed/20837771
http://dx.doi.org/10.1111/j.1600-0854.2009.00963.x
http://dx.doi.org/10.1074/jbc.273.32.20121
http://dx.doi.org/10.1158/0008-5472.CAN-09-2470
http://dx.doi.org/10.1016/j.semcancer.2014.04.009
http://dx.doi.org/10.1080/20013078.2018.1535750
http://dx.doi.org/10.1186/s13046-019-1317-6
http://dx.doi.org/10.1124/pr.112.005983
http://dx.doi.org/10.1080/20013078.2019.1608786
http://www.ncbi.nlm.nih.gov/pubmed/31069027
http://dx.doi.org/10.1096/fj.201901917RR
http://dx.doi.org/10.1161/CIRCRESAHA.117.309417
http://www.ncbi.nlm.nih.gov/pubmed/28495994
http://dx.doi.org/10.1002/eji.201970107
http://dx.doi.org/10.3390/bioengineering6010007
http://www.ncbi.nlm.nih.gov/pubmed/30654439
http://dx.doi.org/10.1038/s41598-019-41385-w
http://www.ncbi.nlm.nih.gov/pubmed/30988318
http://dx.doi.org/10.1016/j.colsurfb.2011.05.013
http://www.ncbi.nlm.nih.gov/pubmed/21640565
http://dx.doi.org/10.1038/s41598-017-07265-x
http://dx.doi.org/10.3390/cancers10110416
http://www.ncbi.nlm.nih.gov/pubmed/28828660

Int. ]. Mol. Sci. 2020, 21, 8762 13 of 16

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Biggs, C.N.; Siddiqui, K.M.; Al-Zahrani, A.A.; Pardhan, S.; Brett, S.I; Guo, Q.Q.; Yang, J.; Wolf, P.; Power, N.E.;
Durfee, PN; et al. Prostate extracellular vesicles in patient plasma as a liquid biopsy platform for prostate
cancer using nanoscale flow cytometry. Oncotarget 2016, 7, 8839-8849. [CrossRef] [PubMed]

Hardij, J.; Cecchet, F; Berquand, A.; Gheldof, D.; Chatelain, C.; Mullier, F.; Chatelain, B.; Dogné, ].M.
Characterisation of tissue factor-bearing extracellular vesicles with AFM: Comparison of air-tapping-mode
AFM and liquid peak force AFM. |. Extracell. Vesicles 2013, 2, 3402. [CrossRef] [PubMed]

Vorselen, D.; Marchetti, M.; Lépez-Iglesias, C.; Peters, PJ.; Roos, W.H.; Wuite, G.J.L. Multilamellar nanovesicles
show distinct mechanical properties depending on their degree of lamellarity. Nanoscale 2018, 10, 5318-5324.
[CrossRef] [PubMed]

Szatanek, R.; Baj-Krzyworzeka, M.; Zimoch, J.; Lekka, M.; Siedlar, M.; Baran, J. The methods of choice for
Extracellular Vesicles (EVs) characterization. Int. |. Mol. Sci. 2017, 18, 1153. [CrossRef] [PubMed]
Dragovic, R.A.; Gardiner, C.; Brooks, A.S.; Tannetta, D.S.; Ferguson, D.].; Hole, P,; Carr, B.; Redman, C.W.;
Harris, A.L.; Dobson, PJ.; et al. Sizing and phenotyping of cellular vesicles using nanoparticle tracking
analysis. Nanomedicine 2011, 7, 780-788. [CrossRef] [PubMed]

Maas, S.L.; Broekman, M.L.; de Vrij, ]. Tunable resistive pulse sensing for the characterization of extracellular
vesicles. Methods Mol. Biol. 2017, 1545, 21-33.

Maas, S.L.; De Vrij, J.; Broekman, M.L. Quantification and size-profiling of extracellular vesicles using tunable
resistive pulse sensing. J. Vis. Exp. 2014, 92, e51623. [CrossRef]

Zhang, H.; Lyden, D. Asymmetric-flow field-flow fractionation technology for exomere and small extracellular
vesicle separation and characterization. Nat. Protoc. 2019, 14, 1027-1053. [CrossRef]

Gardiner, C.; Di Vizio, D.; Sahoo, S.; Théry, C.; Witwer, KW.; Wauben, M.; Hill, A.F. Techniques used for the
isolation and characterization of extracellular vesicles: Results of a worldwide survey. J. Extracell. Vesicles
2016, 5, 32945. [CrossRef]

Poncelet, P.; Robert, S.; Bailly, N.; Garnache-Ottou, F; Bouriche, T.; Devalet, B.; Segatchian, J.H.; Saas, P.;
Mullier, F. Tips and tricks for flow cytometry-based analysis and counting of microparticles. Transfus. Apher. Sci.
2015, 53, 110-126. [CrossRef] [PubMed]

Chandler, W.L. Measurement of microvesicle levels in human blood using flow cytometry. Cytom. B
Clin. Cytom. 2016, 90, 326-336. [CrossRef] [PubMed]

Deshmukh, A.; Kim, G.; Burke, M.; Anyanwu, E.; Jeevanandam, V.; Uriel, N.; Tung, R.; Ozcan, C. Atrial
arrhythmias and electroanatomical remodeling in patients with left ventricular assist devices. J. Am.
Heart Assoc. 2017, 6, €005340. [CrossRef] [PubMed]

Rossi, C.; Cicalini, I.; Cufaro, M.C.; Agnifili, L.; Mastropasqua, L.; Lanuti, P.; Marchisio, M.; De Laurenzi, V.;
Del Boccio, P.; Pieragostino, D. Multi-omicsapproach for studyingtears in treatment-naive glaucoma patients.
Int. J. Mol. Sci. 2019, 20, 4029. [CrossRef] [PubMed]

Muraoka, S.; Lin, W.; Chen, M.; Hersh, S.W.; Emili, A.; Xia, W.; Ikezu, T. Assessment of separation methods
for extracellular vesicles from human and mouse brain tissues and human cerebrospinal fluids. Methods
2020, 177, 35-49. [CrossRef]

Simeone, P.; Celia, C.; Bologna, G.; Ercolino, E.; Pierdomenico, L.; Cilurzo, E; Grande, R.; Diomede, F.;
Vespa, S.; Canonico, B.; et al. Diameters and fluorescence calibration for extracellular vesicle analyses by
flow cytometry. Int. J. Mol. Sci. 2020, 21, 7885. [CrossRef]

Brocco, D.; Lanuti, P.; Simeone, P.; Bologna, G.; Pieragostino, D.; Cufaro, M.C.; Graziano, V.; Peri, M.;
Di Marino, P.; De Tursi, M.; et al. Circulating cancer stem cell-derived extracellular vesicles as a novel
biomarker for clinical outcome evaluation. J. Oncol. 2019, 18, 5879616.

Van der Pol, E.; Coumans, F,; Varga, Z.; Krumrey, M.; Nieuwland, R. Innovation in detection of microparticles
and exosomes. J. Thromb. Haemost. 2013, 1, 36—45. [CrossRef]

Stoner, S.A.; Duggan, E.; Condello, D.; Guerrero, A.; Turk, ].R.; Narayanan, PK.; Nolan, ].P. High sensitivity
flow cytometry of membrane vesicles. Cytometry A 2016, 89, 196-206. [CrossRef]

Erdbriigger, U.; Rudy, C.K,; Etter, M.E.; Dryden, K.A.; Yeager, M.; Klibanov, A.L.; Lannigan, J. Imaging flow
cytometry elucidates limitations of microparticle analysis by conventional flow cytometry. Cytometry A 2014,
85, 756-770. [CrossRef]

Mastoridis, S.; Bertolino, G.M.; Whitehouse, G.; Dazzi, E.; Sanchez-Fueyo, A.; Martinez-Llordella, M.
Multiparametric analysis of circulating exosomes and other small extracellular vesicles by advanced imaging
flow cytometry. Front. Immunol. 2018, 9, 1583. [CrossRef] [PubMed]


http://dx.doi.org/10.18632/oncotarget.6983
http://www.ncbi.nlm.nih.gov/pubmed/26814433
http://dx.doi.org/10.3402/jev.v2i0.21045
http://www.ncbi.nlm.nih.gov/pubmed/24223257
http://dx.doi.org/10.1039/C7NR09224E
http://www.ncbi.nlm.nih.gov/pubmed/29504612
http://dx.doi.org/10.3390/ijms18061153
http://www.ncbi.nlm.nih.gov/pubmed/28555055
http://dx.doi.org/10.1016/j.nano.2011.04.003
http://www.ncbi.nlm.nih.gov/pubmed/21601655
http://dx.doi.org/10.3791/51623
http://dx.doi.org/10.1038/s41596-019-0126-x
http://dx.doi.org/10.3402/jev.v5.32945
http://dx.doi.org/10.1016/j.transci.2015.10.008
http://www.ncbi.nlm.nih.gov/pubmed/26603057
http://dx.doi.org/10.1002/cyto.b.21343
http://www.ncbi.nlm.nih.gov/pubmed/26606416
http://dx.doi.org/10.1161/JAHA.116.005340
http://www.ncbi.nlm.nih.gov/pubmed/28275069
http://dx.doi.org/10.3390/ijms20164029
http://www.ncbi.nlm.nih.gov/pubmed/31426571
http://dx.doi.org/10.1016/j.ymeth.2020.02.002
http://dx.doi.org/10.3390/ijms21217885
http://dx.doi.org/10.1111/jth.12254
http://dx.doi.org/10.1002/cyto.a.22787
http://dx.doi.org/10.1002/cyto.a.22494
http://dx.doi.org/10.3389/fimmu.2018.01583
http://www.ncbi.nlm.nih.gov/pubmed/30034401

Int. ]. Mol. Sci. 2020, 21, 8762 14 of 16

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Shantsila, E.; Montoro-Garcia, S.; Gallego, P.; Lip, G.Y.H. Circulating microparticles: Challenges and
perspectives of flow cytometric assessment. Thromb. Haemost. 2014, 111, 1009-1014. [CrossRef] [PubMed]
Clemmens, H.; Lambert, D.W. Extracellular vesicles: Translational challenges and opportunities.
Biochem. Soc. Trans. 2018, 46, 1073—-1082. [CrossRef]

King, HW.; Michael, M.Z.; Gleadle, ] M. Hypoxic enhancement of exosome release by breast cancer cells.
BMC Cancer 2012, 12, 421. [CrossRef] [PubMed]

Thery, C.; Boussac, M.; Veron, P.; Ricciardi-Castagnoli, P.; Raposo, G.; Garin, J.; Amigorena, S. Proteomic
analysis of dendritic cell-derived exosomes: A secreted subcellular compartment distinct from apoptotic
vesicles. J. Immunol. 2001, 166, 7309-7318. [CrossRef] [PubMed]

Ekstrom, K.; Valadi, H.; Sjostrand, M.; Malmhall, C.; Bossios, A.; Eldh, M.; Lotvall, J. Characterization of
mRNA and microRNA in human mast cell-derived exosomes and their transfer to other mast cells and blood
CD34 progenitor cells. J. Extracell. Vesicles 2012, 1, 18389. [CrossRef] [PubMed]

Gezer, U.; Ozgur, E.; Cetinkaya, M.; Isin, M.; Dalay, N. Long non-coding RNAs with low expression levels in
cells are enriched in secreted exosomes. Cell Biol. Int. 2014, 38, 1076-1079. [CrossRef]

Kim, V.N. MicroRNA biogenesis: Coordinated cropping and dicing. Nat. Rev. Mol. Cell. Biol. 2005, 6,
376-385. [CrossRef]

Wang, W.; Yin, Y;; Shan, X.; Zhou, X,; Liu, P,; Cao, Q.; Zhu, D.; Zhang, ].Y.; Zhu, W. The value of plasma based
MicroRNAs as diagnostic biomarkers for ovarian cancer. Am. J. Med. Sci. 2019, 358, 256-267. [CrossRef]
Barnabas, G.D.; Shany, K.B.; Sapoznik, S.; Helpman, L.; Kadan, Y.; Beiner, M.; Weitzner, O.; Arbib, N.;
Korach, J.; Perri, T.; et al. Microvesicle proteomic profiling of uterine liquid biopsy for ovarian cancer early
detection. Mol. Cell. Proteom. 2019, 18, 865-875. [CrossRef]

Pan, C.; Stevic, I.; Miiller, V.; Ni, Q.; Oliveira-Ferrer, L.; Pantel, K.; Schwarzenbach, H. Exosomal microRNAs
as tumor markers in epithelial ovarian cancer. Mol. Oncol. 2018, 12, 1935-1948. [CrossRef] [PubMed]
Yoshimura, A.; Sawada, K.; Nakamura, K.; Kinose, Y.; Nakatsuka, E.; Kobayashi, M.; Miyamoto, M.; Ishida, K.;
Matsumoto, Y.; Kodama, M.; et al. Exosomal miR-99a-5p is elevated in sera of ovarian cancer patients and
promotes cancer cell invasion by increasing fibronectin and vitronectin expression in neighboring peritoneal
mesothelial cells. BMC Cancer 2018, 18, 1065. [CrossRef] [PubMed]

Kobayashi, M.; Sawada, K.; Nakamura, K.; Yoshimura, A.; Miyamoto, M.; Shimizu, A.; Ishida, K,;
Nakatsuka, E.; Kodama, M.; Hashimoto, K.; et al. Exosomal miR-1290 is a potential biomarker of high-grade
serous ovarian carcinoma and can discriminate patients from those with malignancies of other histological
types. J. Ovarian Res. 2018, 11, 81. [CrossRef] [PubMed]

Reiner, A.T; Tan, S.; Agreiter, C.; Auer, K.; Bachmayr-Heyda, A.; Aust, S.; Pecha, N.; Mandorfer, M.; Pils, D.;
Brisson, A.R.; et al. EV-Associated MMP9 in high-grade serous ovarian cancer is preferentially localized to
annexin V-Binding EVs. Dis. Markers 2017, 2017, 9653194. [CrossRef] [PubMed]

White, E.S.; Muro, E. Fibronectin splice variants: Understanding their multiple roles in health and disease
using engineered mouse models. IUBMB Life 2011, 63, 538-546. [CrossRef]

Zhang, W.; Peng, P.; Ou, X.; Shen, K.; Wu, X. Ovarian cancer circulating extracellular vesicles promote
coagulation and have a potential in diagnosis: An iTRAQ based proteomic analysis. BMC Cancer 2019,
19, 1095. [CrossRef]

Liang, B.; Peng, P,; Chen, S.; Li, L.; Zhang, M.; Cao, D.; Yang, J.; Li, H.; Gui, T,; Li, X; et al. Characterization
and proteomic analysis of ovarian cancer-derived exosomes. J. Proteom. 2013, 80, 172-182. [CrossRef]
Stope, M.B.; Klinkmann, G.; Diesing, K.; Koensgen, D.; Burchardt, M.; Mustea, A. Heat shock protein HSP27
secretion by ovarian cancer cells is linked to intracellular expression levels, occurs independently of the
endoplasmic reticulum pathway and HSP27’s phosphorylation status, and is mediated by exosome liberation.
Dis. Markers 2017, 2017, 1575374. [CrossRef]

Thuringer, D.; Jego, G.; Wettstein, G.; Terrier, O.; Cronier, L.; Yousfi, N.; Hébrard, S.; Bouchot, A.; Hazoumé, A ;
Joly, A.L.; et al. Extracellular HSP27 mediates angiogenesis through toll-like receptor. FASEB ]. 2013, 27,
4169-4183. [CrossRef]

Zhao, M; Ding, ].X.; Zeng, K.; Zhao, J.; Shen, E; Yin, Y.X.; Chen, Q. Heat shock protein 27: A potential
biomarker of peritoneal metastasis in epithelial ovarian cancer? Tumor Biol. 2014, 35, 1051-1056. [CrossRef]
Shimizu, A.; Sawada, K.; Kimura, T. Pathophysiological role and potential therapeutic exploitation of
exosomes in ovarian cancer. Cells 2020, 27, 9. [CrossRef] [PubMed]


http://dx.doi.org/10.1160/TH13-11-0937
http://www.ncbi.nlm.nih.gov/pubmed/24553954
http://dx.doi.org/10.1042/BST20180112
http://dx.doi.org/10.1186/1471-2407-12-421
http://www.ncbi.nlm.nih.gov/pubmed/22998595
http://dx.doi.org/10.4049/jimmunol.166.12.7309
http://www.ncbi.nlm.nih.gov/pubmed/11390481
http://dx.doi.org/10.3402/jev.v1i0.18389
http://www.ncbi.nlm.nih.gov/pubmed/24009880
http://dx.doi.org/10.1002/cbin.10301
http://dx.doi.org/10.1038/nrm1644
http://dx.doi.org/10.1016/j.amjms.2019.07.005
http://dx.doi.org/10.1074/mcp.RA119.001362
http://dx.doi.org/10.1002/1878-0261.12371
http://www.ncbi.nlm.nih.gov/pubmed/30107086
http://dx.doi.org/10.1186/s12885-018-4974-5
http://www.ncbi.nlm.nih.gov/pubmed/30396333
http://dx.doi.org/10.1186/s13048-018-0458-0
http://www.ncbi.nlm.nih.gov/pubmed/30219071
http://dx.doi.org/10.1155/2017/9653194
http://www.ncbi.nlm.nih.gov/pubmed/28607529
http://dx.doi.org/10.1002/iub.493
http://dx.doi.org/10.1186/s12885-019-6176-1
http://dx.doi.org/10.1016/j.jprot.2012.12.029
http://dx.doi.org/10.1155/2017/1575374
http://dx.doi.org/10.1096/fj.12-226977
http://dx.doi.org/10.1007/s13277-013-1139-7
http://dx.doi.org/10.3390/cells9040814
http://www.ncbi.nlm.nih.gov/pubmed/32230983

Int. ]. Mol. Sci. 2020, 21, 8762 150f 16

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Qiu, J.J.; Lin, X.J.; Tang, X.Y.; Zheng, T.T.; Lin, Y.Y.; Hua, K.Q. Exosomal metastasis-associated lung
adenocarcinoma transcript 1 promotes angiogenesis and predicts poor prognosis in epithelial ovarian cancer.
Int. ]. Biol. Sci. 2018, 14, 1960-1973. [CrossRef] [PubMed]

Zhang, P; Zhou, H.; Lu, K. Exosome-mediated delivery of MALAT1 induces cell proliferation in breast
cancer. Onco Targets Ther. 2018, 11, 291-299. [CrossRef] [PubMed]

Lutgendorf, SK.; Thaker, PH.; Arevalo, ].M.; Goodheart, M.].; Slavich, G.M.; Sood, A.K.; Cole, SW.
Biobehavioral modulation of the exosome transcriptome in ovarian carcinoma. Cancer 2018, 124, 580-586.
[CrossRef] [PubMed]

Ishii, G.; Ochiai, A.; Neri, S. Phenotypic and functional heterogeneity of cancer-associated fibroblast within
the tumour microenvironment. Adv. Drug Deliv. Rev. 2016, 99, 186-196. [CrossRef]

Li, W.; Zhang, X.; Wang, J.; Lim, C.C.; Tan, J.; Ma, D.; Gao, Q. TGFbetalin fibroblasts-derived exosomes
promotes epithelial-mesenchymal transition of ovarian cancer cells. Oncotarget 2017, 8, 96035-96047.
[CrossRef]

Taylor, D.D.; Gercel-Taylor, C.; Lyons, K.S.; Stanson, ].; Whiteside, T.L. T-cell apoptosis and suppression
of T-cell receptor/CD3-zeta by Fas ligand- containing membrane vesicles shed from ovarian tumours.
Clin. Cancer Res. 2003, 9, 5113-5119.

Yi, H.; Ye, J.; Yang, X.M.; Zhang, L.W.; Zhang, Z.G.; Chen, Y.P. High-grade ovarian cancer secreting effective
exosomes in tumour angiogenesis. Int. J. Clin. Exp. Pathol. 2015, 8, 5062-5070.

Vaksman, O.; Trope, C.; Davidson, B.; Reich, R. Exosome-derived miRNAs and ovarian carcinoma progression.
Carcinogenesis 2014, 35, 2113-2120. [CrossRef]

Czystowska-Kuzmicz, M.; Sosnowska, A.; Nowis, D.; Ramji, K.; Szajnik, M.; Chlebowska-Tuz, J.; Wolinska, E.;
Gaj, P,; Grazul, M,; Pilch, Z.; et al. Small extracellular vesicles containing arginase-1 suppress T-cell responses
and promote tumor growth in ovarian carcinoma. Nat. Commun. 2019, 10, 3000. [CrossRef]

Chen, X.; Zhou, J.; Li, X.; Wang, X.; Lin, Y.; Wang, X. Exosomes derived from hypoxic epithelial ovarian
cancer cells deliver microRNAs to macrophages and elicit a tumor-promoted phenotype. Cancer Lett. 2018,
435,80-91. [CrossRef] [PubMed]

Li, L.; Li, C; Wang, S.; Wang, Z,; Jiang, J.; Wang, W.; Li, X.; Chen, J.; Liu, K,; Li, C. Exosomes derived
from hypoxic oral squamous cell carcinoma cells deliver miR-21 to normoxic cells to elicit a prometastatic
phenotype. Cancer Res. 2016, 76, 1770. [CrossRef] [PubMed]

Kletukhina, S.; Neustroeva, O.; James, V.; Rizvanov, A.; Gomzikova, M. Role of mesenchymal stem cell-derived
extracellular vesicles in epithelial-mesenchymal transition. Int. J. Mol. Sci. 2019, 20, 4813. [CrossRef]
[PubMed]

Enriquez, V.A,; Cleys, E.R.; Da Silveira, ]J.C.; Spillman, M.A.; Winger, Q.A.; Bouma, G.J. High LIN28A
expressing ovarian cancer cells secrete exosomes that induce invasion and migration in HEK293 cells.
Biomed. Res. Int. 2015, 2015, 701390. [CrossRef] [PubMed]

Mitra, A K; Zillhardt, M.; Hua, Y. MicroRNAs reprogram normal fibroblasts into cancer-associated fibroblasts
in ovarian cancer. Cancer Discov. 2012, 2, 1100-1108. [CrossRef] [PubMed]

Hu, Y; Li, D.; Wu, A; Qiu, X.; Di, W,; Huang, L.; Qiu, L. TWEAK-stimulated macrophages inhibit metastasis
of epithelial ovarian cancer via exosomal shuttling of microRNA. Cancer Lett. 2017, 393, 60-67. [CrossRef]
[PubMed]

Concannon, C.G.; Gorman, A.M.; Samali, A. On the role of Hsp27 in regulating apoptosis. Apoptosis 2003, 8,
61-70. [CrossRef]

Yin, J.; Yan, X.; Yao, X.; Zhang, Y.; Shan, Y.; Mao, N.; Yang, Y.; Pan, L. Secretion of annexin A3 from ovarian
cancer cells and its association with platinum resistance in ovarian cancer patients. J. Cell. Mol. Med. 2012,
16, 337-348. [CrossRef]

Guerra, F; Paiano, A.; Migoni, D.; Girolimetti, G.; Perrone, A.M.; De laco, P; Fanizzi, FP,; Gasparre, G.;
Bucci, C. Modulation of RAB7A protein expression determines resistance to cisplatin through late endocytic
pathway impairment and extracellular vesicular secretion. Cancers 2019, 11, E52. [CrossRef]

Kuhlmann, J.D.; Chebouti, I.; Kimmig, R.; Buderath, P.; Reuter, M.; Puppel, S.H.; Wimberger, P.;
Kasimir-Bauer, S. Extracellular vesicle-associated miRNAs in ovarian cancer—Design of an integrated
NGS-based workflow for the identification of blood-based biomarkers for platinum-resistance. Clin. Chem.
Lab. Med. 2019, 26, 1053-1062. [CrossRef]


http://dx.doi.org/10.7150/ijbs.28048
http://www.ncbi.nlm.nih.gov/pubmed/30585260
http://dx.doi.org/10.2147/OTT.S155134
http://www.ncbi.nlm.nih.gov/pubmed/29386907
http://dx.doi.org/10.1002/cncr.31078
http://www.ncbi.nlm.nih.gov/pubmed/29112229
http://dx.doi.org/10.1016/j.addr.2015.07.007
http://dx.doi.org/10.18632/oncotarget.21635
http://dx.doi.org/10.1093/carcin/bgu130
http://dx.doi.org/10.1038/s41467-019-10979-3
http://dx.doi.org/10.1016/j.canlet.2018.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30098399
http://dx.doi.org/10.1158/0008-5472.CAN-15-1625
http://www.ncbi.nlm.nih.gov/pubmed/26992424
http://dx.doi.org/10.3390/ijms20194813
http://www.ncbi.nlm.nih.gov/pubmed/31569731
http://dx.doi.org/10.1155/2015/701390
http://www.ncbi.nlm.nih.gov/pubmed/26583126
http://dx.doi.org/10.1158/2159-8290.CD-12-0206
http://www.ncbi.nlm.nih.gov/pubmed/23171795
http://dx.doi.org/10.1016/j.canlet.2017.02.009
http://www.ncbi.nlm.nih.gov/pubmed/28216373
http://dx.doi.org/10.1023/A:1021601103096
http://dx.doi.org/10.1111/j.1582-4934.2011.01316.x
http://dx.doi.org/10.3390/cancers11010052
http://dx.doi.org/10.1515/cclm-2018-1048

Int. ]. Mol. Sci. 2020, 21, 8762 16 of 16

101. Li, L; Xu, Q.H.; Dong, Y.H.; Li, G.X;; Yang, L.; Wang, L.W. MiR-181a upregulation is associated with
epithelial-to-mesenchymal transition (EMT) and multidrug resistance (MDR) of ovarian cancer cells. Eur. Rev.
Med. Pharmacol. Sci. 2016, 20, 2004-2010. [PubMed]

102. Pink, R.C.; Samuel, P.; Massa, D.; Caley, D.P,; Brooks, S.A.; Carter, D.R. The passenger strand, miR-21-3p,
plays a role in mediating cisplatin resistance in ovarian cancer cells. Gynecol. Oncol. 2015, 137, 143-151.
[CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://www.ncbi.nlm.nih.gov/pubmed/27249598
http://dx.doi.org/10.1016/j.ygyno.2014.12.042
http://www.ncbi.nlm.nih.gov/pubmed/25579119
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Search Strategy and Selection Criteria 
	Extracellular Vesicles Subtypes and Methods of Analysis 
	Extracellular Vesicles: Definition and Classification 
	Extracellular Vesicles: Methods of Identification and Analysis 
	Extracellular Vesicles: Biological Role 

	Extracellular Vesicles and OC: Focus on Diagnosis 
	Background 
	Literature Data 
	Take Home Message 

	Extracellular Vesicles and OC: Focus on Prognosis 
	Literature Data 
	Take Home Message 

	Extracellular Vesicles and OC: Therapeutic Issues 
	Actionable Therapeutic Targets 
	EVs and Platinum Resistance 

	Conclusions 
	References

